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Additional Production and Pressurs Monitoring Requirements
Commencing in 1985 and continuing until further notice,

Chevron shall obtain for each well, at least twice in each

calendar year, a production test for the purpose of determining
each well's oil rate and producing water—oil ratio.

Commencing in 1985, Chevron shall conduct comprehensive
annual surveys to determine the static bottom hole pressure in
the Unit. A list of specific wells to be surveyed in each year
shall be submitted for approval to the Director of the Petroleum
Branch,

Yours sincerely

THE OIL AND NATURAL GAS
CONSERVATION BOARD

ORIGINAL SIGNED BY
IAN HAUGH

lan Haugh
Deputy Chairman

bec: Marc Eliesen
J. F. Redgwell
Petroleum Branch

HCM/IH/bb
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Re: Daly Unit No. 3 — Waterflood Expamsion

MANITEBA
inter-Departmental Memo o august 16, 1984

. . From
The 011 and Natural Gas " H. Clare Moster
Conservation Board Director

Petroleum Branch

Marc Eliesen ~ Chairman
Dr. I. Haugh - Deputy Chalrman
J. F. Redgwell - Member
Tetephone

P5-1-25

First ‘ Fold

In its letter of July 3, 1984, Chevron Canada Resources Limited
applied for approval to modify its pressure maintenance operations in
Daly Unit No. 3. The modifications involved conversion of five wells to
water injection, reactivation of three suspended water injectors and
increasing the maximum permissible injection pressure to 10 000 kPa.

Notice of the application was published in the Manitoba Gazette
on July 21, 1984, in the Virden Empire Advance on July 18, 1984 and in
the Gopher Creek Chronicle on July 25, 1984. Copies of the notice were
also sent to all working interest owners with lands offsetting the Unit.

The Board received a letter, dated July 25, 1984 from Don and
Katherine Angell as potentially affected mineral owners in the Unit Area.
Mr. and Mrs. Angell have requested that copies of supporting studies be
made available to them and contend that Chevron's statement that "all
land owners in the immediate area have been contacted to inform them of
our plans" is untrue. In its response to the above letter, the Board
directed Mrs. Angell to direct requests for additional information to
Chevron and indicates that "if no further response is received from you
prior to August 13, 1984, we shall assume your concerns have been addressed."
As of August 15, 1984, the Board has received no further correspondence
from Mrs. Angell.

Recommendation:

It is recommended that the application by Chevron be approved
subject to increased pressure and production monitoring requirements as
discussed in the Branch's memo of July 9, 1984 (page 4).

It is recommended that the approval be communicated to Chevron by
letter (draft attached) outlining the additional monitoring requirements.

Discussion:

Board Order No. PM31 which provides for pressure maintenance
operations in Daly Unit No. 3 approves injection into a specific list of
wells and "from time to time in other such wells as the Board may approve.”
Similar provisions relating to maximum injection pressure and frequency
of pressure measurements are also contained in the above-noted order and
in Order No. PM38. Consequently, it would appear to be unnecessary to issue

a Board Order to cover the proposed changes.
il. Clare éoster

LRD/sb
Att:



DRAFT

Chevron Canada Resources Limited
Box 100

Virden, Manitoba

ROM 2CO

Attention: Mr. C. G. Folden, P. Eng.,
Area Supervisor

Dear Sir:

Re: Daly Unit No. 3 - Waterflood Expansion

Further to your application dated July 3, 1984, you are hereby
advised that the following modifications to pressure maintenance operations

in Daly Unit No. 3 are approved.

Additional Injectors

Pursuant to the provisions of Pressure Maintenance Rule 1(1) of
Board Order No. PM31, injection of water into the Lodgepole Formation of

the Mississippian Age in the wells:

Chevron Haskett Daly WIW 13-2-10-28 (WPM)
Chevron Daly WIW 7-13-10-28 (WPM)

Chevron Daly WIW 11-13-10-28 (WEM)
Chevron Daly Prov. WIW 4-14-10-28 (WPM)
Chevron Daly Prov. WIW 6-14-10-28 (WPM)

is hereby approved. Approval of individual recompletion programs prior to

commencing operations must also be obtained from the Petroleum Branch.

Maximum Wellhead Injection Pressure

Pursuant to the provisions of Pressure Maintenance Rule No. 4, the
maximum wellhead pressure at which water is injected shall not exceed
10 000 kPa for all approved water injection wells, except Chevron Daly Prov.

WIW 6-14-10-28 (WPM) which shall be limited to 8 500 kPa.



Additional Production and Pressure Monitoring Requirements

Commencing in 1985 and continuing until further notice, Chevron
will be required to obtain for each well, a production test for the
purpose of determining the well's oil rate and producing water-oil ratio,

a minimum of twice in each calendar year.

In addition, commenciag in 1985, Chevron will be required to
conduct & comprehensiveasurvey‘fb determine the static bottom hole
pressure in the Unit. A list of specific wells to be surveyed shall be

subject to the concurrence of the Petroleum Branch.

I. Haugh

Deputy Chairman

The 0il and Natural Gas
Conservation Board



Don and Xatherine Angell
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Box 430
Virden, Manitoba
ROM 200

Attention: Mrs. Katherins A, Angell

Deaxr Mra., Angell:

that you may not have received.

Re: Daly Unit No. 3 :
Waterflood Expansion

July 31, 1984

Receipt of your letter dated July 25, 1984 is acknowledged.

You indicate in your letter that there may be informatiom
in support of the application from Chevron Cansda Resources Limited

I would suggest that you contact Mr. Cal Polden at Chevron's
Virden office and determine what additional information there may
be that you may wish to see, snd make arrangements with Mr, Folden
to either view the material or receive & copy.

If no further response is received from you prior to
August 13, 1984, we shall assume your concerns have been addressed.

HCM/IH/bb

bet

Marc Eliesen
J. 7. Radgwell
Petroleum Branch

Yours sincerely

THE OIL ARD NATURAL GAS
CONSERVATION BOARD

ORIGINAL SIGNED BY
IAN HAUGH

Ian Haugh
Deputy Chairman
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Box 430

VIRIEN, Manitoba
ROM 2C0O

July 25, 1984

The 01l and Hatural Gas Conservation Board
Province of Manitoba

555 « 330 Graham Avenue

WINNIFEG, Manitoba

RXC LE3

ATTENTION: Dr. Ian Haugh

Dear Dro Mh

Re: Daly Unit #3
Waterflood expansion

LIRS

THE OIL AND NATURAL GAS
CONSERVATION BOARD
WINNIPEG, MANITOBA

JUL 30 1984

RECEIVED

As a freehold owner of minerals adjacent to proposed injection wells

we wish to receive more information regarding the application. The

application from Chevron Canada Resources refers to the 82-09 report

by Mr. R. D. Trimble as support of the application. This report is

not part of the copy of application we received from Chevron. If this
report supports said a.pp_lication we would like to receive a copy of same.
The application also refers to Daly Unit #1.

evidence we wish to receive this also.

If there is supporting

Mr. Folden states in the application that " all landowners in the

immediate area have been contacted to inform them of our plans ".

This statement is not true. We are landowners that have land that will

be affected arxd we have not been approached by Chevron.

Thmkymo

Yours truly,

. 2
24 W@W .

Don and Katherine Angell
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NOTICE
under the Mines Act

Daly Oil Field

Chevron Canada  Resources Limited
has made application 10 modify its
pressure maintenance operations in

Daly Unit No. 3 as follows:

I: Initiate water injection in the follow-
ing wells:
Chevron Haskett Daly

13-2-10-28
WPM
7-13-10-28WPM
11-13-10-28WPM
4-14-10-28WPM
6-14-10-28WPM

Chevron Daly
Chevron Daly
Chevron Daly Prov,
Chevron Daly Prov,

2: Increase the maximum allowable
wellhead injection pressure from 1300
psig (8 962 kPa) to 10 000 kPa.

If no valid objection or intervention
(n writing is received by the Board at
355-330 Gruham Ave,, Winnipeg, Ma-
nitoba, R3C 4E3, within 14 days of the
publication of this notice, the Board
muy approve the application.

Copies of the application may be
ubtuined from Chevron Canada Re-
sources Limited, P.O. Box 100, Virden,
manitoba, ROM 2C0.

Dated at Winnipeg this 10th day of
Julv, 1984,

Tan Haugh
Deputy Chairman

This Week in Canada

On July 28, in 1755, it
was decided to deport
the Acadians from
Nova Scotia, and in
1885, the trial of Louis
Riel opened at Regina.

) *

Said Mac: “'It's nice to think that you can make your

Gross

mark in a sport, but T don’t think you can compare
today’s players to those of 50 years ago. Everything

changes with the times and in 20 years maybe there will
be somebody playing better tennis than 1 am. A guy like

{Pat} Cash, who is now a good player, definitely has the

potential to be a great player.

wyer’s diet here

“That is what is great about sports — there's always

someone who may be better than the next guy. I have

1 Lawn Tennis
‘ul Wimbledon
waey this year
1a Navratilova
ir own Brinks

lived through the rivairies with (Bjorn) Borg. (Jim)
Connors and (Ivan) Lend!, and I'm looking forward (g
another rivalry with another guy."

In my view, before John McEnroe can be regarded as
the greatest of all time he must first win a couple more

Wimbledon and U.S. Open tournaments, pius the Aus-

ige, even mer-
'a forget about

tralian and French,

Sk, 285 /Py

BUULLC Tediy enurely,

Which brings us to The Suits - Turner and
Mulroney.

Until one of themy admits we're flirting with the wrong
sort of girl, we will become even more diseased.

Y Gary Dunford

DRESS UP,
BUT ONLY
A LITTLE

We're morally
opposed to restaurants
that presume to groom
their customers with
intimidating signs like
No Jeans Allowed and
Proper Attire
Requested.

But you do have to
grin at the shy dress
demand made by the
Diamond, a nightclub

in Toronto. They
advise:
‘“Dress Code

Casually Upscale.”
Tasteful. Very taste-
ful.

A MODEST
PROPOSAL
Hey, gang: TV’s
Love Boat is in Lenin-

grad!

They’re filming the
fall launch in the Rus-
sian port.

But where is the
Western ambassador
who'll quickly take our
dynamite proposal to
the Kremlin?

The Russians hand
over their dissidents,

And we give them
Capt. Merrill Steubing,
joyful Julie, Isaac the
bozo bartender, the oily
Deoc, the grinning
Gopher, the captain’s
obnoxious niece, Don
Ameche, Phyllis Diller,

“Speaking

of Canada...”’

“We in Canada believe
that good fences are

necessary.”’

— F:rirpell\’linister John

Tab Hunter, George
Hamilton and all the
rest of the fast-fading
former stars waving
from the ship's rail,

Simple?

The best
always are,

(In Hollywood, the
good news is that The
Love Boat got to Lenin-
grad safely. The bad
news is that it’s coming
back.)

ideas

LI ]

DID YOU KNOW?

t7 That there's a
Three Stooges video
game on its way to
arcades? (It's the 50th
anniversary of the
goofs’ entry into show-
biz, ya know.) The
video game lets play-
ers run Larry, Curly
and Moe through a
maze, and throw pies,
trade slaps and smash
furniture. If this isn't
worth 50¢, what is?

‘> That Gal-
lagher — the weird but
wonderful come-
dian — advises kids
should never eat break-
fast? “Kids who eat a
healthy breakfast are
the only ones who
throw up in gym
class.” Wasn't it Gal-
lagher who wondered
“if 25% of the popu-
lation is seriously stu-
pid, why are we upset
with 10% unemploy-

ment?’'’ Beats
=T
P 23
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thi hvestock, (¢) honey, (d) peat moss. [ Saskalchewan.Alberta and British Colum.

