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November 367, 1992

Mr. Don R. Burns

Rideau Petroleums Ltd.
P. 0. Box 520, Station A
Kelowna, BC V1Y 7P1

Dear Mr. Burns:

Re: Board Order No. PM 63
Modification of Daly Unit No. 5 Pilot Waterflood

Your application dated August 14, 1992 for conversion of the well,
Rideau Butler Prov. 9-28-9-29(WPM), to water injection in Daly
Unit No. 5 is approved under subsection 1(1) of Board Order No. PM
63. The conversion of the well, Rideau Daly Prov. WIW 9D-28-9-
29(WPM), back to production is also approved conditicnal on a
pressure survey being run prior to the well being placed back on
production. The maximum wellhead injection pressure established
under Section 5 of Board Order No. PM 63 has been reduced from
10,300 kPa to 9,000 kPa in order to reduce the possibility of out
of zone injection.

Injection into 9-28 is not to commence until the Board has
approved unit enlargement in accordance with Section 74 of The
Mines Act. Please note that Rideau is required to obtain the
consent of the Minister of Energy and Mines to enlarge the unit.

The Board requests that the 1994 progress report to be submitted
in accordance with Section 7 of Board Order No. PM 63 include a
discussion on the feasibility of wunit enlargement and the
potential for waterflood expansion.

If you have any questions in respect of this approval please
contact L.R. Dubreuil, Director of Petroleum or John N. Fox, Chief
Petroleum Engineer at (204) 945-6573 or 945-6574, respectively.

Yours respectfully,

SIGNED BY

RIGINAL 8

H. CLARE MOSTER

H. Clare Moster
Deputy Chairman




RIDEAU PETROLEUMS 1TD.
Box 1078
Virden, Manitoba
ROM 2CO0

February 16, 1994

Manitoba Energy and Mines
Petroleum Branch

555 -~ 330 Graham Avenue
Winnipeg, Manitoba

R3C 4E3

Attention: Mr, John Fox
Chief Petroleum Engineer

Dear Sir:

RE: Board Order No. PM 63 - Daly Unit No. 5
Daly Lodgepole D Pool - Pressure Maintenance
Maximum Allowable Wellhead Pressure

Rideau Petroleums Ltd. hereby requests approval to increase the
maximum allowable wellhead pressure from 9000 kPa to 10000 kPa.

Water injection at our 9-28-9-29 WIW commenced on February 13,
1993. By August of that year the injection rate had declined to
an average of 6.9 m3/d at 8900 kPa. It was decided that to have
any positive effect on voidage replacement and pressure
maintenance, the volume of water injected would have to be
increased significantly. Therefore the pressure was increased to
10000 kPa resulting in an average injection rate of 17 m3/4.

This increased rate should be sufficient to replace voidage over
the long term and provide pressure maintenance within the Unit.

in consideration of the information above, we are requesting that
the maximum allowable injection pressure be increased to 10000
kPa. 1If there are any questions or concerns, please contact me
at 748-2158.

Yours truly,

W.G. Roberts, P. Eng.,
Supervisor, Operations



- Manitoba %

The Oil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C 0v8

(204) 945-3130

June 21, 1991

Mr. W. G. Roberts, P. Eng.
Supervisor, Operations
Rideau Petroleums Limited
Box 1078

Virden, Manitoba

ROM 2C0

Dear Mr. Roberts:
Re: Board Order No. PM 63

Maximum Wellhead Injection Pressure
Rideau Daly Prov, WIW 9D-28-9-29 (WPM

Your application dated June 11, 1991 for an increase in the maximum
wellhead injection pressure for the subject well is approved.

The maximum wellhead injection pressure under Section 5 of Board Order
No. PM 63 is increased to 10 300 kPa.

Yours respectfully,

H. Clare Moﬁ

Deputy Chairman
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M nitoba YY)
June 19, 1091 Memorandum

Date
To From .

The 011 and Natural Gas ~ John N. Fox
Congservation Board - Chief Petroleum Engineer
— Ian Haugh, Chairman . Petroleum Branch
— H. Clare Moster, Deputy Chairman
-~ Wm. McDonald, Member Telephone

Subject

Re: Daly Unit Neo. 5
Maximum Wellhead Injection Pressure

First | Fold

Rideau Petroleums has made application to increase the maximum wellhead
injection pressure at the well, Rideau Daly Prov. WIW 9D-28-9-29 (WPM) in
Daly Unit No. 5 from 8 500 kPa to 10 300 kPa.

Recommendations:

It is recommended that the Board approve Rideau's application. The
proposed Board letter of approval is attached.

Discussion:

Rideau commenced water injection into 9D-28-9-29 in March, 1991. The
average injection rate at the approved maximum wellhead injection
pressure of 8 500 kPa (Board Order No. PM 63) was 6.0 m3/d, slightly
greater than reservolr voldage. Rideau gradually increased the injection
pressure durlng April and May, 1991 to 10 200 kPa resulting in an
increase in injectivity to 30 m3/d (Figure 1).

One of the reasons previous waterfloods in the Lodgepole Formation in
Twp. 9-29 (WPM) failed, was insufficient injection volumes. At an
injection rate of 6.0 m3/d it would take in excess of 30 years to
achieve reservoir fill-up. Increasing the maximum wellhead injection
pressure to 10 300 kPa will allow reservoir fill-up to be achieved in
less than 3 years.

PS-§-25 894-01-00930



-2 -

There 1s a risk that injection near the fracture pressure, estimated at

9 600 to 10 400 kPa, will result in the formation being fracture causing
out of zone injection. However, to properly evaluate the feasibllity of
waterflooding the Daly Lodgepole D Pool, it is necessary to achieve
reasonable injection rates, even at the expense of out of zone

injection. Therefore, it is recommended that the application be approved.

O

John N. Fox
Chief Petroleum Engineer

JNF/sml

Attachment

Recommended for Approval: m

L. ijﬁﬁFfeuil, Director
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Manitoba B %

The Oll and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg. Manitoba, CANADA
R3C 0vs

(204) 945-3130

Mr. W. G. Roberts, P. Eng.
Supervisor, Operations
Rideau Petroleums Limited
Box 1078

Virden, Manitoba

ROM 2G0

Dear Mr. Roberts:
Re: Board Order No. PM 63

Maximum Wellhead Injection Pressure
Rideau Daly Prov., WIW 9D-28-9-29 (WPM)

Your application dated June 11, 1991 for an increase in the maximum
wellhead injection pressure for the subject well is approved.

The maximum wellhead injection pressure under Section 5 of Board Order
No. PM 63 is increased to 10 300 kPa.
Yours respectfully,

RIGINAL SIGNED BY
H, CLARE MOSTER

H. Clare Moster
Deputy Chairman



Rideau Petroleums Limited
Box 1078
Virden, Manitoba
ROM 2CO0

June 11, 1991

Manitoba Department of Energy and Mines
Petroleum Branch

555 - 330 Graham Avenue

Winnipeg, Manitoba

R3C 4E3

Attention: Mr. John Fox
Chief Petroleum Engineer

Dear Sir:

Re: Board Order No. PM63 - Daly Unit No. &
Daly Lodgepole D Pool - Pressure Maintenance
Maximum Allowable Wellhead Pressure

In response to our recent phone conversation on May 14, 1991
regarding injection pressures at Rideau Daly Prov. WIW 9D-28-9-29
and the information provided below, Rideau Petroleums Ltd. hereby
requests the Board's approval to revise section 5 of the Order
No. PM 63 to read that the maximum wellhead pressure shall not
exceed 10300 kPa.

Water injection commenced on March 22, 1991 with pressures being
monitored on an ongoing basis to stay within the maximum
allowable pressure of 8500 kPa, as stated in Board Order No. PM
63. A pressure recorder was installed at the injection well to
monitor wellhead pressures on a continuous basis. This maximum
pressure was adhered to until mid way through April with water
injection rates averaging 6 m3 per day. It was evident that the
pressure would have to be increased to have any positive effect
on the reservoir. Therefore the maximum pressure was gradually
increased to 9600 kPa through the latter part of April to realize
an average injection rate of 15 m3 per day. The injection
pressure was again increased throughout the month of May to
obtain an averaqe injection rate of 25 m3 per day at 10000 kPa
and 30 m3 per day at 10200 kPa. We are currently trying to
maintain our injection pressure at 10000 kPa.

In consideration of the data obtained and outlined briefly above
we are requesting that the maximum allowable injection pressure
be increased to 10300 kPa from 8500 kPa.



If there are gquestlions regarding this request please contact me
at 748-2158.

Yours truly,

o Db

W.G. Roberts, P. Eng.,
Supervisor, Operations



Vit

Progress Renort For:

1. Productior:

DALY INUE B 5

A VFT TR A &

e MAY 1924

Month 0il Production |Water Production Wells Cum. 0Oil Cum. Water
{m3) ( m3 ) Producing (w3 ) {m3)
MAY 1013 521 4 15 f06.2. 5333,2
2. TInjection:
Max. TInjection Pressure 10200 ki

Tyoe of “Water

Volume Tnjccted

( m3 )

Lodgcpo‘& Production

5866

C‘urmlativg Injected
{ m” )

891.7




DALY UNTD R 5

Pate:  May Ll {3t

Progress Remort For: AP é?l

1. Production:

Month 01l Production |Water Production Wells Cum. 0Qil lCUm. Water
{m3) (m3) Producing { m3) {(m3)
ApriL 107, 4 63.3 4 15 604.9 5281

2. Tnjection:

Max. TInjeckion Pressure 9600 KPu

N Volume Injected Cumilative Injected
Type of “ater (m3 ) ( mS )

Lodgepole Prodaction 202.,9 272.8




DALY NTD # 5

bt _heedl 3 /9

Progress Revort For: _ Maerch  199)

1. Production:

Month 0il Production Water Production Wells Cum. 0Oil Curm. Water!
( 3 ) (123 ) Producing (m3) (m3)
March iz | 58 | 5 15497 5 52178

2. Injection:

Max. Tnjection Pressure 2500 kPa

. Volume !'nijectod Cumilative Injected
Tyne of “ater (o) ( mi )
Lod_qepcaie, ?rodluc-{':ah 69.9 L 9.9

¥  ID-Z2B-F-29 WIW on  IECTION MaR. 22, /90.




Nate: ___APf_'.l'l.____ 5_) 19 i .

DALY UNTL 8 5

Progress Remort For: _ Feb Caaca AL

2.

Product ion:

Month Nil Production Wator Oroduction
(m3) {omd )
Feb. HG.3 ot.7

Cum. Watm

Wells Cum. 0il .
Producing (w3 (m3 ) |
e - - !

5 15 375.8 5152,0

Injection:

Volune Injected

Type of “ater

(w3 )

Om;lativg Injected
)

{m

Production.

Ladﬂepale,

s

B




DALY TInee g 6

Date: . Aped. 3, Jor

Progress Renort For: ﬁ____shhlgguashn_lgyl,_"

1. Production:

Meonth 0il Production Water Production Wells Cum. Qil Cum. Wateri
(m3 ) (3 Producing { m3) {m3 )
Jan. 119.2 72.0 5 15 259.5| % 090.3
Tnjection:

Volume Injected
( m3)

Type of “ater

Cumulativ§ Injected
(m” )

Lodse,‘wiz. Production B

-B-

Norg ¢ Cumulative Producktion i Wells  in b“tﬂ Unit * &

4+ Dec. 3i 3 Jo s as  follows
Well LO(',J:\‘;OH Cum. Oil (m') Cum. Water (M,)
\2-27-9-29 4 373 .¢ &Li15.3
\3-27-9.29 2 393 4 575.8
9-28-9-29 3747, 0 282.5
e -28-9-29 4538 4 3 4359
ID-28-9-2Y 92,7 1e8.8

Unit Area Todal V5 140.3 5 0i8.3




May 3, 1990

The 011 and Natural Gas John N. Fox
Conservation Board Chief Petroleum Engineer
I. Haugh, Chairman Petroleum Branch

H.C., Moster, Deputy Chairman
¥m. McDonald, Member

RE; Pilot Pressure Maintenance Project — Daly Lodgepole Pool

Rideau Petroleums Ltd., has made application to conduct a pllot waterflood

project in a portion of the subject pool. The project area is outlined in
Figure No. 1 attached.

It is recommended that notice of the application be published in the Manitoba
Gazette and the Virden Empire Advance. A copy cof the proposed notice is
attached.

It is also recommended that the working interest owners within and adjoining
the project area be notified of the application directly by the Board. A copy
of the proposed letters of notification is attached.

A technical review of the application is also underway and recommendations
will be forwarded to the Board when the review is completed.

CHIGIN AL SIGHED O

JOHN N. FOX

John N. Fox

Att'd, ; 3 Z "—-O

Approved by:
L.R. Dubreuil, Director
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Manitoba g?f

The Oil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C 0vs

(204) 945-3130

ROTICE

Under The Mines Act
Daly 01l Field

Rideau Petroleums Ltd. has made application tunder The Mines Act to
conduct a pilot waterflood project in the Lodgepole Formation in that
portion of the Daly Field described as follows: Lsd's 12 and 13 of
Section 27-9-29 (WPM) and Lsd's 9 and 16 of Section 28-9-29 (WFM).

It is proposed to drill a water injection well in the northeast corner of
Lsd 9 of Section 28-9-29 (WPM). ‘

If no valid objectlon or interventlion in writlng is received by The 0il
and Natural Gas Conservation Board at 555-330 Graham Avenue, Winnipeg,
Manitoba, R3C 4E3 within 14 days of the publication of this notice, the
Board may approve the application.

Copies of the application may be obtained from Rideau Petroleums Ltd.,
201-215 Lawrence Avenue, Kelowna, British Columbia, V1Y 6L2.

Dated at Winnipeg, this day of , 1990,

H. C. Moater
Deputy Chairman.



Manitoba %

The Oll and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C 0va

(204) 945-3130

May 3, 1990

Dear Sir/Madam:

RE: Notice of Application - Pilot Pressure
— Maintenance Project Daly Lodgepole D Pool

Attached please find a copy of the notice advertising an application
filed with The 0il and KNatural Gas Conservation Board ("the Board") by
Rideau Petroleums Ltd. for approval of a pilot pressure maintenance
project in the Daly Lodgepole D Pool.

As a working interest owner within or adjoining the proposed project
area, this letter is to notify you of the subject application. If you
have any questions or require further information in respect of the
application, you may contact the Board or the company at the address
shown in the notice.

Yours truly,

H.C. Moster
Deputy Chairman

Att'd.




‘Manitoba %’

The Oll and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C ovs -

{204) 945-3130

May 3, 1990

Dome Petroleum Ltd. (AMOCO)
Box 200, Station M
Calgary, Alberta

T2P 2H8

Dear Sir/Madam:

RE: Notice of Application -~ Pilot Pressure
__ Maintenance Project Daly Lodgepole D Pool

Attached please find a copy of the notice advertising an application
filed with The 0il and Ratural Gas Conservation Board ("the Board") by
Rideau Petroleums Ltd. for approval of a pilot pressurs maintenance
project in the Daly Lodgepole D Pool.

As a working interest owner within or adjoining the proposed project
area, this letter is to notify you of the subject application. If you
have any questions or require further information in respect of the
application, you may contact the Board or the company at the address
shown in the notice.

Yours truly,

VLB

H.C. Moster
Deputy Chairman

Att'd.



Manitoba g?)’

The Oil and Natural Gas Room 309
Conservation Board Legislative Building
' Winnipeg, Manitoba, CANADA
- R3C ovs

(204) 945-3130

May 3, 1990

Pipestone Petroleums Ltd.
201, 215 Lawrence Avenue
Kelowna, B.C.

