Manitoba %

Energy and Mines Petroieum 555 - 330 Graham Avenue
Winnipeg, Manitoba, CANADA
R3C 4E3

(204) 945-6577
FAX: (204) 945-0586

January 11, 1991

Mr. C. G. Folden, P. Eng.
Manager Reservoir Engineering
Chevron Canada Resources

500 -~ 5th Avenue S.VW.
Calgary, Alberta

T2P QL7

Dear Sir:

Re: Over-Production
Chevron Virden 3-17-9-25 (WPM)

As of January 1, 1991 the subject well had accumulated over—production of
297.4 m3 since the expiry of Board Order No. 794, August 31, 1990.

Subsection 51(5) of the Petroleum Drilling and Production Regulation requires
the accumulated over-production be deducted from the succeeding month's
maximum permissible monthly production rate ("monthly MPR"). Therefore for
the month of January, 1991, the effective date of the MPR increase, the
revised monthly MPR for the subject well is 302.6 m3.

If you have any questions please contact the undersigned at (204) 945-6574.

Yours truly,

John N. Fox, P. Eng.
Chief Petroleum Engineer

JHNF:cvs

cc: Lyle Martinson
Chevron, Virden



Manitoba %

The Oil and Natural Gas Room 309
Conservation Board Legislative Building
Winnipeg, Manitoba, CANANA
R3C 0va o
(ILX/ Lup(_.,bpat'%
W }é I,{JM
)
January 10, 1994 ~nf 2 o A

Mr. C.G. Folden, P. Eng.
Manager, Reservoir Engineering
Chevron Canada Resources

500 - 5th Avenue S§S.W.

Calgary, Alberta

T2P OL7

Dear Sir:
RE: Application for an Increase in

Maximum Permissible Production Rate
Chevron Virden 3-17-9-25 (WPM)

Your application for an increase in the maximum permissible production
rate for the well, Chevron Virden 3-17-9-25 (WPM), is hereby approved.
Effective January 1, 1991, the maximum permissible daily and monthly
production rates for the well, Chevron Virden 3-17-9-25 (WPM), are
increased to 22 m3 and 600 m3 of clean o0il, respectively.

The Petroleum Branch will advise Chevron of any over-production
accumulated after the expiry of Board Order No. 79A, August 31, 1990 and
before January 1, 1991, Over-production, unless it exceeds the maximum
permissible monthly production rate of 600 m3, is to be deducted from
the succeeding month's maximum permissible monthly production rate. If
the over-production exceeds 600 m3, the well is to be shut-in in
accordance with subsection 51(6) of the Petroleum Drilling and Production
Regulation,

The Board believes an interim maximum permissible production rate
increase is a viable way of gathering the production and reservoir data
needed to make the correct decision on permanent maximum permissible
production rate changes. The additional production and pressure data
collected during the six month approval period has assisted in the
evaluation of thls application. However, the Board is disappointed in
Chevron's 1inability to produce the wells at the increased maximum
permissible production rate approved under Board Order No. 79A. The
Board believes an additional investment in artificial 1lift and production
facilities would have allowed the gathering of more detailed performance
data for development of an optimum reservoir depletion strategy.

Yours, respacsfyal¥y,
Ei.(:li%ﬁﬂﬂbﬂf)ﬁffEIl

H. Clare Moster
Deputy Chairman

bee: Ian Haugh
cc: Petroleum Branch Wm. McDonald



November 27, 1990

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

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

RE: Application for an Increase in Maximum Permissible
Production Rate — Chevron Virden 3-17-9-25 (WPM)

Chevron Canada Resources has made application for an increase in maximum
permissible production rate (MPR) to 22 m3/d and 600 m3/month for the
subject well.

RECOMMENDATION

It is recommended that notice of the application be sent directly to the
offsetting lesscors and lessees. A copy of the proposed notice is attached,

If no objections are received, it is recommended that the Board approve by
letter, a daily MPR of 22 m3 and a monthly MPR of 600 m3 for the well,
Chevron Virden 3-17-9-25 (WPM). A copy of the proposed Board letter of
approval is attached.

DISCUSSION

Board Order No, 79A (February 16, 1990) approved a temporary six month
increase in MPR for seven wells located in the SW/4 of Section 17-9-25
(WPM) and the §/2 and NE/4 of Section 18-9-25 (WPM) ("the area of
application” - Figure 1) to 20 m3/4 /well with a total monthly MPR for
the seven wells of 3000 m3. The purpose of the interim six month
approval from March through August, 1990 was to allow Chevron an
opportunity to collect the production and reservoir information needed to
evaluate the effect of Increased production rates on reservoir performance.

WELL PERFORMANCE

The well performance during the =ix month approval, except for the 3-17
well, 1s characterized by decreasing o¢il production and increasing WOR.
Table 1 shows the individual well production before and after the approval
period. Figure 2 is a plot of total dally oil production and WOR for the
seven wells in the area of application. The plot shows a constant increase
in WOR with no correlation to daily oil production. With the exception cof
the 5-17 well, there is no indication of sensitivity of WOR to production
rate.



The 5-17 well during testing in July, 1990 showed some WOR rate
sensitivity.

0il1 Production Water Cut
Date (m3/4d) (%)
July 16 8.1 47
July 19 5.9 38
July 21 9.9 52

However, during the remainder of the approval period, the 5-17 well
exhibited similar behavior to the other wells - decreasing oil production
and increasing WOR (Figure 3).

The following observations during the approval period support the
conclusion that there is strong aquifer pressure support in the area of
application.

(1) The linear trend of increasing WOR with cumulative production
(Figure 4).

(2) Reservoir pressure surveys at 3-18 and 7-18 in April, 1990 indicated
reservoir pressures of 6645 kPa and 6698 kPa, respectively, almost
unchanged from the initial reservoir pressure of 6700 kPa.

(3) In general, there was little change in casing pressure and fluid
levels at the wells during the approval period indicating, even at
increased production rates, there was little change in bottomhole
flowing pressure.

As a result of the increasing WOR combined with the limited fluid
handling and water disposal capacity at the 10-8-9-25 battery, Chevron
was unable to consistently produce the wells at a MPR of 20 m3/d.
Chevron is reluctant to make the large capital investment necessary to
install artificial 1ift and upgrade the battery and therefore has not
applied for continuation of Board Order No. 79A.

Despite Chevron's inability to produce the wells at 20 m3/d, production
and pressure data collected during the approval period confirm the
following:

(1) 1increased production rates have not had an adverse effect on WOR and
therefore ultimate recovery does not appear to be rate sensitive, and

(2) strong aquifer support has resulted in negligible pressure drawdown
at the wells, even at increased production rates, reducing concerns
of inequitable drainage.

MPR INCREASE -~ CHEVRON VIRDEN 3-17-9-25 (WPM)

Chevron has applied for an increase in daily MPR for the 3-17-9-25 well
from 11 m3/d and 290 m3/month to 22 m3/d and 600 m3/month.



It is evident from Table 1 that the producing characteristics of the 3-17
well are significantly different from the other wells in the area of
application. The 3-17 well produces from the Upper Virden Member (UV) of
the Lodgepole Formation (Figure 5). The other wells in the area of
application produce from the Upper Whitewater Member (UW) of the
Lodgepole Formation. The 3-17 well has produced consistently above 15
m3/d since April, 1990 with an average WOR of 0.08 m3/m3 (Figure
6). The IPR curve for the 3-17 well (Figure 7) shows the well is capable
of producing 22 m3/d with minimal pressure drawdown. The well also
receives good aquifer pressure support as sghown by the casing pressure
and total production versus time plot in Figure 8.

The 3-17-9-25 well is located on a structural high (Figure 9). Logs,
well completions and production histories for the wells in Sections 8, 17
and 18-9-25 (WPM) were reviewed to estimate an oil/water contact for the
UV of -213.6 m subsea. Based on the structure map, the only locations
offsetting 3-17 with UV potential are the SW/4 of Section 17 and Lsd's 14
and 15 in Section 8. It is recommended that notice of the application
need only be sent directly to the offsetting lessors and lessees shown in
Figure 10. A copy of the proposed notice is attached.

The two primary concerns with approval of an increase in MPR are the
effect of 1ncreased production on wultimate recovery and on the
correlative rights of offsetting lessors and lessees. The performance of
3-17 and the other wells during the approval period indicate increased
production rates do not appear to have an adverse effect on ultimate
recovery.

Two factors combine to significantly reduce the probability of
inequitable drainage,

(1) the structural position of the 3-17 well on a localized structural
high with limited areal extent (Figure 9), and

(2) the proximity of the underlying aquifer and the strong aquifer
pressure support.

If no objections are received from the lessors and lessees offsetting the
3-17-9-25 well, it is recommended that the application be approved. The
proposed Board letter of approval granting a daily MPR of 22 m3 and
monthly MPR of 600 m3 for the 3-17-9-25 well is attached.

v
ORIGINAL GIGNED BY

JOHN N.
John N. Fox
Att'd. Do e
‘b ﬁ*. l,”‘)qu;g-‘;'. s

Approved by:

L.R. Dubreuil, Director
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Manitoba 3

The Qil and Natural Gas Room 309

Conservation Board Legistative Building
winnipeg, Manitoba, CANADA
R3C 0ov8

{204) 945-3130
DOUBLE REGISTERED -

November 28, 1990

Pan Canadian Petroleum Ltd.
P.0. Box 2850

Calgary, Alberta

T2P 285

Attentjon: Land Department

Dear Sir:

RE: Application for an Increase in
Maximum Permissible Production Rate
Chevron Virden 3-17-9-2 WPM

This letter is to notify you that Chevron Canada Resources has made
application to The Qil and Natural Gas Conservation Board ("the Board") for
an Increase in the maximum permissible production rate for the well,
Chevron Virden 3-17-9-25 {WPM).

The 3-17-9-25 well is in the Virden Lodgepole C Pool and has a prescribed
maximum permissible production rate of 11.0 m3 of clean oil per day and
290 m3 of clean oil per month, Chevron has applied for an increase in
the maximum permissible production rate to 22 m3 of clean oil per day and
600 m3 of clean oil per month.

This application 1is subsequent to Board Order No. 79A which provided a
temporary increase in maximum permissible production rate for wells in the
SW/4 of Section 17-9-25 (WPM) and the S/2 and NE/4 of Section 18-9-25
(WPM). Board Order No. 79A was in effect from March 1, 1990 to August 31,
1990.

If no intervention in writing is received by the Board at Room 309,
Legislative Building, Winnipeg, Manitoba, R3C OV8 on or before December 14,
1990, the Board may approve the application.

Additional information In respect of the application may be obtained from
Mr. Kelly Edwards, Chevron Canada Resources, 500 - Fifth Avenue S5.W.,
Calgary, Alberta, T2P OL7 [phone (403) 234-5388].

Yours respectfully,

A

H. Clare Moster
Deputy Chairman



Manitoba =

The Gil and Natural Gas Room 309

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

(204) 945-3130
DOUBLE REGISTERED

November 28, 1990

Encor Energy Corporation Inc.
9th fleoor, 300-5th Avenue S5.W.
Calgary, Alberta

T2P 4G8

Attention: TLand Department
Dear Sir:
RE: Application for an Increase in

Maximum Permissible Production Rate
Chevron Virden 3--17-9-25 (WPM)

This letter is to notify you that Chevron Canada Resources has made
application to The 0il and Natural Gas Conservation Board ("the Board") for
an increase in the maximum permissible production rate for the well,
Chevron Virden 3-17-9-25 (WPM).

The 3-17-9-25 well is in the Virden Lodgepole C Pool and has a prescribed
maximum permissible production rate of 11.0 m3 of clean oil per day and
290 m3 of clean oil per month. Chevron has applied for an increase in
the maximum permissible production rate to 22 m3 of clean oil per day and
600 m3 of clean oil per month.

This application is subsequent to Board Order No. 79A which provided a
temporary increase in maximum permissible production rate for wells in the
SW/4 of Section 17-9-25 (WPM) and the §/2 and NE/4 of Section 18-9-25
(WPM). Board Order No. 79A was in effect from March 1, 1990 to August 31,
1990.

If no intervention in writing is received by the Board at Room 309,
Legislative Building, Winnipeg, Manitoba, R3C OV8 on or before December 14,
1990, the Board may approve the application.

Additional information in respect of the application may be obtained from
Mr. Kelly Edwards, Chevron Canada Resources, 500 - Fifth Avenue S.W.,
Calgary, Alberta, T2P OL7 [phone (403) 234-5388].

Yours respectfully,

T~

H. Clare Moster
Deputy Chairman



Manitoba %

The Qil and Natural Gas Room 309

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

{204} 945-3130
DOUBLE REGISTERED .

November 28, 1990

Amoco Canada Resources Ltd.
P.0. Box 200

Calgary, Alberta

T2P 2HS

ttention: Land Department
Dear Sir:
RE: Application for an Increase in

Maximum Permissible Production Rate
Chevron Virden 3-17-9-25 (WPM)

This 1letter is to mnotlfy you that Chevron Canada Resources has made
application to The 0il and Natural Gas Conservation Board ('the Board") for
an increase In the maximum permissible production rate for the well,
Chevron Virden 3-17-9-25 (WPM).

The 3-17-9-25 well is in the Virden Lodgepole C Pool and has a prescribed
maximum permissible production rate of 11.0 m3 of clean oil per day and
290 m3 of clean oil per month. Chevron has applied for an increase in
the maximum permissible production rate to 22 m3 of clean oil per day and
600 m3 of clean oil per month.