Docket 12116 bia. Corridor Authority only. No pick-ups or
Hyndman Transport (1972) Limited drop-offs in transit in the Province of Man-
Wroxeter, Ontario, itoba,

Application for extension of Public Ser- Ptovided that the licensee be restricted

vice Vehicle Certif icate for the transporta-
tion of powdered milk for Peebles Products
Ltd. from its installation at the City of Corn-
wall to the Ontario/Manitoba border at or Anyone wishing to make representation
hear West Hawk Lake for furtherance to Oroppose the granting of the above applica-
Nutro Vet Feed Limited at St. Malo in the tions, must file sych notice with the Secre.

, tary of the Board; 200-30] Weslon Sireet.

to the use of trailers or semi-trailers de.
signed primarily for the carriage of |jve.
stock,

Docket 12147 Winnipeg, Manitoba, either by mail or per-
Hyndman Transport (1972) Limited sonal filing prior to 4:30 PM., Tuesday .
Wroxeter, Ontarig, August 7th, 1984, Noticesreceived after this

Application for extension of Public Ser. date wil] not be accepted. Sybse uent to the
vice Vehicle Certificate for the transporta- | ahove date the applications will be sched-
tion of goods for Niagara Chemical, Divi- | ylegd for Public Hearing and the Applicant

sion of 129652 Canada Inc.; and anyone who opposed will be notified as
(a)from varioys points in the Province of | tothe date, time and place of the Hearing.
Ontario to varipus points in the Province of L. G. OLIJNEE.
Manitoba. Secretary.
tb) from various peints in the Province of THE MANITORA MOTOR

Ontario through the Province of Manitota | —29 TRANSPORT BOARD.
for furtherance tp pointsinthe Provincesof |

—_—

UNDER THE MINES ACT

Tundra Oi] and Gas has made application | 1. Initiate water in jection in the following
to recomplete the welj known ag wells:
Tundra Pierson 9.18-3.25 Chevron Haskett Daly 13-2-10-28 (wpM)

located on Legal Subdivision 9 of Sectjon 18, | Chevron Daly 7-13-10-28 (WPM)

Township3, Range 28, West of the Principal Chevron Daly 11-13-1.28 (WPM)

Meridian. as a sajt water disposal wel], The Chevron Daly Prov. 4-14-10-28 (WPM)

proposed zone of disposal is the Mission | Chevron Daly Prov. ¢.14-10.28 (WPM)

Canyon | Formation. 2. Increase the maximum allowable wel].
Ifno valid objection in writing is received head injection pressure from {306 psig

by the Board 3( 355-330 Graham Avenue, - (3,962 kPa) t6 10,000 kPa.

Winnipeg. Manitoba, R3C 4E3, within 14 . [f no valid objection or intervention in

days of the bubiication of thig notice, the ' writing is received by the Board at 355-330

Board may approve the application. Graham Ave,, Winnipeg, Manitoba, R3c
Dated at Winnipeg this 10th da yof July,  4E3 within 14 days of the publication of this

1984, notice, the Board Mmay approve the applica-

IAN HAUGH, tjon.
—29 Deputy Chairman, Copies of the application may he obtained
o from Chevron Canada Resources Limited,
Daly 0il Field

Chevron Canada Resources Limited has Pbéted at
made application to modify its pressure 4
maintenance operations in Daly Unit No. 3 '
as follows:

IAN HAUGH.
—29 Deputy Chairman,




A o

nf‘

in 2:16, ovmed by Aurele and Ceclle
Vodon, ~ ¢ .

The races Were ramed out on
Sunday

INDISPUTABLE

Don't be turnéd off by the fellow
who is ‘different from the
rest—he’ll produce far more than
lhe one who is indifferent.
NAYSAYERS

*The naysayers who are sure it
can 't be -done often refuse to
hcknowledge all | the people
successfully getting it done.

oy

_, NOTICE
UNDER THE MINES ACT
- DALY OIL FIELD

_:Chevron Canadq_ Resources
ymlted has made application to
modify its pressure maintenance
operations in Daly Umt No. 3as
follows:

1. Initiate water mjectlon in the
“ - following wells:
Chevron Haskett Daly 13-2-10-28
_ (WPM)
*"'Chevron Daly 7-13-10-28 (WPM)
- ~Chevron-Daly 11-13-10-28 (WPM)
./ Chevron Daly Prov. 4-14-10-28
~(WPM)
Chevron Daly Prov. 6-14-10-28
. (WPM)

2 “Increase the maximum aIlow-

‘. able wellhead Iinjection pressure -

;. from 1300 psig (8,962 kPa) to
émoookpa

+Jf no valid objectlon or interven-
tion in writing is’ received by the '

Board at 555 - 330 Graham Ave,,
Wmmpeg, Manitoba, R3C:. 4E3
within 14 days of publlcatlon of lhls

notice, the Board may approve the

apphcatnon

* Copies of the application may be '

obl:amed from Chevron Canada
Resources Limited, P.Q. Box 100,
Virden, Manitoba, ROM 2Co. .

Dated at Wmmpeg this 10th day
of July. 1984,

IAN HAUGH

Race No 10=Jystly Speed, first- =1

Virdarn Emyoire Avonce Tty 18/Fy

| .,,46"

u.s. Grown I.orgeSIze 3
Cantuloupe.......................

Fresh, Manitoba Grown, Green & Tender

Broccoll............................'.‘?

- u"'c.’ 5009..!.---.------------.

CHEESE sLid

Kroﬂ Procouod Slngles o}

NIBLETS co

Cream Stylo Fanc y. 298 ml. ;
Wholo Kornel Fanéir 341 mb....ooig

gl 3

Spljond, 500 g...

C :j‘?’EEZ WH

Kruﬂ Procoued ‘* :

.----.0---.-.---.‘

'DINNERS & ST

‘Burn's, Seven : _
Vurlﬁles,“ﬂg...................,

{ VIRD]

[Hi

MANY NON
Y-

KING S

Deputy Clzairman )




MANITOBA

THE OIL AND NATURAL GAS CONSERVATION BO
309 LEGISLATIVE BUILDING
WINNIPEG, MANITOBA
R3C OVE

July 12, 1984

Chevron Canada Resources Limited
Box 100

Virden, Manitoba

ROM 2C0O

Attention: C. G. Folden
Area Supervisor
Dear Sirs:

re: Daly Unit #3 Waterflood Expansion

This is to acknowledge receipt of your letter
of July 3, 1984 relating to the proposed water flood expansion
in Daly Unit #3.

Yours sincerely
THE OIL AND NATURAL GAS

Ian Haugh
Deputy Chai

IH/bb

be: Mare Eliesen
J.F. Redgwell
Petroleum Branch




Chevro

THE QI AND N
ATURAL G
CONSERVATJON BOARDAS
WINNIPEG. MANITOBA

JUL 12 1984

RECEIVED

g Chevron Canada Resources Limited

Box 100
Virden, Manitoba
ROM 2C0

1984-07-03

The Oil and Natural Gas Conservation Board
Province of Manitoba

Attenticon: Dr. Ian Haugh

555 - 330 Graham Avenue

Winnipeg, Manitoba

R3C 4E3

DALY UNIT #3
WATERFLOOD EXPANSION

Dear Sir: -
~
Chevron Canada Resources, operator of Daly Unit #3, hereby applies to The

0il and Natural Gas Conservation Board for the following:

A. Approval to expand the Daly Unit #3 waterflood by conversion of
five existing wells to water injection:

Chevren Haskett Daly 13-2-10-28 WPM
Chevron Daly Province 4-14-10-28 WPM
Chevron Daly Province 6-14-10-28 WPM
Chevron Daly 7-13-10-28 WPM
Chevron Daly 11-13-10-28 WPM  and

B. Approval to increase the maximum operating injection pressure to
10.0 MPa.

A. Well Conversions

A detailed discussion on each of the wells, that approval of conversion to
injection is requested, is given below.

1. 13-2-10-28

Conversion of 13-2-10-28, although off pattern, is located to give ex-
cellent support to 14-2, 3-11 and 4-11 and would not be deteremental

to the existing 5 spot pattern. Figure No. 2, a map of Daly Unit #3,
indicating producing rates and well status is attached. The 13-2 well
was a good producer declining slowly over 20 years until it finally water-
ed out in 1971, apparently due to water disposal in 15-3-10-28 which

has swept oil into the unit from the west. As this disposal well is

now abandoned, converting 13-2 to injectionwould continue this sweep
towards our offsetting producers. Without this pressure support trapped
oil will be left in this area and/or oil will be swept out of the unit
towards the S.W. due to the existing waterflood.




2. 4 & 6-14-10-28

Conversion of 4-14-10-28 and 6-14-10-28 are required due to the lack
of pressure support in the N.W. lobe of the unit. 12-14 was reacti-
vated as a producing well in 1982 producing 5.2 m3 of clean oil/day
(average over 16 days) but has since declined to 1.3 m3/day (1983-

05 test) indicating reduced Support. A recent recompletion of this
well in the Middle Daly failed to improve production. Both of these
locations are onpattern with the other injectionw ells. The 6-14
well is presently producing at 0.4 m3 clean oil/day and is positioned
to support 3-14 and 12-14 with little loss of production due to con-
version. The 4-14 well is positioned to support two presently pro-~
ducing unit wells as well as 16-10 and 5-14 which are presently sus-
pended but are potential recompletion and reactivation candidates.
Centoba's 1-15 well outside the unit will also benefit from injection
and negotiations are in progress to include this well in the Unit.

3. 7 & 11-13-10-28

The wells l,/}y»ll and 13-13-10-28 lie in a syncline low running from
N.W. to S.E.” These wells all progressively watered out prematurely
from 1958 to 1964 due to natural water encroachment along the syncline
from the N.W. The offsetting wells along the flanks are all relatively

pressure surveys confirm the presence of the syncline (Figure 3 - Pressure
Survey Map), because the reservoir pressure is higher and similar along
the trend. The pressure decreases dramatically away from the syncline.
The pressure at 13-13 is higher then 11 and 7 of 13 indicating the possi-
bility of a pressure fence to the northwest which will increase the
effectiveness of inmction inte 7 and 11 of 13.

Converting on pattern wells such as 2-13 and 6-13 would not be feasible
as this would reverse the flow from natural water encroachment and force
0il back into the previously flooded syncline.

As most of the conversion locations are edge wells and affect procducing en-
tities outside of the unit, negotiations will be undertaken to include these
locations in unit enlargement. As noted above, if 7 and 11 of 13 conver~
sions result in production response, additional waterflood expansion to the
north is planned.

Increased maximum operating injection pressure




The test did however indicate that injectivity could be dramatically in-
creased by exceeding the formation fracture pressure as injectivity in-
creased from 8.0 m3/d @ 7.5 MPa to 80 m3/4d @ B.6 MPa.

It is Chevron's opinion that exceeding the formation fracture pressure will
not result in irreparable damage or loss of reserves. As the waterflood

is mature, the flood front is sufficiently far away from the injectors to
prevent bypassing of reserves by a fracture system. Any fracture initiated
will not extend far into the formation due to the still relatively low in-
jection rates and high fracture fluid loss properties of water. If a frac-
ture develops into underlying water,a proportion of the injected water will
bz lost, however the remainder will continue to enter -he o0il zone and extend
the presant sweep. As the fracture will be: unsupported by sand, reducing
pressure on any well exhibiting unacceptable water loss will tend to close
the fracture.

In support of the application to increase maximum operating pressure, we
refer you to previous correspondence between Chevron and the Petroleum
Branch (82-09 repgee by Mr. R. D. Trimble}. In the report, increased pro-
ductivity resulting from increased injection rates (accomplished by raising
injection pressure above fracture pressure) is discussed in detail. The
conclusion that this approach is feasible is in part based on success to
date with a high rate injection scheme in Daly Unit #1.