V1Y 6L2

Dear Sir/Madam:

RE: Notice of Application - Pilot Pressure
———-Maintenance Project Daly Lodgepole D Pool

Attached please find a copy of the notice advertising an application
filed with The 0il and Natural Gas Conservation Board ("the Board”) by
Rideau Petroleums Ltd. for approval of a pilot pressure maintenance
project in the Daly Lodgepole D Pool.

As a vorking interest owner within or adjoining the proposed project
area, this letter is to notify you of the subject application. If you
have any questions or require further information in respect of the
application, you may contact the Board or the company at the address
shown in the notice.

Yours truly, -

Ko

H.C. Moster
Deputy Chairman

Att'd,



Manitoba - %

The Oil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C ovs

(204) 945-3130

May 3, 1990

Prospect Hill Management Ltd.
c/o HRH Life Insurance Co.
102, 215 Lawrence Avenue
Kelowna, B.C.

V1Y 6L2

Dear Sir/Madam:

RE: Notice of Application - Pilot Pressure
0 e o]

Attached please find a copy of the notice advertising an application
filed with The 0il and Natural Gas Conservation Board ("the Board") by
Rideau Petroleums Ltd, for approval of a pilot pressure maintenance
project in the Daly Lodgepole D Pool.

As a working interest owner within or adjoining the proposed project
area, this letter is to notify you of the subject application. If you
have any questions or require further information in respect of the
application, you may contact the Board or the company at the address
shown in the notice.

Yours truly,

P e~

H.C. Moster
Deputy Chairman

Att'd,



Manitoba 453

The Oll and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C 0vs

{204) 945-3130

May 3, 1990

Centennial 0ilfield Sales Ltd.
Box 269

Virden, Manitoba

ROM 2C0

Dear Sir/Madam:

RE: RNotice of Application - Pilot Pressure
— Maintenance Project Daly Lodgepole D Pool

Attached please find a copy of the notice advertising an application
filed with The 0il and Watural Gas Conservation Board ("the Board") by
Rideau Petroleums Ltd. for approval of a pilot pressure maintenance
project in the Daly Lodgepole D Pool.

As a working interest owner within or adjoining the proposed project
area, this letter is_to notify you of the subject application, If you
have any gquestionas or require further information 1in reapect of the
application, you may contact the Board or the company at the address
shown in the notice.

Yours truly, .

H.C. Moster
Deputy Chalrman

Att'd.



Manitoba 3

The OH and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C ovs

(204) 945-3130

May 3, 1990

Daniel Canart and Mildred Canart
Box 154

Elkhorn, Manitoba

ROM ONO

Dear Sir/Madam;

RE: Notice of Application - Pilot Pressure
M (2] a od ')

Attached please find a copy of the notice advertising an application
filed with The 0il and Natural Gas Conservation Board ("the Board") by
Rideau Petroleums Ltd. for approval of a pilot pressure maintenance
project in the Daly Lodgepole D Pool.

As a working interest owner within or adjoining the proposed project
area, this letter is to notify you of the subject application. If you
have any questions or require further information in respect of the
application, you may contact the Board or the company at the address
shown in the notice.

Yours truly,

W

H.C. Moster
Deputy Chairman

Att'd.



Manitoba %

The Oif and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C ovs -

(204) 945-3130

May 3, 1990

Wydmar Reasource Enterprises Ltd.
400, 255 - 17 Avenue S8.W.
Galgary, Alberta

T2S 2T8

Dear Sir/Madam:

RE: RNotice of Application - Pilot Pressure

—.Maintenance Project Daly Lodgepole D Pool

Attached please find a copy of the notice advertising an application
filed with The 0i]l and Natural CGas Conservation Board ("the Board") by
Rideau Petroleums Ltd. for approval of a pilot pressure maintenance
project in the Daly Lodgepole D Pool.

As a working interest owner within or adjoining the proposed project
area, this letter is to notify you of the subject application. If you
have any questions or require further information in respect of the
application, you may contact the Board or the company at the address
shown in the notice.

Yours truly, -

FAZE 2N

H.C. Moster
Deputy Chairman

Att'd.



Manitoba <3

The Oll and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C o0vs

(204) 945-3130

May 3, 1990

Laurel Explorations Ltd,
101-1861 Welch Street
North Vancouver, B.C,
V7P 1B7

Dear Sir/Madam:

RE: Notice of Application - Pilot Pressure
—Maintenance Project Dalv Lodgepole D Pool

Attached please find a copy of the notice advertising an application
filed with The 0il and Natural Gas Conservation Board ("the Board") by
Rideau Petroleums Ltd. for approval of &a pilot preassure maintenance
project in the Daly Lodgepole D Pool.

As a working interest owner within or adjoining the proposed project
area, this letter 1s to notify you of the subject application. If you
have any questions or require further information in respect of the
application, you may contact the Board or the company at the address
shown in the notice.

Yours truly, -

M T~

H.C. Moster
Deputy Chairman

Ate'd.



Manitoba %

The Oil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C Ovs

(204) 945-3130

May 3, 1990

Troy 0Oils Ltd.

705, 805 - B Avenue S.W.
Calgary, Alberta

T2P 1H7

Dear Sir/Madam:

RE: Notice of Application - Pilot Pressure
— - Maintenance Project Dalv Lodgepole D Pool

Attached please find a copy of the notice advertising an application
filed with The 0l1 and Ratural Gas Conservation Board ("the Board") by
Rideau Petroleums Ltd. for approval of a pilot pressure maintenance
project in the Daly Lodgepole D Pool.

As a working interest owner within or adjoining the proposed project
area, this letter is to notify you of the subject application. If you
have any questions or require further information in respect of the
application, you may contact the Board or the company at the address
shown in the notice.

Yours truly,

B

H.C. Moster
Deputy Chairman

Att'd.



Manitoba 8=

The Oii and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C ovs

(204) 945-3130

May 3, 1990

Zero Petroleums Ltd.
201, 215 Lawrence Avenue
Kelowna, B.C.

V1Y 6L2

Dear Sir/Madam:

RE: Notice of Application - Pilot Pressure
—_ Maintenance Project Daly Lodgepole D Pool

Attached please find a copy of the notice advertising an application
filed with The 0il and Natural Gas Conservation Board ("the Board") by
Rideau Petroleums Ltd. for approval of a pilot pressure maintenance
project in the Daly Lodgepole D Pool,

As a working interest owner within or adjoining the proposed project
area, this letter 1s to notify you of the subject application. If you
have any questiona or require further information in respect of the
application, you may contact the Board or the company at the address
shown in the notice,

Yours truly, -

H.C. Moster
Deputy Chairman

Att'd.



Manitoba | g?)’

The Oil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C ovs

{204) 945-3130

May 3, 1990

Maler Reaources Ltd.

Site 2, Box 262

RR 7, East Chestmere Drive
Calgary, Alberta

T2P 2G7

Dear Sir/Madam:

RE: Notice of Application - Pilot Pressure
—Maintenance Proiject Daly Lodgepole D Pool

Attached please find a copy of the notice advertising an application
filed with The 0il and Natural Gas Conservation Board ("the Board"™) by
Rideau Petroleums Ltd. for approval of a pilot pressure maintenance
project in the Daly Lodgepole D Pool.

As a working Iinterest owner within or adjoining the proposed project
area, this letter is to notify you of the subject application. If you
have any questions or require further information in respect of the
application, you may contact the Board or the company at the address
shown in the notice.

Yours truly,

H.C. Moater
Deputy Chairman

Atr'd,



Manitoba %

The OQil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C 0vs-

(204) 945-3130

May 3, 1990

Interwvest Construction Ltd,
500, 455 Granville Street
Vancouver, B.C.

V6C 1v2

Dear Sir/Madam:

BE: Notlce of Application - Pilot Pressure
—Maintenance Project Daly Lodgepole D Pool

Attached please find a copy of the notice advertising an application
filed with The 0il and Natural Gas Conservation Board ("the Board") by
Rideau Petroleums Ltd. for approval of a pilot pressure maintenance
project in the Daly Lodgepole D Pool.

As a working interest owner within or adjoining the proposed project
area, this letter is to notify you of the subject application. 1If you
have any questions or require further information iIin respect of the
application, you may contact the Board or the company at the address
shown in the notice.

Yours truly,

AP

H.C. Moster
Deputy Chairman

Att'd.



Manitoba 3

The Oil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C ovs

(204) 945-3130

May 3, 1990

Corsalr Petroleum Inc.
1200, 407 - 2nd Street S.W.
Calgary, Alberta

T2P 2Y¥3

Dear Sir/Madam:

RE: Notice of Application - Pilot Pressure

— Maintenance Project Dalvy Lodgepole D Pool

Attached please find a copy of the notice advertising an application
filed with The 0il and Natural Gas Conservation Board ("the Board") by
Rideau Petroleums Ltd. for approval of a pilot pressure maintenance
project in the Daly Lodgepole D Pool,

As a working interest owner within or adjoining the proposed project
area, this letter is to notify you of the subject application. If you
have any questions or require further information in respect of the
application, you may contact the Board or the company at the address
shown in the notice,

Yours truly,

o,

Deputy Chalrman

Att'd.



'Manitoba O

The Ol and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C ovs

{204} 945-3130

May 3, 1990

Anna Resources Ltd.

500B, 805 - 8 Avenue S.W.
Calgary, Alberta

T2P 1H7

Dear Sir/Madam:

RE: Rotice of Application - Pilot Pressure

——_Maintenance Project Daly Lodgepole D Pool

Attached please find a copy of the notice advertising an application
filed with The 0il and Natural Gas Conservation Board ("the Board") by
Rideau Petroleums Ltd. for approval of a pilot pressure maintenance
project in the Daly Lodgepole D Pool.

As a working interest owner within or adjoining the proposed project
area, this letter is to notify you of the subject application. If you
have any questions or require further information in respect of the
application, you may contact the Board or the company at the address
shown in the notice.

Yours truly,

H.C. Moster
Deputy Chairman

Ate'd,



‘Manitoba g?)’

The Oll and Natural Gas Room 309
Conservation Board Legisiative Building
Winnipeg, Manitoba, CANADA
R3C avs
{204) 945-3130
May 3, 199%0

Tribros Enterprises

500, 455 Granville Street
Vancouver, B.C.

V6C 1v2

Dear Sir/Madam:

RE: Notice of Application - Pilot Pressure

— Maintenance Project Daly Lodgepole D Pool

Attached please find a copy of the notice advertising an application
filed with The 0il and Natural Gas Conservation Board ("the Board") by
Rideau Petroleums Ltd., for approval of a pilot pressure maintenance
project in the Daly Lodgepole D Pool.

As a working interest owner within or adjoining the proposed project
area, this letter is to notify you of the subject application. If you
have any questions or require further information in respect of the
application, you may contact the Board or the company at the address
shown in the notice.

Yours truly,

H.C. Moster
Deputy Chairman

Att'd,



Manitoba 3

The Ol and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C 0vs

{204) 945-3130

NOTICE

Under The Mines Act
Daly 0il Field

Rideau Petroleums Ltd. has made application under The Mines Act to
conduct a pilot waterflood project in the Lodgepcle Formation in that
portion of the Daly Field described as follows: Lsd's 12 and 13 of
Section 27-9-29 (WFM) and Lsd's 9 and 16 of Section 28-9-29 (WPM).

It is proposed to drill a water injection well in the northeast corner of
Lad 9 of Section 28-9-29 (WPM).

If no valid objection or intervention in writing is received by The 0il
and Natural Gas Conservation Board at 555-330 Graham Avenue, Winnipeg,
Manitoba, R3C 4E3 within 14 days of the publication of this notice, the
Board may approve the application.

Coples of the application may be obtained from Rideau Petroleums Ltd.,
201-215 Lawrence Avenue, Kelowna, British Columbia, V1Y 6L2,

Dated at Winnipeg, this _3 day of s 1990, -

| PrA S

H. C. Moster
Deputy Gha:lmanﬁ. _




Mtoba

Date:  repruary 8, 1990

o D)

To: L.R. DUBREUIL
CC: Tan Haugh (nmo att.)
Wm. McDonald (no att.)

[
Telephone: 1111 - w |
=3 £
/ﬁ' Take Action [[] Per Your Request [] circulate, Initial ] For Approval and Make Copi
and Return Signature L)
[(] may We Discuss [ For Your Information  [] Return With Comments [_] Draft Reply for 38
or Revisions Signature
Comments: RE:

: RIDEAU PETROLEUM — AF
Please initiate proces

1
deficiencies.,

Draft appropriate Board reply to Rideau (i.e. acknowledging receipt andfor advising of
deficiencies).
Attachment
‘p

MG-1298 PS-f-182 B240100671
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Manitoba g?f

Energy and Mines Petroleum 555 — 330 Graham Avenue
Winnipeg, Manitoba, CANADA
R3C 4E3

(204} 945-6577

November 16, 1989

Rideau Petroleums Ltd.
201 - 215 Lawrance Ave
Kelowna, B.C.

V1Y 6L2

Dear Don:

Re: Proposed Pilot Pressure Maintenance Project Daly Lodgepole D _Pool

Further to our recent conversation, enclosed is a copy of The Mines Act.
Sections 76 through 86 deal with Unitization Orders.

As I mentioned, two parallel processes would be required prior to
implementation of the project:

1. Technical Consideration and Approval of Pressure Maintenance

A pressure maintenance project must be approved by The 01l and Natural
Gas Conservation Board prior to Implementation. Please refer to sections
64 and 126 of the Petroleum Drilling and Production Regulation for
details regarding an appropriate application., In the case of a pilot
project, such as you are proposing, some of the technical data may not be
required. On the other hand, a pilot project should include
comprehensive monitoring provisions.

Upon receipt of a complete application (i.e. after any deficiencies had
been supplied) the project would be advertised for objections. The Board
would send notices to all potentially affected working interest, royalty
interest and surface rights owners, Additionally the notice would be
published in the local newspapers and the Manitoba Gazette. If valid
objections were raised, the Board would either attempt to arbitrate the
concerns or proceed to a hearing. Subsequent resolution of the
interventions the Board would complete disposition of the application.
If approved, a Pressure Maintenance Order would be issued providing terms
and conditions of approval,

2. Unitization

If varying working or royalty interests are involved in the project area
unitization of the area is mnecessary. If all working and royalty
interests agree, this can be done by a unit agreement approved by the
Board.



If wunanamous agreement cannot be achieved, the forced unitizatlon
provisions of The Mines Act can be invoked. On application, the Board is
bound to hold a hearing to consider unitization. The application should
be accompanied by & plan of unitization which has been agreed to in
writing by owners representing more than 75% of the proposed unit area
{see Section 77 of The Mines Act for more details).

1f a Unitization Order 1is necessary, it must be preceded by a Board
hearing. I1f after notice of the technical application, there remain
unresolved issues, the Petroleum Branch would recommend the Board
consider such issues at the same hearing.

1f the project area includes Crown owned mineral rights, Rideau would
have to reguest the Minister to consent, as a royalty oOwner, to the
ynitization. This request should be made separately and should precede
any application for a unitization order. In support of such a reguest,
the proposed unit document and rationalization of any tract participation
factor determinations should be included.

1f you have any further questions with respect to the foregoing, please
call (204) 945-6573.