This application 18 subsequent to Beard Order No. 794 which provided a
temporary increase in maximum permissible production rate for wells in the
SW/4 of Section 17-9-25 (WPM) and the S/2 and NE/4 of Section 18-9-25
(WPM). Board Order No. 79A was in effect from March 1, 1990 to August 31,
1990.

If no intervention in writing is received by the Board at Room 309,
Legislative Building, Winnipeg, Manitoba, R3C OV8 on or before December 14,
1990, the Board may approve the application.

Additional information in respect of the application may be obtained from
Mr. Kelly Edwards, Chevron Canada Resources, 500 - Fifth Avenue 5.W.,
Calgary, Alberta, T2P OL7 [phone (403) 234-5388].

Yours respectfully,

P

H. Clare Moster
Deputy Chairman



DRAFT

Mr. C.G. Folden, P. Eng.
Manager, Reservoir Engineering
Chevron Canada Resources

500 -~ 5th Avenue S.W.

Calgary, Alberta

T2P OL7

Dear Sir:
RE: Application for an Increase in

Maximum Permissible Production Rate
Chevron Virden 3-17-9-25 (WEM)

Your application for an increase in the maximum permissible production
rate for the well, Chevron Virden 3-17-9-25 (WPM), has been reviewed by
the Board. Notice of the application was sent to the offsetting lessors
and lessees and no cbjections were received.

The Board hereby approves a maximum permissible daily production rate of
22 m3 of clean oil and a maximum permissible monthly production rate of
600 m3 of clean oil for the well, Chevron Virden 3-17-9-25 (WPM). The
increase in maximum permissible production rate shall take effect
immediately.

The Petroleum Branch will advise Chevron of any over-production
accumulated after the expiry of Board Order No. 794, August 31, 1990 and
before the effective date of this approval. Over-production, unless it
exceeds the maximum permissible monthly production rate of 600 m3, is
to be deducted from the succeeding month's maximum permissible monthly
production rate. If the over-production exceeds 600 m3, the well 1s to
be shut-in in accordance with subsection 51(6) of the Petroleum Drilling
and Production Regulation.

Though facility limitations and capital expenditure considerations
restricted Chevron's ability to meet the increased maximum permissible
production rate approved under Board Order No. 79A, the Board believes
the production and pressure data collected during the six month approval
period has assisted in the evaluation of this application. The Board



still belleves an interim maximum permissible production rate increase is
a viable way of gathering the preduction and reservoir data needed to
make the correct decision on permanent maximum permissible production
rate changes.

Yours respectfully,

H. Clare Moster
Deputy Chairman



< B )
@; | ] L J - e ® ®
X . N 1
&
™ o _
-+ ® ° e T ,, 4
'
» YhL 'O w2A¥0 amubog -
[ ] ° - { M1 GRS ST AN 4
i
- . = m : ;
« o+ | . A ¢
3 > @ < &
e . e . )
_ & _
< ; < ® e ° >
° * ® ®
" |
'y
™ ® _ ™ . ®
hd ¢ . UON Lian
— 390y
}
® [ ] .%. .’ ® — . ® [ ] .’
° . ° 'Y o _ 4

Nor r(djwam I0 w33y

-~

{ P3N




005

0001

LB

O/EW — QINTd ATIVO

NIO| S Y PP

W ¥ | K. 4

r [l

Y

Y TN

i

e e -

I
i
{
i

S72-%-81-b "ST-L-B1-Q ST-L-g1-L «mﬂ.w-mTM

(S S ——— .
SRR PR VRN NS P
(RN SR SN NS SENEDNIY S DUV S
e b S e —

DU SR SO G SR

S

S2-b-Ci-8§ 'S 2-b-Li-4r ST-b-C1-C

L ony 29.#J300Nﬂw

"TY
I

|
|
ol

v e

) |
0

i
80

I W T SO P 1

—d
8

. |

oF

f IR 5 T DU R S SOV FRVEEY SIS

i

L
0s

| |

00t

S°0

0%



T 33NHiL

Mﬂuﬂl{) ‘

—v 2 XMy W

VoM

HWNI A
9 2
- ~1 ) o F'S ] ﬂ ﬂ o
o ) A A (
*
v
L Y *— 3
. < oo (O
-~
3 1 t .
Y 1 I
0°00T
L1} LI SN
| R 1v0°00TME2B00LTR0 ~ F11F

0C w0 9%

| o) ST-G-LInG Newsnacyy



PlauRe &

WOk, NS CunLuATiur PROT LT (5 nd

! :
- :

|

JRS T S S SRR

o :":::/WITHQQT . o

/T

sy e . s s b

6

' TS U B S V) | 2% B
. ! rd .
’3:\ N 4 :'3“7

46 4650

\) 4 T

woR | y

(ms/m3> : | - . J
| i ; ,.’ 1 :
1 / e
R ! j B PR :
{ : t
| | B | !
| ! / ! 1 !
| !

SEMI-LOGARITHMIC
BEUFFEL o EXbhiR UG VAl

ORDER | NO- |79 A

[ S S T [ | ! |

3000 5;;0 Fooo [ K- Y39 15000 Bove 200
CUMULATIVE o1l PRODUCTION (wn3)




-« oy —

N JA I\ 1 4
4
'} . # ..-... _ 1 ) ...\
AL ML NBREE :
M . O L ——n | I ‘-. k" \ l-o.b‘:'- .-.-.-r\u.- _H- ..-... ..o \ b 5 . .-...- ) .:.._..t \bvn\ . - 1. J Ll A ) 1.
1 f .J. \1/\...\m \ P 1 - -
TR I TES A Gl i ./ ,\ } / A |
f “ TR S _ 1 T I e ML _;4 ~ 1 1AA 1AL
QTR e, ARRUANEN R [RRE adlh
Nt .Ln TJ_-*JA _”_ <~_-_L ..... R T -|_... i L 11 Mt S0 Bl B o 1 )\L_ ot =t = =51
TR ANE RS INHD ! b ik A \ |
My SRR URHR IRRRE AREDHENNHEYE - Tl
L Lid L]y _ ! T LU AR L /] T
T _ i) 11 | ! nHr_ _ | i 7 1 _ :
[ Y S N N 4L - L o 0L N ) A - _ H- ] T -
oy _ i I a
| L L O 1 B O A 0 ] - ] 1EL
| v 1! H ) \.:: My \
BN { 2t LR LT i s )
( SAA RN AL S YA W) AV \A g
- -f-%4 - x 4 - 41 B S er\/\.r\) y... \ i.4 . d .- # ‘ “““ St ER N N X N \\ — { 1 \ ./
*_\ i VI ,, Y M T TV f% ., ANEPA s VLAY NE
| I A" -
| \Y | P U_ _ ,. “ M ™M ((.(\u A O I Y : Y4
N | 80 TTME RERAui
ne IR I O - O A O I O O O = - -
J A_
e EERRRR: LI S
. R 4 o d
P ¥ L] |
= o = in M < 109 o
Y] . L] 3 K4
210 S F o 5 8 2rledl (3 S
wn g 9 <3 FEEY ¥
__.m‘ " 1 =3 N " 3 N 4 w 3 > WW
G.‘ B ) N l ] “1:_
' A.
-~ - - s HmaE " e i
[ ) ] L i BEL: AL L]
=REN
! ] e 4 i e _
) [ ] A
Al [/ |
] | i g iy i ._ )
U;h.\np oy - iiell G N Oy OO P23 A 0 ._lv-\ld_ﬂ e - .l\ = B e W = d=f o3 - s pmnt 1 iy gl Jh [ P DS T N
N ! &/ TTTITId11 33110 1\
IVl /r w/_>\<\/ 1 1T/ \, AR HEEE \ - TTTTH
N ] |
\ . A ,.\r/\.n/.\.r-ll\/\.\l\‘ N T./I.\...l\\/\ru?/\)\\):K /.\:ﬁll ﬁ - I - JT_ .




nw el Lal2lB|

RS=E el
QO Awdy ‘
GWIL
2
Lo ~ o a -~ w [ B - [
—Y
( 3
0 o - 0'oF m,ul
Y o
lo R 0° 007
PSS £ S~ SN O 0f -5 -7 “ mrfun LYC" OOFMUABOCLIED = TS

Afnﬂ?g ST-b-Li-€ ™~NolLOINAoN]




4¢€ 0410

- -
T’Q‘I;‘__‘T'\Jkt, L.

W b

Sl Aoy

Nl

P HE
PLl X ESDER e

!
:

£ OIOCY~ e e

‘t)
PR
h;,“

BhuRE

-

B Provenc.

TPR Cuv
Z2-1-9-

PR

RE
25

— 22 n3pp

whaL

N Lo

MRODuwe

el

fer e




QL aynbid

A?niu T uonaony
QYNIY “wlo)

{ vd%) 2BhstIng
LI L)

00FMI2B00LFED UINTS VLOL

OOFMUZSB00LTED BEY 080

0667
ne NP AVH B v
N . . . or
f’ \/\
0%
— 2
)
\\\\\\\\11 E
or
~y

Uil CSh RINSSIAGE HNisyd




A

@

/

drwicton Awven /40 NEAYIA WIdan ~ ~ =~ «

[ )]

@

YR8 M0 mRa e Addan

d¥ L4 3N ionYic




2335931 /9oss3n

D

E-Lrl
11

ovouy

/orouy

YNNG & NOJAIHD)
/ ovouy

P

7.au>wxu\ NYIQE ~H D) NYd

&

fo] .

[T

&
.

SIS P S3essIN 136449
al a3dnnHy:

&

e T el e e




289" 3Hdd

3t 8
BFIS v onr

Chevrop
M~ Chevron Canada Resources

. 500 - £ 4% dysoyg 5 W, Lalgary Alogig 7o g7

Morg e, FUSREY Fhe W7

C M. Clemanty November 26. 1990
Minrager Fm:uﬂr-r:r-r‘_,

Revisions 1, Application for Special MPPR
for Chevtan Virden 03-17.09.25 Wpnf

Department of Encrgy and Mincs
Petroleum Branch

355 - 330 Geaham Avenue
Winnipey, Munitoha

R3C 4E3

Attention: Me, J. N Fox

Gentlemen:

AS per our telephone discussion
Pattnecship hy ity managing pariner, Chevenn Canada Roson
September 18, 1990 Application for Special MPPR 1ir
Instead of 2 maximym daily prodaction rate of 20 me
production rate of 22 m? ail, aad + DMAXMUM month
operational (exibility while ¢ he sarme tima
been at an MPPR of 20 m¥a,
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ey

by veldume 27 600 m ol
limiting manrkis

Should vou have ANY questions or require mo,
(403) 234.5388, v,
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his Revisian is Appreciated.

Yours very truly,
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ALLOWABLE EXEMPTION APPLICATION

UNIT __CHEvRow vieBew 3-1-9-25 (Lan) APPLICATION No. A0 S MPR

APPLICATION RECEIVED SeP \Y¥ /b0

MEMO TO BOARD

DEFICIENCY LETTER Hov 20 BEoutsTED CHEVEd APDLY Tum
Boti A DALY 4 NOSTHLY DOR INLRTASE

. PUBLICATION OF NOTICE

MANITOBA GAZETTE OFfsc T LESSoRs 4 LESSwes Di@uerey

212 of Sec. V1 ~-25f(oeny

NIz, eoF eee B-Ci-),,{;.(wpﬁ)

LAST DATE FOR OBJECTION 7 -

OBJECTIONS RECEIVED

MEMC TO BOARD W/ORDER

ORDER NO. SIGNED

APPROVED ORDER TO COMPANY

ORDER AND OTHER MATERIAL FILED

OTHER COMMENTS: _ :
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<hevron

~

Chevron Canada Resources

500 - Fifth Avenue S W, Calgary. Alberta T2P OL7
Phone {403) 234-5597 Fax (403) 734-5597

D M. Clementz 1990-09-18

Manager, Engineering

Routledge Lodgepole

Board Order No. 79A

MPPR Increase in

SW 1/4 17-9-25 WPM and

S 1/2 and NE 1/4 189-25 WPM

Department of Energy and Mines
Petroleum Branch

555 - 330 Graham Avenue
Winnipeg, Manitoba

R3C 4E3

Attention: Mr. L. R. Dubreuil
Director

Gentlemen:

Chevron Canada Resources, a Partnership by its managing partner Chevron Canada Resources
Limited, as operator of the wells in the subject area, requests that Board Order No. 79A to
test at an MPPR of 20 m%d not be extended. Results of the test are summarized below.
Chevron would, however, like to make application for a special MPPR of 20 m®*d for Well
Chevron Virden 3-17-9-25 WPM.

Test Results

The test results were, in general, disappointing due to the fact that Chevron was unable to
consistently produce these wells at an oil rate of 20 m*d. Two main factors contributed to the
limited rates:

1. Facility limitations which made it impossible to handle the increased fluid production.

2. Large capital expenditures required for most of the wells in order to produce at an MPPR
of 20 m*d. Artificial lift would have been required.

The only well to consistently achieve oil rates of 20 m%d for an extended period was
3-17-9-25 WPM. This well produced at 20 m®d over a period of two months, and well above
10 m%d for five months. The performance of 3-17 will be discussed fully in the Application
section below. Plots of monthly oil rates are shown in Appendix A for all wells. The well
location is shown in the upper left-hand corner as the file name.
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In general, the increase in log WOR for the wells followed a linear trend with cumulative
production, and was not rate sensitive. This can be noted on the plots of log WOR vs.
cumulative production in Appendix B. The only well to show a sensitivity of WOR to rate was
5-17-9-25 WPM. This was observed during July when the rate was varied over several days,
during which test results were:

Time Period Choke (mm) Qil Rate {m®d) WOR (%)
July 16&18 48 8.1 47
July 19 4.0 5.9 38
July 21 5.6 99 52

Reservoir pressure remained constant during the test. Plots of the average casing pressure
(kPa) measured each month and the total fluid rate (m%d) are shown in Appendix C. In
general, there was little change in the casing pressures and liquid levels reflecting little change
in FBHP, which in turn indicated little change in average reservoir pressure. The lack of
pressure drop over the duration of the test indicates good aquifer support in the test area.
Also, pressure surveys run on 3-18 and 7-18 during the test period showed reservoir pressures
(6645 and 6698 kPa respectively) almost unchanged from discovery pressures of approximately
6700 kPa.