A substantial portion of the accelerated production would be incremental
because many wells would not last 66 years, which is the estimated remain-
ing life of the field with the present wells and mode of operation. It would
not be economic to replace many wells when they had to be abandoned because
of deteriorated casing.

The higher operating pressure applied for would require replacement of some

of the injection system as shown in Figure 2. The pipelines will be replaced
with high pressure fibreglass pipe. The entire system will be pressure test-
ed at 11 MPa. The water plant at 15-1-10-28 will also be replaced and upgrad-
ed to the higher pressure rating.

Additional salt water required to inject at the higher rates is available
from Chevron Canada Resources Limited 12-29-10-28 Daly wholly owned facility.

C. Reactivate 6, 14 and 16 of 11 injection wells (already approved)

The suspended injection wells, 6, 14 and 16 of 11, have been suspended for
more then 10 years because of poor response to waterflooding. With increas-
ed injection rates and based on good Unit waterflood response overall, on

a voidage balance basis, it is felt there is justification to reactivate
these wells. Although approval of these reactivations has already been
obtained, implementation would depend upon approval of the entire expansion
application.

The estimated increased production rate for the next 25 years resulting from

all the above changes is shown by Figure No. 1. The production forecast is based
on R. Trimble's report, the results of a similar project in Daly Unit #1 and
anticipated response to the additional injection wells.




The forecasts were terminated in the year 2023 because production beyond
that is difficult to justify (downhole well equipment has a limited life and
over 40 years is a long time to project). Theoretically the Base case should
extend to the year 2050 and the Incremental case to 2030 based on a terminal
water-oil ratio of 30. - The Incremental case has 420 103 m® of incremental oil
production.

The implementation of the above modifications to the Daly Unit #3 waterflood
is dependent upon approval of our accompanying application for New Oil status
for royalty and mineral tax purposes for oil production above the projected
present decline rate. The resulting reduced Crown royalties and incremental
mineral taxes would make the project ecconomically feasible.

All the landowners in the immediate area have been contacted to inform them of
our plans. If new and replacement lines are to be installed this year they will
have to be done during the summer months and therefore an early approval on this
application would be appreciated.

,hﬂ'

-

Yours tru

C.CGJ/Folden ., P. Eng.

Area Supervisor
Virden

CGF/cIm

Attachments
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MANITOBA

THE OIL AND NATURAL GAS CONSERVATION BOARD
309 LEGISLATIVE BUILDING
WINNIPEG, MANITOBA
R3C 0V8

"NOTICE
UNDER THE MINES ACT

DALY OIL FIELD

Chevron Canada Resources Limited has made application to
modify its pressure maintenance operations in Daly Unit No. 3 as follows:

1. Initiate water injection in the following wells:

Chevron Haskett Daly 13- 2-10-28 (WPM)
Chevron Daly 7-13-10-28 (WPM)
Chevron Daly 11-13-10-28 (WPM)
Chevron Daly Prov. 4-14-10~28 (WPM)
Chevron Daly Prov. 6-14-10-28 (WPM)

2. Increase the maximum allowable wellhead injection
pressure from 1300 psig (8 962 kPa) to 10 000 kPa.

If no valid objection or intervention in writing is received
by the Board at 555 - 330 Graham Ave., Winnipeg, Manitoba, R3C 4E3, within
14 days of the publication of this notice, the Board may approve the ap-
plication.

Copies of the application may be obtained from Chevron Canada
Resources Limited, P. 0. Box 100, Virden, Manitob ROM 2cCO0.

Dated at Winnipeg this / day o s 1984,

Ian Haugh
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To

Subject

Inter-Departmental Memo bote July 9th, 1984

The 0il and Natural Gas ' ™ 4. Clare Moster
Conservation Board Director, Petroleum Branch
Marc Eliesen - Chairman
Dr. I. Haugh - Deputy Chairman
J. F. Redgwell - Member
Telephone

Daly Unit No. 3 - Expansion of Pressure Maintenance Ogerations

First l fold

Chevron Canada Resources Limited, as operator of the Daly Unit
No. 3, has made application for approval to modify its pressure maintenance
operations in the Unit by conversion of five wells to water injection wells
and by increasing the maximum allowable wellhead injection pressure to
10 000 kPa.

Recommendation:

It is recommended that notice of the application be published in
The Manitoba Gazette, the Virden Empire-Advance, the Gopher Creek Chronicle
and sent to potentially affected offset working interest owners. In the
absence of valid objections to the notice, it is recommended that the ap-
plication be approved by the Board as provided for in Board Order No. PM3l.
A copy of the proposed notice is attached.

Discussion:

1. History
Waterflooding in the area of Daly Unit No. 3 was initiated early
in the development of the pool. In July 1953, an 80 acre pilot waterflood was
initiated in the southern part of the Unit area. The pilot scheme was expanded
in 1954, 1955 and again in 1957 resulting in a five spot waterflood covering
approximately 1 180 acres out of a total Unit area of 3 200 acres. Figure No.
1 shows the Unit area and outlines the presently active injection patterns.

As the result of pressure maintenance, a substantial volume of in-
cremental production has occurred in the Unit area. Figure No., 2 is a copy
of a graph of estimated incremental recovery due to the project taken from the
1971 project progress report. It is noted that virtually all post 1971 product-
jon was considered attributable to pressure maintenance operations.

In August 1981, Chevron made application to abandon six water injection
wells which had been inactive for a number of years due to lack of injectivity
and associated production response or downhole mechanical problems. Upon review
of this proposal, the Petroleum Branch, noting that the proposal would result
in abandonment of a major portion of the scheme, requested that Chevron review
alternatives prior to proceeding with the abandonments. In response to the
Branch's concerns, Chevron conducted an engineering study of the profitability
of both an infill injection program and a program of increased injection
pressures and rates. The study concluded that infill injection or increased
injection pressure would only accelerate production and would result in no
incremental o0il recovery. The report did conclude, however, that such ac-
celeration would be economically attractive as it may result in avoidance of
replacement of deteriorating wells. The Petroleum Branch, in subsequent discussions

.« v 2



with Chevron, pointed out that the study considered only modifications in

the existing pressure maintenance area and did not evaluate the feasibility
of expansion of the existing patterns or use of a reduced pattern area in
portions of the Unit that had either not been flooded or had not shown
response to injection. As a result of these discussions and further studies,
Chevron is now proposing medifications to the scheme which would:

1) resume injection in areas that had shown
marginal injectivity and response

2) expand injection into portions of the reservoir
previously unflooded

3) accelerate recovery by increasing maximum injection
pressures from the current limiting level of 8 962 kPa
to 10 000 kPa.

{Note: The additional and reactivated injection patterns are shown on
Figure 1)

In finalizing its plans, Chevron conducted a detailed reservoir
pressure survey in the Unit this sprimng. Specifically the northern part of
the Unit was surveyed extensively. The results of the survey are presented
as Figure 3 of Chevron's application. The survey indicates relatively low
pressures in much of the reservoir in Section 13-10-28 and in portions of
Section 14-10-28. The survey also indicates high pressures in the central part
of Section 13 which is a slight structural low. This may be due to the lower
structure but more likely reflects communication with an underlying aquifer in
the area. Further evidence of minimal pressure support in this part of the
Unit is the decline in the total fluid production of recently reactivated
wells in the area. (e.g.: Chevron North Daly 2-24-10-28 declined from a clean
oil rate of 5.5 m3/d in October 1982 shortly after reactivation, to a clean
0il rate of 1.38 m3/d in April 1984).

Expanded Injection

The proposed injectors fall into 3 groups:

a) Chevron Haskett Daly 13-2-10-28. This well is a watered out
producer. Conversion -of the well to injection would prevent oil migration
out of the Unit and should enhance production in the area by increasing
reservoir pressure. Injection at this location may affect non Unit production
in Lsd. 16 of Section 3-10-28 (WPM)} which may necessitate inclusion of this
tract in the Unit in the future. Having regard for performance of pressure
maintained wells to the east and the fact that 13-2 is watered out, conversion
of this well presents minimal risk to ultimate recovery and is likely to result
in increased recovery.



b) Chevron Daly Prov. 4-14-10-28 (WPM) and Chevron Daly Prov.
6-14-10-28 (WPM). Conversion of these wells represents a north west
extension of pressure maintenance operations on the same pattern as has
been established elsewhere in the Unit. The 6-14 well is currently a
marginal producer while 4-14 has watered out (probably due to communic-
ation with the underlying aquifier). As in the case of 13-2, the potential
loss of reserves is minimal and there is a possibility of substantial
incremental production. Injection at 4-14 will probably affect production
at the non-Unit offset in Lsd. 1 of Section 15-10-28 (WPM). Negotiations
to include this tract in the Unit are underway.

¢) Chevron Daly 7-13-10-28 (WPM) and Chevron Daly 11-13-10-28
(WPM). Both of these wells have watered out. Injection in the area
should assist the natural water drive and maintain or increase reservoir
pressures to the north east and south west. As above, the potential loss
of reserves is minimal while incremental production may be substantial.

Based on the limited risk and significant potential of Chevron's
expanded injection plans, approval of this phase of the proposal is recom-

mended.

Reactiviation of Injectors

Chevron's plans to reactivate three suspended injection wells
in Section 11-10-28 will probably assist in pressure maintenance and dis-
placement in the area. However, due to relatively high pressures in this
area and the demonstrated limited effectiveness of this injection, the
effects of reactivation are not expected to be major. As Chevron has noted,
Petroleum Branch approval to proceed with these reactivations has been given.

Increase of Maximum Wellhead Injection Pressure

Board Order No. PM3l which authorizes pressure maintenance operations
in Daly Unit No. 3 limits maximum wellhead injection pressures to 1300 psig
(8962 kPa). The current injection pressure (April 1984) is 7 500 kPa.

Based on results of a limited field test conducted in 1971, Chevron indicates
that by increasing injection pressure to the order of 9 000 kPa, reservoir
fracturing will occur thereby allowing substantially increased water injection
rates. While this will likely have no beneficial effect on ultimate oil
recovery in the established waterflood area, it will increase the viability

of the reactivated wells and the new injection wells. Also, as Chevron
suggests, the acceleration of recovery may indirectly increase ultimate
reserves by avoidance of well abandonments for mechanical reasons during the
latter stages of depletion when re-drilling would not be economical.

Injection above the fracture pressure could cause reduced sweep
efficiency in areas where a substantial water bank had not built-up.
Specifically, the well Chevron Daly Prov. 6-14-10-28 is currently producing
clean oil indicating the absence of any water bank in this area. Injection
pressute in this situvation should initially be maintained to levels below the
fracture pressure. This could probably be accomplished by use of a wellhead
choke at this location.



Monitoring of Expanded Scheme

In order to measure the success of the expanded pressure
maintenance scheme, a number of monitoring programs are recommended. These
are discussed briefly below.

1) Well Test Data. Reliable well test data should be obtained
on all wells prior to initiation of injection. Subsequent to initiation of
the program, testing of each well on a semi-annual basis should be under-
taken. The Branch will confirm with Chevron that facilities to accomplish
this testing are available.

2) Board Order No. PM38 provides for tri-annual pressure surveys
in Daly Unit No. 3. With expansion of the project, it is felt that more
frequent pressure surveys should be conducted at least during the initial
years. Consequently it is recommended that annual pressure surveys be
required. Individual survey plans will be developed between Chevron and
the Petroleum Branch.

Offset Operators

As noted above, Chevron's planned additional injection could
potentially effect offset operators. Figure No. 3 indicates all offset
operators within ! mile of Daly Unit No. 3. Only two offset operators,
Beaverhead and Centoba are likely to be affected by Chevron's proposal. It
is recommended that the attached notice be published in the Gazette, the

local newspapers and sent to all offset operators.