Yours sinerely,

A eV

L. R. pubreuil
Director of Petroleum

LRD/sl

cc: H. Clare Moster
Deputy Chairman
0 & NGCB



Manitoba 3

"he Qil and Natural Gas Room 309

~onservation Board tegislative Building
Winnipeg. Manitoba, CANADA
R3C ovs

{204} 945-3130

JUL 19 1990 ' SE R

Mr. D.R., Burns, President 0
Rideau Petroleums Ltd. N
2101 - 215 Lawrence Avenue
Kelowna, B.C.

V1Y 6L2

Dear Mr. Burns:

RE: Board Order No. PM 63
D e e o] - e e e e

Attached please find a copy of Board Order No. PM 63 granting approval to
conduct a waterflood in the proposed Daly Unit No. 5. Water injection is
not authorized to commence until the Board has approved the proposed Daly
Unit No. 5 Unit Agreement.

The Board, pursuant to subsection 51(8) of the Petroleum Drilling and
Production Regulation, approves production from the proposed injection
well, Rideau Daly Prov. WIW 9D-28-9-29 (WPM), for a period not to exceed
six (6) months from the finished drilling date of the well. Production
from the well will be classified as old oil in accordance with the
provisions of the Petroleum Crown Royalty and Incentive Regulation.

Yours respectfully

ORIGINAL BIGNED BY
IAN HAUGH

Ian Haugh
Chairman

cc: H. Clare Moster, Deputy Chairman



ray
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JUL 19 1990

Mr. D.R. Burns, President
Rideau Petroleums Ltd.
2101 - 215 Lawrence Avenue
Kelowna, B.C.

V1Y 6L2

Dear Mr. Burns:

RE: Board Order No. PM 63
Daly Lodgepole D Pool — Pressure Maintenance

Attached please find a copy of Board Order No. PM 63 granting approval to
conduct a waterflood in the proposed Daly Unit No. 5. Water injection is

not authorized to commence until the Board has approved the proposed Daly
Unit No. 5 Unit Agreement.

The Board, pursuant to subsection 51(8) of the Petrolewm Drilling and
Production Regulation, approves production from the proposed imjection
well, Rideau Daly Prov. WIW 9D-28-9-29 (WPM), for a period net te exceed
six (6) months from the finished drilling date of the well. Production
from the well will be classified as old oil in sccopdamee with the
provisions of the Petroleum Crown Royalty and Incemtive Regulation.

Yours respectfully

ORIGINAL SIGNED B
IAN HAUGH

Ian Haugh
Chairman

ce: H, Clare Moster, Deputy Chairman
bec: 3rad Thiessen, Petroleum Bramch

JHF/4ibj
Date cyped: July 12, 1990




M . 2

oate:_ July 12, 1990 ~ Action / Route Slip

-

M From: __Bob reuil
Deputy Minister Director
Manitoba Energy and Mines Petroleum Branch
Telephone: 6573
] Take Action ] Per Your Request [] circutate, Initial [ For Approval and ] make ____Copies
and Return Signature
D May We Discuss D For Your Information D Return With Comments D Draft Reply tor D please File
or Revisions Signature

Comments: Attached is Board Order No. 63 and 2 proposed letter of transmittal. The operator

of the pilot project, Rideau Petroleums Ltd., has requested approval to produce the proposed

injector for a short period of time before converting the well to injection. Under the Crown

royalty regulations, such production is classified as old oil.

e

Please return the letter and signed order to pPetroleum for distribution and filing.

MG-1298 PSt-182 8040100671



_..anitoba g?)'

The Oil and Naiural Gas Room 309
Conservation Board Legislative Building

Winnipeg, Manitoba, CANADA
R3C ovs

(204) 945-3130

Mr. D.R. Burns, President
Ridean Petroleums Ltd.
2101 -~ 215 Lavrence Avenye
Kelowna, B.C.

V1Y 6L2

Dear Mr. Burng:

RE: Board Order Ro. PM &3

Attached please find 2 copy of Board Order No. PM 63 granting approval to
conduct a waterflood in the proposed Daly Unit No. §. Water injection is

not authorized to commence until the Board has approved the proposed Daly
Unit No. 5 Unit Agreement,

The Board, pursuant to subsection 51(8) of the Petroleum Drilling and
Production Regulation, approves production from the Proposed injection
well, Rideau Daly Prov, WIW 9D-28~-9-29 (WPM), for a period not to exceed
six (6) months from the finighed drilling date of the well. Production
from the well will bpe classified as old o1l 1in accordance with the
provisions of the Petroleum Crown Royalty and Incentive Regulation.

Yours respectfully

Ian Haugh
Chairman

ctc: H. Clare Moster, Deputy Chairman

bce: Brad Thiessen, Petroleunm Branch

JNF/1ibj
Date typed: July 12, 1999



July 6, 1990

Tan Haugh H. Clare Moster

cc: L.R. Dubreuil
FOR APPROVAL ARD SIGRATURE
RE: BOARD ORDER No, PM Rid - Field
- Attached and recommended for signature and Ministerial approval are
two (2) coples of the subject Order.
— Also attached is a covering letter from the Board that pre-authorizes
temporary production from the proposed new injection well and advises

the operator that production from the well will be classified as "old
oil" for royalty/tax purposes.

- Please return signed letter and Order to Petroleum for distribution.

6;LL1?U{/#. Clare Moster

Attachments

1527T




July 5, 1990

The 011 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: Application for Pressure Maintenance

—...Daly Lodgepole D Pool

Ridean Petroleums Ltd. has made application for a pllot pressure
maintenance project in a portion of Sections 27 and 28-9-29 (WPM) in the
Daly Lodgepole D Pool. The application was advertised in the Manitoba
Gazette (May 12, 1990) and the Virden Empire Advance (May 9, 1990). RNo
objections were received,

Recommendations:

It is recommended that Ridesu's application for pressure maintenance be
approved and Board Order No. PM 63 be issued. A copy of the proposed Board
Order is attached,

It is also recommended that the proposed injection well 9D-28-9-29 (WPM),
which will be the second well in the spacing unit, be pre-authorized by the
Board to produce for a perlod not to exceed six (&) months.

Discussion:

Rideau proposes to conduct a pilot waterflood project in the Daly Lodgepole
D Pool on an inverted S5-spot pattern in Lsd's 12 and 13 of Section 27-9-29
{(WPM) and Lad's 9 and 16 of Section 28-9-29 (WPM). Rideau 1s proposing to
unitize the landa., Figure 1 shows an outline of the waterflood project
area and the proposed Daly Unit No, 5.

The Upper Lodgepole Formation in this area consists of dolomite with poor
intergranular to pin-peint wvuggy porosity with numerous anhydrite and shale
interbeds. The average reservoir parameters for Daly Unit No. 5 are shown
in Table 1.

The four wells in the proposed unit produce at a total rate of 4.8 m3 OPD
and as of May 1, 1990 cumulative production from the proposed unit totalled
14,044 m3 or 3.8% of the O00IP, The estimated primary recovery is only
37,000 m3 or 10% of the OCIP over a period of 30 years. A plot of the
production performance of the four (4) wells is shown in Figure 2.

Three previous attempts have been made to try and waterflood the Lodgepole
Formation in Twp. 9-29 (WPM). Flgure 3 shows the North Ebor pilot
waterflood project, Ebor Unit No., 1 and West Butler Unit No. 1 where pilot
and pattern waterfloodas were attempted without success between 1962 and
1980.



In all three cases, 1little or no waterflood production response was
observed. The reasons given for the waterfloocd project failures were:

1. lack of reservoir continuity

2. insufficlent injection volumes

3. pocr injector completions and ocut of zone injection, and
4, lack of source water for injection.

Rideau's proposal addresses all these concerns. To reduce the concerns
regarding a lack of reservoir continuity, Rideau plans to drill an
injection well at 9D-28-9-29 (WPM) to create a 16 ha inverted 5-spot
injection pattern. Previous flocds have all had either irregular injection
patterns or 32 ha 5-spot and inverted 5-spot injection patterns.

The other problems with the previous waterfloods centre around water
injection. Due to source water supply problems, low injectivity and out of
zone injection, the effective volume of water injected over the life of the
projects was insufficient. Rideau proposes to use produced water from its
9-28-9-29 battery and Iinject at a rate of 60-65 m3 WPD during the fill-up
phase of the waterflood. Water production at the battery is currently
60 m3 /day.

To reduce the possibility of out of zone injection into the underlying
aquifer, Rideau proposed to complete and produce the 9D-28-9-29 injection
well for a period of 4-6 months and monitor the production for any
indication of communication with the underlying aquifer. If the well is in
communication with the underlying aquifer, remedial work will be carried
out before the well 1s converted to injection. Additionally, injection
pressures will be limited to 8 500 kPa or 85% of the estimated fracture
gradient of 22.6 kPa/m.

The 9D-28-9-29 well, when drilled, will be the second well in the spacing
unit and will require Board approval to produce purzsuant to subsection
51(8) of the Regulation.

There is a great deal of uncertainty regarding the success of waterflooding
the Upper Lodgepole Formation in this area and it is difficult to predict
waterflood response, Rideau estimates that waterflood response will be
observed in 1-2 years and production will peak at 6.5 to 11 m3 OPD (1.5
to 2.5 times current rates)., Rideau predicts that waterfloodi will
result in an incremental recovery of between 36 to 55 x 103 m3 oil.
Table 1 shows a comparison between the estimated primary and secondary
recoveries.

It is recommended that the application be approved. A copy of the proposed
Board Order No., PM 63 containing the usual pressure maintenance terms and
conditions is attached. It 1s also recommended that the Board pre-approve
production from the 9D-28-9-29 (WFM),

QORIGINAL SIGNED BY

JOHN N. FOX
John N. Fox
Att 'd. L’B?hu.. "3" PR "Y

LN R STEY SN
Approved by:

L.R, Dubreuil, Director



Order No, FM 63

An Order Pertaining to Pressure Maintenance by Water Flooding
Daly Lodgepole D Pocl

WHEREAS, subsection(9)(d) of Section 62 of "The Mines Act", Cap. M160, of
the Revised Statutes of Manitecba, provides as fellows:

"62(9) Without restricting the generality of subsection (8) the
board, with the approval of the minister, may make orders

(d) requiring the repressuring, recycling, or pressure
maintenance, of any pool or portion thereof where it is
econonomical so to do, and for that purpose where necessary
requiring the introduction or injection into any pool or
portion thereof of gas, air, water, or other substance;"

AND WHEREAS, the Board received an application dated February 2, 1990
from Rideau Petroleums Ltd. ("Rideau") for approval of a pilot project to
inject water into the Paly Lodgepole D Poocl in the proposed Daly Unit No.
5.

AND WHEREAS, notice of the application was published in the Manitoba
Gazette on May 12, 1990 and the Virden Empire Advance on May 9, 1990.

AND WHEREAS, the Beoard has received no objections or interventions with
respect to the application by Rideau,

AND WHEREAS, Rideau 1z the proposed unit operator of the proposed Daly
Unit No, 5 ("the unit area").

AND WHEREAS, upon due consideration of the said application, the Board
has found it 1s reasonable and desirable to inject water in the unit area.

NOW THEREFORE, the Board orders that:

1, The unit operator shall conduct pressure maintenance operations by
the injection of water into the pool underlying the unit area.

2. The pressure maintenance operation shall be in accordance with,
and subject to, the following rules:



PRES CE RULES

1(1) Water shall be injected into the Lodgepole Formation through the
well
Rideau Daly Prov. WIW 9D-28-9-29 (WPM)

and such other wells in the unit area as the Board may approve.

1(2) After the commencement of injection, the unit operator shall,
subject to any remedial work required to be performed on the wells
referred to in subsection (1), endeavour to maintain continuous injection.

1(3) Notwithstanding the provisions of subsection (2), the Board may,
upon application by the unit operator, approve the suspension of water
injection into any well or wells, provided that the Board is satisfied
that pressure maintenance operations in the wunit area will not be
adversely affected.

1(4) The completion of the wells referred to in subsection (1) will be
as prescribed by the Director of Petroleum.

2 The unit operator, upon the request of the Board, shall satisfy the
Board a8 to the source, suitability and method of treatment of the water
to be injected,

3(1) Before injection of water is commenced, the unit operator shall
submit, to the Board, results of a survey conducted to determine the
static reservoir pressure in not less than one well in the unit area.

3(2) The unit operator shall, not less than six months nor more than 12
months after the commencement of injection, and at yearly intervals
thereafter, conduct a survey to determine the static reservoir pressure
in not less than one well in the unit area.

3(3) The Board may, at any time, require the unit operator to carry out
such additional reservoir pressure surveys as it deems necessary.

3(4) Within 30 days of the completion of the surveys described in
subsections (1), (2) and (3) the unit operator shall submit the details
of the surveys Including:

(a) a list of wells surveyed,

(b) the measurement technique used,

(c) the shut in period for each well,

(d) the static reservoir pressure data obtained from the survey
corrected to the pool datum depth, and;

(e) a discussion of the survey results and pressure distribution
within the unit area,

4 The unit operator shall immediately report to the Board any
indication of channelling or break-through of injected water to producing
wells or any indication of other detrimental effects that may be
attributable to the pressure maintenance operations.




5 The maximum wellhead pressure at which water is injected into the
wells referred to in subsection 1(1) shall not exceed 8 500 kPa or such
other maximum pressure as the Board may prescribe and the Board may, from
time to time, prescribe a maximum or minimum rate at which water shall be
injected into any well in the unit area,

6(1) The unit operator shall, not later than the last day of each
month, file with the Petroleum Branch, a report of the quantity, source

and pressure of water injected during the preceding month into each well
referred to in subsection 1(1).

6(2) The unit operator shall, not later than the last day of each
month, file with Petroleum Branch a summary report of production and

injection operations during the preceding month, which report shall
include:

(a) a tabulation of total oil, total water and total gas produced;

(b) a tabulation of the number of producing wells and injection
wells vhich were active;

(c¢) the results of at least one twenty-four hour production test
on each producing well in the unit area including volumes of
0il, gas and water produced during the test; and

(d) a summary of any remedial operations carried out on any well
in the unit area.

7 The unit operator, shall, within 60 days of the end of each
calendar year, file with the Petroleum Branch a report of the pressure
maintenance program, setting out graphically such interpretive
Information necessary to evalutate the efficacy of the waterflood.

H.C, Moster Jan Haugh
Deputy Chairman Chairman
OIL AND NATURAL GAS CONSERVATION APPROVED:
BOARD ORDER NO. PM 63 APPROVED THIS

DAY OF A.D.,

AT THE CITY OF WINNIPEG.

Harold Neufeld
Minister of Energy and Mines




TABLE NO. 1

RESERVOIR PARAMETERS

DALY UNIT NO. 5

Area

Net Pay

Porosity

Permeability

Water Saturation

Original 011 in Place

Cumulative Production as of May 1, 1990
Recovery Factor — Primary

Recoverable Reserves - Primary
Recovery Factor - Secondary

Recoverable Reserves - Secondary

64 ha

7.1 m
13%
3-10md
35%
369,000 m3

14,044 m3
10%

37,000 m3

20 - 25%

73,800 - 92,250 m3




TABLE NO. 1

RESERVOIR PARAMETERS

DALY UNIT NO. 5

Area

Net Pay

Porosity

Permeability

Water Saturation

Original 0il in Place

Cumulative Production as of May 1, 1990
Recovery Factor - Primary

Recoverable Reserves - Primary
Recovery Factor - Secondary

Recoverable Reserves -~ Secondary

64 ha
7.1nm
13%
3 - 10 md
35%
369,000 m3
14,044 m3
10%
37,000 m3
20 - 25%
73,800 - 92,250 m3
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TWP 10 RGE 29 WPM
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Mrs. Margaret Hayhurst, Reporter

family, all of

raldine Isaac had
sith Connie Thies-
. G. Thiessen were
ith Mr. and Mrs.
inclair.