In summary:

1. One well (3-17) consistently produced at 20 m*d oil without showing any detrimental effects
to oil recovery due to increased drawdown.

2. The remaining wells were not produced at 20 m®d because of capital cost and facility
considerations.

3. One well (5-17) had a WOR which was rate sensitive.
4. There is strong aquifer support to these wells.

We trust the results of this test will not deter the Petroleum Branch from considering further
applications of this sort in the future, where warranted.

Application for Special MPPR of 20 m®/d for Chevron Virden 3-17-9-25 WPM

Chevron Canada Resources hereby makes application under Subsection 51(3) to amend the
MPPR for Chevron Virden 3-17-9-25 WPM from 9.5 m%d oil to 20 m*d oil. In support of this
application Chevron offers the following:

1. This well was produced consistently at 20 m*/d during June and July, and 18 m®d during
August. Figure 1 shows the oil rate per producing day for each month the well has
produced.
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2. The WOR was not sensitive to rate. In fact, the WOR actually decreased during July and
August compared to June. A plot of log WOR vs. cumulative oil production clearly shows
that increased oil rates did not have an adverse effect on the WOR (Figure 2). Instead
of a linear increase, the plot shows a flattening behaviour.

3. This well benefits from strong aquifer support. The level of support is indicated by
Figure 3 where casing pressures and total fluid rates are plotted against time. The average
casing pressure increased slightly with time even though the total fluid rates also increased.
In a well with poor pressure support, the casing pressure would be expected to drop with
time and production.

4. This well produces from the Upper Virden (UV) member and, therefore, may have
production characteristics different from the rest of the wells in sections 17 and 18 which
produce from the Upper Whitewater (UW) member. Also, there are several streaks of low
vertical permeability throughout the UV pay which would act as barriers to coning. A copy
of the core analysis for 3-17 is shown in Table 1.

5. The geological placement of 3-17 suggests it will be a good producer. The well is in an
area of high structure, as shown in Figure 4. It has good UV pay, which is shown in
Figure 5. Also, 3-17 is relatively distant from the aquifer, and should drain more than its
16 hectare spacing.

6. Production from this well will continue to be monitored, and if recovery is being adversely
affected at the higher MPPR, the rates will be cut back.

Should you require more information or have any questions concerning this application, please
call Mr. Kelly Edwards at (403) 234-5388.

Yours very truly,
)
/5@ (;lg/%fm// éé:?

/f2- C.G. FOLDEN, P.Eng.
Manager
Reservoir Engineering

/

KAE/er
Attach.
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Chevron
4 Chevron Canada Resources

‘ P.0. Box 100, Virden, Manitoba ROM 2C0
Phone (204) 748-1334  Fax (204) 748-68762

[

1990-09-10

Department of Energy and Mines
Petroleum Branch

555 -~ 330 Graham Avenue
WINNIPEG, Manitoba

R3C 4E3

ATTENTION: Mr., L. R. Dubreuil

Dear Sir:

RE: Board Order No. 79A
Maximum Permissible Production Rate Increase
Monthly Testing and Performance Report - 1990-08

As requested in your approval letter dated 1990-02-26, the following
information is submitted:

5-17-9-25:
DATE 0IL(m>®) WATER(m®) TOTAL(m’®) %WATER REMARKS
1990-08-06 -Tubing 520kPa Casing 1380kPa

-Tubing 450kPa Casing 1345kPa

MONTHLY : 252.1 353.0 605.1 58.3 -Well produced for 31 days



4-17-9~25:

DATE

1950-08-06
-13

MONTHLY:

9-18-9-25;

1990-08-06
-13

MONTHLY :

3-17-9~25:

1990-08-06
~12
-13
-14
~-15
-16

MONTHLY:

0IL(m?®) WATER(m>) TOTAL(m®) %WATER
124.7 903.4 1028,1 87.9
211.4 3058.3 3269.7 93.5
22.26 1.24 23.5 5.3
24,99 1.48 26.5 5.5
23,13 1.13 24.3 4.6
21.15 1.13 22.3 5.0
20.43 1.07 21.5 5.0
553.8 35.8 589.6 6.1

REMARKS

-Tubing 415kPa
-Tubing 450kPa

-Well produced

-Tubing 660kPa
-Tubing 590kPa

~Well produced

Casing
Casing

for 31

Casing
Casing

for 31

-Tubing 760kPa Casing

-Tubing 760kPa Casing
~Choke size 4.2mm
~Choke size 4.0mm

-Well produced for 31

1210kPa
1240kPa

days

1345kPa
1345%Pa

days.

1790kPa

1790kPa

days.



3-18-9-25:

DATE

1990-08-06
-13

MONTHLY :

7-18-9-25;

1990-08-06
-13

MONTHLY :

8-18-9-25:

1990-08-06
-13

MONTHLY :

7WELL TOTAL:

OIL(m®) WATER(m®) TOTAL(m>) ZWATER
117.4 1099.6 1217.0 90.4
131.5 810.9 942.4 86.0
182.1 1305.9 1488.0 87.8

1573.0 7566.9 9139.9 82.8

REMARKS

~Tubing 275kPa Casing 2275kPa
~Tubing 275kPa Casing 2275kPa

-Well produced for 31 days

~Tubing 85kPa Casing 1240kPa
~Tubing 85kPa Casing 1310kPa

-Well produced for 31 days

=Tubing 235kPa Casing 1310kPa
~Tubing 240kPa Casing 1240kPa

-Well produced for 31 days



The proration factors used for all 7 wells in 1990-08 were:

0il - 0.91366147
Water - 1.12664777

Annular fluid levels were cheeked on 1990-08-27 and all 7 wells were
full.

If additional information is required, please contact Mr. Kevin Anderson
or Mr. Lyle Martinson at 748-1334 or at the letterhead address.

Yours truly,

oo e

?\/ L. A, Martinson, P. Eng.
. L .
Area Superintendent
Virden

KA/cm



Chevron
.’ Chevron Canada Resources

- ' PO Box 100, Virden, Manitoba ROM 2C0
Phone (204) 748-1334  Fax {204} 748-6767

1990-08-15

Department of Energy and Mines
Petroleum Branch

555 - 330 Graham Avenue
WINNIPEG, Manitoba

R3C 4E3

ATTENTION: Mr., L. R. Dubreuil

Dear Sir:

RE: Board Order No. 79A
Maximum Permissible Production Rate Increase
Monthly Testing and Performance Report - 1990-07

As requested in your approval letter dated 1990-02~26, the following
information is submitted:

5-17-9-25:
DATE 0IL(m3®) WATER(m®) TOTAL(m®) %WATER REMARKS
1990-07-16 8.00 6.86 14.86 46.2 -Choke size 4,8mm
-Tubing 550kPa Casing 1450kPa
-17 8.20 7.42 15.62 47.5 -Choke size 4.38mm
-19 5.86 3.60 9.46 38.0 ~-Choke size 4.0mm
=21 9.86 10.78 20.64 52.2 -Choke size 5.6mm
~23 ~Tubing 520kPz Casing 1520kPa
-30 -Tubing 550kPa Casing 1930kPa

MONTHLY : 250.6 343.0 593.6 57.8 -Well produced for 31 days



4-17-9-25:

DATE

1990-07-16
-23
~30

MONTHLY:

9-18~9-25:

1990-07-03
-16
-18

-23

-26
=30

MONTHLY :

3-17-9-25:

1990-07-16

-23
-30

MONTHLY:

O0IL(m®) WATER(m’®) TOTAL{m®) ZWATER
145.3 739.0 884.3 83.6
8.32 81.67 89.99 90.8
7.93 93.0 100.93 92,1
204.5 2891.0 3095.5 93.4
635.8 57.8 693.6 8.3

REMARKS
-Tubing 650kPa

-Tubing 410kPa
-Tubing 410kPa

~Well produced

-Tubing 690kPa
~Pump change.
tubing pump.
-Tubing 590kPa

~Tubing 660kPa

-Well produced

~Tubing 830kPa

Casing 1380kPa
Casing 1210kPa
Casing 1170kPa

for 31 days

Casing 550kPa

Installed 69.%mm

Casing 1100kPa

Casing 1380kPa

for 30 days.

Casing 1720kPa

=Choke size 4.4mm

-Tubing 760kPa
-Tubing 760kPa

~Well produced

Casing 1790kPa
Casing 1790kPa

for 30 days



3-18-9-25:
DATE OIL(m®)  WATER(m®) TOTAL(m®) %WATER REMARKS
1990-07-11 4.52 33.59 38.11 88.1
-12 4,27 32.74 37.01 88.5
-13 4,20 32.42 36.62 88.5
-16 ~Tubing 260kPa Casing 2310kPa
-23 -Tubing 260kPa Casing 2340kPa
-30 -Tubing 270kPa Casing 2280kPa
MONTHLY: 116.7 1068.7 1185.4 90.1 ~Well produced for 31 days
7-18-9-25:
1990-07-07 4,87 24,07 28.94 83.2
-08 4.81 24.26 29.07 83.4
-09 4.88 24,45 29.33 83.4
~16 -Tubing 120kPa Casing 1240kPa
-23 ~Tubing 100kPa Casing 1240kPa
=30 -Tubing 70kPa Casing 1280kPa
MONTHLY: 130.7 788.0 918.7 85.8 -Well produced for 31 days
8~18~9~25;
1990-07-16 -Tubing 260kPa Casing 1310kPa
=23 -Tubing 250kPa Casing 1240kPa
-30 ~Tubing 250kPa Casing 1310kPa
MONTHLY: 176.2 1234.4 1410.6 87.5 -Well produced for 30 days

JWELL TOTAL:1659.8 7121.9 8781.7 §1.1



The proration factors used for all 7 wells in 1990-07 were:

0il - 0.88359046
Water - 1.06500167

Annular fluid levels were checked on 1990-07-30 and all 7 wells were
full,

If additional information is required, please contact Mr, Kevin Anderson
or Mr. Lyle Martinson at 748-1334 or at the letterhead address.

Yours truly,

_ S
ﬂ<2tﬂ4a (ijaa4%§léﬂfv\

4%V/ L. A. Martinson, P. Eng.
Area Superintendent
Virden

RA/em



—

Chevron Canada Resources

P.0. Box 100, Virden, Manitoba ROM 2C0
Phone {204) 748-1334 Fax (204} 748-6762

Department of Energy and Mines
Petroleum Branch

555 - 330 Graham Avenue
WINNIPEG, Manitoba

R3C 4E3

ATTENTION: Mr. L. R. Dubreuil

Dear Sir:

RE: Board Order No. 79A

1990-07-12

Maximum Permissible Production Rate Increase
Monthly Testing and Performance Report - 1990-06

As requested in your approval letter dated 1990-02-26, the following

information is submitted:

5-17-9-25:
DATE 0IL{m®) WATER(m®) TOTAL(m®) %WATER

1990-06-01
-04
-09 13.71 22.77 36.48 62.4
-10 13.43 18.49 31.92 57.9
-11 14.02 19.89 33.91 58.7
-14 14.08 23.87 37.95 62.9
-15 13.53 23.23 36.76 63.2
-16 13.59 23.64 37.23 63.5
-18
-25

MONTHLY : 328.0 739.4 1067 .4 69.3

REMARKS

-Opened choke to 7.lmm

~Tubing 620kPa Casing 1450kPa

-Tubing 520kPa Casing 124QkPa
" "

" (3}

-Opened choke to 8.7mm

1"t

-Tubing 480kPa Casing 1210kPa
=Tubing 655kPa Casing 1310kPa

-Well produced for 29 days



4-17-9-25:
DATE

1990-06-04
-11
-18
-23
~24
-25

MONTHLY :

9-18-9-25:

1990-06-04
-11
-18
-25

MONTHLY:

3-17-9-25;

1990-06-01
-02

-03

-04
~06

-11
-18
~-19
-20
-25

MONTHLY:

OIL(m’) WATER(m®) TOTAL(m®) %WATER
5.14 21.63 26.77 80.8
5.64 23.86 29.50 80.9

130.1 711.5 841.6 84,5
249.8 2535.8 2785.6 91.0

16.52 3.32 19.84 16.7

44,45 5.74 50.19 11.4

49.23 4.32 53.55 8.1

20.95 2.59 23.54 11.0

21.21 1.48 22.69 6.5

26.77 2.14 28.91 7.4

579.1 56.6 635.7 8.9

REMARKS

~Tubing 500kPa

=Tubing 570kPa

-Tubing 550kPa
(13

-

~Tubing 300kPa

~Well produced

-Tubing 565kPa
~Tubing 620kPa
~Tubing 550kPa
-Tubing 620kPa

-Well produced

-7.1lmm choke

Casing 1170kPa
Casing 1170kPa
Casing 1170kPa

Li}

n"

Casing 1170kPa

for 29 days

Casing 500kPa
Casing 600kPa
Casing 480kPa
Casing 530kPa

for 29 days

-Opened choke to 7.9mm

=Tubing 760kPa
-Changed choke
=Tubing 830kPa
-Changed choke
=Changed choke
-Tubing 830kPa
~Tubing 860kPa
~Tubing 830kPa
n

1

~Tubing 830kPa

-Well produced

Casing 1520kPa
to 6.,7mm
Casing 1585kPa
to 4 .0mm
to 4.8mm
Casing 1860kPa
Casing 1790kPa
Casing 1790kPa
fr

"

Casing 1830kPa

for 29 days



3-18-9-25:

DATE

0IL(m>)

WATER(m?)