Approval Process

Attachment No. 1 to this memo is a copy of Board Order No. PM31.
It is noted that injection is approved for a specified list of wells and
"from time to time in such other wells as the Board may approve'. Similar
provisions apply to maximum wellhead injection pressure and frequency of
pressure measurements, both in this Order and in Board Order No. PM38.
Consequently, approval can be in the form of a letter from the Board setting
out the approval and stating any terms, conditions or additional requirements.

rpnal Signed by H. C. Mastar

H. Clare Moster
HCM/sb
Att:
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THE OIL AND NATURAL GAS CONSERVATION BOARD
309 LEGISLATIVE BUILDING
WINNIPEG, MANITOBA
R3IC V¥

"NOTICE
UNDER THE MINES ACT

DALY OIL FIELD

Chevron Canada Resources Limited has made application to
modify its pressure maintenance operations in Daly Unit No. 3 as follows:

l. Initiate water injection in the following wells:

Chevron Haskett Daly 13- 2-10-28 (WPM)
Chevron Daly 7-13-10-28 (WPM)
Chevron Daly 11-13-10-28 (WPM)
Chevron Daly Prov. 4~14-10-28 (WPM)
Chevron Daly Prov. 6-14-10-28 (WPM)

2. Increase the maximum allowable wellhead injection
pressure from 1300 psig (8 962 kPa) to 10 000 kPa.

If no valid objection or intervention 1n writing is received
by the Board at 555 - 330 Graham Ave., Winnipeg, Manitoba, R3C 4E3, within
14 days of the publication of this notice, the Board may approve the ap-
plication.

Copies of the application may be obtained from Chevron Canada
Resources Limited, P. O. Box 100, Virden, Manitoba, ROM 2CO.

Dated at Winnipeg this day of , 1984.

Ian Haugh
Deputy Chairman
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Manitoba Regulation 51/77
Being
THE OiL AND NATURAL GAS CONSERVATION BOARD
ORDER NO. Plr 3

An Order Pertaining to Pressure Mamt;mnce by Waur Flooding

DALY UNIT NP. 3

Made and Passed Pursuont to “The Mines Act”, Cap. M160. of the
Continuing Consolidation of the Statutes of Manitoba, and
Amendments Thereto, by The Oii and Natural Gas

Conservation Board of Manitoba

(Filed March 15, 13977)

WHEREAS, subeection (9)Xd) of Section 62 of “The Mines Act™, being Chapter MIGO of the
Continuing Consolidation of the Statutes of Manitobq, provides as follows:

*62(9) Without restricting the generlityl of subsection (8) the board, with the
spproval of the minister, may make orders

(d) requiring the repressuring, mycllng. or pressure maintenance, of
any pool or portion thereof wh it is economical so to do, and for
that purpose where necessary requiring the introduction or injection
into any pool or poction thereof if gas, air, water, or other substance;”

AND WHEREAS, the Board, received a submission dafed September 2, 1976, from Chesron
Standard Linutad as Operator of Daly Unit No. 3, tequesting the Board issue an order
pertaining to pressure maintenance by water flooding w‘-nthin the Unit Area of Daly Unit No. 3.

AND WHEREAS, upon due consideration of the submission by Chevron Standard: Limited,
the Board has found:

{a) That the pressure maintenance by water flooding of a certain part of the Daly
Field in Manitoba, comprising the Unit Area bf the Daly Unit No. 3, is necessary -
to prevent waste, and to increase the recovery of oil;

(b) That the value of the estimated additional recpvery of oil resulting from such
operation will exceed the estimated additional cost incidental to the conduct of
such operation; and

{c) That such operation will result in general ad tagetotheowneuototlmdgn
rights within the Unit Area,

AND WHEREAS, Unitization Order No. 23 provides . thc lppomtment of Chevron
Standard Limited as Unit Operator.

NOW, THEREFORE, the Board orders:

1. This Order replaces all existing water flooding perml‘l.l and approvals under which the
water flood in Daly Unit No. 3 is now operating,

; : i
2. (a) The Unit Operator shall continue to carry out pressure maintenance operations by
the injection of water to the Lodgepole Formation of the Mississippian Age
undetlying the Unit Ares;
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2. (1)

{(b) 'The pressure maintenance operations shall be in accordance with, and subject to,
the following rules:

PRESSURE MAINTENANCE RULES

1. (1) Water shall be injected to the Lodgepole Formation of the Mississippian Age
in the wells:

~ Chevron Daly WIW 10A-1-10-28

« Chevron Daly WIW 12-1.10-28

= Chevron Daly WIW 14-1-10-28

~ Chevron Daly WIW 16-1-10-28

~ Chevron Daly WIW 16-2-10-28

— Chevron Daly Prov. WIW 2.11-10-28
— Chevron Daly Prov. WIW 6-11-10-28
— Chevron Daly Prov. WIW 8-11-10-28
—Chevron Daly Prov, WIW 10-11-10-28
— Chevron Daly Prov. WIW 12-11-10-28
- Chevron Daly Prov, WIW 14-11-10-28
~Chevron Daly Prov. WIW 16-11-10-28
— Chevron Daly Prov, WIW 2-12-10.28
. Chevron Daly Prov. WIW 4-12-10-28
— Chevron Daly Prov, WIW 6-12-10-28
~ Chevron Daly Prov. WIW 8-12-10-28
~ Chevron Daly WIW 10-12-10-28
~Chevron Daly WIW 12.12-10-28

~ Chevron Daly WIW 14-12-10-28
~Chevron Daly WIW 4-13-10-28
~Chevron Daly WIW 2-14-10-28
«Chevron Daly WIW 8-14-10-28

and, from time to time, in such other wells ss the Board may direct, or, upon
application of the Unit Operator, may approve;

(2} The Unit Operator shall, subject to any remedial work required to be per-
formed on the well or wells referred to in this clause, endeavour to maintain
continuous injection;

{3) Notwithstanding the provisions of subclause (2), the Board may, upon
application by the Unit Operator, approve the suspension of water injection,
provided the Board is satisfied that the pressure maintenance operation in the
Unit Area will not be adversely alfected.

Upon the request of the Board, the Unit Operator shall satisfy the Board as
to the source, suitability, and method of treatment of the water ta be
injected;

(2) Before any change it made in the source of water being injected, the Unit
Operator shall satisfy the Board as to the suitability of the water to be
injected.

3.  The Unit Operator shall immediately report to the Board any indication of chan-

neling or break-through of injected water to producing wells, or any indication of
oiher detrimental effects that may be attributable to the pressure maintenance
operations.
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4.

The Unit Operator shall immediately report to the Board if the maximum surface
pressure of injected water in any of the wells referred to in Clause 1 herenl exceed:
1300 psig: stating reasons, duration and effects of such increase of surfave injectior.
pressure on the progress, perfurmance and efficacy of the pressure mar enance
program and overall oil recovery. The Board may prescribe from time v time a
maximum pressufe, Or 2 maximum or 2 minvmum rate, at which water -aall be
injected to any well in the Unit.

At least once every second year, commencing in 1978, unless otherwiy: directed
by the Board, the Unit Operator shall carry out a subsurface pressure survey pro-
gram to determine the reservoir pressure in the producing wells in the IUnil. The
Unit Operator shall submit the details of such program to the Petroleur: Branch
including the wells to be surveyed, the measurement technique to be us2d and
the intended shut-in pedods for gach well, and approval must be oblained from
the Branch before the program is carricd out, After having the program approved
and carried out a report must be submitted to the Branch including:

(1) The pressure data obtained from she program;

(2) An isobaric map of the reservoir or Unit based on the data obtained;

(3) A discussion of the survey results and pressure distribution in the reservoir.

In the event the surface pressure of injected water in any of the wells referred to
in Clause 1 hereof exceeds 1300 psig, the Unit Operator shall carry out the sub-
surface pressure survey program at least annually, unless otherwise directed by
the Board, commencing the year following the date such pressure was reached.

The Unit Operator shall, not later than the twenty-fitth day of each month, file
with the Petroleum Branch a report of the quantity, source and pressure of water
injected during the preceding month to each well referred to in Clause 1 hereof.

(1) Unless otherwise authorized in writing by the Board, the Unit Operator shall.
within six weeks of the expiration: of each yearly period commencing on the
first day of January, 1978 file with the Bourd a report of the progress, per- '
formance, and efficacy of the pressure maintenance program during the
period;

{2) Subject to any direction in writng of the Board to the contrary. & report
required by this clause may, at the discretion of the Unit Operator, bein
two parts.

The tirst of which parts shall set out graphically and from the commencemen:

of the operation of the pressur? msintenance program: .

{a) the daily average rate during each month of oil production of each ’
producing well; .

(b) the average water-oil ratio during each month of each producing well;

{c) the monthly cumulative oil and water production from each producing
well;

{d) the daily average rate during each month of water injection to each
injection weil;

(e} the daily average water injection pressure during each month at each
injection well:

(f) the monthly cumulative volume of water injected to each injection well:

{g) the average injectivity index during each month, for each water injection
well, which index, at the discretion of the Unit Operator, may be
determined as
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(3)

3.

{i}) the daily injection rate divided by the average injection well-
head pressure, or
(ii) any similar index that the Board, on the application of the
Unit Operator, may approve; and
(h) the date and type of any well treatment or workover which shall be
indicated on the graph.

The second of which parts shall contain:

{a) calculations of the balance during each month between water injected
to, and fluids withdrawn from the Unitized Strata;

{b) such other interpretative information as the Unit Operator sonsiders
necessary to evaluate adequately the progress, performance, and efficacy
of the pressure maintenance program;

(¢) an outline of the method actually in use for the quality control, and
treatment of the water, or, where there has been no change in the
control or treatment from that cutlined in a previous report, a statement
to that effect; and

(d) a detailed economic summary of the Unit for the year. This summary
shall cutline the total revenue from crude oil sales, show a breakdown
of the operating costs according to general category, indicate the
average production cost per batrel of oil produced during the period and
the Unit net revenue before deducting royalties and taxes.

If a report required by this Clause is in the form provided for in subclause
{2), the Board, st any time, may make the first part of the report available
to the public, and, after one year from the end of the period for which the
report is made, may make the second part of the report available to the pub-
lic, and, if the report is not in the form provided for in subclause (2), the
Board may make the whole of the report available to the public at any time.

This Order shall be effective at the hour of eight o'clock in the forencon, official time,

on the first day of May, A.D., 1977,

0Oil and Natural Gas Order No. FM 31,

made and passed this 9th day of

March, A.D., 1977, at the City

of Winnipeg, in the Province of

Manitoba, by The Oil and Natural

Gas Conservation Board,
Approved:

“S. Green" “Jes. T. Cawley”

Sidney Green, Jas. T. Cawley, P. Eng.,
Minister of Mines, Resources and Chairman,

Environmental Management. The Oil and Natural Gas

Conservation Board.
*“J.S, Roper” “lan Haugh™

J.8. Roper, Dr. 1. Haugh,
Deputy Chairman, Member,
The Oil and Natural Gas The Oil and Natural Gas

Conservation Board. Conservation Board.

Printed by PN, Croabls ~ Quesn’t Prinier for the Provinos of Manltobs
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Manitoba Re

Being a Regulation Under Section 1_’92 o
Manner and Position for Affixing o}

In this regulation:
1. “Act” means The Highway Traffic Act.

2. Before affixing the validation sticker to
plate shall be thoroughly cleaned of dir

3. Except in the case of a traction engine,
lower right corner of the rear number |
the lower right comer of the front plat

4. Manitoba Regulation 42/74 repealed.

Printed by PN, Crosbis — Qv
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NOTES FOR DISCUSSION WITH CHEVRON - NOV. 3, 19562 - Cal Folden

A

I

IT

111

IV

v

DALY UNIT 3 - Infill Drilling

) Our primary concern which prompted our request that Chevron consider infill
injection in Daly Unit 3 was to ensure maximum recovery in those parts of the
unit where, injection had been relatively ineffective in obtaining production
response or where little or no injection had been attempted.