Mark Toews and
day dinner guests
rs. Clifford Isaac
nclair.

cook and girls of
| with Verna and
sk last Sunday.

wed
yom

s 2, and the Legion
ry will serve lunch
lowing the service.

The Ebor W.1. held their regular
monthly meeting at the home of Dot
Thornhill on Monday.

Kent Lewarne of Flin Flon and
Kim Lewarne of Brandon were
home for the weekend to visit their

parents.

Carly and Allan Hayward spent
the week with their grandparents,
Allan and Barbara Cruickshank.

Visitors with Bob and Roberta
Berry on the weekend were Michael
Berry of Reston, Marlene and Sean
Glover, and Jane Berry, all of Win-
nipeg, and Warren Kay of Yorkton.

Mr. and Mrs, Win McArthur of
Melita visited with Addie and Earl
Schlemmer on Sunday.

Morris Senkiw attended the
funeral of Walter Enstrom of River-
hurst, Sask., on Saturday.

All the plans have been finalized
for the Cromer Mother’s Day Tea
on Thursday, May 10.

NOTICE

Under The Mines Act .
Daly Oil Field

Rideau Petroleumsr Ltd. has made application under The Mines Act

to conduct a pilot waterfiood project in the Lodgepole Formation in
that portion of the Daly Field described as follows: Lsd’s 12 and 13
of Section 27-9-29 (WPM) and Lsd's 9 and 16 of Section 28-9-29
(WPM).

it is proposed to drill a water injection well in the northeast corner

of Lsd 9 of Section 28-9-29 (WPM).

If no valid objection or intervention in writing is received by The Oil
and Natural Gas Conservation Board-at 555-330 Graham Avenue, Win- -
nipeg, Manitoba, R3C 4E3 within 14 days of the publication of this
notice, the Board may approve the application.

Copies of the application may be obtained from Rideau Petroleums
Ltd., 201-215 Lawrence Avenue, Kelowna, British Columbia, V1Y 6L2.
Dated at Winnipeg, this 3rd day of May, 1990.

H.C. Moster Deputy Chair'mah
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THE HIGHWAY TRAFFIC BOARD
«¢ is hereby given that a hearing of the Highway Traffic
Board will be held on Tiuesday, May 29, 1990 at 13:00 hours in
Morden Recreation Centre Auditorium, 111 Gilmour Street,
Morden, Manitoba.
Weight Restrictions — Section 68(7) H.T.A.
36-B — R.M. of Stanley
Consideration to be given to reclassify all roads within the
jurisdiction of the R.M. of Stanley from class “*C*’ to class “Al”,
as set out in By-Law 5-90 in the R.M. of Stanley.
Speed Zomes — Sections 97 and 93 HT.A.
190006-5 — R.M. of Stanley
Consideration to be given to modified speed zones of 75 km/h
for all trucks weighing in excess of 1(,000 kilograms on all roads
within the R.M. of Stanley excluding Provincial Trunk Highways,
Provincial Roads and all other highways and roads that are other-
wise regulated, R.M. of Stanley,
19000-S — R.M. of Stanley
Consideration to be given to restricted speed areas of 50 km/h
in the Communities of Birkenhead, Blumenfield, Chortitz,
Friedensfeld, Friedensruh, Haskett, Hochfield, Osterwick,
Reinfeld, Reinland, Schanzenfeld and Thornhill, R.M. of Stanley.
The Highway Traffic Board will be prepared to consider all
submissions written or oral on the above applications by contac-
ting the Secretary prior to or at the hearing,
Room 206-301 Weston Street
Winnipeg, Manitoba
R3E 3H4
Phone: 945-8912
A. POLTARUK, MMM CD
Secretary,

7036—19 THE HIGHWAY TRAFFIC BOARD.

THE HIGHWAY TRAFFIC BOARD

Notice is hereby given that a hearing of the Highway Traffic
Board will be held on Tuesday, May 22, 1990 at 10:00 hours in
Room 204-301 Weston Street, Entrance “D”, Winnipeg, Manitoba
R3E 3H4 Phone: 945-89]2,

Pedestrian Corridors — Section 78 HT.A,

Consideration to be given for the relocation of a Pedestrian
Corridor from the south side of Rathgar Avenue across Osborne
Street to the south side of Walker Avenue across Osborne Street,
City of Winnipeg.

The Highway Traffic Board will be prepared to consider all
submissions written or oral on the above applications by contact-
ing the Secretary prior to or at the hearing.

A. POLTARUK, MMM CD,
Secretary,

7062—19 The Highway Traffic Board.

UNDER THE MINES ACT

NOTICE
DALY OIL FIELD

Rideau Petroleums Ltd. has made application under The
Mines Act to conduct a pilot waterflood project in the Lodgepole
Formation in that portion of the Daly Field described as follows:
Lsd’s 12 and 13 of Section 27-9-29 (WPM) and Lsd’s 9 and 16
of Section 28-9-29 (WPM).

It is proposed to drill a water injection well in the northeast
corner of Lsd 9 of Section 28-9-29 (WPM).

If no valid objection or intervention in writing is received by
The Oil and Natural Gas Conservation Board at 555-330 Graham
Avenue, Winnipeg, Manitoba, R3C 4E3 within 14 days of the
publication of this notice, the Board may approve the application.

Copies of the application may be obtained from Rideau
Petroleums Ltd., 201-215 Lawrence Avenue, Kelowna, British Col-
umbia, V1Y 6L2,

Dated at Winnipeg, this 3rd day of May, 1990.

H. C. MOSTER,

7070—19 Deputy Chairman.

746




RIDEAU PETROLEUMS LTD.

PHONE (604) B61-4661

MAILING ADDRESS:
201 - 215 LAWRENCE AVE. BOX 520, STN. A

KELOWNA, B.C. V1Y 612 KELOWNA. B.C. V1Y 7P1
2 February 1990

The 0il and Natural Gas Conservation Board
Room 309, Legislative Building

450 Broadway Avenue

Winnipeg, MB RC3 OV8

Attention: Mr. H. Clare Moster, Deputy Chairman

Dear S5ir:

Re: Application for a Pilot Pressure Maintenance Project
Daly lLodgepole D Pool

Schedule of Attachments

The following Attachments are included in support of the project:

Attachment 1 Map of Unit Area and Interpreted
Pool Boundaries.

Attachment 11 Log Section of Daly 09-28-09-29

Attachment II1I Pore Volume Map

Attachment IV Permeability Capacity Map

Attachment V List of Mineral Owners

Attachment VI list of lessees

Attachment VII List of Surface Owners

Attachment VIII Registered Letter to Surface Owners
in the Scheme Area

Attachment IX Schematic Cross Section of Injection Well

Attachment X Diagram of Configuration of Surface
Facilities

Attachment XI Paper entitled "The Stress Regime of

the Western Canadian Basin and
Implications for Hydrocarbon Production"

Attachment XII Article entitled "Fine Tuning
a Waterflood"
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H. Clare Moster
February 2, 1990
Page Two

Description of Proposal

The pilot pressure maintenance project involves the unitization of the
following lands:

ILsds 12 and 13 Section 27-9-29 WPM
Lsds 09 and 16 Section 28-9-29 WPM

In this Application the above area is variously referred to as the Pilot
Project Area, the Scheme Area and the Proposed Unit Area. Attachment I is
a map that outlines this Area.

The Zone to be unitized occurs from 801 to 828 metres at Rideau Prov. Daly
09-28-09-29 which interval is shown on Attachment II, a log section of Daly
09-28-09-29. This Zone is referred to as the "Upper Undivided Lodgepole"
in the literature. It would be helpful if the Zone were more specifically
named. In this Application, the Zone will be referred to as the Ebor Zone
or the Ebor Dolomite. The Zone consists of a series of carbonate beds
interbedded with thin irregular bands of anhydrite and some chert. Within
the Scheme Area the carbonates are dolomitized throughout the Zone. How-
ever, in some other parts of the Daly D Pool, carbonates in the lower por-
tion of the Ebor Zone remain as limestone with little or no dolomitization.

Following unitization, our proposal calls for the drilling of an off-
pattern well, Rideau Daly Prov. A9-28-09-29, in the extreme NE corner of
Lsd 09-28-09-29 (the approximate centre of the unitized area). Following a
short period of production to determine producing characteristics, produced
water would be injected into Daly A9-28 and production from the four exist-
ing wells in the Unit area closely monitored.

It is expected reservoir voidage in the proposed Unit area could bhe
replaced in about 12 months at an injection rate of approximately 65 m3 per
day. Some response in the pilot area should be observed within 12 to 24
months. Of particular interest would be evidence of earliy response in a
preferred direction as being indicative of a fracture pattern.

.../3
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Listed below are wells within and ad joining the Scheme Area including sta-

Three

Well Status and Zone of Completion

tus and zone of completion:

Well Status Zone of Completion Formation
Daly 05-27-09-29 Producing Oilwell Ebor Dolomite Lodgepole
Daly 10-27-09-29 Saltwater Disposal Ebor and Daly Zones Lodgepole
Daly 11-27-09-29 Producing Oilwell Ebor Dolomite Lodgepole
Daly 12-27-09-29 Producing 0Oilwell Ebor Dolomite Lodgepole
Daly 13-27-09-29 Producing Oilwell Ebor Dolomite Llodgepole
Daly 14-27-09-29 Producing Oilwell Ebor Dolomite Lodgepole
Daly 07-28-09-29 Producing Oilwell Ebor Dolemite Lodgepole
Daly 08-28-09-29 Producing Oilwell Ebor Dolomite Lodgepole
Daly 09-28-09-29 Producing Oilwell Ebor Dolomite Lodgepole
Daly 10-28-09-29 Producing Oilwell Ebor Dolomite Lodgepole
Daly 15-28-09-29 Producing Oilwell Ebor Dolomite Lodgepole
Daly 16-28-09-29 Producing Oilwell Ebor Dolomite Lodgepole
Daly 01-33-09-29 Producing Oilwell Ebor Dolomite Lodgepole
Daly 02-33-09-29 Producing Oilwell Ebor Dolomite Lodgepole
Daly 03-34-09-29 Producing Oilwell Ebor Dolomite Lodgepele
Daly 04-34-09-29 Producing Oilwell Ebor Dolomite Lodgepole

Discussion of Maps

The Pore Volume Map (Attachment III) was isopached from values determined
as follows:

1. Selection of gross oil pay within the Ebor Zone was made from well
logs. Generally intervals calculating greater than 507 water sat-
uration were rejected.

2. Where core analysis was available, net pay within the gross in-
terval was determined using cut-offs of 0.5md permeability and 6%
porosity.

3. Where core analysis was not available or where not all pay was
cored, net pore volume was determined from logs using relation-
ships developed from core log comparisons.

The Permeability Capacity Map (Attachment IV) was constructed from core
analysis permeability of 0.5 md or greater. OSome weight was given to log
characteristics in non-cored areas.

Ry




H.Clare Moster
February 2, 1990

Page Four

Reservoir Fluid Properties
Fluid Property Factor Source
Formation volume factor 1.05 Chevron Daly 06-32-09-28
Solution gas SCF/barrel 104 Chevron Daly (6-32-09-28
Solution gas m3/m3 oil 18 Chevron Daly 06-32-09-29
Ave. formation water saturation 0.35 Log calculations

Pilot Project Area Original 0il and Gas in Place

Original oil in place per Lsd = 161,900 (porosity metres) (1-SW) (1/FVF)

Lsd 12-27-09-29 Pore volume = 0.87 porosity metres
00IP = 161,900 (0.87) (0.65) (0.95) = 87,000 m3

Lsd 13-27-09-29 Pore volume = 0.91 porosity metres
00IP = 161,900 (0.91) (0.65) (0.95) = 91,000 m3

Lsd 09-28-09-29 Pore volume = 0.97 porosity metres
00IP = 161,900 (0.97) (0.65) (0.95) = 97,000 m3

Lsd 16-28-09-29 Pore volume = 0.94 porosity metres
00IP = 161,900 (0.94) (0.65) (0.95) = 94,000 m3

Total calculated original oil in place within Pilot Project Area
is 369,000 m3

Total calculated original gas in place within Pilot Project Area
368,000 x 18 = 6,642,000 m3 gas

Predicted Primary Recovery

To January 1, 1990 the four wells in the Pilot Project Area have produced
13,500 m3 of oil or 3.7% of original oil in place (O0IP). Based on a pro-
jection of production for another 20 years, it is estimated that total
primary production will be in the order of 37,000 m3 of oil or a 10% recov-
ery of original oil in place. By comparison the Ebor Unit #1, one mile to
the east, appears to have recovered between 9.0 and 9.5% of 001P. Total
recovery from the Ebor Unit will probably be in the order of 11Z to 12% of
00IP, but this has probably been helped somewhat by past and current water
injection and disposal.

.. /5
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H. Clare Moster
February 2, 19990
Pape Five

Discussion of Waterflood Recovery and Future Production Rates

There have been two previous attempts to waterflood the Fbor Dolomite.
These are briefly discussed below:

Ebor Unit No. 1 was formed in July 1964 with Sun 0il Company as ope-
rator. Approximately 19,700 m3 of water was injected into the pool to
December 1965 including 8,900 m3 injected prior to unitization. This
compares with total withdrawals of about 42,900 m3 (reservoir equiva-
lent) to the end of 1965 when injection was suspended.

Injected water to December 1965 then amounted to only 40Z of reservoir
withdrawals. Sun reported that there was some doubt about the volume
of water that actually entered the reservoir because of a suspected
casing leak. Therefore, the 467 replacement of reservoir withdrawals
may be high.

No improvement in oil production or recovery was noted. It is apparent
the flood failed because of inadequate water injection. Sun indicated
that the limiting factor to injection rates was the availability (or
lack of) source water.

West Butler Unit No. 1 was formed in September 1972 by Chevron Canada.
From September 1978 to October 1980, Chevron injected approximately
71,000 m3 of water into 4 wells offsetting Daly 13-29-09-29. There was
no effect on the Daly 13-29 producer either in cil production or water
cut. A review of completions combined with production results strongly
suggests that the bulk of the injected water bypassed the Ebor Dolomite
and went into the Daly Zone aquifer.

To determine the feasibility of waterflooding the Ebor Dolomite, it is
essential that the proposed injector be completed in that Zone only, with no
communication to the more permeable underlying Daly.

Successful Fbor Dolomite completions will generally come on production with
less than a 35% water cut. Both fluid production and water cut will
decrease with time. In contrast, completions in contact with the Daly Zone
will produce with an increasing water cut and a stable to increasing total
fluid volume over time. Due to factors discussed above we propose putting
the injection well on production for 4 to 6 months and closely monitoring
production. Any indication of communication with the Daly Zone would call
for a remedial program.

The nature of the Ebor reservoir, which consists of about 65% dolomite
interbedded with numerous thin, irregular, anhydrite bands and some chert,
has an adverse effect on vertical permeability. The unknown here is the
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H. Clare Moster
February 2, 1990

Page Six

frequency and extent of vertical fractures. Vertical fractures probably
exist in most if not all carbonate reservoirs. Submitted with this Appli-
cation is a paper entitled "The Stress Regime of the Western Canadian Basin
and Implications for Hydrocarbon Production" (Attachment XI) which makes a
convincing case that vertical fractures, both natural and hydraulically
induced, will be oriented normal to basin strike. 1In the Daly area, this
would be NE-SW. Waterflooding in the Midale Zone of SE Saskatchewan demon-
strates a NE-SW fracture lineation. Vertical fractures, regardless of
orientation, could, to a considerable extent, compensate for the lack of
vertical permeability in the reservoir rock allowing water to migrate ver-
tically and flood additional reservoir.