TOTAL{m>)

ZEWATER

1990-06-04
~11
-18
-25

MONTHLY:

7-18-9-25:

1990-06-04
-11
-18
=25

MONTHLY :

8-18-9-25:

1990-06-04
-11
-18
=25
=27
-28
~-29

MONTHLY:

120.0

155.7

6.69
6.77
6.70

187.3

7Well Total:1750.0

994.0

432.9

38.62
39.72
38.86

972.7

6442.9

1114.0

588.6

45.31
46.49
45.56

1160.0

8192.9

89.

73.

85.
85.
85.

83.

78.

2

5

2
4
3

8

6

REMARKS

=Tubing 275kPa
-Tubing 275kPa
~Tubing 275kPa
~Tubing 270kPa

~Well produced

-Tubing 120kPa
~Tubing 100kPa
~Tubing 100kPa

-Well produced

~Tubing 270kPa
-Tubing 260kPa
-Tubing 250kPa

L]

- "

-Well produced

Casing 2000kPa
Casing 2070kPa
Casing 1655kPa
Casing 2275kPa

for 29 days

Casing 1170kPa
"

Casing 1100kPa
Casing 1240kPa

for 29 days

Casing 1310kPa
Casing 1310kPa
Casing 1310kPa

for 29 days



The proration factors used for all 7 wells in 1990-06 were:
Cil - 0.82526390
Water - 1.06926705

Annular fluid levels were checked on 1990-06-25 and all 7 wells were
full.

Production rates were more favorable in June (average 60m”0OPD) than in May
(average 41m® OPD) due to consistent producing with in-~line gear pumps at
3,7,8~18 and 3,5-17 and pumping jacks at 4-17 and 9-18.

If additional information is required, please contact Mr. Kevin Anderson
or Mr. Lyle Martinson at 748-1334 or at the letterhead address.

Yours truly,

- ) o
! v
x211¢- é;AMﬁQAA%F?\
'%bf’ L. A. Martinson, P. Eng.

Area Superintendent
Virden

KA/em



Chevron Canada Resources

P.0. Box 100, Virden, Manitoba ROM 2C0
Phone (204) 748-1334  Fax [204) 748-6762

Department of Energy and Mines
Petroleum Branch

555 - 330 Graham Avenue
WINNIPEG, Manitoba

R3C 4E3

ATTENTION: Mr. L. R. Dubreuil

Dear Sir:

RE: Board Order No. 79A

1990-06-14

Maximum Permissible Production Rate Increase
Monthly Testing and Performance Report - 1990-05

As requested in your approval letter dated 1990-02-26, the following

information is submitted:

5-17-9-25;
DATE 0IL(m®) WATER(m®) TOTAL{m®) %WATER

1990-05-07
-09
-14
-16 9.89 3.75 13.64 27.5
-17 9.26 2.08 11.34 18.3
-18 10.26 2.61 12.87 20.3
-21
-28
-29
=30

Monthly: 211.5 75.1 286.6 26.2

REMARKS

-Hotoiled casing and

tubing with llm® crude

-resumed flowing production

on 5.6mm choke.

Tubing 1000kPa Casing 1380kPa

-Electrified well and

installed in~line gear

pump to boost tubing pressure

-Tubing 790kPa Casing 2070kPa

-Tubing 790kPa Casing 2070kPa
1"

11 n

-Tubing 760kPa Casing 2550kPa
~Tubing 690kPa Casing 2550kPa
-Increased choke size to 6.0mm
-Increased choke size to 6.4mm

-Well produced for 24 days



4-17-9~25:

DATE
1990-05-07
-13
~14
-21
-28

Monthly:

9-18-9-25:

1990-05-01
-0z
-03
-07
-14
=21
-28

Monthly:

3-17-9-25:

1990-05-07

-14
-21
-22
-27

-28
-29

-30

-31

Monthly:

0IL{m>*) WATER(m®) TOTAL(m®) 9%WATER
7.16 22.15 29.31 75.6
7.11 22.35 29.46 75.9
190.4 735.2 925.6 79.4
10.44 80.43 90.87 88.5
10.26 81.43 91.69 88.8
280.0 2716.1 2996.1 90.7
16.06 5.29 21.35 24.8
15.17 2.86 18.03 15.9
13.07 1.99 15.06 13.2
72.8 5.2 78.0 6.7

REMARKS

=Tubing 415kPa
- 1]

=Tubing 380kPa
-Tubing 430kPa
~Tubing 470kPa

-Well produced

~Tubing 330kPa
~Tubing 430kPa
"

~Tubing 460kPa
-Tubing 470kPa
~Tubing 520kPa

-Well produced

Casing
Casing
Casing

Casing

for 30

Casing
Casing

Casing
Casing
Casing

for 31

1170kPa
"

1170kPa
1170kPa
1170kPa

days

345kPa
450kPa
"

"

430kPa
430kPa
480kPa

days

-~Hotoiled casing and tubing
with 12m® crude-resumed
flowing production on 4.0mm

choke.

Tubing 1210kPa Casing 1380kPa
-Tubing 550kPa Casing 1450kPa
-Tubing 620kPa Casing 1720kPa
-Electrified well
-Installed in-line gear pump

to boost tubing pressure
~Tubing 480kPa Casing 2000kPa
~Tubing 900kPa Casing 1310kPa

Flowing on 6.4mm choke
-Tubing 900kPa Casing 1310kPa

Opened choke to 7,lmm choke
~Tubing 760kPa Casing 1860kPa

Blew down choke - resumed

flowing on 7.1lmm choke

~Well produced for 5 days



3-18-9-25:
DATE 0IL(m>) WATER(m®) TOTAL(m®) %WATER
1990-05-07
-11 4. 64 31.85 36.49 87.3
-12 4.64 32.36 37.00 87.5
-14
-21
-28
Monthly: 133.6 1057 .4 1191.0 88.8
7-18-9-25:
1990-05-07
-08 6.44 13.55 19.99 67.8
-09 6.46 14.13 20.59 68.6
-14
-21
-28
Monthly: 173.4 460.5 633.9 72.6
8-18-9-25:
1990-05-05 7.74 33.21 40,95 81.1
-06 7.78 33,00 40,78 80.9
-14
-21
-28
-29
Monthly: 209.2 1098.0 1307.2 84.0
7Well Total:1270.9 6147.5 7418.4 82.9

The proration factors used for all 7 wells in 1990-05

REMARKS

-Tubing 275kPa Casing 2070kPa
" "

" tt

n 13}

-

-Tubing 310kPa Casing 2000kPa
-Tubing 290kPa Casing 2000kPa

~Well produced for 30 days

-Tubing 140kPa Casing 1170kPa
~Tubing 130kPa Casing 1170kPa
- " "

-Tubing 140kPa Casing 1170kPa
~Tubing 120kPa Casing 1100kPa
~Tubing 110kpa Casing 1170kPa

~Well produced for 30 days

=Tubing 290kPa Casing 1310kPa
"

"

T "

-Tubing 290kPa Casing 1240kPa

-Tubing 275kPa Casing 1240kPa

~Changed gear pump sheave size
from 8%9mm to 102mm to increase
production

-Well produced for 30 days

were: oil - 0.88382747
water - 1.09386383



Annular fluid levels were checked on 1990-05-28 and all 7 wells were full.

Production rates were less than favorable in 1990-05 (average 41m°OPD) mainly
due to 3-17 and 5-17's intermittent flowing conditions (produced 5 days and
24 days respectively). Since these wells are now electrified and consistently

producing with in-line gear pumps, production rates in future months should be
substantially higher.

If additional information is required, please contact Mr. John Cooke or
Mr., Lyle Martinson at 748-1334 or at the letterhead address.

Yours truly,

gzchgw

. A. Martinson, P, Eng.
Area Superintendent
Virden

+ar

JC/em



Cheyron

-

Chevron Canada Resources

P.0. Box 100, Virden, Manitoba ROM 2C0
Phone (204) 748-1334  Fax {204) 748-6762

Department of Energy and Mines
Petroleum Branch
555 - 330 Graham Avenue

WINNIPEG,

R3C 4E3

Manitoba

ATTENTION: Mr. L. R. Dubreuil

Dear Sir:

RE:

Beard Order No, 79A

Maximum Permissible Production Rate Increase

Monthly Testing and Performance Report - 1990-04

As requested in your approval letter dated 1990-02-26, the following
information is submitted:

5-17-9-25:

Not tested during 90-04 due to inconsistent flowing conditions.
Planning to electrify well at month end so an in-line gear pump can
be installed.

20-04-02
-09
-16
-18
-24

-30

Monthly:

0iL{m®) WATER(m®) TOTAL(m?®)

FWATER

241.8 69.1 310.9

22.2

REMARKS
-Tubing 830 kPa Casing 1380 kPa
-Tubing 790 kPa Casing 1380 kPa
-Tubing 760 kPa Casing 1380 kPa
-Well ceased flowing
~Attempted to run BHP survey -
encountered wax at 60 m. Unable
to hotoil well due to road banms.
-Tubing 690 kPa Casing 1380 kPa.

-Well produced for 23 days

./Page two



4-17-9-25:

0IL{m®) WATER(m’) TOTAL(m®) %WATER
90-04-02
-09
-16
-23 6.73 20.78 27.51 75.5
-24 6.75 16.85 23.60 71.4
-25 6.47 18.53 25.00 74.0
-30
Monthly: 192.9 612.2 805.1 76.0
9-18-9-25:
90-04-02
-03 12.72 81.73 94,40 86.5
-04 11.88 82.28 94,16 87.4
-05 11.90 82.05 93,95 87.3
-09
-12 11.89 82.16 94,05 87.4
-16
-23
-30
Monthly: 340.3 2673.9 3014.2 88.7
3-17-9-25:
90-04-02
-09
-16
-19 19.94 1.13 21.07 5.4
-20 12.83 0.64 13.47 4.8
-21 16,65 1.07 17.72 6.0
-22
-24
-25 16.47 0.95 17.42 5.5
-30
Monthly: 366.5 24.0 390.5 6.1

REMARKS

-Tubing 485 kPa Casing 1240 kPa
~Tubing 590 kPa Casing 1170 kPa
-Tubing 550 kPa Casing 1170 kPa
~Tubing 590 kPa Casing 1170 kPa
-Tubing 550 kPa Casing 1170 kPa
-Tubing 550 kPa Casing 1170 kPa
-Tubing 380 kPa Casing 1170 kPa

-Well produced all month

-Tubing 380 kPa Casing 380 kPa
-Tubing 380 kPa Casing 380 kPa
-Tubing 380 kPa Casing 380 kPa
-Tubing 370 kPa Casing 380 kPa
-Tubing 345 kPa Casing 620 kPa
~-Tubing 345 kPa Casing 620 kPa
-Tubing 550 kPa Casing 550 kPa
~Tubing 690 kPa Casing 520 kPa
-Tubing 480 kPa Casing 390 kPa

-Well produced all month

-Tubing 825 kPa Casing 1170 kPa
~Tubing 825 kPa Casing 1170 kPa
-Tubing 825 kPa Casing 1170 kPa
-Flowing through 4.0 mm choke
-Tubing B25 kPa Casing 1310 kPa
-Flowing through 4.4 mm choke
-Well ceased flowing
~Attempted to run BHP survey-
encountered wax at 60 m.
Unable to hot oil well due to
road bans. Well resumed
flowing production.
~Tubing 620 kPa Casing 1380 kPa
-Tubing 480 kPa Casing 1450 kPa
~Well ceased flowing

~Well produced for 22 days

./Page three



3-18-9-25:
0IL(m*) WATER(m®) TOTAL(m®) %WATER REMARKS

90-04-02 -Tubing 275 kPa Casing 1930 kPa
-09 ~Tubing 275 kPa Casing 1930 kPa
-16 5.63 31.00 36.63 84.6 ~Tubing 275 kPa Gasing 1930 kPa
~-17 5.00 31.74 36.74 86.4 ~Tubing 275 kPa Casing 1930 kPa
-18 5.01 31.70 36.71 86.4 ~Tubing 275 kPa Casing 1930 kPa
-21 5.05 31.79 36.84 86.3 ~Tubing 275 kPa Casing 1930 kPa
-23 ~Shut-in well for BHP survey
-24 -Ran BHP survey; 6645 kPa at MPP
-30 -Tubing 275 kPa Casing 1930 kPa

Monthly: 135.4 976.5 1111.9 87.8 -Well produced for 28 days

7-18-9-25;

90-04-02 =Tubing 220 kPa Casing 1100 kPa
-09 ~Tubing 170 kPa Casing 1135 kPa
-13 7.63 13.49 21.12 63.9 ~Tubing 140 kPa Casing 1240 kPa
-14 8.33 13.12 21.45 61.2 ~Tubing 140 kPa Casing 1100 kPa
-15 7.60 13.69 21,29 64.3 ~Tubing 140 kPa Casing 1100 kPa
-16 -Tubing 140 kPa Casing 1100 kPa
-19 7.85 13.41 21.26 63.1 ~Tubing 140 kPa Casing 1135 kPa
-23 -Shut-in well for BHP survey
-24 -Ran BHP survey; 6698 kPa at MPP
-30 -Tubing 140 kPa Casing 1135 kPa

Monthly: 212.6 413.1 625.7 66.0 -Well produced for 28 days

8-18-9-25;

90-04-02 -Tubing 275 kPa Casing 1310 kPa
-09 =Tubing 300 kPa Casing 1310 kPa
-10 8.24 30.70 38.94 78.8 -Tubing 300 kPa Casing 1310 kPa
-11 8.31 30.89 39.20 78.8 -Tubing 300 kPa Casing 1310 kPa
-16 8.27 30.79 39.06 78.8 -Tubing 275 kPa Casing 1310 kPa
-23 -Shut-in well for BHP survey
~24 -Ran BHP survey; 6471 kPa at MPP
=30 ~Tubing 300 kPa Casing 1380 kPa

Monthly: 224.3 948.5 1172.8 80.9 -Well produced for 28 days

./Page four



OIL(m®) WATER(m®) TOTAL(m®) %WATER

7 well .
Total: 1713.80 5717.30 7431.1 76.9

The proration factors used for all 7 wells in 1990-04 were:0il-0.9673908
water-1.10014697

Annular fluid levels were checked on 1990-04-30 and all 7 wells were full.