Where injection on an 80 acre pattern had been unsuccessful in Daly Unit 3
in a large portion of the Unit, injection on a 40 acre basis in Daly Unit 1
had met with some degree of success in most wells. This more consistently
positive result led to our request that 40 acre injection be considered in the

non-responding or non-injecting areas of Daly Unit 3.

) I don't think there is any question that the responding areas of both Units
will have roughly equivalent recoveries and I concur that the only benefit to

infill drilling or increasing injection would be one of acceleration.

) Along these lines, I would reiterate our concern that the recovery in the

non-responding parts of the Unit may not be being maximized and ask for your
or othe— & Fion

comments with regards to a pilot 40 acre 5 spotiin this area. (Say SWy - 14

or Section 13).

) Further, with respect to plans to increase injection into certain wells in
the better part of the Unit, would this increase be accomplished at the expense
of injection into the remaining wells?

If so, this would result in acceleration of the better parts of the Unit at
the expense of the boorer areas and could lead to premature abandonment as the
Lower productivity areas would no longer have the economic support of the

higher productivity areas.

) Other comments on report

1. What is basis that infill drilling and increasing injection
would accelerate recovery to the same degree. (Page 3)

2. Consideration of other possible patterns for 40 acre spacing
(i.e.: conversion of 2 wells from injection to production and

drilling of a central injector (backflooding). (Page 5)



B)

C)

D)

E)

F)
G)

3. Page 6 appears to be stating that per well injection rate in
Daly Unit 3 can be brought up to the level of Daly Unit 1 with no
increase in injection pressure. This appears to ignore the concept
of permeability.

Based on current injection parameters, it appears that an
increase in injection pressure of 200 psi would only marginally ;{WLﬂnj
increase injection rates.

4. Assuming an injection rate increase of 200 psi, what precautions
would be taken to ensure an increase in salt water spills would not
occur.

5. Appendix D. Relationship of voidage ratio to water loss to
aquifer appears to ignore the notion of reservoir fillup. Such
estimates would have to utilize cumulative numbers, pressures

and fluid properties (i.e.: material balance).
Status of development/outpost drilling plans in the Daly area. ;éoéﬁyr-anfuo-
Status of West Butler

I. Comments on reactivated wells. Plans to reactivate or abandon
additional inactive wells.
II. Specifically, suspension approvals have expired on:

13-13-10-28
6-3-11-26

11-32-9-28

11-29-9-28 —~ Prob react.

What are plans for the wells??

What is the status of Chevron's studies regarding enhanced recovery
potential of Chevron operated Manitoba reservoirs. What methods are or
should be considered?

What is planned for Chevron's Waskada well (10-7-1-25).

Any other areas of activity which Chevron is contemplating or any

other areas that you wish to discuss.



-

Loy
3]

ZECT nNov

|

.
N

e [t Y] 2

L ¢ 3 ~
:.) -3 ?‘-’

—— Lo o4 3 -
25

.

o
f
|

CHEVRON STANDARD

DALY AREA

TOTAL PERMEABILITY FEET
CONTOUR INTERVAL - 100 MO

] 7z
i N!LE

R
ACANLE OATE AUTO-TRNL KO
LTINCH = YGOOFT AUG.B. 1982 24X
— =i e T S e o
i
+
. ~
. . .
("
T I e L P e f ey 3o TLUT AT I S T o L OO ams e -

T L T S P A




e s s 1

—_——T

vy e

eertse., SRS

R OO L

oS $7E

L Frmormm



| ¢ ¢ 0|0 0|/0o| 0o 3
9 4| ¢ ##o A 4@ o ¢
\Ox : ‘ o ﬁ P .O ° Py a. AM
% s sl iy Sl e |
o 0% o/ 0 /0|e -
_, Qm O : ] O“, ) .ﬂ
& R i T F 1
o‘
\®\ wq.gﬁe*%i._q_x
ﬁ
o .. - §
- .lw\L . 00{..4- gl L~
Copos -droot - .CWAB& -
.Av.nv.d)hxu@.m W““LL w o |
he -0z 6
]



° _.,\M.,D_,O ® ¢ ¢ 0 0 0|6 00 e
IBDOREDOAGOT
IRARIRIKE]N ej o] o o [o9 {
™ § oy
IMEALIN KA AR A Lo

4 @@ 0 0# © o/ el e -
H‘i — 6
o VISl P TR
]
] ®
_M O“ M.Tnh o IAipl | g

{

YTe) :
APATe ooy 4“485 by WP
yoreo/-poo ost M| goooiko a@

. il E




P.IVi.

28

Rge.._ = ...

P

25

o

35

5

‘% (o |7 |0 | &|e| O

27T

e e
of - Thpjechod

e[ #[eleTe e]o [+

09 O R d . o
l-.i 3 m
" DA 5 i ]
% %oo,:s : M <
< = w
o gy | <N - % | e o

oo o #.0 AR ‘e |’ ,,O_"’o/o’j Nel 'o:.:

®
o
I




Inrecrion Tap

______ =+

T nbex : = . . - |

.0 _ , 3
_ |
_ B | .
e

000} .

T O ——
1981 1982




Month Thj W ells Tnjlwen [D. AVE whr TINT/ed [ [ PR
8-82 14500y 9 8782 7737 " 0-08135
7-82 16227 3 9 872 SK./6 79452 0.00780
6-82 179%-¢ 7 co ¥y 2674 ¢-00 840
5-82 /46360 ? 52.4% 722¢, 0.00726
7-82 /7328.7 7 ¢¥./8 7355 0-00873
3-82 255850 9 7/.59 7523 0.01217
2-82 2/ 677. 4 9 £3.¢4 7636 001095
/-8 22,9v89 g £1-90 2385 g. 01709

¥ @5t mated.



DALY OUNIT N O. 3

Qenth ZINT _Weus InT/ue /) _E INT fE/d [ kPa
93-82 /5Y3.0 /6 3.21 631y 0. 000 509
8-82 /8.0 /6 /247 750 0-001460

7 -82 &6 382 /o /772 86 7431 0.007730

6 82 68 /6 /3.08 743y 0.00 17956

5 -82 Cl/YY¥ /é /2-38 7928 O-00/667
¥-82 62y 5 /3-81 74YS 0 .00 /1855
3-82 G2/ /5 7.3 7SA 0.-00 1939

2 -82 5889 /6 /3.9 793y 0-001767

/-82 £93Yy /6 13.9% 7v37 o -00/880

/12 -8/ 6690 74 7349 7¥37 2.00/81%



ZNIT&cr70a) RRTES

”m

3 fac re/day

AR T - - /A IR AR S I S et iy
; | ! : : RN = |._- R T BES: -
A T | 1
' . j } ‘ : : C i
‘ ‘ i SESRNRRER] EEEES SRVIN FERSS ; b
| : s
! LR e [ A e L SR M R R Bt phee sps e SIS SR EERUEE SN I U S SRR E S N
‘ i
L i !
1 .
| .
. : : i
s St i |
| | 1= .
L d b : i
DS g :
3 | T ;
l ? N = U
| | !
- | i 1
T T -t
I ; |
‘ ‘ i
! i
|
- i
- |
i
i
|
I - - _
,
——— _ ]
) 1 -
; : P
AT R i
- e |
i i
—_—— — e - - N
e . _ Y N AR IRERE AR o
: N
) [ - I _ _ I
; | - : L
e SO _l: Lo ;
| : ]
! : I
i - . |
: — L
|
|

o N B

1481

-

y éf/nf a

/)zfz'/‘iad@aﬁ JUEEs e acoetsed 200, )
' } I

.L‘;l) a:;:- |

Hmrt=Arp

v

r. ¥

S bedast S5k




D’QLV OaIT AAL\/ oNITS

LoaTER TTryeei€d [ Aecre

/ons74 ZakT: Zur [4cReE Dby ZNT Zar /A
9-82 15930 03 0-09/ o
8 -82 24302.y 08 2.20 6186 15 o161 .19
7-82 /6227.3 Yo 1095 638z 118 p.Jbe .19
¢ -t 17979-6 4447 /e curt .76 o
-8 19 63%.0 /-31 do W 4 ko 1
g-f2 /7 328.7 /6o b Py n7 i
3-82 2875550 229 cpto -0 Wpy7s 0
2-82 2 6771 2.09 sS850 ﬁzo-/?a Y
1-&o 22 8v8% 2.05 6930 W de U
124 20 707.9 /-IG 0.0 e oy, _1,04
1 -8} A 1653 /% &5/ ‘vH&-JUV At
0 8 20 718.7 )8 6327 Ypsto




INTSCTrivrry /S A Flucriond o ﬂé‘.el-/e'ﬁ(g',@/;y

AP = -70.6 iig ::-:_,_7'
Yy <+ 7 t
12/ €hon  1ndex . o008 w3V AR el

To  alaw Ao samte sigyectioe Azé/m/@
v KBaly lniF 3.

56:7 2.0 m3/0/47 /m

owld peed /7/;9////{4/ oy edn 1y _A;{y I3

2.0 X /2% X 3o = 3 wwore

- 018 672,009
o/ At O

YN S
o~ S5O 11 P Sl /c/o; InOre

Inj eclon.  spdler Ly ﬁz/ nr¥ 3= oo
7 ’ 4 w LR Sfesell

A 1+l 1peckion presyun, - {3s, N3

_Z-/pﬂ‘%m-ef levlr@& /ncreccas ,200/94.2_,(/3774&@

o el AaZe v ll a2e. o MB/J
Joer Letd _otcee &% 25



Doy Uwir Mo 7 - NMo of Foterns <5
- No of acres / paffarr =40
- WMo oF acres cendar cooloriZoak.
= PrB = 3Ge

.ba—/(/ ni# X Mo &/ actve /4'5‘?/0_5 /f/édﬂm
< H')MMM

s JYFrO0-7Sr2= /S5

No of acres //M#-e/w = So
/4“‘!5 ((ﬂd/‘/—' w&&/%aa/
= BOALS. s~ /250 zc.