The last attachment to this Application is an article entitled "Fine Tuning
a Waterflood" (Attachment XII). This article describes the waterflooding
of 2 Units in the Garza Field, Garza County, Texas. The waterflooded Garza
reservoir is called the San Andres, and it appears to bear a number of
similarities to the Daly Field Ebor Dolomite as demonstrated by the com-
parisons below:

Reservoir Daly Lodgepole Garza Field

Factors D Pool SE & SW Units

Lithology Dolomite w/interbedded Dolomite with
anhydrite stringers "interlacing barriers"

Ave. Depth 820 metres 915 metres

Ave. Porosity 10% to 15% 12% to 15%

Ave, Permeability 3 md to 10 md 1.2 md (SE Unit)

4.0 md (SW Unit)

Ave. Formation 15,500 kPa 17,900 kPa
Breakdown Pressure

Injection-production response plots in the article indicate a production
increase after water injection of 3 to 1 in the SE Unit and 5 to 1 in the
SW Unit.

Predicting waterflood response in the Ebor Dolomite is particularly diff-
icult in view of two previous apparent failures,

The following estimates are put forward for the proposed Pilot Flood Pro-
ject assuming that water injection can be maintained and confined to the
Ebor Zone. If that condition can be met it would seem reasonable to expect
a favorable production response and corresponding increase in recoverable
oil.
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H. Clare Moster
February 2, 1990
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Peak future production rate is estimated to be 1.5 to Z.5 times current
production (January 1990) in the Scheme Area with a resulting increase in
economic well life.

Recovery of original oil in place is estimated to increase from 107 by
primary pressure depletion to 20-25% under pressure maintenance by water

flooding.

An injection rate of 60 to 65 m3 per day is planned at an expected wellhead
pressure in the range of 7000 kPa to 8500 kPa.

Reservoir Pressure Data

Original reservoir pressure is approximately 6700 kPa. Most of the bottom
hole pressure data was obtained from extrapolation of drill stem test shut
in pressures. Existing reservoir pressure probably varies from about 300
kPa near producing well bores to something near original pressure 200
metres back.

Source and Conditioning of Injection Water

Injection water for this pilot flood will consist of produced salt water
from our existing wells. This will nullify any problems related to incom-
patibility, thereby eliminating the need for conditioning or treating of
the water prior to injection. A hay filter may be installed upstream of
the injection pump to reduce the possibility of solids such as wax or as-
phaltenes from entering the well bore. The injected water would be pumped
out of a fiberglass storage tank, through a hay filter to a triplex pump
and then through a high-pressure fiberglass flowline to the injection well,

Measurement of Injection Water

The quantity of water injected would be measured by a flow meter installed
at the injection well as indicated on Attachment X. Another flow meter
would be installed on the centrifugal pump which feeds the triplex pump
thereby allowing a comparison and check of the accuracy of the quantity of
water injected.

.../8
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Corrosion Control

Corrosion in the wellbore will be controlled by installing a plastic lined
packer on the bottom of the tubing string. Tubing will be fiberglass,
plastic lined, or cement lined. The annulus above the packer would be
filled with inhibited fresh water. Corrosion within the surface facilities
will be controlled by using either plastic lined or stainless steel fit-
tings and valves wherever feasibly possible.

Summary

Rideau requests approval of this Application for a Pilot Pressure Mainten-
ance Project in the Daly Field D Pool. In support of the application, we
list the following factors for consideration:

1. Previous attempts at pressure maintenance by waterflood have pro-
bably failed because of insufficient voidage replacement or loss of
water to the Daly Zone aquifer. Very restricted permeability in some
injectors was also a factor.

2, The selected scheme area contains better than average porosity and
permeability within the Ebor Zone, which should enhance the chances of

success.

3. Ebor Zone carbonates within the scheme area are almost uniformly
dolomites. Not having the added complication of a dolomite-limestone
facies change should help keep injected water within the zone.

4, The propcsed injection well will create an 8 hectare spacing
pattern which should shorten response time. The NE-SW and NW-SE align-
ment of producers to injector may be advantageous, or at least will
differ from previous N-5 and E-W alignments.

5.  Adequate produced water exists for at least the pilot stage of the
proposed pressure maintenance project., Produced water will be compa-
tible with the reservoir.

6. If the pilot flood attains sufficient response to generate an
economic return, the pressure maintenance project could be expanded to
include as many as 30 additional wells in the northwestern portion of
the Daly Field D Pool., This in turn would lead to additional develop-
ment drilling in the D Pool.

... /9




H. Clare Moster
February 2, 1990
Page Nine

We do not, as yet, have a proposed Unit Agreement or proposed Unit Operat-
ing Agreement available for submission to the Board. The documents will be
forwarded when ready, hopefully with the support of all working interest
and royalty interest holders in the proposed unit area.

This Application is submitted now to enable the Board to appraise and
review its technical merits.

Yours sincerely,

RIDEAU PETROLEUMS LTD.
D R G eenrs
D.R. Burns, President
DRB:LB

Attachments 12

Copy to L.R. Dubreuil, Director, Petroleum
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ATTACHMENT 11T

TWP 10 RGE 29 WPM

RGE 29 WPM

RIDEAU PETROLEUMS LIMITED

L J
Sec 21

PORE VOLUME MAP
NW Portion Of Lodgepole D Pool
DALY FIELD, MANITOBA

Interpreted Pool Boundary —-c—a=—
Scheme Area of Pilot Flood e—mw=—=—
Proposed Water Injector .
Pore Volume In Porosity Metres

Core Values Underlined 68




ATTACHMENT IX

- Y TWP 10 RGE 29 WPM

RGE 2% WPM

RIDEAU PETROLEUMS LIMITED

PERMEABILITY CAPACITY MAP

NW Portion Of Lodgepole D Pool
+ | +
DALY FIELD, MANITOBA

Interpreted Pool Boundary =—-——-—

Scheme Area of Pilot Flood ———=—=—

Proposed Water Injector .
Permeability Capacity In Millidarcy Metres




LIST OF MINERAL OWNERS WITHIN AND ADJOINING SCH

Attachment V

EME AREA

Ethel McLean

Delwyn D. Smith

Dome Petroleums
{ AMOCO)

Garnet Ross McDougall

Gordon XKenneth McDougall

Phyllis Baker

CN Exploration

Crown (Manitoba)

Omro Resources Ltd.

Canada Trust Company

SW 27-09-29 WPM

Box 851
Virden, MB ROM 2CO

Box 218
Strathmore, AB TOJ 3HO

Box 200 Station M
Calgary, AB T2P 218

N/2 27-09-29 WPM

RR No. 1
Cromer, MB ROM 0JO

832 Mount Royal Drive
Kelowna, BC V1Y 8G3

8604 — 44 Avenue
Edmonton, AB T6K 0Z8

1300, 530 - 8 Avenue SW
Calgary, AB T2P 3S8

Section 28-09-29 WPM

Petroleum Branch
555 - 330 Graham Avenue
Winnipeg, MB R3C 4E3

SE 33-09-29 WPM

c/o Orrin E. Sharratt
Box 1473
Virden, MB ROM 2CO

c¢/o Montreal Trust Company

411 - 8 Avenue SW
Calgary, AB T2P 1E7
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Attachment V

Page Two
SW 34-09-29 WPM
Omro Resources Ltd. c¢/o Orrin E. Sharrat
Box 1473
Virden, MBE ROM 2CO
Canada Trust Company c/o Montreal Trust Company
411 - 8 Avenue SW
Calgary, AB T2P 1E7
Russell J. Caskey and Box 399

Doris Pfefferle Eston, SK SOL 1A0




Attachment VI

LIST OF LESSEES WITHIN AND ADJOINING SCHEME AREA

Rideau Petroleums Ltd.

Dome Petroleums
{ AMOCO)

Pipestone Petroleums Inc.

Tribros Enterprises

Rideau Petroleums Ltd.

Anna Resources Ltd.

Corsair Petroleum Inc.

Interwest Construction Ltd.

Maier Resources Ltd.

Zero Petroleums Ltd.

Pipestone Petroleums Ltd,

Troy Oils Ltd.

SW 27-09-29 WPM

201, 215 Lawrence Avenue
Kelowna, BC V1Y 6L2

Box 200 Station M
Calgary, AB T2P ZH8

201, 215 lawrence Avenue
Kelowna, BC V1Y 6L2

500, 455 Granville Street
Vancouver, BC V6C 1V2

N/2 27-09-29 WPM

201, 215 Lawrence Avenue
Kelowna, BC V1Y 6L2

500 B, 805 — 8 Avenue SW
Calgary, AB T2P 1H7

1200, 407 - 2nd Street SW
Calgary, AB T2P 2Y3

500, 455 Granville St.
Vancouver, BC V6C 1V2

Site 2 - Box 262

RR 7, East Chestmere Drive

Calgary, AB T2P 2G7

201, 215 Lawrence Avenue
Kelowna, BC V1Y 612

201, 215 Lawrence Avenue
Kelowna, BC V1Y 612

705, 805 - B Avenue SW
Calgary, AB T2P 1H7Y
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Attachment VI
Page Two

Rideau Petroleums Ltd.

Laurel Explorations Ltd.

Pipestone Petroleums Ltd.

Tribros Enterprises Ltd.

Wydmar Resource

Enterprises Ltd.

Zero Petroleums Ltd.

SE 28-09-29 WPM

201, 215 Lawrence Avenue
Kelowna, BC V1Y 7P1

101 - 1861 Welch Street
North Vancouver, BC V7P 1B7

201, 215 Lawrence Avenue
Kelowna, BC V1Y 6L2

500, 455 Granville Street
Vancouver, BC V6C 1V2

400, 255 - 17 Avenue SW
Calgary, AB T25 2T8

201 - 215 lLawrence Avenue
Kelowna, BC V1Y 6L2

NE 28-09029 WPM

Rideau Petroleums Ltd.

Interwest Construction Ltd.

Pipestone Petroleums Ltd.

Rideau Petroleums Ltd.
Anna Resources Ltd.
Daniel Canart and
Mildred Canart

Centenniel Qilfield Sales Ltd.

Prospect Hill Management Ltd.

201, 215 Lawrence Avenue
Kelowna, BC V1Y 6L2

500, 455 Granville St.
Vancouver, BC V6C 1V2

201, 215 Lawrence Avenue
Kelowna, BC V1Y 612

SE 33-09-29 WPM

201, 215 Lawrence Avenue
Kelowna, BC V1Y 6L2

500 B, 805 — 8 Avenue SW
Calgary, AB T2P 1H7

Box 154
Elkhorn, MB ROM ONO

Box 269
Virden, MB ROM 2CO

c/o HRH Life Insurance Co.
102, 215 lawrence Avenue
Kelowna, BC V1Y 612
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Attachment VI

Page Three

Rideau Petroleums Ltd.
Anna Resources Ltd.
Daniel Canart and
Mildred Canart

Centenniel Qilfield Sales Ltd.

Prospect Hill Management Ltd.

SW 34-09-29 WPM

201, 215 Lawrence Avenue
Kelowna, BC V1Y 6L2

500 B, 805 - 8 Avenue SW
Calgary, AB T2P 1HY

Box 154
Elkhorn, MB ROM ONO

Box 269
Virden, MB ROM 2CO

¢/o HRH Life Insurance Co.
102, 215 lawrence Avenue
Kelowna, BC V1Y 6L2




Attachment VII

LIST OF SURFACE OWNERS WITHIN AND ADJOINING SCHEME AREA

SW 27-09-29 WPM
NW 27-09-29 WPM
NE 27-09-29 WPM
SE 28-09-29 WPM

Edgar Penner Box 42
Kola, MB ROM 1BO

NE 28-09-29 WPM

Ross McDougall Box 1300
Virden, MB ROM 2CO

SE 33-09-29 WPM

Elwin Penner RR No. 1
Cromer, MB ROM 0JO

SW 34-09-29 WPM

Thomas Naylen Box 336
Maryfield, SK SOG 3KO




ATTACHMENT VIII

RIDEAU PETROLEUMS LTD.

PHONE (604) 861-4661

MAILING ADDRESS:
201 - 215 LAWRENCE AVE. BOX 520, STN. A
KELOWNA, B.C. V1Y 6L2 KELOWNA, B.C. V1Y 7P1

17 January 1990

Mr. Edgar Penner Mr. Ross McDougall
Box 42 Box 1300

Kola, MB ROM 1BO Virden, MB ROM 2CO
Dear Sir:

Re: Proposed Pilot Waterflood Project
Daly Lodgepole D Pool

Rideau Petroleums is currently preparing an application to the Manitoba 0il
and Natural Gas Conservation Board to initiate a pilot waterflood project.
The pilot project will include the following lands:

Lsds 12 and 13 Section 27-9-29 WPM
Lsds 9 and 16 Section 28-9-29 WPM

Following approval of the project by the Conservation Board, Rideau would
drill an off-pattern water injection well in the extreme NE corner of Lsd
9-28-9-29. This injection well would be in the approximate centre of the
scheme area as shown on the attached map. Injection water would be sup-
plied from water currently being produced in association with oil from the
Daly D pool.

The purpose of this letter is to notify you, as a surface owner in the
project area, of our intentionms.

Yours sincerely,

RIDEAU PETROLEUMS LTD.

D.R. Burns
DRB:LB
Attachment

DOUBLE REGISTERED
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ATTACHMENT XI

BULLETIN OF CANADIAN PETROLEUM GEOLOGY
VOL. 34. NO. 3 (SEPT. 19886), P. 364-378

THE STRESS REGIME OF THE WESTERN CANADIAN BASIN AND
IMPLICATIONS FOR HYDROCARBON PRODUCTION

1.5, BeLr! anp E.A. Bascock®

ABSTRACT

In the Western Canadian Basin, overcoring measurements. hydraulic fractures, bed-slip movements and wellbore breakouls suggest a
conlemporary stress regime where from surface to about 350 m depth Sy >SHmin=S,. from aboul 350 m to about 2500 m depth
Shmar > 5. SHmin. and below about 2500 m S, >S5, ™ Shmin: SHmax 2ppears to be oriented NE-SW, approximately perpendicular
to the strike of Rocky Mountain thrust faults, except over the Peace River Arch and other basement uplifts that appear to refract the
stress trajectories.

‘Hydraulic fractures will propagate atong planes normal to the least principal stress. Thus, above about 350 m such fractures will be
horizontal, and below that depth they will be vertical and oriented parallel to 5,,.... Knowledge of the stress configuration will assist
directional drifling and planning of waterflood well configurations. This knowledge is also essential for planning multifractured inciined
wells, such as might economically drain Deep Basin tight gas sands, Anisotropic horizontal principal stresses may have affected the
Western Canadian Basin since the onset of the Laramide orogeny and induced non-untform horizontal permeability fabrics in Mesozoic
sandstones.

The Western Canadian Basin is part of o widespread North American midcontinent stress province that exhibits a common orientation ol
compressive stresses. 1tis speculated that this stress regime is largely caused by NE-directed drag exerted on the base of the lithosphere by
a mantle convection cell which upwells bencath western North America.