Attached are the results of the bottomhole pressure survey that was performed

on 1990-04-24, Note that 3-17 and 5-17's data will not be used as the extrapolated
BHP data is unreliable. From this data, specific tests, and Chevron's

"Pipeflow" computer program, the following is a summary of calculated bottom-

hole producing pressures (Pwf) for the subject wells';

WELL TEST DATE OIL WATER TOTAL %WATER Pr Pwf FTHP REMARKS

(m?) (m”) (m”) (kPa) (kPa) (kPa)
3-17 90-04-19 19.94 1.13 21.07 5.4 6750 5131 760 Pr assumed
4-17 90-03-06 6.36 7.78 14.14 55.0 6750 4614 140 Pr assumed
5-17 90-03-17 11.15 2.80 13.95 20.1 6750 5546 760 Pr assumed
3-18  90-03-04  5.26 30.53  35.79  85.3 6645 6325 310 Pwf appears high
7-18 90-03-07 11.01 16.77 27.78 60.4 6698 4943 170
8-18 90-03-08 8.8 26.70 35.5 75.2 6471 5953 345 Pr appears low(fill)
9-18 9¢-03-27 13.74 82.07 95.81 85.7 6756 4497 480 Assume 7 kPa/m

gradient
As additional test data is gathered and analyzed and as rates are increased, accurate
IPR curve data will be generated and submitted for your review.

If additional information is required, please contact Mr. John Cooke at 748-1334 or
at the letterhead address.

Yours truly,

w%”/C:19°£b/

ar/L. A. Martinson, P. Eng.
Area Superintendent
Virden

JC/cm
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R Chevron Canada Resources

Nl 7O Box 100 Virden, Manitoba ROM 200

Phone {204} 748-1334 Fax (204) 748-6762

1990-04-16 ’

Department of Energy and Mines
Petroleum Branch

555 - 330 Graham Avenue
WINNIPEG, Manitoba

R3C 4E3

ATTENTION: Mr. L. R. Dubreuil

Dear Sir:

RE: Board Order No. 79A
Maximum Permissible Production Rate Increase
Monthly Testing and Performance Report - 1990-03

As requested in your approval letter dated 1990-02-26, the following information
is submitted:

5-17-9-25:
DATE 0IL(m®) WATER(m®) TOTAL(m®) % WATER REMARKS
1990-03-17 11.15 2.80 13.95 20.1 ~Flowing through 4.8mm choke
-19 ~Tubing 760 kPa; Casing 1100 kPa
-20 13.13 3.98 17.11 23.3  -Flowing through 5.6mm choke
-25 12.57 3.51 16.08 21.8 - " " " "
~26 ~Tubing 480 kPa; Casing 1380 kPa
=27 -Due to declining tubing pressure,
a tank truck was tied into the
tubing and 2.4m® of fluid was flowed
into it. Tubing pressure increased
to 900 kPa and flowing production on
a 5.6mm choke was resumed.
Monthly: 370.60 86.10 456.70 18.9

./Page 2



Lepartment of Energy and Mines

Petroleum Branch

Attn: Mr. L. R. Dubreuil

1990-04-16
Page two
4-17-9-25:
DATE OIL(m®) WATER(m®) TOTAL(m®) % WATER
1990-03-06 6.36 7.78 14.14 55.0
-19
=24
-26
-29 8.20 20.39 28.59 71.3
Monthly: 263.70 607.00 870.70 69.7
9-18-9-25:
1990-02-23 11.39 56.00 67.39 83.1
-19
=25
-26
-27 13.74 82.07 95.81 85.7
Monthly: 441.30  2439.80 2881.10 84.7
3-17-9-25:
Not tested during 1990-03
Well flowing through 5.2mm choke
1990-03-19
-26
Monthly: 332.30 9.20 341.50 2.7
3-18-9-25:
1990-03-04 5.26 30.53 35.79 85.3
-19
-26
Monthly: 211.00 778.30 989.30 78.7

REMARKS

-Producing with in-line gear pump
-Tubing 140 kPa; Casing 1240 kPa
-Installed a 114 pumpjack and a 38.1mm
rod pump. Pumpjack running at 14 SPM
with a 137em (54") stroke length

-Tubing 480 kPa; Casing 1240 kPa

~Producing with a 50.8mm rod pump
at 10 SPM and a 127cm (50") stroke
length

-Tubing 620 kPa; Casing 1550 kPa

~Installed larger 57.2mm pump to
increase rate

~Tubing 480 kPa; Casing 480 kPa

-Tubing 620 kPa; Casing 1035 kPa
~Tubing 825 kPa; Casing 1240 kPa

=Producing with in-line gear pump
~Tubing 310 kPa; Casing 2000 kPa
~Tubing 275 kPa; Casing 1930 kPa

. . ./Page 3



Department of Energy and Mines
Petroleum Branch
Attn: Mr. L. R. Dubreuil

1990-04-16

Page three

7-18-9-25:

DATE O0IL(m®) WATER(m’) TOTAL(m®) % WATER REMARKS

19%0-03-07 11.01 16,77 27.78 60.4 ~Producing with in-line gear pump
-19 ~Tubing 170 kPa; Casing 1240 kPa
=26 -Tubing 170 kPa; Casing 1240 kPa

Monthly: 365.90 515.90 881.80 58.5

8-18-9-25;

1990-03-08 8.80 26,70 35.50 75.2  ~Producing with in-line gear pump
-19 -Tubing 380 kPa; Casing 1310 kPa
-26 ~Tubing 345 kPa; Casing 1345 kPa

Monthly: 292.50 821,30 1113.80 73.7

7 well

Total: 2277.30 5257.60 7534.90 69.8

The proration factors used for all 7 wells in 1990-03 were: oil - 1.07206929
water - 0.99232604

Annular fluid levels were checked on 1990-03-26 and all 7 wells were full (fluid to
surface),

It is intented to obtain static bottom-hole pressure data on the 5 flowing/
gear pumped wells during 1990-04 so that bottom-hole producing presure
information and accurate IPR curve data can be submitted in future reports
(including pumped wells 9-18 and 4-17)},

If additional information is required, please contact Mr. John Cooke at
748-1334 or at the letterhead address.

Yours truly,

otur Cioots”

for: L. A. Martinson, P. Eng.
Area Superintendent
Virden

JC/tis



Manitoba %

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

(204) 945-6577
March 28, 1990

Chevron Canada Resources
P.0. Box 100

Virden, Manitoba

ROM 2CO

Attention: Mr. L.A. Martinson, P. Eng.
Area Superintendent, Virden

Dear Lyle:

RE: Maximum Permissible Production Rate Increase — Board Order No. 79A
_—_¥Well Testing Program

The well testing program outlined in your letter dated March 19, 1990 is
hereby acknowledged.

Your proposal to gradually increase production ratea on four (4) wells, while
using the remaining three (3) wells as "control" wells, is acceptable. Your
plans to conduct a minimum of one 24 hour test/month/well 1s also acceptable,
We request that fluid levels be shot on all wells at least monthly.

With respect to the overall intent of the testing program, the Branch expects
the testing program to provide the background data for any future application
for an increase in maximum permissible production rate (MPPR). Some questions
that should be addressed by Chevron in a future application are:

(1) Did the water-cut on individual wells vary significantly with rate? Is
there any evidence of a critical production rate?

(2) Is there any evidence of non-uniform edge-water encroachment that could be
attributed to the increased pressure drawdown?

(3) Did the increased voidage rate result in a significant decline in
regservolr pressure?

(4) Overall, did the increases in MPPR have an adverse effect on recovery?

If you have any other questions in respect of this matter, please contact the
undersigned or John Fox at 945-6573 or 945-6574 respectively.

Yours truly,
Lirgias @, Nw
kB Pdse,

L.R. Dubreuil
Director

JNF/1bj
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Chevron
\‘1 Chevron Canada Resources

Nyl PO Box 100, Viden, Manitoba ROM 200
Phone [204) 748-1334  Fax (204) 748-6762

1990-03-19

Department of Energy and Mines
Petroleum Branch

555-330 Graham Avenue
Winnipeg, Manitoba

R3C 4E3

Attention: Mr. L. R. Dubreuil
Director

Dear Sir:
Re: Board Order No. 79A

Maximum Permissible Production Rate Increase
Well Testing Program

In reply to your approval letter dated 1990-02-26, the following information
is submitted:

(1) Schedule of Rate Changes

5-17-9-25 - Current estimated production 15 m>OPD, 5m>WPD
- The flowing rate was recently increased, although
a production test has not yet been performed. Fol-
lowing a test to confirm the new rate, the production
will be gradually increased over the test period to
achieve the 20 m’0PD target.

4-17-9-25 =~ Current production 6.4 m>0PD, 7.8 m*WPD
- As soon as possible (weather permitting), install a
114 pumpjack with a 38.1 mm rod insert pump initial-
ly to produce approximately 25 m>FPD (estimated 10-12
m”OPD)
- Increase bottomhole pump sizes as required to increase
the rates gradually over the test period to attain the
20 m’0OPD target.
9-18-9-25 - Current production 13 m’OPD, 54 m>WPD
- Tncrease bottom hole pump sizes as required over the
test period to achieve the 20 m’0PD target.
3-17-9-25 - Current production 17 m”OPD, 2 m>WPD

- This well will be used primarily for flexibility i.e.
if other rate changed wells are not performing as pre-
dicted, 3-17 rates can be increased to attain the 20 m>
OPD target. The intent will be to gain the necessary
information to assist with this application.



A det
steps

(2)

(3)

3-18-9-25 - Current production 6.3 m>0PD, 25.3 m’WPD

- Ipncrease the rates as much as possible utilizing the
existing in-line booster pump. Current suction pres-
sure is only 140 kPa, so the amount of increase may he
minimal. A further production increase would require
a substantial capital investment for installation of
artificial 1ift. Since the 10-8 battery is currently
operating at maximum capacity, this is not being con-
sidered at this time.

7-18 & 8-18-9-25 .

- Current production 12 m’0PD, 12.5 m’WPD (7-18)
Current production 10 m’0PD, 17.0 m’WPD (8-18)

- It is proposed to leave these rates as is so they can
be used as a "base" production reference. If the wells
previously selected for 20 m>0PD cannot realize their
targets, these wells will be increased gradually in an
attempt to achieve the 3000 m’/month allowable.

ailed rate change program is very difficult to provide as the necessary
will be decided on well performance, not on a time frame.

Production Testing

It is proposed to conduct a minimum of one 24 hour test/month/well during
the test period. Additional testing will be done as required during the
test period to maximize production informatien.

Fluid Level Measurements

JC/em

Currently all seven (7) wells have fluid to surface on the annulus. As
rates are increased on the "pumped" wells, sonologs will be taken period-
ically to properly evaluate bottomhole producing conditions. It is also
proposed to obtain weekly tubing and casing pressures for additional pro-
duction information.

It should be re-emphasized that the 10-8-9-25 battery is currently oper-
ating at maximum capacity. It is planned to shut in 11-8-9-25 immediate-
ly (current production of 1.3 m?0PD, 32.5 m°WPD) to allow some flexibility
during the test period. Because of our capacity limitations, adjustments
may have to be made to the proposed testing program. The monthly report-
ing to the Petroleum Branch will keep you informed of all changes.

Chevron apologizes for the delay in responding to this request and for any
inconvenience this may have caused.

1f further information is required regarding this proposal, please contact
John Cooke at 748-1334 or at the letterhead address.

Yours truly,

C Jopur Cip0t”
4.,/ L. A. Martinson, P. Eng.

Area Superintendent
Virden



Manitoba - %’

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

(204) 945-6577

February 26, 1990

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

T2P OL7

Attention: Mr., C. G, Folden, P. Eng.
Manager, Reservoir Engineering
- 1

Dear Sir:

Re: Board Order No. 794
Maximum Permissible Production Rate Increase
S5W 1/4 of Section 17-9-25% (WPM) and S 1/2 & RE 1/4 of Section
18-9-25 (WPM) )

4

Your application for exemption from maximum permissible rate restrictions
for wells located in the SW 1/4 of Section 17-9-25 (WPM) and the § 1/2 &
NE 1/4 of Section 18-9-25 (WPM) has been approved in part by The 0il and
Natural Cas Conservation Board ("the Board").