Coerren? (ol O F

& - - 2—-/5
sS-/3
& -3

@& 13

Arve el

LO0-5.© /2-r3

/41/2 (3)

_4,“.0 f /" /~3

7-/3
/-3

/373

Ave (4)

Vs .
Sz 5N IrPssre

300
2Ce
2P

2 5Ee - /\J:D/ﬁ,A

=2 e
F oo
2 dco

309
#—

FEEAN A7 ASco



Watl

S/

4-7
/-1
/3-/
/S

7-2
82

70-2
/3-2
/-2
/s2
Q-1
/0 -10
16-10
J- 1t

3-1
§-1
5=
71
-1
J1=1
i3~
I~
/=12
3-1n

FProd 1o 4 /f

/700.3
697.1
7533
yfoF8
S0/
£s88-3
097 &
35¢38.8
Lo0év41- 2
7888.2
32,20.0
235Y5.3
/e 35¢8
$7¢3.8
/%6319
F07.9
b1 o811
/1327 0
A 9557
&S
A20699-3
24792.7
11 6912
37 407 -0
29214-5
A907¢.
96 SHf

L3 et

Y46/ .o

vl 4
<
Y7923
77 752
/é Yo
o
1,96/
§8%¢
/478
O
20991
33420
$88
7779
o
17,673
7943
/23 y92
o
1774
3317
2v03
35216
38294
17043
38667

L
Abec. By,

LiGl.o
/159941

Js83
I VO . #
730,337

/02223
3/'/7-51
37597-¢
R9837. 2
Y6572
32/20.0
Y399¢->
49782.5"
A ATE:
2Yv0%
Fo7.9
12875y
2117
/50¥7.7
6SP8-F
344733
28109.7
AL
726237
L7513-5
%1z
138 2er-o



5=z
7-12
7-/17
#-1L
13-12-
/512
7Y A
1-13
a-13
3-13
5-13
(-1
T-3
/0-13
=13
1213
13-13
14>
15-13
3-4
y-H
£-
c-14
j2-4

Y. 5SSy .
2789Y-8
(0pP75.F
43933
11725.5
311912
+5 14099 .f
51639
AL8959
427i-0
1497977
315317
“1p8.9
39 1186
§54 3
28967.¢
f930-¢
26144.3
}3517.8
3ywo3 4
/122463
71657
7690-7
s8%0-2

/7Y 760

20782
Y261
87007
16732
95002
539

41372

flol3
H79¢%¢

/{90/
24924
327

£8!
91062

22/35

279 %5y

o/ p626.8
/513L.9
/305¥0./
399578
/27/90.2
/39495
5 1639
7v227.9
§271.0
258l0.7
fo775-7
“108.9
50 o096
851¢ -3
SE¥G 6
8930.¢
2e852¢.0
/41328
/285 s 3
7229% 3
7/6 &- 0

A9 225.0
L3902



Ol O

O - 10000

/0 ©O00-25000
i5000 - So00O
50000 - /10000

/0000 o l

e ths

/3

Wells Not affact 5/

7

y

599,

Yy

31 %

29 7

25%s



Che ™y
. Chevron Standard Limited

N

Box 100
Virden, Manitoba
ROM 2C0

1982=10=27
Dept. of Energy and Mines
Petroleum Branch
975 Century Street
Winnipeg, Manitoba
R3H OWh

Attention: Mr. L. R. Dubreuil
Chief Petroleum Fngineer

Re: Daly Unit No. 3

Gentlemen:

Tn response to your letter of 1982-05=-26, the potential for
increased recovery in Daly Unit No. 3 is being evaluated. The
attached preliminary report by R. D. Trimble, Calgary Reservoir
Engineering, summarizes the results of work done to date. The
two modifications to the existing scheme that were looked at are:

(1) infill drilling (smaller injection pattern)
(2) increased injection rates

The results of the study indicate that the two above cases
would have the same cumulative o0il recovery as the existing scheme
without any modifications. The only difference is that the pro-
duction would be accelerated with substantial investment in Case
(1) and relatively minor investment in Case (2). We are planning
on injection at higher rates (and pressures) in several patterns
to confirm the results of this study.




We are presently looking at increasing injection into 2-12,

6=12, 8=12, 10-12, 12=12, 14~12, and 4=13 by preferentially in- >$y}%
jeeting into these wells. We will formally apply to you when %&tﬂ:éfk
our plans are firmed up. 0 u;“\
Another significant conclusion from this report is that the ﬁ’pﬁ w@'

estimated ultimate recoveries in Daly Unit No. 1 and No. 3 are v {ﬁ

approximately the same. Wt i
We will keep you informed of our conclusions and plans for Kjéf'JV
Daly Unit No. 3 waterflood project. J%W“&}V‘
S

Yours truly, o ™

COF/cm

CM Fehos N ’?}* )

C.7G. Folden, P. Eng. h,,w);'ﬂ
Area Supervisor JY@:#NVIVJV
Virden Area N og‘?{w‘g
Po
# Ly
PO



CGHEVREON STANDARD LIMITED
ENGINEERTNG DIVISION -

DALY UNIT NO. 3
INFIIL DRILLING AND INCREASED INJECTION RATE

STUDY
SEPTEMBER, 1982
PREPARED BY:

R. D. TRIMBLE
CALGARY, ALBERTA
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INTRODUCTION

Daly Unit No. 3, operated by Chevron Standard Limited in Manitoba, is
presently producing oil from the Mississippilan Lodgepole Formation.
Waterflooding of the unit began in two phases in 1953 and 1955. The flood
pattern consists of 80-acre 5-spots within the central portion of the unit.
In 1981, applications to abandon six suspended water injection wells in the
unit due to low injectivity or casing damage were submitted by Chevron to
Manitoba's Department of Energy and Mines, Petroleum Branch. In a letter
dated 1981-08-26, the Petroleum Branch responded to the applications by
requesting "a review of the potential for increasing productivity and
recovery by reduction of the [flood] pattern area from 80 acres to 40 acres
in Daly Unit No. 3." The Petroleum Branch thus held the applications

pending the result of Chevron's review.

The Petroleum Branch's response was prompted by its cursory comparison of
present oil recoveries in baly Unit No. 3 and neighboring Daly Unit No. 1
(Non-Operated Joint Venture, also producing from Mississippian Lodgepole).
Present recovery of original oil-in-place appears to be significantly higher
in Daly Unit No. 1 where waterflooding was implemented on partial 40-acre
5-spots starting in 1971. Thus, the Petroleum Branch believed that
incremental oil recovery could possibly be achieved in Unit No. 3 by "an

infill injection scheme” which would reduce flood pattern size from 80 to 40

acres.

This report responds to the Petroleum Branch's request by providing:

l. A comparison of ultimate oil recoveries in Daly Unit No. 1 and Unit

No. 3 to determine if a smaller flood pattern yields incremental oil

recovery.

2. An economic evaluation for present worth profitability of both an infill

drilling project and an increased injection rate program in Daly Unit
Ne. 3.
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CONCLUSIONS AND RECOMMENDATIONS

1. Waterflooding on 40-acre 5-spot patterns in Daly Unit No. 1 will yield
no incremental oil recovery as compared to the 80-acre 5-spot waterflood
in Unit No. 3 (See Appendices B and C). On a percentage of original

oll-in-place (OOIP) basis, the estimated ultimate recoveries for the two
units are:

Ultimate Recovery

Daly Unit No. 1 - 32.0%Z of QOIP
Daly Unit No. 3 -  31.8Z of OOIP

Thus, Infill drilling to reduce flood pattern size in Unit No. 3 would

not Improve ultimate recovery.

2. Significant oil production rate acceleration has taken place in Unit No.
1. Thus, the stage of oil reservoir depletion is more advanced in Unit

No. 1 than Unit No. 3 (See Appendix C). A comparison of present

recoverlies reveals:

Present Recovery

Daly Unit No. 1 - 25.6% of OOIP
Daly Unit No. 3 - 12.5% of 00IP

Production history trends also reveal that Unit No. 1 will be depleted
sooner than Unit No. 3.

Year of Production Start Year of Abandonment

Daly Unit No. 1 - 1952 1996
Daly Unit No. 3 - 1951 2050
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Unit No. 1's rate acceleration as compared to Unit No. 3 may be due to

the following:

1) 40-acre 5-spot flood patterns in Unit No. 1 vs. 80O-acre 5-spot
patterns In Unit No. 3.
i1i) average water injection rate in Unit No. 1 is four times greater

than injection rate in Unit No. 3.

Implementation of smaller flood patterns and/or higher injection rates

in Unit No. 3 could thus cause significant rate acceleration.

3. Rate acceleration of oil production in Unit No. 3 could be economically

attractive for two reasons:

i) 1incremental improvement in Unit No. 3's present worth net profit.
11) accelerated depletion shortens reservoir life span, thus reducing
the possibility of required well redrilling or recompleting as well

casing deteriorates.

4. Three economic cases, outlined in detail in Appendix E, can be used to
determine the profitability of rate acceleration in Unit No. 3. The

cases are as follows:

i) Case 1 - No Rate Acceleration (No Capital Expenditure) (Base
Case). The reservoir depletes under prevailing
conditions by 2050.

1i) Case II - Rate Acceleration by Infill Drilling (Incremental }f@jlfﬂj
Case). The reservoir depletes under rate acceleration /ﬁ'g;gswy

by 2014 after implementation of smaller flood patterns. ,,,-ffn]
1ii) Case III - Rate Acceleration by Increased Injection Rate (Existing_{kfélni&(J
System)(Incremental Case). The reservoir depletes *fu“ ’}ﬁ

under rate acceleration by 2014 after injection rates :%t&ﬁ;aj;
are increased using present injection system. iﬁ;ﬁ”m4 E
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Increasing injection rates in 4 injectors in one 8Q~acre
5=spot would allow the opportunity to see whether oil rate
acceleration in the flood pattern's producer yielded sufe
ficient incremental present worth net profit over the
existing case of constant injection rates. (Case IT is not
economic on the present worth net profit basis,
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DISCUSSION

The crux of the problem of whether a smaller waterflood pattern (as in Daly
Unit No. 1) ylelds higher ultimate oil recovery than larger patterns (as in
Unit No. 3) rests in an extrapolation of current production trends. Simply
comparing present recoveries of original oll-in-place, as the Manitoba
Petroleum Branch seemed to do in its letter dated 1981-08-26, does not give
a sound basis on which to predict ultimate recoveries. Though Daly Unit No.
1's present recovery of original oil-in-place is significantly higher than
the present recovery of Unit No. 3, the discrepancy in recovery between the
two units merely represents an oil production rate acceleration in Unit No.
l. For a realistic prediction of ultimate oil recovery, an extrapolation of
both units' water-oil ratio data, as described in Appendix B, reveals nearly
identical ultimate recoveries for both units.

The implementation of increased injection rates and smaller flood patterns in
Unit No. 3 could cause similar oll rate acceleration as that experienced 1in. Unit
No. 1. However, increased injection rates using the present injection system
appear to be the economically sound approach to rate acceleration. As outlined
in Appendix E, the large capital expenditﬁres required to infill drill and
reduce pattern size in Unit No. 3 renders this option uneconomical from a
present worth of incremental profit standpoint. The necessity of large
expenditures is due to the manner in which the reduction of flood pattern size
would have to be carried out. By comparing maps of Unit No. 1 (Figure 5) and
Unit No. 3 (Figure 6), the difference in flood patterns between the two units
becomes apparent. Reduction of flood pattern size from 80 acres to 40 acres in
Unit No. 3 would involve drilling four producing wells in the corners of a
present producer's 40 acre spacing unit followed by conversion to injection of
the present producer. This operation is naturally more expensive than the
infill drilling of water injection wells at the corners of a producer's 40-acre
spacing unit as was done in Unit No. 1. Thus, "an infill in jection scheme,” as

suggested by Manitoba's Petroleum Branch, could not be implemented in Unit No.
3.

Finally, Appendix D deals with the possibility that Unit No. 1's rate
acceleration 1s more directly attributable to its higher injection rates, not
its smaller flood patterns. Thus, increasing Unit No. 3's injection rates using
the present injection system may be sound from both a reservoir engineering and
economic standpoint.




- -

Another important fact to note is that Unit No. 1 achieves its higher

injection rates with approximately the same average wellhead injection Q.Z,{;{l{im‘\
pressure as found in Unit No. 3. This fact may make large expenditures to , e
replace present flowlines in Unit No. 3 unnecessary since an increase in ﬁ(ﬂ,ﬂ V
injection rate would not require an increase in wellhead pressure. Thus, aﬂj"(“;”’ﬂ
the Case III economic analysis of increased injection rate using the prese EML,(JL bC
injection system could be more economically attractive due to lower flowlin ‘?7:{,‘ (,..5;:“(,;,?'*4

investment than 1s assumed in Appendix E. b fooud e~
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APPENDIX A

COMPARISON OF ORIGINAL OIL-IN-PLACE

For a meaningful comparison of original oil-in-place numbers in Unit No.
1 and No. 3, these numbers should be presented on a STB/acre—ft basis. The
following equation 1s used to estimate the original oil-in-place.

1
N = 7758é Soi
B
0
N - Original oil-in-place (STB)
¢ - Porosity (Fractional)

SOi Original 0il Saturation (Fractional)
By Shrinkage Factor (bbl/STB)

The values of the parameters d) ol and B, are averages for
Daly Field wells which were calculated from core and log data in the
"Secondary Recovery Report: Daly, Manitoba (September 1953)." All of the

parameter values are given below:

¢ =o0.07
5,4 = 0-605
B, = 1.08 bbl/STB

With the assumption that d) , Soi and B, are the same for both
units, the original oil-in-place {00IP) values, on a S§TB/acre-ft basis, will

also be the same.