REGIME DE TENSION bU BASSIN SEDIMENTAIRE DE L'OUEST CANADIEN,
APPLICATION A LA PRODUCTION D'HYDROCARBURES

ResumE

Duns te bassin sédimentaire de 'ouest canadien. des mesures de surcarottages de torages, des fractures hydrauliques. des plans de
glissement et des fracturations/écroulements de puits suggérent un régime de tension o0 Symaa>Shmin =S, de la surface 4 350 m
de profondenr, Synn>S5.>ShHu, de 350 m d 2500 m de profondeur et S8, > S4mia en-dessous de 2560 m Jde profondeur.
Shimas AU UNE orientation nord-est/sud-ouest, & peu prés perpendiculaire a la trace des chevarchements des Montagnes Rocheuses.
sauf au-dessus du Peace River Arch ct d'outres soultvements de socle gui semblent réfracter les trajectoires de tension.

Les fructures hydravliques se propagent Je long des plans perpendiculiires i 1a compusante minimale de tension. De telles fractures
seront ainsi horizontales au-dessus de 350 m de profondeur, et verticales paralléles 3 Sy, en-dessous. La connaissance des
configurations de régimes de tension fuciliterait les forages orientés ainsi gue la planiticition des forages d'injection. Ces données sont aussi
¢ssentieties pour planifier les puits inclinds avec fraoctures d orientations multiples tels gu'ils puissent drainer économiguement les grés peo
perméables du Deep Basin. Le bassin sédimentaire de Pouest canadien aurisit €1¢ seumis A des tensions 3 composante principale
horizonatale et anisotropigue depuis le début de Forogénse laramienne: ceci aurit produit un régime a perméabilité horizontale trés peu
uniforme au sein des grés mésozoiques.

Le bussin sédimentaire de "ouest canadien Fail partie d’une provinee au centre du continent nord-américuin ayant une composante de
compression commune. Le régime de tension serait causé, en majeure partie, par une cellule de convection du manteau remontant en-
dessous de VAmérigue du Nord et trainant [ base de Ta ithosphére vers le nord-est.

Traduction: André Zolnai et Jean Pelletier

INTRODUCTION

The purpose of this paper is to summarize and interpret
411 available information on the present-day state of stress
in the Western Canadian Basin, and to interpret the implica-
tions of the stress regime for hydrocarbon preduction.

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

been determined from overcoring, induced-fracture orien-
tations. wellbore breakouts, stress and strain gauge grids
and bed slips in recent excavations. Horizontid stress
anisotropy is inferred from the presence of breakouts,
By far the targest body of data is provided by wellbore
breakouts, and this paper reports analyses from 154 wells,
Mean breakout azimuths from 94 ot these wells have been

'Athntic Geoscience Centre, Geotogical Survey of Canwdu, P.O. Box 1006, Dartmouth, Nova Scotie B2Y 4A2
“Alberti Research Council, P.O. Box 8330, Pustal Station F, Edmonton. Albertia ToH SX2

During the some eight years of their research, the authors have received prints of uncomiputed dipmeter logs from many oil companies
and had invaluable discussions with 1.W. Cox, M.B. Dusscoult, C.K. Fordjur, 2.1, Gough, .M. Gronseth, K.Y. Lo, and R.E. Wyman.
AL beal, C. Lambert, 8. Leung and A, Podrouzek assisted in data collection and reduction, 1.8, Bell is griteful for encourugement and
support from B P, Capadu Resonrces Lid. and the Geological Survey of Canadie E_ AL Babeock's research has been supported by the
Nutural Scivnce and Engineering Rescarch Conncil of Canidis, The manuscript was typed by Nelty Kogzicl; G L. Cook dratted the figures:
aend the et bas benefited considerably from the suggestives of B8 Diven. L Gough, A.C. Grant, 3. Kramers and G. Stockan.
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STRESS REGIME (F WESTERN CANADIAN HASIN

published previously (Babeock, 1978 Gough and Bell.
19812 Fordjor and others, 1983}, but logs for cach of these
wells have heen reviewed for this study and. in some
canes. the results have been revised (see Appendix).

Analyses of 68 additionat wells are aisomcluded, extend-
ing caverage into the Rocky Mountain Foothills, south-
castern Alberti. und Saskatchewan.

StrESS MaGniTung

The stress field 4t a point can be represented by three
principal stresses (Jueger and Cook, 1976), which are iden-
tified in this paper as o, o, and oy for the maximum,
intermediate. and minimum principal compressive stresses,
respectively. One of the principal stresses isapproxinustely
vertical and is designated here S, The greater and lesser
horizontal principal stresses are labelled Sy and
Sllmm-

Al the prescnt time. there is not i large amount of

publishcd informition on in sine stress magnitudes in west-
ern Canada. Most of the measurements have been made

cither a1 shaltow depths in tar-sand units or at depths of

2 km to 3 km in Mesozoic sandstones and shales of the
Deep Basin, No measurements in carbonatle sequences
have been reported,

Tuble | lists published stress magnitude measurements:
their locations are shown in Figure [ In Figure 2. the
inferred principal stress magnitudes are plotted against
depth. This is 1 somewhat arbitrary approach because it
groups data from several widely sepurated areas where the
stress profiles may differ. However, it docs argue for an
anistropic stress regime in the Western Canadian Basin,

The ratio of the greater horizontal prncipal stress Lo the
lesser appears 1o be of the order of 1.3 10 1.6 (Tabie 1).
Except at shallow depths, as at Wabuasca in north central
Alberta (Fig. 1). Symin appears 10 be the least princi-
pal stress, provided the vertical stress is lithostatic.

The stress magnitudes reported by Kaiser and others
(1982} for the Kipp Mine in southern Alberta are based on
direct mecasurements by means of multipoint extenso-
meters und borchole stress-change gauges. so that Syyp.
and Syain were measured independently. The princi-
pal stress values reported by Holzhausen and others (1980},
Imperial Qil (1978}, Settari and Raisbeck (1978), Wyman
and others (1980), Kry and Gronscth (1982}and McLennan
and others (1982) are derived from hydraulic-tracturing
results. With appropriate inlerpretation, the instantancous
shut-in pressure will be equal to the lesser horizontal
principal stress {Gronseth and Kry. 1983). The greater
horizontal principal stress can be estimated from the
relationship:

Sllnm\ = 3SH,“,,. - P, — P‘, (“
where P, is the reopening pressure and P, s the pore
pressurc inthe rock (Bredehoeft and others, 1976). Wyman
and others (19800 described massive hydraulic fracturing
of the Cretaccous Fahler sandstone between depths of

R

2021 mand 2066 man the Canhunter Teacan H-E2-71-13Wa6
well, They stated that the mean gradient{or tracture propa-
ation was (9.7 KfWw/m, which s cquivident to between
397 and 30.7 MEPa aver the fractured interval. Reopening
of fractures occurred b pressures exceedng 4201 MPa,
and the pore pressure o the simdstone was 152 MPa 1Y
the fracture propagition pressurc is cqualed 1o the desser
horizontal principal stress Sy cquation (1) yiclds
Stteas vilues in the 61.8 10 64.8 MPu runge. These
values are listed in Table |, together with i vertical stress
estinuite based on the Hithostatic stress (the load exerted
by a column of rock plus pore fluids of mean density
2500 ke/m?y.

As can be seen, the picture of stress magnitudes in the
Western Canadian Basin is far from complete at the pres-
cnt ime. The capability of different rocks to transmat
stress Taterally is known 1o vary, and this is vividly illus-
trated by Kry and Gronseth’s (1982) 8§y, mcasure-
ments of 30 MPa and 36 MPua in. respecuvely, shale and
sandstone sequences that were separated vertically by
only 28 mat locality 8 (Tuble L. Fig. 2). True stress profiles
are not likely to exhibit uniform increases with depth
{Rosepiler. 1979), although the widespread reference to
“racture gradients’” by petroleum engincers might sug-
gestotherwise, Inpractice, fricture gradients give a usetul
indication of the average change of Sy, with depth
in a basin, and information of this type for many ol and gas
ficlds in the Western Canadian Basinis known {o company
production engincers. Figures ranging between 0.7 psiflt
(15.8 KPa/m) and (.9 psi/ft1 (20.4 KPa/m) arc used; Wyman
and others (1980) report a fracture gradient of 0.87 psifit
{19.7 KPa/m) for the Deep Basin area.

Indications of relative principal stress magnitudes al
shallow depths in central and castern Albertaare given by
induced-fracture orientations at heavy oil and pilot plants
(Table 2). Above approximately 350 m, induced fractures
are horizontal. which implics that . the least principal
stress. is vertical. Below that depth. the vertical induced
fractures imply that o5 is horizontal,

This information suggests the following stress magni-
tude model. From the surface to depths of the order of
330m. o and . are probably horizontal and o,
vertical. Below this, 1o depths of approximately 2500 m.
oy and oy are horizontal and oy vertical. At greater
depths, o may become vertical: but it should be noted
that this interpretation is based on 8., values which
areinferred, not measured, and on the assumption that the
vertical stress. S.. s equivalest 10 the lithostatic load.
Hence. the stress ficld appears 1o be that associated with
strike-slip faulting in the top 2500 m. but may be of normal
faulting type at greater depths.

Princieal. STress DIRECTIONS

in this paper it is assumed that one principal stress s
vertical, or nearty vertical, and oriented normal to the
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Loc,
No. Depth Locatlon Rock Type SHenax
1 152 m Kipp Mine Shale/siltstone 4.25%0.6
180 m Kipp Mine Shalessilistone 50
2 240 m Wabasca Poorly consolidated
sandsione
3 317 m Gregoire Lake Poorly consolidated
sandsione
4 417 m Cold Lake Poorly consolidated
sandstone
420 m Cold Lake Paorly consolidated
sandstone
5 457 m Cold Lake Poory consolidated
sandstone
6 2021-  11-12-71-13W6 well Deep Basin 61.8-648
2066 m sandstone
7 2073 m c-16- Sandstone 63-71
93-P-1 well
2095 m c-16- Sandstone 51-57
93-P-1 well
2128m c-16- Sandstone 61-63
93-P-1 well
2149 m c-16- Sandstone 65-72
93-P-1 well
2165m c-16-1 Sandstone/shale  €2-65
93-P-1 well
8 2213 m 10-16-69-11W6 well Shale 40
2241 m 10-16-69-11W6 well Sandstone LY
7 2269 m c-16-1 Sandstone/shale 62-63
93-P-1 well
2679 m c-16-f Sandstone/shale  60-77
S3-P-1 well
2699 m c-16-1 Sandstone
93-P-1 well
2717 m ¢-16-1 Shale 59-71
93-P-1 well
2740 m c¢-16-1 Shale
93-P-1 well
2750 m c-16- Shale
93-P-1 well
2765m c-16-1 Sandstone/shale
93-P-1 well
9 2992 m 1-12-35-7W5 well Calcareous
siitstone
2996-  1-12-35-7WS well Sandstones
3009 m siltstone

SHmln snmou'r
(ln MPa) S, Syrmin  Method Source
~3.0 36 1.4  Overcoring Kaiser and others, 1982
33 4.2 1.5 Qvercoring Kaiser and others, 1982
6.4-7.7 58-6.1 Hydraulic  Settari and Raisbeck, 1978
fracture
5.6 70 Hydraulic  Holzhausen and others, 1980
fracture
9.8 10.4 Hydraulic  Settari and Raisbeck, 1978
fracture
7991 111121
9.0 11.25 Hydraulic  {mperial Oil, 1978
fracture
39.7-40.7 S0.4-51.7 16 Hydraulic inferred from Wyman,
fracture . Holditch and Randoiph, 1980
40.7 50.2 16 Hydraulic  Kry and Gronseth, 1982
fracture
34.5 52.7 1.6
38.6 53.3 1.6
42.3 538 16
39.0 54.3 1.6
1.3 Hydraulic  Kry and Gronseth, 1982
fracture
14
45.1 66.7 1.4 Hydraulic Kry and Gronseth, 1982
fracture
443 67.0 1.5
45.2 67.5
44.0 68.0 1.5
46.2 68.5
451 688
46.6 69.1
60.0 748 Hydraulic  McbLennan and others, 1982
fracture
61.0 75.1

Table 1. Stress-magnitude measurements in the Western Canadian Basin.

mean topographic surface. Stress measurements from vari-
ous parts of the world support this assumption (McGarr
and Gay, 1978). -

In contrast 1o the limited availability of stress magnitude
measurements, there are numerous indications of the ori-
entations of the principal horizontal stresses in the West-
ermm Canadian Basin, Table 3 lists Syma. asimuths
derived from overcoring measurements, induced fractures
and surficial stress-reliefl phenomena. The locations of
these stress-oriented indications and their azimuths are
shown in Figure 1.

OVERCORING, INDUCED FRACTURES AND STRESS-RELIEF
FEATURES

Around Exshaw and in the Kananaskis Valley, Bell
(19835) reported updip bed slip in recently excavated road
cuts and concluded that this movement represented surfi-
cial stress relief in the Synm.x direction. Nearby, in

the Wilson Mine at Canmore, Grant (1970} reported
SHmax determinations from two overcovered bore-
holes drilled in the mine roof. The more reliable readings
suggest an approximately ENE orientation for Sgymu-
Qvercoring measurements at the Kipp Mine gave stmilar
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. 1 and 7). Gough
and Bell (1981) interpreted this behaviour as resulting
from induced vertical hydraulic fracturing of the Cardium
sandstone normal 1o Symi. and they therefore inferred
that Sy Was oriented NE-SW.

Hassan (1982) analyzed the results of fracture 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-0il ratio (Location 14, Figs. | and 7). In the
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Fig. 1. Locations of in sifu stress magnilude measvrements and
orientations in the Western Canadian Basin and Rocky Mountains. Depths,
rock lypes and stress-magnitude vaiues for numbered locations are listed
in Table 1.

ncarby Violet Grove “*AB™ lease, where injection and
production wells are offset along a N-S axis. post-fracture
increases inlhe water-10-oil ratio averaged only 19 percent.
Again, this flow pattern is consistent with NE-SW-oriented
vertical hydraulic fractures being induced along the
Stimas azimuth (Hubbert and Willis, 1957).

A similar stress configuration appears 1o exist at Cold
Lake, where Imperial Qil (1978) report propagating frac-
tures between wells at depths of approximately 450 m.
Imperial Oil noted that the observed fluid movement at
Cold Lake during steam injection was mainly in a pre-
ferred NE-SW direction, and their planned weil configura-
tions in several proposed pilot plants suggest that the
induced fractures were expected to be oriented between
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Fig. 2. Stress-magnitude measurements madeinthe WesternCana-
dian Basin piotted against burial depth. The values are listed in Table 1.

030° and 045°. This implies that, in the Cold Lake arca.
Stimas 18 itlso oriented approximately NE-SW.