Board Order No. 79A, attached, grants Chevron an increase in the maximum
permissible daily and monthly production rate for an interim period of
six (6) months commencing March 1, 1990. The maximum permissible daily
production rate for the wells in the area of application is 20 m3 of
clean o¢il with the restriction that the total combined maximum
permissible monthly production rate for the seven wells is 3 000 m3 of
clean oil.

In accordance with clause 6 of the Board Order, Chevron is hereby
requested to submit the following production and reservoir information
needed to evaluate the effect of increased production rates on reservolr
performance,

(1) A detailed well testing program prior to March 12, 1990. The testing
program should include a schedule of rate changes for each well and
the frequency of individual well production testing and fluid level
measurements.



(2) A monthly production testing and well performance report to be
submitted before the 15th day of the following month. The report
should include the dally and monthly o0il and water production and
calculated bottomhole producing pressure for each well. The report
should also include IPR curves for individual wells as determined and
an explanation of any anomalous production results.

With respect to notice of the application, the Board had decided to
notify the offsetting lessors and lessees of the Board's Order directly,
instead of advertising the application. Chevron was requested to provide
the names and addresses of the offsetting lessors and lessees. I was
disappointed in the effort put forth by Chevron to provide this
information in an accurate and timely manner, Please ensure in the
future that the names and addresses of lessors and lessees provided with
an application are thoroughly researched and accurate.

If Chevron wishes to make further application under subsection 51(3) of
the Petroleum Drilling and Production Regulation for exemption from or
amended to the maximum permissible production rate after the expiry of
Board Order No. 79A, it is supgested that such application be filed 1 -~ 2
months prior to the expiry of the Order.

If you have any questions in respect of this matter, please contact the
undersigned or John,K Fox, Chief Petroleum Engineer at 945-6573 and
945-6574, respectively.

Yours sincerely,

S C LI TR

E R

L. R. Dubreuil
Director

Attachment
JNF/LRD/sml

bc: Virden Office
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The Oil and Natural Gas Room 309

Conservation Board Legisiative Buitding
Winnipeg. Manitoba, CANADA
R3C ova

(204) 945-3130
Order No. 79A
An Order Pertalning to Maximum Permissible
Production Rates in the Virden Field

WHEREAS, subsection 51(3) of The Petroleum Drilling and Production

Regulation, being Manitoba Regulation 430/87R ("the Regulation") states as
follows:

"51(3) Notwithstanding anything in this section, the board wupon
application or upon its own initiative, may establish any maximum
permissible production rate for a well or exempt a well from any of
the provisions of this section.”

AND WHEREAS, Chevron Canada Resources is the operator of wells in the SW 1/4

of Section 17-9-25 (WPM) and the S 1/2 and NE 1/4 of Section 18-9-25 (WPM)
{"the area of application”);

AND WHEREAS, Chevron Canada Resources made application dated December 11,
1989, for exemption from maximum permissible production rate restrictions for
wells in the area of application;

AND WHEREAS, upon due conslderation of the said application, the Board has
found that an increase in the maximum permissible daily and monthly production
rate for an interim period of six months is reasonable and desireable;

NOW, THEREFORE, the Board orders that:

1 The maximum permissible daily production rate for the following wells
is 20 cublc metres of clean oil:

Chevron Virden 3-17-9-25 (WPM)
Chevron Virden 4-17-9-25 (WPM)
Chevron Virden 5-17-9-25 (WPM)
Chevron Virden Prov. 3-18-9-25 {(WPM)
Chevron Virden 7-18-9-25 (WPM)
Chevron Virden 8-18-9-25 (WPM)
Chevron Virden Prov. 9-18-9-25 (WPM)

2 The combined maximum permissible monthly production rate for the
seven wells in section 1 is 3 000 cubic metres of clean oil.

3 This Order shall take effect on March 1, 1990 and shall expire on
August 31, 1990 unless otherwise extended by the Board as provided fer in
section 4 or rescinded by the Board as provided for in section 7.



-2 -

4 This Order may be extended by the Board, upon application, for a
seriod of up to one month subject to the restriction that over the period this
Order remains in effect a maximum volume of 18 Q00 cubic metres of clean oil
may be produced.

5(1) The operator shall, prior to July 31, 1990, conduct a pressure survey
on one well in each of the SW 1/4 of Section 17-9-25 (WPM) and the S 1/2 or
NE 1/4 of Section 18-9-25 (WPM) to determine the static reserveir pressure.

5(2) The operator shall submit to the Petroleum Branch, the detalls of the
surveys described in subsection (1), 1including a 1list of the wells tc be
surveyed, the measurement technigque to be used, and the intended shut-in
periods for each well, and approval shall be obtained from the Director of
Petroleum before the program is carried out.

6 The operator shall submit such information and reports on the
production and reservoir performance of the wells listed in section 1 as may
be requested by the Director of Petroleum.

7 This Order may be rescinded by the Board at any time without notice.
H. Clare Moster Ian H‘ﬁugh

Deputy Chairman Chairman

THE OIL AND NATURAL GAS CONSERVATION APPROVED:

BOARD ORDER NO. 79A APPROVED THIS
/6™ DAY OF FedxvARY A.D., 1990

AT THE CITY OF WINNIPEG j
b \l Q

Harold Reufeld \
Minister of Energy and Mines




.Manitoba ‘B’

The Oll and Natural Gas Room 309

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

{204) 945-3130
February 26, 1990

Western Manitoba Rursing Home Inc.
C/CG Box 520

Virden, Manjtoba

ROM 2C0

Dear Sir:

Re: Board Order No. 79A
Maximum Permissible Production Rate Increase
SW 1/4 of Section 17-9-25 (WPM) and § 1/2 & NE 1/4 of Section

18-9-25 (WPM)

This letter is to notify you that The 0il and Natural Gas Conservation Board
("the Board"”) has granted Chevron Canada Resources an increase in the maximum
permissible dally and monthly production rate for wells located in the SW 1/4
of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section 18-9-25 (WPM) for an
interim period of six months, commencing March 1, 1990. A copy of Board Order
No. 79A is attached.

Please be advised that should a well be drilled on a locatlon offsetting one
of the wells included in Board Order No. 79A, the Board upon application, will
consider extending the Order to include such a well,

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the expiry of Board Order No.
794A.

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

Yours respectfully,

bl

H. GClare Moster
Deputy Chairman



Manitoba 4=

The Oil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C ovs

{204) 945-3130
February 26, 1990

Encor Energy Corporation Inc,
9th Floor, 300 - 5th Avenue S.W.
Calgary, Alberta

T2P 3C4

Attention: Land Department
Dear Sir:
Re: Board Order No. 79A
Maximum Permissible Production Rate Increase

SW 1/4 of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section
18-9-25 (WPM)

This letter is to notify you that The 0il and Natural Gas Conservation Board
("the Board") has granted Chevron Canada Resources an increase in the maximum
permissible daily and monthly production rate for wells located in the 5W 1/4
of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section 18-9-25 (WPM) for an
interim perliod of six months, commencing March 1, 1990. A copy of Board Order
No. 79A is attached.

Please be advised that should a well be drilled on a location offsetting one
of the wells included in Board Order No. 79A, the Board upon application, will
consider extending the Order to include such a well,

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the expiry of Board Order No.
79A.

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

Yours respectfully,

TN T~

H. Clare Moster
Deputy Chalrman



Manitoba | %

The Oil and Natural Gas Room 309

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

(204) 945-3130
February 26, 1990

Mary Madeline Rose Read
C/0 Golden Sun RV Resort
SP H20-999 W. Broadway
Apache Junction, Arizona
85220 USA

Dear Madame:

Re: Board Order No. 79A
Maximum Permissible Production Rate Increase
SW 1/4 of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section
18-9-25 (WPM)

This letter is to notify you that The 011 and Natural Gas Conservation Board
("the Board") has granted Chevron Canada Resources an increase in the maximum
permissible daily and monthly production rate for wells located in the SW 1/4
of Section 17-9-25 (WPM) and § 1/2 & RE 1/4 of Section 18-9-25 (WPM) for an
interim period of six months, commencing March 1, 1990. A copy of Board Order
No. 79A is attached.

Please be advised that should a well be drilled on a location offsetting cne
of the wells included in Board Order No. 794, the Board upon application, will
conslder extending the Order to include such a well.

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the expiry of Board Order No.
79A.

If you have any questions in respect of this matter, please contact L.R, {Bob)
Dubreuil, Director of Petroleum or John Fox, Chief Petroleum Engineer at
945-6573 and 945-6574, respectively.

Yours respectfully,

K o~

H. Clare Moster
Deputy Chairman



Manitoba g?)'

The Oil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C ov8

(204) 945-3130
February 26, 1990

Henry Victor Louls Vanderschaeghe
C/0 Golden Sun RV Resort

SP E3-999 W. Broadway

Apache Junction, Arizona

85220 USA

Dear Sir:

Re: Board Order Ro. 79A
Maximum Permissible Production Rate Increase
SW 1/4 of Section 17-9-25 (WPM) and S 1/2 & NRE 1/4 of Section
18-9-25 (WPM)

This letter is to notify you that The 0il and Natural Gas Conservation Board
("the Board") has granted Chevron Canada Resources an increase in the maximum
prermiasible daily and monthly production rate for wells located in the SW 1/4
of Section 17-9-25 (WPM) and $ 1/2 & NE 1/4 of Section 18-9-25 (WPM) for an
interim period of six months, commencing March 1, 1990. A copy of Board Order
No. 79A is attached.

Please be advised that should a well be drilled on a leocatlon offsetting one
of the wells included in Board Order No. 79A, the Board upon application, will
consider extending the Order to include such a well.

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the expiry of Board Order No.
794.

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

Yours respectfully,

oo

H. Clare Moster
Deputy Chairman



Manitoba 4>

The Ol and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C ovs

{204) 945-3130
February 26, 1990

Ben Ober

Box 456

Centralia, Illinois
62801 USA

Attention: Mr. Ober
Dear Sir:
Re: Board Order Ro. 794

Maximum Permissible Production Rate Increase
SW 1/4 of Section 17-9~-25 (WPM) and S 1/2 & NE 1/4 of Section

18-9-25 (WPM)

This letter 18 to notify you that The 011l and Natural Gas Conservation Board
{"the Board") has granted Chevron Canada Resources an increase in the maximum
permissible daily and monthly production rate for wells leocated in the SW 1/4
of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section 18-9-25 (WPM) for an
interim period of six months, commencing March 1, 1990. A copy of Board Order
No. 794 is attached.

Please be advised that should a well be drilled on a location offsetting omne
of the wells included in Board Order No. 79A, the Board upon application, will
consider extending the Order to include such a well.

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the expiry of Board Order No.
794A.

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

Yours respectfully,

I s

H. Clare Moster
Deputy Chalrman



Manitoba g?)'

The Oil and Natural Gas Room 309

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

(204) 945-3130
February 26, 1990

Virden & District Elderly Persons
Housing Corporation

C/0 Box 520

Virden, Manitoba

ROM 2C0

Dear Sir:

Re: Board Order No. 79A
Maximum Permissible Production Rate Increase
SW 1/4 of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section
18-9-25 (WPM)

This letter is to notify you that The 0il and Natural Gas Conservation Board
("the Board") has granted Chevron Canada Resources an increase in the maximum
permissible daily and monthly production rate for wells located in the SW 1/4
of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section 18-9-25 (WPM) for an
interim pericd of six months, commencing March 1, 1990, A copy of Board Order
No. 79A 1s attached.

Please be advised that should a well be drilled on a locatlon offsetting one
of the wells included in Board Order No., 79A, the Board upon application, will
consider extending the Order to include such a well.

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the expiry of Board Order No.
79A.

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

Yours respectfully,

I i~

H. Clare Moster
Deputy Chairman



Manitoba %

The Oil and Natural Gas Room 309

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

(204) 945-3130
February 26, 1990

Bertha Germaine Adeline Kernel
Box 1703

Virden, Manitoba

ROM 2C0

Dear Madame:

Re: Board Order No. 79A
Maximum Permissible Production Rate Increase
SW 1/4 of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section
18-9-25 (WPM)

This letter is to notify you that The 011 and Natural Gas Conservation Board
("the Board") has granted Chevron Canada Resources an increase in the maximum
permissible daily and monthly production rate for wells located in the SW 1/4
of Section 17-9-25 (WPM) and § 1/2 & NE 1/4 of Section 18-9-25 (WPM) for an
interim period of six months, commencing March 1, 1990. A copy of Board Order
No. 79A is attached.

Please be advised that should a well be drilled on a location offsetting one
of the wells included in Board Order No. 79A, the Board upon application, will
consider extending the Order to include such a well.

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the expiry of Board Order No.
794,

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

Yours respectfully,

Y AN

H. GClare Moster
Deputy Chairman



Manitoba

The Oil and Natural Gas
Conservation Board

Room 309

m) )
Legislative Building

Winnipeg, Manitoba, CANADA
R3C ov8

(204) 945-3130
February 26, 1990

Murphy 0i1 Company Ltd.
1700 - 800 - 6th Ave. S.W.
Calgary, Alberta

T2F 3Y3

Attention: Land Department
Dear Sir:
Re: Board Order No., 79A
Maximum Permissible Production Rate Increase

SW 1/4 of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section
18-9-25 (WPM)

This letter is to notify you that The 0il and Natural Gas Conservation Board
("the Board"”) has granted Chevron Canada Resources an increase in the maximum
permissible daily and monthly production rate for wells located in the SW 1/4
of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section 18-9-25 (WPM) for an
interim perliod of six menths, commencing March 1, 1990. A copy of Board Order
No. 79A is attached.