Original 0il-In-Place — Daly Unit No. 1 and No. 3

_ (7758)(0. 107) (0. 605)
1.08

= 465 STB/acre — ft.

To estimate the OOIP for both units on a STB basis, the reservoir rock
volume in each unit must be determined. These volumes are found by

planimetering net pay isopachs.

Daly Unit No. 1 - Reservoir Rock Volume = 40 368 acre-ft.*
Daly Unit No. 3 - Reservoir Rock Volume = 106 695 acre—ft.*

Daly Unit No. 1 —~ N = (465 STB/acre-ft)( 40 368 acre-ft) = 18 771 000 STB

Daly Unit No. 3

N = (465 STB/acre—-ft)(106 695 acre-ft) = 49 613 000 STB

*Only the areas presently under waterflood were considered for the reservoir
rock volume determination.




APPENDIX B

ESTIMATION OF ULTIMATE OIL RECOVERY
AND RESERVOIR LIFE

INTRODUCTION

With 30 years of production history available for both units, enough
reservoir performance data exist to utilize two graphical techniques.
The first technique involves plotting log of water—oll ratio (WOR) vs.
cumulative oil production (Np) and can be used to estimate ultimate oil
recovery. The second technique, requiring a plot of log WOR vs. time
(t), can give an estimate of reservoir life. Both of these plots tend
to have linear trends which can be extrapolated out to an economically
terminal WOR (WOR.). At the WOR;, both ultimate recovery and

reservoir life can be estimated.

STRAIGHT LINE EQUATIONS

The analytical methods used with both of these plots are outlined

below:

1. Log WOR Vs. N,

A linear trend on a log WOR vs. Nb plot can be described by the
following straight line equation:

log WOR = m N, + b (1)
The slope of the straight line, m, is defined as:

4 10g WOR
o = —=log WOR (2)
N
4 P
The vertical axis intercept of the straight line, b, 1s

determined from the plot.

Once the equation is determined, the ultimate oil recovery
(Npt) at WOR, can be calculated by manipulation of
equation 1.

= log NQEE - b

Npt = (3)




2. Log WOR Vs. T

By the same reasoning used above, the straight line equation

for a log WOR vs. t plot is defined as:

log WOR =m t + b (4)
mgAX%mR s

The reservoir life (ty) can be expressed as:

WOR, _ '
t, = log . t b (6)

C. CALCULATIONS

The economically terminal WOR (WOR.) is assumed to be 30.

1. Daly Unit No. 1

From Figure 1, "Daly Unit No. 1: Log WOR Vg. Cumulative
Production,” and Figure 2, "Daly Unit No. 1: Production

"

Plot Summary,” the following calculations can be made.

Ultimate 0il Recovery (Figure 1)

i) Slope (m) of straight line trend (red line drawn on
plot) from equation 2.

m = 2,50 x 1070
11) Vertical axis intercept (b)
b = log (0.12) = -0.92

1i1) Ultimate oil recovery (Npt)’ from equation 3.

v -log "Rt - b 10g (30) + 0.92
pt b 2.50 x 1070

= 9.59 x 10° STM] = 6.03 x 10° sTB




Reservolr Life (Figure 2)

i) Slope (m) of straight line trend (red line drawn on plot),
from equation 5.

m = 4.56 x 1072
i1) Vertical axis intercept (b)
b = log (0.30) = -0.52
111) Reservolr life (ty), from equation 6.

. . log "t - b _ log (30) +0.52

— = 43.8 years
t m 4.56 x 1072

iv) The year in which the unit would cease to be economically

productive can be easily calculated.

Year of abandonment = Y, = 1952 + 43.8 = 1995.8.

Daly Unit No. 3

From Figure 3, "Daly Unit No. 3: Log WOR Vs. Cumulative Production
Summary,” and Figure 4," Daly Unit No. 3: Production Plot Summary,” the

same calculations can be made as with Daly Unit No. 1 above.

Ultimate 01l Recovery (Figure 3)

1) m = 8.57 x 1077
i1) b = log (0.20) = ~0.70

Ry

WO

111y N, = 108 - b . log (30) + 0.70 . 5 51 % 10% = 15.8 x 10% sTB
P -7

m 8.67 x 10

Reservolr Life (Figure 4)

1) m = 1.9 x 1072
ii) b = log (0.4) = -0.40

141) ¢, = 1o WORy - b _ log (30) + 0.40

t ) = 98.8 years
m 1.9 x 10

iv) Y, = 1951 +t, = 1951 + 98.8 = 2049.8

The above ultimate oll recovery and reservoir life numbers are

compared in Appendix C.




* APPENDIX C
OCMPARISON (F PRESENT AND ULTTMATE

Oil recoveries for the two unitg are best compared on a STB/acre—ft hasls. Recoveries

in those areas presently being waterflooded are of particular interest. Thus, the
cmulative cil production mmbers given below are sum totals of the cumilative nmbers for
those wells directly or diagomally offset by a water injection well.

A. PRESENT OIL RECOVERY

_StB*
1. | 2. 3.((1)2)  4.(3)+ 465 acre—ft
Present
Reservolr Recovery
Cum 0il Prod Rock Vol. (SmB/ % Recovery

to 6/82 (STB) (acre—ft) acre—ft) of QOIP

Daly Unit #1 4 803 792 40 368 119 25.6%

Daly Unit #3 6 156 850 106 695 58 12.5%

B. ULTIMATE OIL REQOVERY (Npt) AND YEAR OF ABANDONMENT (Ya)(CAICUI.A'IED IN APPENDIX B)

STB
1. 2. 3. 4.{1)+(3) 5.(4)+465 acre—ft.
Reservalr
Npt Rock Vol. Npt: % Recovery
(STB) Y, {acre—ft) (STB/acre—ft) of O0QIP
Daly Unit #1 6 030 000 1995.8 40 368 149 32.0%
Daly Unit #3 15 800 00O 2049.8 106 695 148 31.8%

*Original oil-in—place of 465 SIB/acre—ft. calculated in Appendix A.




APPENDIX D

Comparison of Water Injection

and Reservoir Voidage (1981)

Average
Wellhead Ratio-
Production Injection Total
(STB/day) Water Injection Pressure Voidage to
0i1 Water Total - (STB/day) (psig) Injection
Daly Unit No. 1 459 2 687 3 146 4 566 1 137 0.69
Daly Unit No. 3 484 561 1 045 1 247 1 080 0.84

By comparison of the above values, for approximately the same average wellhead

pressure, Daly Unit No. 1's water injection rate exceeds Unit No. 3's injection. ﬁUWV,
rate by a factor of 3.7. Unit No. 1's total fluid production rate also exceeds;{ﬁdgﬂ
Unit No. 3's production rate by a factor of 3. The ratio of total voidage to @@Ets
injection indicates that perhaps 31Z%Z of Unit No. 1’s injected water is lost to {aﬁ}!

the acquifer while 16% of Unit No. 3's injected water may meet the same fate.

Degpite the higher percentage loss of injection to the acquifer in Unit No. 1,
the above data indicate a definite correlation between injection rate and fluid
production rate. Given Unit No. 3's lower present oll recovery (12.5% of 0Q0IP)
and the assumption that reservoir parameters are identical in each unit, tripling
Unit No. 3's injection rate could reasonably be expected to result in an initial
tripling in oil production rate as response. Naturally, Uait No. 3's oil
production rate would then begin to decline more steeply than before the increase
in injection rate due to more raplid reservoir depletion. This assumption of an
initially direct correlation between injection rate and oil production rate 1s
incorporated into the Case II and Case III economic analyses which are described

in detail in Appendix E.
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APPENDIX E

ECONOMIC ANALYSES

INTRODUCTION

As Indicated in Appendix C, an equivalent ultimate oil recovery of
approximately 148 STB/acre—-ft is expected in both Daly Unit No. 1 and
No. 3. Due to this equivalent recovery, waterflooding on a 40-acre
5-spot pattern in Unit No. 1 will result in no incremental oil recovery,
on STB/acre-ft basis, as compared to the 80-acre 5-spot flood pattern of
Unit No. 3. Therefore, the assumption can be made that no incremental
0il recovery would result from conversion of Unit No. 3's 80~acre 5-spot

patterns to 40-acre 5-spot patterns.

However, since present oil recovery in Unit No. 1 is 119 STB/acre-ft
with an expected year of abandonment (Ya) of 1996 while Unit No. 3's
present recovery is 58 STB/acre—ft with Y, of 2050*%, gignificant
acceleration of oil production in Unit No. 1 has taken place. This
production acceleration is likely a function of elther the closer
spacing or higher injection rates in Unit No. 1 (See Appendix D).
Acceleration could also be expected in Unit No. 3 after converting to
smaller flood patterns and increasing injection rates due to similar
reservolir conditions in both units. Even without incremental oil
recovery, the capital expenditures involved in achieving production
acceleration in Unit No. 3 could be profitable from the standpoint of
present worth economics. Also, with many of Unit No. 3's producing
wells already 30 years old, earlier depletion of the reservoir by
acceleration reduces the future risk of well recompletion and redrilling

becoming necessary as well casing deterlorates.

*Recovery and Y, numbers from Appendix C.




To evaluate the profitabllity of implementing closer well spacing and
higher injection rates in Unit No. 3, three economic cases were
developed: Case I (Base Case) — No Rate Acceleratfon (No Capital
Expenditure); Case II (Incremental Case) — Rate Acceleration by Infill
Drilling; énd, Case IIT (Incremental Case) - Rate Acceleration by
Increased Injection Rate (Existing System). Each case is described
separately below.

CASE DESCRIPTIONS

Case I - No Rate Acceleration (No Capital Expenditure)

Base Case

Case I represents an economic analysis of Daly Unit No. 3 assuming
present operating conditions prevail until abandonment (no infill
drilling or increased injection rate). Thus, Case II and Case IIIL are
compared to Case I to determine if the first two cases offer incremental

present worth profitability.

Case I economics are based on the following assumptions:

s

e
i) 01d old prices as per Analytical Division "Forecast of Future ~

Inflated Value of Canadian Crude 01l in Canadian Dollars Per Unit
of Production" dated 1982-05-20. Adjusted for API correction.
1i) Operating costs, including well, flow-line, battery and injection

system operating cost and transportation cost, considered on a

$/producing well/day basis. Inflated as per Memorandum "Revisions -

te Evaluation Procedures,” by R. R. Dutka dated 1982-05-20.
ii1) Annual oll production rate:

- constant at present rate (18% 000 STB/year), 1983-1993.
declines at 1%/year, 1994 - 2032.
~ declines at 5%/year, 2033 - 2050.
- field abandoned 2050.

iv) Number of producing wells constant at 42.




Case 11 - Rate Acceleration by Infill Drilling

Incremental Casge

Case 11 represents an economic analysis of Daly Unit No. 3 after infill
drilling new producing wells and converting old producers to water

injectors to reduce 5-spot waterflood pattern size from 80 acres to 40
acres. Injection rates in present and newly converted water injectors

would be tripled to approach the rates employed in Unit No. 1.
Assumptions:

i) 0ld oil prices - same as Case I above
ii) Operating cost - same basis and inflation factors as Case I above.
Assumed to double 1 year after infill drilling program completed.
111) 48 infill producing wells drilled and completed - 1983. '
iv) 32 present producers converted to water injectors — 1983.
v) Annual oil production rate:
- present rate (189 000 STB/year), 1983
- 1increase to 216 000 STB/year, 1984
- 1increase to 648 000 STB/year, 1985
(waterflood response similar to Unit No. 1)
- declines at 5%/year, 1986-1999
- declines at 10%/year, 2000-2014
- field abandoned 2014

vi) Investment (1983): Facn o Vf/{krfii
Total Well Drilling $11 997 000 - %
Total Well Conversion $ 640 000 -— 5#203§ﬂ{?/4”¢{
Battery Expansion $ - 150 000
Water Plant Expansion $ 200 000
Additional Flowlines $ 950 400

Total Investment $13 937 400




Cage III - Rate Acceleration By Increased Injection Rate (Existing System)

Incremental Case

Case III represents an economic analysis of Daly Unit No. 3 after
approximately tripling the injection rate using the present water

injection wells. Thus, waterflooding would continue with 80-acre 5-spot

S

patterns. The{keymgssumpt;gihis that oil response in producing wells would
be identical to response in Case II (Infill Drilling). Production
acceleration is thus assumed to be directly correlated to increased

injection rates rather than closer well spacing.