These measurements and observatons favour 4 gener-
ally NE-SW orientation for Sjjma. over much of the
Western Canadian Basin, but they do not provide & focussed
picture of the principal stress configuration. Fortunately.
some detatls can be filled in by breakout azimuths,

BrEAKOUTS

The walls of borcholes spall so as to produce intervals
with noncircular cross sections which have long axes thal
share 4 common mean orientation (Cox, 1970: Babecock,
1978). Such spatled intervals are defined as breakouts in
cases where the shorter diameter of the borehole corres-
ponds to the drill-bit diameter. Breakouts exhibiting well-
grouped azimuths have been reported in the Yukon and
Northwest Territories. the Canadian Arctic, Western
Canada, Qucbee and the Marttimes, various areas in the
United States. Europe., Africa. Asia. Australia and the
East Pacific Ocean (Cox, 1983: Bell and Gough. 1983:
Newmark and others, 1984). In all areas where reliable in
siru stress measurements are available, the mean breakout
axes can be shown to be parallel 10 Symin and there-
fore perpendicular to Syn... This relationship is well
established empiricalty and strongly supported by theory
(Bell and Gough, 1979; Gough and Bell, 1982; Zoback and

Company — Location Depth Fracture Type Fracture Pressure Data Source
Shelt Canada — Athabasca 45.7 m Horizontal Not reported Nicholls and Luhning, 1977
Mobil Canada — Athabasca 1158 m Horizontal Not reported Nicholls and Luhning, 1977
AQSTRA/Numac — Athabasca above 152.4m Horizontal Not reported Nicholls and Luhning, 1977
Amaco Canada - Athabasca 183-274 m Horizontal Not reported Nicholls and Luhning, 1977
Gulf Canada —— Wabasca 2438 m Horizontal 6.4-7.7MPa Nicholls and Luhning, 1977
Settari and Raisbeck, 1978
Gulf Canada — Gregoire Lake N7 m Vertical/ 56-93MPa Holzhausen and cthers, 1980
horizontal
Shell Canada — Athabasca 330m Horizontal Not reported Doscher and others, 1963
Atlantic Richfield — Athabasca 3658 m Vertical Not reported Nicholls and Lubning, 1977
Esso Resources — Cold Lake 457.2 m Vertical NE/SW 9.0 MPa imperiat Qil L1d., 1978
AOSTRA/Shell — Peace River 5486 m Not reported above 7.6 MPa Nicholls and Luhning, 1977

Table 2. Reported fractures in heavy oil sand in situ pilot plants,
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Loc. No Depth Location Stimax Indicator Data Source
10 Surface Exshaw 049° Updip bed slip Belt {in press)
11 Surlace Kananaskis Valley 032° Updip bed slip Bell {in press)
t 152 m Kipp Mine = 090° Overcoring Kaiser and others, 1982
1 180 m Kipp Mine 070" = 20° Overcoring Kaiser and others, 1982
12 240m Canmore 055° - 066° Overcoring Grant, 1970
5 457 m Cold Lake 030" — 045° Induced fracture Grant, 1970
13 1635 m Pembina Qil Field ~ (045° Inferred induced Mcleod, 1977
“J" lgase fractures
14 1675 m Pembina Qil Field = (45° inferred induced Hassan, 1982
"F" lease fractures

Table 3. Principal horizontal stress orientations indicated by overcoring, induced fractures, and surficial stress-relief phenomena.
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Fig. 3. Dipmeter record of four breakouts in the Nairb Petroleums
Pembina 1-9-50-12W5 weil as documented on the unprocessed log. The
breakouts are characterized by differential extension of the two pairs of
caliper arms and concurrent nonrotation of the dipmeter tool while two
caliper arms are locked into the elongated, pseudo-alliptical breakout
zone. The azimuths of the fong axes of breakouls are calculated from the
tool-orientation record after correcting for the magnetic declination at the
woll site.

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 ol the spalled sections of borchole
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 approximalely
10 m/minute. and the cable is torqued so as to cause the
tool to rotate clockwise. This rotation ceases if one or hoth
pads of o pair are trapped in a breakout. Breakouts are

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

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 to the left. Tool orientation is
indicated on the left side of the log, where the solid curve
records the azimuth of caliper 1 with respect to magnetic
north. A typical breakout zone is present from 2687 m to
2671 m. Overthis interval, opposed calipers 2 and 4 record
2 hole width of approximately 24 cm, equivalent to the
diameter of the dribl bit {22.7 cm). Calipers 1 and 2 record a
varying borehole diameter which generally ranges between
28.5 c¢m and 31 cm. The curve recording the compass
azimuth of caliper 1 near the base of the figure shows that
the tool had been rotating clockwise as it was drawn up the
well. At 2687 m. tool rotation ceased. calipers | and 3
became fixed within the elongated breakout, and the dipmeter
was drawn up the borehole with caliper 1 oriented at an
average azimuth of 299°. Adding the magnetic declination
(23°) we obtainan azimuth of 322°, or 142°, for the breakout.
Like other breakouts of any length, this one shows varia-
tions of azimuth of 10 to 20 degrees. Some of this is
presumably a result of variation in the fit of the dipmeter
pads into the fractured borehole wall, but some probably
reflects true variation in the azimuth of the long diameter.
Borehole televiewer records of breakouts document a sim-
ilar vertical vanation in azimuth over breakout zones (Plumb
and Hickman, 1985).

Al the breakouts referred to in this paper were identi-
fiedand oriented in this mannerusing the following criteria:

1. The log must indicate tool rotation above and befow
the breakout.

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

3. Onc pair of calipers must record the original, or
slightly enlarged, drilled diameter of the borehole. and the
other a larger diameter. Within cach breakout, the azi-
muth of the larger diameter of the hole was measured at
depth intervals of 61 cm (2 f1) or | m. These azimuths were
combined with equal weights to give a mean azimuth with
standard deviation for cach well by mcans of the statistical
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mcthods described by Mardia (1972) for nonpolar diree-
tional data,

Mainy of the wells studied were logged only in thewr
deeper parts by four-urm dipmeter tools, but i large num-
ber were logged over all but the shallowest sections, Break-
outs were identificd in all lithologies; however, they were
Icast abundant in Mesozoic sandstones and particularly
well-developed in Palcozoic carbonates. The total thick-
ness of all the breakouts recognized in a single well ranged
from 2 m 1o 2086.9 m (Appendix). The shallowest breakout
mcasured extended upward to a level of 112.5 m KB,
whereas the base of the deepest breakout was at a depth of
5485.2 m KB. (Appendix). Forty-four wells exhibited sig-
nificantly consistent breakout oricntations. In these wells,
the total thickness of breakouts exceeded 100 m, and their
mcan azimuths exhibited standard deviations of less than
10°.

Fordjor and others (1983) found no evidence of any
sigmficant 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 influcnces stress trajec-
tones (Lloyd and Bell, 1985), denser data grids may enable
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us ultimately to recogmze subtle systematic azimuth changes
with depth around areas of significant basement relief. At
our resolution, il is reasonable 1o iaterpret the breakout
azimuths as indicating essentiatly constant stress geome-
try at all depths of a weil.

Mean breakout azimuths of 154 wells are plotted in
Figure 4. Seventeen wells contain a minor population of
breakouts with mean azimuths which vary significantly
from their mator population. In 13 wells this vartation 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
established by the major azimuths. 1t 1s not obvious what
these anomalous breakout orientations mean. They meet
the three recognition ¢riteria described above, yet they
still may not represent true breakouts. There are hints in
some wells that the discordant borehole cllipticity has
resulted from mudcake adhering preferentially toanextended
broken-out zone (Fig. 5C} and in some cascs in inlervals
where the entire borehole circumference has caved (Fig. 3D).
Inother words, washouts (Cox, 1983) have been *“padded™
s0 as 1o reduce the borehole diameter along their larger
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Fig. 4. Mean azimuths of major and minor breakout populations for 154 wells in the Western Canadian Basin and Rocky Mountains. The

waell-location numbers correspond with the listing in the Appendix containing location data and details of breakout abundance, depth and orientation
statistics. Azimuths from wells 149, 150 and 152, which depart from the regional orientation, are based on limited data and may not be reliable.
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Fig. 5. Possible causesofanomalous breakout orientations discussed
in the text.

axis, and so produce wellbore ellipticity normal 10 the
natural breakout direction. An alternative possibility 1s
that high mud pressures during drilhng initiated hydrauolic
fractures locally, which have subsequently caved and
extended the borehole because of contributory rock-fabric
weuknesses (Fig. 5B

The migonty of the wells analyzed. however, contain
only breakouts with common azimuths which dehineate a
coherent and consistent picture of principal stress axes
across the Western Canada Basin in British Columbia,
Alberta and Saskatchewan (g 4). The picture that emerges
is onc in which Syn 1s oriented more or less parallel
1o the Rocky Mountains, but there are also arcas which
exhibit departures from this trend. This is brought out
more clearly in Figure 6 where the breakout azimuths have
been used to construct a horizontal stress trajectory map
of the basin, Between latitudes 55% and 57°N, the breakout
azimuths. and inforred stress trajectories, show a signifi-
cant clockwise rotation reliative to those south and north
of this region. Fordjor and others (1983) suggest that this
rotation of the stress tensor could be related to the Peace
River Arch. Thearcaol rotated horizontal principal stresses
coincides arcally with this subsurface basement peninsuta
(Fig. 6), and the sense of stress rotation is consistent with
the stress tensor refraction such a configuration wouald
produce (Lloyd and Bell, 1985). A sinnbar effect may be
present in southern Alberta and Saskatchewan, over the
Sweetgrass Arch (Fig. 6). There are also a pumber of local
anomadies in the mean breakout azimuths in the claster of
northwestern Alberta wells (Fig. 4, detait A). These may
also be related to an unnamed basement high (Porter and
others, 1982) in that arca, which is outhined in Figure 6. In
regional terms, what the mean breakout azinniths appear
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1o be documenting s a stress province in which Sy,
is oriented approximately NE-SW except where this signa-
turc is modificd by basement topography. This picture is
fully compatible with the stress tensor geometry inferred
trom the overcoring measurements, induced-fracture ori-
entations and stress-relief features discussed previously.

It is valid to ask how accurate the stress trajectory map
of the Western Canadian Basis is likely to be. Control
points arc somewhat spottily distributed. but there is a
consistency to the data which is noteworthy. Forexample,
fifteen closely spaced wells in the West Pembina arca
exhibit very similar mean breakout azimuths in the Devonian
carbonate section. They are all oriented approximately
NW-SE (Fig. 7). This imptlics a similar direction for
Siimin: and if this is also the orientation of the least
principal stress in the Cardium Formation at depths of
1600 m to 1700 m, the induced-fracture orientations are
well accounted for. Another approach to evaluating the
reliability of directional data is to plot only the best. Figure
8 portrays only those wells where the breakout intervals
total more than [00 m and the mean azimuths exhibit
standard 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 HYDROCARBON 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 o predict the
orientation of hvdrautically induced fractures. These will
open in the plane perpendicular to o, the lcast principal
stress (Hubbert and Willis, 1957). At depths below approxi-
mately 350 m in the Western Canadiun Basin oy =
Stimin. Hydraulic fractures will, therefore. be verti-
cal und oriented parallel 10 Syp... The stress trajec-
tory map{Fig. 6)is thus atool for predicting induced-fracture
orientations within the area it covers.

Prediciing fructure propagation directions can be advan-
tageous in a number of situations, If a well has missed a
target such as a pinnacle reef, and the tarpet’s location is
known, it may prove possible to connect the well 1o the
reservoir by hydraulic fracturing (Fig. 9). This is likely o
beamuch cheaper option that additional directionat dritling.
Another possible application, suggested by Hassan (1982},
is blowout-well control. Where blowout control involtves
pumping a heavy sturry down a rehet well —-f the relief
wellis so located that predicted hydraulic fractures would
intersect the blowoul well — there will be i higher chance
ot establishing communication between the two wellbores,

If the preferred hydraulic-fracture azimuths in an oif or
gas ficld are known, this knowledge can be vsed to help
design the optimum well configuration for development.
Negative experience with waterflood-induced fractures
within the Cardium Sandstonce in the Pembina oil ficld has
shown that il recovery can be reduced by inappropriate
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Fig. 6. Possible stress trajectories inferred from breakout orientations in the Western Canadian Basin. Note the defiections ol principal horizontal
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Flg. 7. Consistent NW-SE orientations of the mean breakout azi-
muths from 15 closely spaced wells in the West Pembina area implying
that Syyn.. is Oriented NE-SW in this area. Inferred hydraulic fractures,
expressed as permeability trends in the Cardium Formation sandstone
reservoirs, agree with these principal stress directions.

placement of injection and production wells (MclLeod,
1977, Hassun, 1982). Figure 10 iliustrates an idealized oil
tield in a reservoir stressed so that hydraulic fractures will
be vertical and propagate northeastward and southwest-
ward away from injection wells. Two wel! configurations
are shown. In the ““bad™ array, injection and production
wells along the fracture trend become linked by hydrautic

fractures with the result that most of the water tlows in one
well and out another without sweeping much oil towards
other production wells. In the “*good ™ array. injection and
production wells are spaced so that hydraulic fractures do
not connect wells but distribute the imected water so that
itcancffectively sweep oil towards many production wells.

The Wattenberg field in the Denver Basin produces.
from Muddy *'J°° Formation. tight gas sands requiring
massive hydraulic fracturing. The fractures exhibit a pre-
ferred orientation of 340° (Smith and others, 1978), and
simulation studies suggest that an optimum fracture length
is approximately 12000 m (Roberts, 1981). Field monitoring
documents gas drainage into the fractures from axially
aligned cllipsoidal zones around them, and the most profit-
able gas wells are those which are spaced so as (o exploit
the optimum fracture length and preferred orientation (Smith.
1979).

In areas where induced fractures are conststently ori-
ented and thick pay sections are present, drilling inclined
wells and spacing a series of fractures along them (Fig. 1)
may prove commercially advantageous. For good resulls,
the inchined well should be directed at a high angle to the
preferred fracture plane.

Strubhar and others (1975) describe an experimental
well drilled through low-permeability chalk in the Caddo-
Pine Island oil field of northwestern Loutsiana, The well
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Fig. 8. Mean breakout azimuths of 44 wells containing a large number of consistently oriented breakouts. The total vertical thickness of all
breakouts exceeds 100 m per well, and orientation standard deviations are less than 10°. The figure portrays the “best data.”

Fig. 9. Prediction of hydraulic-fracture orientation, Horizontal princi-
pal stress directions derived from breakouts in nearby wells show that
hydraulic fractures propagated from Well 1 could intersect the pinnacle
reef target, whereas fractures lrom Well 2 are likely to miss the reef.
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Fig. 10. Well arrays in an idealized oil fieid where waterflooding
promotes hydraulic fracturing, In the "bad” array, little oil is recovered
because induced fractures connect waler injection wells with intended
production wells. In the “good” array, the induced fractures do not con-
nect wells but distribute the injected watar so that it drives oil towards
many production wells. Breakouts predict fracture orientations.
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Fig. 11, Schemalicdiagram showing aninclined well drilied at approxi-
mately right angles 10 S, from which several spaced fractures
have been propagaled. This configuration would provide greater reser-
voir drainage and higher flow rates than could be obtained from a vertical
well with a single fracture {eeding it. Knowledge of principal stress directions,
provided by breakouls, is needed 10 align such a multifractured inclined
well.
was drilled normal to the induced-fracture azimuth at an
angle of 52° from the vertical. Four hydraulic fractures
were propagated at measured depths of 1540 ft, 1595 fi,
1650 ft and 1700 f1 (469 m to 518 m). This multifractured
well produced between two and three times as much oil as
aconventionally fractured well inthe field. The experimen-
tal well cost approximately four times as much to drll and
complete. but Strubhar and others (1975) believed cost
reductions were feasible and that deeper wells could be
very cost-effective. In western Canada, much of the
5000-m-thick Mesozoic section of tight, gas-beanng sand-
stones in the Deep Basin (Masters, 1979) may be profita-
bly produced from multifractured inclined wells.