Please be advised that should a well be drilled on a location offsetting one
of the wells included in Board Order Ro. 79A, the Beoard upon application, will
consider extending the Order to include such a well.

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the expiry of Board Order No.
794,

If you have any questions in respect of this matter, please contact L.R. (Bob)
Dubreuil, Director of Petroleum or John Fox, Chief Petroleum Englneer at
945-6573 and 945-6574, respectively.

Yours respectfully,

NP oo~

H. Clare Moster
Deputy Chairman



Manitoba

The Oil and Natural Gas
Conservation Board

‘F, )
Room 309

Legislative Building

Winnipeg, Manitoba, CANADA
R3C 0OV8

(204) 945-3130
February 26, 1990

Amoco Canada Resources Ltd.
P.0. Box 200

Calgary, Alberta

T2P 2H8

Attention: Land Department
Dear Sir:
Re: Board Order No. 79A
Maximum Permissible Production Rate Increase

SW 1/4 of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section
18-9-25 (WPM)

This letter is to notify you that The 0il1 and Natural Gas Conservation Board
("the Board") has granted Chevron Canada Resources an increase in the maximum
permissible daily and monthly production rate for wells located in the SW 1/4
of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section 18-9-25 (WPM) for an
interim period of six months, commencing March 1, 1990. A copy of Board Order
No. 79A is attached.

Please be advised that should a well be drilled on a location offsetting one
of the wells included in Board Order No. 79A, the Board upon application, will
consider extending the Order to include such a well,

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the expiry of Board Order No.
J9A.

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

Yours respectfully,

65—

H. Clare Moster
Deputy Chairman



Manitoba g?)“

The Oil and Natural Gas Room 309

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

(204) 945-3130
February 26, 1990

Pan Canadian Petroleum Ltd.
P.0. Box 2850

Calgary, Alberta

T2P 285

Attention: Land Department
Dear Sir:
Re: Board Order No. 79A
Maximum Permissible Production Rate Increase

SW 1/4 of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section
18-9-25 (WPM)

This letter is to notify you that The 0il and Natural Gas Conservation Board
{"the Board") has granted Chevron Canada Resources an increase in the maximum
permissible daily and monthly production rate for wells located in the SW 1/4
of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section 18-9-25 (WPM) for an
interim period of six months, commencing March 1, 1990. A copy of Board Order
No. 79A 1s attached.

Please be advised that should a well be drilled on a location offsetting one
of the wells included in Board Order No. 79A, the Board upon application, will
consider extending the Order to include such a well.

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the expiry of Board Order Ro.
794A.

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

Yours respectfully,

I o Te

H. Clare Moster
Deputy Chalrman



Manitoba <

The Oil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C OvB

(204) 945-3130
February 26, 1990

The Canada Trust Company
505 - 3rd Street S.W.
Calgary, Alberta

T2P 3Eb

Attention: O0il Royalty Department for the
Account of Williston Basin Trust

Dear Sir:

Re: Board Order No. 79A
Maximum Permissible Production Rate Increase
SW 1/4 of Section 17-9-25 (WPM) and 5 1/2 & RE 1/4 of Section
18-9-25 (WPM)

This letter is to notify you that The 0i1 and Natural Gas Conservation Board
("the Board") has granted Chevron Canada Resocurces an increase in the maximum
permissible daily and monthly production rate for wells located in the SW 1/4
of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section 18-9-25 (WPM) for an
interim period of six months, commencing March 1, 1990. A copy of Board Order
No, 79A 1s attached.

Please be advised that should a well be drilled on a location offsetting one
of the wells included in Board Order No. 79A, the Board upon application, will
consider extending the Order to include such a well.

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the expiry of Board Order No.
794A.

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

Yours respectfully,

o

H, Clare Moster
Deputy Chairman



Manitoba ‘,B“

The Oil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C ovs

(204) 945-3130
February 26, 1990

Ms. Nettie Sawatsky
Box 1582

Virden, Manitoba
ROM 2CO

Dear Ms., Sawatsky:

Re: Board Order NRo. 79A
Maximum Permissible Production Rate Increase
SW 1/4 of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section

18-9-25 (WPM)

This letter is to notify you that The 0il and Natural Gas Conservation Board
("the Board") has granted Chevron Canada Resources an increase in the maximum
permisaible daily and monthly production rate for wells located in the SW 1/4
of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section 18-9-25 (WPM) for an
interim period of six months, commencing March 1, 1990. A copy of Board Order
No. 79A 1s attached. L

Please be advised that should a well be drilled on a location offsetting one
of the wells included in Board Order No. 79A, the Board upon application, will
consider extending the Order to include such a well.

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the expiry of Board Order No.
79A.

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

Yours respectfully,

i baTn

H, Clare Moster
Deputy Chairman
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The Oil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
R3C ov8

{204) 945-3130
February 26, 1990

The Anglican Church of Canada
Parish of St., Mary's The Virgin
C/0 Box 520

Virden, Manitoba

ROM 2C0

Dear Sir:

Re: Board Order No. 794
Maximum Permissible Production Rate Increase
SW 1/4 of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section
18-9-25 (WPM)

This letter is to notify you that The 0il and Natural Gas Conservation Board
("the Board") has granted Chevron Canada Resources an increase in the maximum
permissible daily and monthly production rate for wells located in the SW 1/4
of Section 17-9-25 (WPM) and § 1/2 & NE 1/4 of Section 18-9-25 (WPM) for an
interim period of six months, commencing March 1, 1990. A copy of Board Order
No. 79A is attached,

Please be advised that should a well be drilled on a location offsetting one
of the wells included in Board Order No. 79A, the Board upon application, will
consider extending the Order to include such a well.

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the expiry of Board Order No.
794,

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

Yours respectfully,

Ao~

H. Clare Moster
Deputy Chairman



Manitoba 4=

The Oil and Natural Gas Room 309

Conservation Board Legislative Building
Winnipeg, Manitoba, CANADA
RaC ovs

(204) 945-3130
February 26, 1990

Hospital District # 10
C/0 Box 520

Virden, Manitoba

ROM 2C0O

Dear Sir:

Re: Board Order No. 79A
Maximum Permissible Production Rate Increase
SW 1/4 of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section
18-9-25 (WPM)

This letter ias to notify you that The 0il and Ratural Gas Conservation Board
{"the Board") has granted Chevron Canada Resources an increase in the maximum
permissible daily and monthly production rate for wells located in the SW 1/4
of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section 18-9-25 (WPM) for an
interim period of six months, commencing March 1, 1990. A copy of Board Order
No. 79A 1s attached.

Please be advised that should a well be drilled on a location offsetting one
of the wells included in Board Order No. 79A, the Board upon applicaticn, will
consider extending the Order to include such a well.

You will be notified should Chevron make further application for a change in
the maximum permissible production rate after the explry of Board Order No.
79A.

If you have any gquestions in respect of this matter, please contact L.R. (Bob)
Dubreuil, Director ¢f Petroleum or John Fox, Chlef Petroleum Engineer at
945-6573 and 945-6574, respectively.

Yours respectfully,

A5~

H. Clare Moster
Deputy Chairman
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he Oil and Natural Gas Room 309

Conservation Board Legislative Building
winnipeg, Manitoba, CANADA
R3C 0ve

(204) 945-3130
Order No. 79A
An Order Pertaining to Maximum Permissible
Production Rates in the Virden Field

WHEREAS, subsection 51(3) of The Petroleum Drilling and Production
Regulation, being Manitoba Regulation 430/87R ("the Regulation™) states as
follows:

"51(3) Notwithstanding anything in this section, the board wupon
application or upon its own initiative, may establish any maximum
permissible production rate for a well or exempt a well from any of
the provisions of this section.”

AND WHEREAS, Chevron Canada Resources is the operator of wells in the 5w 1/4
of Section 17-9-25 (WPM) and the S 1/2 and NE 1/4 of Section 18-9-25 (WPM)
("the area of application");

AND WHEREAS, Chevron Canada Resources made application dated December 11,

1989, for exemption from maximum permissible production rate restrictions for
wells in the area of application;

AND WHEREAS, wupon due consideration of the said application, the Board has
found that an increase in the maximum permissible daily and monthly production
rate for an interim period of six months is reasonable and desireable;

NOW, THEREFORE, the Board orders that:

1 The maximum permissible daily production rate for the following wells
i{s 20 cubic metres of clean oll:

Chevron Virden 3-17-9-25 (WPM)
Chevron Virden 4-17-9-25 {WPM)
Chevron Virden 5-17-9-25 (WPM)
Chevron Virden Prov. 3-18-9-25 (WPM)
Chevron Virden 7-18-9-25 {WPM)
Chevron Virden 8-18-9-25 (WPM)
Chevron Virden Prov. 9-18-9-25 (WFM)

2 The combined maximum permissible monthly producticn rate for the
seven wells in section 1 is 3 000 cubic metres of clean oil.

3 This Order shall take effect on March 1, 1990 and shall expire on
August 31, 1990 unless otherwise extended by the Board as provided for in
gsection 4 or rescinded by the Board as provided for in section 7.
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This Order may be extended by the Board, wupon application, for a
period of up to one month subject to the restriction that over the period this
Order remains in effect a maximum volume of 18 000 cubic metres of clean oil
may be produced.

5(1) The operator shall, prior to July 31, 1990, conduct a pbressure survey
on one well in each of the SW 1/4 of Section 17-9-25 (WPM) and the S 1/2 or
NE 1/4 of Section 18-9-25 (WPM) to determine the static reservoir pressure.

5(2) The operator shall submit to the Petroleum Branch, the details of the
surveys described in subsection (1), 1including a 1list of the wells to be
surveyed, the measurement technique to be used, and the intended shut-in
periods for each well, and approval shall be obtained from the Director of
Petroleum before the program is carried out.

6 The operator shall submit such information and reports on the
production and reservoir performance of the wells listed in section 1 as may
be requested by the Director of Petroleum.

7 This Order may be rescinded by the Board at any time without notice.
H. Clare Moster Ian Héugh /V\’

Deputy Chairman Chairman

THE OIL AND NATURAL GAS CONSERVATION APPROVED:

BOARD ORDER NO. 79A APPROVED THIS
/6™ DAY OF Feaquary A.D., 1990 —~
AT THE CITY OF WINNIPEG N

Vi \
/.f’/ \.\ !\ \l)«"xli 1_‘/‘
Harold Neufeld \
Minister of Energy and Mines
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02-17-9-25 WiM
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05-17-9-25 WIM
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e :
W

12-17-9-25 W1M

13-17-9-25 WIM
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Attachment 2 (cont’;d)

Land Mineral Owner | " Jessee

07-189-25 WIM 75% N. Savatsky ./ *100% Chevron
‘.. ... 25% Capada Trust - S

08-18-9-25E WM . | Same as above ~ o emeee -

09-18-9-25 WIM - Crown . 100% Chevron
10-18-9-25 WiM - | Crowm L 100% Chevron
15-18925 WiM . | Crown S - 100% Chevion
16-18-9-25 Wim Crown ’ 100% Chevion




_Amoco Canada Resources Ltd.
P.0O. Box 200
Calgary, Alberta
" P 2H8 Attention: Land Department Dear Sir: Pan Canadian Petroleum Ltd.
J. Box 2850
Calgary, Alberta
T2P 235 Attention: Land Department Dear Sir: Ms. Nettie Sawatsky
Box 1582
Virden, Manitoba
RCM 2C0 Dear: Ms. Sawatsky Enron 0il Canada Ltd.
1300, 700 —~ 9th Avenue S.W.
Calgary, Alberta
T2P 3V4 Attention: Mr, D. K. Palmer Dear Sir: The Canada Trust Company
505 - 3rd Street S.W.
Calgary, Alberta
T2P 3E6 Attention: 011 Royalty Department for the
Account of Williston Basin Trust Dear Sir:_
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Date

To

Subject

February 8, 1990 Memorandum

The 011 and Natural Gas From . John N. Fox
. Conservation Board . Chief Petroleum Engineer

‘ . Petroleum Branch
Ian Haugh - Chairman

H.C., Moster - Deputy Chairman

Wm. McDonald - Member
Teiephone

First | Fotd

PS-f-25 894-01-00271

Re: Chevron Canada Resocurces - Application for Exemption From
Maximum Permissible Production Rate Restrictions - SW 1/4 of Sectlon
17-9-25 (WPM) & S 1/2 & NE 1/4 of Section 18-9-25 (WPM)

Chevron Canada Resources has made application under subsection 51(3) of the
Petroleum Drilling and Production Regulation (the "Regulation") for exemption
from the Maximum Permissidble Production Rate (MPPR) of 290 m3/month for
seven wells located in the SW 1/4 of Section 17-9-25 (WPM) and the S 1/2 and
NE 1/4 of Section 18-9-25 (WPM). Chevron has indicated it plans to produce
these wells at approximately 20 m3 OPD, but it has not suggested a limiting
MPPR.

Recommendations

It is recommended that for an Interim period of six months from March 1, 1990
to August 31, 1990 the maximum permissible daily production rate per well and
the maximum permissible monthly production rate for the seven wells be set at
20 m3 and 3 000 m3, respectively. A copy of proposed Board Order HNo. 79A
is attached. The draft Board Order contains a provision that upon
application, the interim six month pericd may be extended to seven months on
the condition that the maximum volume of oil that may be produced under the
Board Order remains unchanged at 18 000 m3.