Assumptions:
1) 014 oil prices - same as Case I.
1i) Operating cost - same as Case 1.*
11i) Annual oil production rate — same as Case II.
iv) Investment (1983):
Battery Expansion 5150 000
Water Plant Expansion $200 000
Replacement of Present Water Flowlines $317 000
Total Investment $667 000
v) Field abandoned 2014

*Incremental operating cost from increased injection rate relatively

insignificant.
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- Chevron Standard Limited
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Box 100 Virden,MB ROM 2CO

Dept. of Energy & Mines
Petroleum Branch

375 Century Street
Winnipeg, Manitoba

R3H OW4

Attention: Mr. L. R. Dubreuil
Chief Petroleum Engineer

Re: Daly Unit No. 3 = Infill Injection

Dear Bob:

Even though results of our study on the feasibility of infill
drilling in Daly Unit No. 3 have not been finalized we have some
definite plans for the six suspended wells which, with your con-
currance, will be carried out this year. Of the six wells origin-
ally proposed for abandonment, there appear to be two with almost
no hope of ever being utilized effectively as producers or inject=
ors. The two wells, 2 and 8 of 14=10-28, both with very poor perm—
eability, whose history is described in correspondence previously
sent to you are felt to be very high risk prospects for any type of
rework, and should therefore be abandoned. The well 10A=1w10-28,
adjacent to a proposed development well site 9-1-10-28, is submitted
for suspension. It may be of use once the drilling of 9~1-~10-=28 con-
firms a possible extension of the reservoir in a South-Easterly dir-
ection.

Of the remaining three wells, we propose to reactivate all of
them. The suspended injector 6-11 requires only tubing and a packer.
The other two 14 and 16-11, both with casing damage will have injec—
tion strings cemented to surface following injection tests to ensure
they will take water.




Since 10A=1-10=-28 has a known hole in the casing string, there
appears to be no need to confirm this at this point. If the decis~=
jon is made to reactivate this well later, a liner will be run in
order to comply with regulations., Attached please find applications
for the subject wells. In our opinion, the above proposed actions
will not detrimentally affect any future infill drilling or conver-
sion of existing suspended producers to water injection wells. If
approved the remedial work on 6-11, 14=11, and 16-11 will be carried
out this summer. You will of course be advised as soon as possible
of the conclusion of our study on Daly Unit No. 3 regarding the feas-
ibility of infill drilling. If you have any questions on any of the
above, do not hesitate to contact me.

;;52;%22y1 ’ 4a41;~_~»f“”f/

De Ae Ze en, P. Eng.
Area Supervisor
Virden Area

DAZ/ck






August 26, 1981

Chevron Standard Limited
Box 100

Virden, Manitoba

ROM 2C0

Attention: D. A. Zeeuwen,
Area Supervisor

Dear Dick:

Re: Application to Abandon

Lic. # 169 Chevron Daly WIW 10A-1-10-28
Lic. # 921 Chevron Daly Prov. WIW 6-11-10-28
Lic. # 945 Chevron Daly Prov. WIW 14-~11-10-28
Lic. # 946 Chevron Dely Prov. WIW 16-11-10-28
Lic. # 954 Chevron Daly WIW 2-14-10-28
Lic, # 666 Chevron Daly WIW 8-14-10-28

Your applications to absndon the subject suspended water injection
wells are acknowledged.

We fesl that, in all these wells, there are valid reasons (casing
damage, low injectivity, atc.) to consider abandonment, and also that
supporting data which you submitted deals with thase aspects of sach
wall in a complete manner. Howevar, in that abandonmant of this group
of wells essentially constitutes an abandonment of the waterflood
scheme in certain areas where it has been, at best, only marginally
successful, we feel that it is appropriate to consider alternatives
to abandonment z2t this time.

Probably the most obvious untried alternative to effect an increase

in recovery and productiviiy in the area is inf11]l drilling to reduce
pattern sixe from 80 acres to 40 acres. This approach has besn followed
vwith considerable success elsewhere in the Daly Field (Daly Unit No. 1).

‘I..z



A cursory analysis of waell data (particularly core data) indicates that
Teservoir quality in the Daly Unit No. 1 area is, on the whole, approx-
imatsly equivaleat to that in Daly Unit No. 3, (being of better quality
than Unit No. 3 areas which have not responded to waterflood and poorer
thaa Unit Mo. 3 areas which have respondsd). PFurther, it is noted

that the pre-waterflood characteristics (o1l rate and watercut) of the
majority of wells in both Units were similar. However, since injection
was lnitisted in Daly Unit No. 1, substantial waterflood response has
been cbserved in virtually every well which is directly or diagonally
offsat by & water injector. In Daly Unit No. 3, on the other hand,
response has been limited to the areas of higher reservoir quality

and even in such areas has not been ss marked as in Daly Unit No. 1.

Table | sumnmarizes a comparison of the two Units from a cumulative
recovery and current productivity viewpoint based on May 1981 data.
These figures illustrate that the Daly Uait No. 1 (40 acre pattern)
waterflood has achieved substantially greatar Tecovery and continues
to be wore productive than evem the best areas at Daly Unit MNo. 3.

Based on this preliminary analysis, we conclude that a review of the
potential for increasing productivity and recovery by reduction of the
pattern area from 80 acras to 40 acres in Daly Unit No. 3 18 warranted.
Such & pattern conversion if it appears feasible would probably be best
tested in a pilot pattern in an area which showed marginal response to
the original waterflood. Success of such a pattern could be followed
up by expansion into areas of progressively poorer reservoir quality.
Failure would negate the need for testing in the poorer areas. There-
fore, we request that you undertake such s Teviev and that you report
your preliminary findings to the Petroleum Branch by year end 1981.

In view of the foregoing and recognizing that the subject wells may
have utility in part of am infill injection scheme, we will hold your
applications pending the results of your review. In additiom, all
requirements to pressurs test or repair casiang in these wells will be
suspended pandiag completion of your study.

Yours sincerely,
Odginal Signed By

L R. DUBREUIL

L. R. Dubreuil
Chief Petroleum Engineer
LRD/1k

€.c. Dr. I. Haugh
Virden Office



TABLE 1

Daly Unit No. 1 and Daly Unit No. 3

(Comparison of Cunulative Production and Current Productivity*)

Cumulative Production Current Productivity (1981-05)
Area/Unit bbl/Acre bbl/Day/40 Acres
Daly Unit No, 3 3627 9.15
(area showing
waterflood response)
Daly Unit No. 3 1416 4,53
(area showing no
waterflood response)
Daly Unit No, 1 4368 16.55

* Wells considered restricted to those offset (diagonally or directly)
by a water injection well.
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WJ Chevron Standard Limited
.

Box 100
Virden, Manitoba
ROM 2CO

1981-08-14

Ry

. Yyt
R | .L!vi”t‘g."!-,

/e
Dept. of Energy & Mines g{
Mineral Resources Division
Petroleum Branch
989 Century Street
Winnipeg, Manitoba

R3H OW4

AUG 18 1981

Attention: Mr. H. C. Moster, Director Petroleum Branch

Dear Clare:

Fnclosed are applications to abandon a number of wells all of
which are located in the Daly field. Following the directive to
pressure test the casings on suspended water injection wells, a re-
view of suspended wells was undertaken to ascertain whether potent=-
ial rework possibilities existed so that these operations could be
carried out concurrent with pressure testing. 1In all cases it was
deemed no rework possibilities existed and consequently we propose
to abandon these wells this fall pending Chevron's internal and part-
ner approval. I thought because of the number of wells involved that
your required approval could be expedited, not to mention lessen your
department's workload, if we provided copies of our proposals with ap—
propriate back-up material. You will find all this material enclosed
with the application forms. Please do not hesitate to contact us for
further information.

)
®
o N :v/
\ AR D. A. Zeeuwen, P. FEng.
&
t&{\ V(P oY Area Supervisor

S
DAZ/clk BQ%IUQ‘I\\
v

Yours truly,




Virden, Manitoba
1981~06=-30

Recommendations for Abandonment
Of Suspended Water Injection Wells
Daly Unit #3

Mr. D. A. Zeeuwen:

Proposals for abandonment of the suspended water injection wells
8~1l, 2-14, 16-11, 6-~11, 14=11, and 10A-1 of Daly Unit #3 are attached.

The study of these wells was initiated largely in response to a
Government Directive (December 19, 1980) requiring Chevron to pressure
test all suspended water injection wells, and thence commence any nec=
essary remedial work by December 31, 1981. As a result of this Direc-
tive, Chevron is forced to evaluate the economic and technical usefull-
ness of each well.

Briefly, the conclusions are as follows:

8=14~-10«28 Abandon

This well injects primarily into a non-producing zone via a hyd-
raulically induced fracture system. A rework would require the fish
ing of junk in the hole, and possibly a cement squeeze above the cas—
ing shoe. If the fracture system was successfully closed off, inject=
jon would become very difficult as the formation is very tight.

2=14=-10-28 Abandon

This well injects at 1.5 bwpd without any apparent skin damage.
Currently, the well has a hole in the casing requiring repair if the
well is to remain suspended or go on injection again. The original
frac job opened up a highly permeable zone just above the shaly zone.
Later, a cement squeeze was performed to block the fractures, but left
the well injecting into a very tight formation.




16=11=10-28 Abandon

This well is ineffective as an injector, possibly because most
of the water injected enters the fraced zone above the producing in-
terval. A rework would require the fishing of packer junk, a repair
of the casing leak at about 1675' KB, and possibly a cement squeeze
above the First Crinoidal (producing) zone. A rework on this well can=
not be justified by its highly questionable and minor production res-—
ponse on 15-11,

H=11=10-28 Abandon

Although there is nothing wrong with the mechanical condition of
this well requiring repair, the Petroleum Branch Directive does re-
quire that its casing be pressure tested. The geology of this well
and its surrounding producers indicates that a significant production
increase of up to 8 bopd might be achieved if only the injectivity
into the producing zone could be increased. Unfortunately, the well
was sandfraced down into the Shaly Zone and consequently cement squeezew
ed. Furthermore, a 500 gal acid job failed to significantly decrease
the wells skin factor, as evidenced by two falloff tests. 1In view of
the failure of the last acid job and the unlikelyhood of a successful
refracture, a rework on this well appears to be economically sub-mar-—
ginal to marginal, depending on how much risk is associated with such
a project.

14=11=10~28 Abandon

This well has a hole in the casing at 1250'. Little if any res-
ponse has been indicated on offset producers. It was injecting at 20
bwpd when suspended in 1971, with all alternatives to increase inject=-
ivity being exhausted.

104A-1~10-28 Abandon

This injector is ineffective because of its low permeability and
porosity (hence, low injectivity)and because it offsets only one cur=
rent producer. Furthermore, a pressure test on the well indicates
that a communication exists between water injected and the surface cas-
ing. As no production response in offsetting producers has heen in-
dicated, a rework to shut off the leak cannot be justified.
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