There are several other implications arising from the
anisotropic stress regime in the Western Canadian Basin
(Fig. 6). The pnncipal horizontal stress configuration appears
to be geometrically related to the overthrust faulting in the
Foothills and Rocky Mountains. It is likely that similarly
oriented lateral compression was imposed on the basin in
carly Mesozoic time as the Laramide orogeny evolved. in
other words, Syn.. probably has had a generally
NE-SW orientation for at icast the last 100 million years
and maybe longer. Therefore, the sediments in the West-
ern Canadian Basin (of Paleocene 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 to nearly their
entire burial life. One has to ask whether some of these
rocks have developed a diagenctic fabric in consequence.
To the authors’ knowledge, this possibility has not been
investigated systematically; however, directional perme-
ability is widely recognized and decumented in core analy-
ses performed for company production depariments. Uneven
solution by pressure cementation of quartz grains could
produce anisotropic permeability fabrics in sandstones
subjected 10 unequal lateral compression. In addition,
overpressuring in deeply buried sequences could cause

natural hydraulic fractunng oriented paraliel to S0
which would lead to preferred directions of fluid flow
through the affecied section. Stylolites. which exhibit pre-
ferred arientations in limestones, may also represent i
response toanisotropic subsurface stress regimes (Nelson,
1981). From a diagenctic standpoint, mineral transforma-
tions that are strongly pressure-dependent may he pro-
moted by Sy lovels rather thun be depth-dependent
as herctofore assumed. Clearly. there is much to investi-
gate in documenting how sediments respond over time o
high and unequal horizontal stresses.

It is well known that cores recovered from deeply bur-
icd rocks expand and fracture on being raised to the sur-
face (Teufel, 1981; Montgomery and Ren, 1983). If these
corcs have been subjected to uncqual honizontal in sitn
stresses, expansion fractures which form will tend to open
along vertical planes normal to Sy, This possibil-
ity should be borne in mind when examining cores, and
assessing measurements which apparently diagnose per-
mcability anisotropy in rocks tested under atmospheric
conditions.

IMPLICATIONS FOR CrUSTAL KINEMATICS

As Fordjor and others (1983} have demoonstrated, the
stress regime in the Western Canadian Basin is not a local
phenomenon. The arca lics on the northwestern edge of
the Mid-Continent Stress Province (Zobuck and Zoback,
1980) in which NE-SW S,in.x azimuths occur in an
arca bounded by the plains of the United States Mid West,
Arkansas, Tennessee, New York State (Zoback and Zoback,
1980), the Canadian Maritimes. the Arctic Islands (Cox,
1983) and the Northwest Territorics (Gough and others,
1983). Consistent stress orientation over the whole mid-
continent of North America is difficult to ascribe o any
cause other than contemporary northeastward traction on
the underside of the lithospherc. Other mechanisms arc
not likely to have imprinted so widespread a stress signature.
For example, in the Western Canadian Basin. posigiacial
uplift might have produced a NE-SW orientation of
Stmax but would have produced a very different orien-
tation in New York State and Ontario. Similarly, pressure
excrted on the western Canadian lithosphere by the sub-
ducting Juan de Fuca plate might produce the observed
compression of the Western Canadian Basin but would
not cause the same stress orientation in Arkansas and
Missouri (Zoback and Zoback, 1980).

Northeastward traction would arise (1) if the lithospheric
plate containing the mid-continent of North America is
sliding SW and is experiencing viscous drag from a passive
asthenosphere, as suggested by Zoback and Zoback (1980).
or (2} if northeastward flow in the underlying mantle is
pushing the plate, again by viscous drag (Fordjor and
others, 1983). The stress orientations in the Mid-Continent
Stress Province alone cannot be used todiscriminate between
these two possibilities.

To the west of the Mid-Continent Stress Province in the
United States of America, Zoback and Zoback (1980) have
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identtified o series of cxtensional stress provinces in the
region between the east front of the United States Rocky
Moumtains and the Sierra Nevada (Fig. 12). These exten-
sional stress provinces include the Basin and Range., Colo-
rado Plateau and Rio Grande Rift, and are characterized
by contemporary normal taulting in stress regimes where
o, is vertical. Dixon and Farrar (1989), Farrar and Dixon
(1980}, and Gough (1984) have pointed out that this region
is onc of current basaltic vulcanism and high heat flow. In
addition, they noted that seismological studies indicate
that elastic body-wave velocities are reduced and their
amplitudes attenuated in the underlying upper mantle. In
the same region, magnetometer arrays have recorded anoma-
ious electrical conductivity so distributed that it correlates
positively with heat flow and the seismic low-velocity
high-attenuation layer (Gough, 1974). As Farrar and Dixon
{1980} and Gough (i984) emphasized. this close associa-
tion of vulcanism, high heat flow, low seismic velocity and
clectrical conductivity is most logically accounted for in
terms of partial melting in the uppermost mantle and a
concurrent upfiow of mantle material. The area involved
is 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-
tion if the North American plate were sliding over a pas-
sive asthenosphere towards the southwest. Such kinematics
would require NE-SW compression to continue westward
as far as the Sierra Nevada or even o the San Andreas
fault zone. The observed extensional stress regime, with
a, vertical, implies vertical pressure from below and
points to a mantle upcurrent which bends over towards the
northeast to push the North American plate northeast-
ward by viscous drag (Fig. 13). As Houseman (1983) has
shown, such viscous drag couid be provided by u large
aspect ratio convection cell driven by lateral, rather than
vertical, temperature differences in the mantle.

[n that the postulated region of mantie upflow is likely to
have originally formed part of the East Pacific Risc {Dixon
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and Farrar, 1980; Gough, 1984), the proposed mechanism
for plate dynamics 1s analagous to “‘ridge-push.” Solo-
mon and others {1980) found that much of the reliable
intraplate stress oricntation data obtained from earthquake
mechanisms agreed well with predictions from a model
that included ridge push as one of the driving forces of
plate tectonics. Recently, Newmark and others (1984)
have measured breakout azimuths in the Deep Sea Drilling
Program holes drilled in the East Pacific Ocean and obtained
principal stress orientations which are also consistent with
ridge push by the East Pacific Rise and the Costa Rica Rift.
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Fig. 12. North American stress provinces. Pairs of broad arrows
show the directions of the greater horizontal stress within the North
American Mid-Continent Stress Province. The two-headed thin arrows
indicate the directions of the lesser horizontal principal stress in the
extensional stress provinces recognized in the westem United States.
Stress onenlation dala are summarized from Zoback and Zoback {1980),
Cox (1983} and Gough (1984). The Hudson Bay orientation comes from
studies in progress by Bell.
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Fig. 13. A cartoon cross saclion showing a convection cell configuration beneath tha lithosphere which could be the cause of the stress regime of
the Mid-Continent Stress Province. Stress arrow symbols correspond to those of Figure 12, SAF — San Andreas Fault; lithosphere is stippled.
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In summary, it appears probable that the anisotropy in
the stress regime of the Western Canadian Basin is largely
caused by the mid-American lithosphere’s being pushed
northeastward by a mantle convection cell which rises
beneath western North America.
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west and Southeast Units, Garza field, Garza County, Tex,
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A PETROLEUM ENGINEER INTERNATIONAL Staff Report

Redevelopment is frequently a matter of engineer-
ing present-day technical and economic standards to
a field. This is what American Petrofina Co. of Texas
(Fina) is doing in the Southeast and Southwest Units
of the Garza field, Garza County, Texas (Fig. 1).

No single project at the field is particularly high
technology. But the combination of projects —
streamlining the waterflood system, elimination of
produced water disposal problems, infill drilling,
multistage stimulation, and scale eontrol ~ will main-
tain the units as a successful waterflood well beyond
the 1980's.

The 647-acre Southwest Unit is a combination of
lower tier and upper tier oil, and exhibits the better
pay quality. Erratic zone transitions result in a rela-
tively poorer pay quality in the 1,535-acre Southeast
Unit. The Southeast Unit is classified as stripper oil.

Early Field History

The Garza field, on the eastern shelf of the Permian
Basin, was discovered with the M. L. Richards No. 1
Sullivan well in August 1935. Development of the
mostly dolomite San Andres was slow, with only six
producers in the entire field at the end of 1944,

Production is from about 3,000 ft. Porosity ranges
from 2% to 30%, with most zones averaging 12% to

82

15%. Permeable stringers range from 0.1 md to 15
md, averaging about 1.2 md in the Southeast Unit
and 4 md in the Southwest Unit with interlacing
barriers. Producing interval ranges in thickness from -
30 ft to 230 ft. Other portions of Garza field produce
some from the Glorieta, but Fina units do not.

When Fina began acquiring the two units during
the early 1960's, about 8) wells were producing.

As with many older fields, Garza was developed by
a number of operators, mostly independents. The re-
sult is a variety of completion techniques and very
few formation records.

A common field practice in the 1930's and 1940’s
was to rotary drill to the top of the San Andres, set
casing, then use cable tools to drill through the pro-
ducing zone. Most of these wells are open-hole com-
pletions. Some were acidized, and many were shot
with nitroglycerin.

Initial Waterflood

Fina's waterflood operationsin the two units began
in the fall of 1967. The Southeast Unit was initially
fiooded using a peripheral pattern, until nine more
wells were converted to injection in 1976. These con-
versions bisected the waterflood and began five-spot
pattern development. Only token volumes of water

~ PETROLEUM ENGINEER InTERNaTIONAL, AUGUST 1980
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Fig. 2. Injection-production relationship for Southeast
Garza field unit. :

were injected into the Southwest Unit until the unit
became effective in the late fall of 1973, when it was
set up on a 40-acre five-spot pattern. Both units
showed response to waterflooding in less than a year
and a half. Since then, both units have been partially
infill drilled on 20-acre five spots (Figs. 2 and 3).

Injection water is produced from the Santa Rosa
formation. When this water is mixed with San
Andres water it seriously precipitates, so produced
water is separated and pumped into a disposal well in
each unit.

Recent Data Development

The prospect for at least partial price decontrol
prompted Fina to begin accumulating data for field
improvement planning several years ago. Final plan-
ning and actual work started in mid-1978.

One of the first steps was an analysis of individual
well crude and water production before and after the
waterflood started. Widely varying water cuts were
charted to provide basic insight to reservoir flow pat-
terns. Density and neutron logs were run in one well
in'the Southeast Unit and four wells in the Southwest
Unit. With this data, sites were selected for eight
infill wells {four in each unit) drilled during 1979.
Formation density, compensated neutron, and dual
lateralog logs were run on new wells and generated
computerized log calculations. :

A 50-ft core was pulled on the tract 1 well and a

. 200-ft core was pulled on the tract 2 well in the South-

east Unit. In the Southwest Unit, 200-ft cores were
pulled on four wells in tract 2. The core in the South-
east tract 2 well revealed poor production and flood
characteristics.

Water Handling

_ Injection water is produced from six supply wells
in the Southeast Unit and three supply wells in the

PETROLEUM ENGINEER INTERMATIONAL, AUGUST 1880
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Fig. 3. Injection-production relationship for Southwest Garza field unit.

Southwest Unit. An injection pump station is cen-
trally located in each unit.

Initially, produced water was separated and
pumped into a disposal well in each unit. In mid-1979,
for economics and for conservation of Santa Rosa
water, disposal wells were discontinued and produced
water was cycled as injection water. A consolidated
injection pump system in the Southwest unit includes
separate tanks for Santa Rosa and San Andres water,
with appropriate manifolding to handle each water
separately. About 45% of Southwest Unit injection is
produced water,

Produced water moves from heater-treater to stor-
age tanks then to injection pumps through low-pres-
sure fiberglass pipe, and from pumps to injection
wells through high-pressure fiberglass pipe. The
water is naturally moderately corrosive, so signifi-
cant attention is paid to minimizing its exposure to
air, Corrosion inhibition treatment of injection water
has been required down the casing of waterflood sup-
ply wells,

Because fiberglass is easier to handle and less af-
fected by scaling, paraffin, and corrosion than metal
pipe, fiberglass is expected to become the standard
pipe on the two Garza field units. Conversion to fiber-

glass tanks is being considered as technology im-
proves.

Infill Completion and Stimulation

On all recent wells, a 12%-in. hole is drilled through
occasionalty troublesome red bed and water zones,
and 8%-in. suface pipe set — normally to about 120 ft.
San Andres wells have relatively few drilling prob-
lems except for a few waterflows that are encoun-
tered when the pay is drilled. -

The 5%-in. production string joints through the
producing zone are sandblasted to facilitate cement
bonding. Centralizers and reciprocating scratchers
are used through the pay to assure a competent ce-
ment sheath and to prevent channeling by existing
or potential water.

Perforations are selectively shot, usually at 2-ft or
longer spacing. This is followed by a ballout acid job
designed to put at least a barrel of acid into each
perforation.

In areas of relatively low cumulative water injec-
tion, producing wells are fractured with conventional
gelled water techniques. In these wells, 100-mesh
sand is an effective proppant.

Several variations of alternating stages of acid and

PETROLEUM ENGINEER INTERNATIONAL, AUGUST 1980




Fine Tuning

~"ed water treatments have been tried. Early re-

§ are positive enough to merit more work with
them. Treatments involve about 2,000 gal of 15% HCI,
2,000 gal of 20% HCI, and 6,500 ga! of 20-ib gelled
vater carrying 100-mesh sand.

In areas where large cumulative water injection
had pressured the reservoir, some of the 16{-mesh
sand flowed back into the producing wells. Therefore,
on one treatment, 20-40 mesh sand was tailed in with
the final gelled water pad.

On the last well, the final pad was 10-lb brine car-
rying 100-mesh salt. Salt was added to push the sand
proppant farther into fractures. Formation water
eventually dissolved the salt, leaving clear fractures
immediately around the well bore.

Formation breakdown pressure averages about
2,600 psi. After breakdown, treatment pressures have
been in the 1,200-psi range. Various pumping rates
have been tried, as high as 40 bbl/min for the gelled
water phases. Early data indicate that high pumping
rates result in better sustained crude production.

Calcium Sulfate

San Andres water often forms a crystalline calcium
sulfate scale on well bores. Some believe this "gyp
scale” does at least some good. The reasoning is that
crystals form fastest and largest where the most
water flows, eventually stopping the water flow and
pulting more restriction on oil flow,

Conversion of old producers to injection wells ob-

viously required cleaning gypsum deposits from bore
walls. The injectors were then acidized and an injec-
tion packer run on plastic-lined tubing.

A program is underway to squeeze scale inhibitor
into all wells. A packer is run in on tubing, the inhib-
itor injected through the tubing, and bottomhole
pressure built to about 1,000 psi. The well is then shut

in24 hr.

A polymer chemical used in the squeezes has been
success{ul in retarding deposition of calcium sulfate
and calcjum carbonate. Recently a polyacrylamide
also has been used in squeeze treatments.

Treatments are expected to be eflective longer than
a year. Until wells get this treatment, each receives
periodic injections of conventional scale inhibitor.

So far this year, Fina has added 15 infill wells to the
two units, each located and stimulated in accordance
with data from core and log analysis. Infill wells frac-
tured with modern techniques, and scale inhibition of
all wells, are expected to at least double production
over the remaining life of the two units. Concur-
rently, economics will improve through elimination
of disposal wells, reduction of pumping make up in-
jection water, and adoption of corrosion, scale, and
paraffin-resistant fiberglass piping. |

Acknowledgement. Appreciation is expressed to the following for
their assistance in the preparation of this article: Dick Bott, Amer-
ican Petrofina of Texas’ district production manager in Big Spring,
Tex.: Dick Rieman, production engineer; and Cliff Chapman and
Lance Williamson who engineered the waterflood.
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Figure 1. Section 35 & 36-9-29 WPM well location map.

TWP ©



@®

Waay
iP3L0dd Loy
Woqdd HAY¥eN

£

=] .Dﬂ..

i

Lipn. Awq

RRREIRERRRERRE DS TR




Cal- Sub

30 P
&MJQ ] ORI6 +33
) 24 i
B ~|] +33 pj;
Y for etk g Oigﬁk
f“‘”m

28