It is also recommended that the Board Order contain a provision that Chevron
be required to submit such information as may be requested by the Director of
Petroleum to properly evaluate the effect of increased production rates on
reservoir performance,

It is further recommended that the Board notify offsetting working interest
and royalty owners of the increase in maximum permissible production rates.
The notification would indicate that should a well be drilled on a location
offsetting one of the wells included in the interim approval, the Board upon
application will consider extending the Order to include such a well. A copy
of the proposed letter of notification is attached.



Discussion

Chevron has drilled seven wells southwest of Routledge Unit No. 1 (Figure 1)
in the SW 1/4 of Section 17-9-25 (WPM) and the 8 1/2 and NE 1/4 of Section
18-9-25 (WPM) ("the area of application"). To date only two wells, 8-18-9-25
(8 months) and 9-18-9-25 (4 months) have been on production for more than 1-2
months. Table 1 lists the individual wells and their production for November,
1989,

The wells have been included in the Virden Lodgepole C Pool and are subject to
a maximum permissible daily and monthly production rate of 11 m3 and
290 m3, respectively as per Schedule D of the Regulation. Chevron has
applied for an exemption from maximum permissible production rate restrictions
for wells in the area of application,

The two primary concerns that must be addressed when considering an increase
in MPPR are the effect of increased production on ultimate recovery and on the
correlative rights of offsetting working interest and royalty owners,

Effect of Production Rate on Ultimate Recovery

Chevron has provided production and bottom hole flowing pressure data for
§-18-9-25 and %-18-9-25. From this data inflow performance (IPR) curves have
been developed for the wells., The IPR curves (Figures 2 & 3) indicate both
wells have high productivity and could produce 20 m3 OPD with a pressure
drawdown of only 15-20% of reservoir pressure. What the curves cannot be used
to predict 1s the effect o¢f an 1increase in production rate on ultimate
recovery.

At this early stage of reservoir depletion it is impossible to predict whether
an Increase in production rate in the area of application will result in an
increase or decrease in recovery or if recovery is in fact not rate dependent.

The wells in the area of applicatlion are completed in the Upper Whitewater and
Upper Virden members of the Lodgepole Formation near the regional oil/water
contact. The wells received strong pressure support from a downdip aquifer to
the southwest.

The performance of the wells is expected to he similar to the performance of
wella located in Section 8-9-25 (WPM) now part of the Virden Lodgepole C Pool
and in particular the 7-8-9-25 (WPM) well (Figure 1).

Figure 4 is a plot of the production history of the wells in Section 8-9-25
(WPM). The plot shows a continual increase in WOR from 1.0 to 15 m3/m3
since production commenced in 1987, while o011l production has remained
relatively constant. This suggests that near the regional oil/water contact
encroachment of the downdip aquifer occurs independent of the production rate
suggesting that oil recovery is independent of production rate.
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In November 1987, the Board granted the 7-8-9-25 (WPM) well an increase in
daily MPPR to 40 m3/d for an interim six month period, During the six
months the daily oil production ranged from 2.4 - 16 m3 OPD
(5.9 - 46 m3 FPD). Over the same period the WOR continually increased from
1.06 to 2.83m3/m3 independent of the production rate. At the end of the
six month period the production had declined to 4 m3 OPD. Figure 5, which
is a plot of the production history for 7-8-9-25 (WPM), supports the
suggestion that in the area of application an increase in production rates
will not have an adverse effect on oil recovery.

Chevron has postulated that because there is a large variation in permeability
within the reservoir an increase in pressure drawdown will allow the less
permeable zones which are not depleted under the current drawdown to be
depleted. This may result in a slight increase in oil recovery in the area of
application,

There is insufficient production performance from the wells in the application
area to warrant a permanent exemption from or increase in MPPR. However,
there appears to be enough evidence to suggest that oil recovery will not be
adversely effected by an increase in production rates over the short term.

The only way to properly evaluate the effect of higher production rates on
ultimate recovery is to allow the wells to be produced at higher rates,

It is recommended that Chevron be granted a daily MPPR of 20 m3 OPD for each
well and a total monthly MPPR for the seven wells of 2 000 m3 CPM, for an
interim period of six months from March 1, 1990 to August 31, 1990,

The increase in daily MPPR to 20 m3 OPD for a six month period will allow
Chevron an opportunity to properly evaluate the effect of increased production
rates on reservoir performance.

The monthly MPPR of 3 000 m3 which equates to an average of 15 m3
OPD/well, is approximately one half the rate increase proposed by Chevron and
represents a 970 m3 increase above the present monthly MPPR of 2 030 m3
(7 wells * 290 m3 OPM/well). At 3 000 m3 OPM Chevron has the flexibility
to produce some wells at 20 m3 OPD while the other wells would be restricted
to 10 m3 OPD which is less than the present daily MPPR. This flexibility
should minimize operating difficulties which may be encountered by Chevron
during the six month perioed.

To ensure the collection of production and reservoir information needed to
properly evaluate the effect of increased production rates on reservoir
performance it is recommended that Chevron be required to:

1) submit a detailed well testing program prior to March 1, 1990. The testing
program should iInclude a schedule of rate changes for each well and the
frequency of individual well production testing and fluid level
measurements,



-4 -

2) submit monthly production testing and well performance reports including
calculated IPR's for each well,

3) conduct a pressure survey on one well in the SW 1/4 of Section 17-9-25
(WPM) and one well in the S 1/2 or NE 1/4 of Section 18-9-25 (WPM) hefore
July 31, 1990.

It is proposed to allow Chevron to apply for a one month extension of this
approval in recognition of operational problems that may be encountered such
as the need to install artificial 1lift or production restrictions due to
limited treater or disposal capacity. The restriction on such an extention
would be that the total volume of oil produced over the term of the approval
would remain unchanged at 18 000 m3 or less (6 months *3 000 m3/mon).

Effect of Production Rate on Correlative Rights

There is a concern that an increase in the daily and monthly MPPR will result
in the inequitable drainage of oil from offsetting lands. Figures 6 & 7 show
the lessors and lessees in and adjacent to the area of application.

To evaluate the effect of increasing the MPPR on offset lands, the following
worse case senario was developed.

It was assumed that the effect of Iincreasing the pressure drawdown at a well
in the application area is immediately observed at the spacing unit boundary
resulting in an instantaneous flow across the boundary. At a production rate
of 20 m” OPD, a pressure drawdown of 310 kPa or 4.6% of the original
reservolr pressure was calculated at the spacing unit boundary (Figure B8),
This drawdown results in an estimated flow of 1.2 m3 OPD across the spacing
unit boundary.

Figure 9 and Table 2 summarize the locations where inequitable drainage could
occur. Assuming that during the six month approval period a well is produced
at 20 m3 OPD for 50% of the time, this will result in drainage of 55 m3
oil from an adjacent spacing unit. If the time required for the influence of
the pressure drawdown to reach the spacing unit boundary 1is factored in, this
drainage volume could conservatively be reduced to 25 m3 oil.

Because of the negligible effect on correlative rights of increasing the MPPR
for a 1Interim period of six months and the minimum amount of technical
information presently available, no benefit will be gained by publishing
notice of this application. Instead it is recommended that the Board notify
the offset lessors and lessees of its decision. The letter should include the
provision that if a well 1is drilled on offsetting lands, the Board upon
application will consider extending this approval to that well. A copy of the
proposed Board letter of notification is attached.
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After the expiry of the six month period, if Chevron makeé a further
application for an exemption from or increase in the MPPR, it is suggested
notice of such an application should be published at that time.

ORIGINAL SIGNED BY
JOHN N. FOX

John N. Fox
Chief Petroleum Engineer

JNF:sml

Attachments

Qriging $ignesd oy
L,I.DUﬁﬁﬁuw

Approved by:

L.R. Dubreuil, Director
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The Oil and Natural Gas Room 309

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

(204) 945-3130
Order No. 79A
An Order Pertaining to Maximum Permissible
Production Rates in the Virden Fileld

WHEREAS, subsection 51(3) of The Petroleum Drilling and Production

Regulation, being Manitoba Regulation 430/87R ('the Regulation") states as
follows:

"51(3) Notwithstanding anything in this section, the board upon
application or upon its own initiative, may establish any maximum
permissible production rate for a well or exempt a well from any of
the provisions of this section.”

AND WHEREAS, Chevron Canada Resources is the operator of wells in the SW 1/4
of Section 17-9-25 (WPM) and the S 1/2 and NE 1/4 of Section 18-9-25 (WPM)
("the area of application”);

AND WHEREAS, Chevron Canada Resources made application dated December 11,
1989, for exemption from maximum permissible production rate restrictions for
wells in the area of application;

AND WHEREAS, upon due consideration of the said application, the Board has
found that an increase in the maximum permissible daily and monthly production
rate for an interim period of six months is reasonable and desireable;

NOW, THEREFORE, the Board orders that:

1l The maximum permissible daily production rate for the following wells
ig 20 cubic metres of clean oil:

Chevron Virden 3-17-9-25 (WPM)
Chevron Virden 4-17-9-25 (WPM)
Chevron Virden 5-17-9-25 (WPM)
Chevron Virden Prov. 3-18-9-25 (WPM)
Chevron Virden 7-18-9-25 (WPM)
Chevron Virden 8-18-9-25 (WPM)
Chevron Virden Prov. 9-18-9-25 (WPM)

2 The combined maximum permissible monthly production rate for the
geven wells in section 1 is 3 000 cubic metres of clean oil.

3 This Order shall take effect on March 1, 1990 and shall expire on
August 31, 1990 unless otherwise extended by the Board as provided for in
section 4 or rescinded by the Board as provided for in section 7.
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This Order may be extended by the Board, upon applicatlion, for a
period of up to one month subject to the restriction that over the period this
Order remains in effect a maximum volume of 18 000 cubic metres of clean oil
may be produced,

5(1) The operator shall, prior to July 31, 1990, conduct a pressure survey
on one well in each of the SW 1/4 of Section 17-9-25 (WPM) and the S 1/2 or
NE 1/4 of Section 18-9-25 (WPM) to determine the statlc reservoir pressure.

5(2) The operator shall submit to the Petroleum Branch, the details of the
surveys described in subsection (1), including a list of the wells to be
surveyed, the measurement technique to be used, and the intended shut-in
periods for each well, and approval shall be obtained from the Directer of
Petroleum hefore the program is carried out,

6 The operator shall submit such iInformation and reports on the
production and reservoir performance of the wells listed in section 1 as may
be requested by the Director of Petroleum,

7 This Order may be rescinded by the Board at any time without notice.
H. Clare Moster Ian Haugh
Deputy Chairman Chairman
THE OIL AND NATURAL GAS CONSERVATION APPROVED:
BOARD ORDER NO. 79A APPROVED THIS
DAY OF A.D., 1990

AT THE CITY OF WINNIPEG

Harold Neufeld
Minister of Energy and Mines



List of Addressees to Follow

Re: Maximum Permissible Production Rate Increase
SW 1/4 of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of Section
18-9-25 (WPM} Board Order No, 794

This letter 1s to notify you that The 0il and Natural Gas Conservation
Board ("the Board”) has granted Chevron Canada Resources an increase in
the maximum permissible daily and monthly production rate for wells
located in the SW 1/4 of Section 17-9-25 (WPM) and S 1/2 & NE 1/4 of
Section 18-9-25 (WPM) for an intérim period of six months, commencing
March 1, 1990. A copy of Board Order No. 794 is attached.

Please be advised that should a well be drilled on a location offsetting
one of the wells included in Board Order No., 79A, the Board upon

application, will consider extending the QOrder to include such a well.

You will be notified should Chevron make further application for a change
in the maximum permissible production rate after the explry of Board
Order No. 79A.

I1f you have any questions in respect of this matter, please contact L.R.

(Bob) Dubreuil, Director of Petroleum or John Fox, Chief Petroleum
Engineer at 945-6573 and 945-6574, respectively.

Yours respectively,

H. Clare Moster
Deputy Chalrman



TABLE 1

Production Data
November, 1989

WELL DAILY OIL (m3/d) WOR m3/m3
3-17-9-25 8.45 0.14
4-17-9-25 11.54 1.90
5-17-9-25 : 12.64 0.15
3-18-9-25 5.48 4,53
7-18-9-25 8.56 1.20
8-18-9-25 9.51 2.05

9-18-9-25 8.57 2.74



Location

14-7-9-25

13&14-8-9-25
12-17-9-25
1&2-18-9-25

6&10-18-9-25

*Asgsumes the offsetting producing well is

Producing
Well
3-18-9-25

3-17-9-25
4-17-9-25

5-17-9-25
9-18-9~25

4~17-9~25
3-18-9-25

7-18-9-25
9-18-9-25

TABLE 2

Potential Drainage

Potential Drainage

Vaolume

Daily 6 months*

(M3 OPD) (M3) Lessor
0.3 27 Dome Et Al
0.6 55 Dome
0.6 55 Read Et Al
0.6 55 Sawatsky

Canada Trust

0.6 55 Crown

Lessee

Open

Chevron - 93.75%
Enron - 6.26%
Murphy Et Al

Chevron

Chevron

produced at 20 m3 OPD for 3 of the 6 months.
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Partial Reservelr Fluld Study
for
Chevron Canada Resources Linited
Chevron Virdea 7-8-9-25 (WI1M)

Virden Field, Manitoba

File Number: 55377-87-383 1988 02 17

CORE LABORATORIES
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. b D Lgmpany

1588 02 17

Chevron Canada Resoutces Limited
500 - Fifth Avenue S.W.

Calgary. Alberta

T2P QL7

Attention: Ms. Bomnie Nickel

Subject:  Partial Reservoir Fluid Study
Chevron Virden 7-8-9-25 (W1M)
Vidren Fleld, Manitoba
File Number: 55377-87-383

Gantlemen:

Samples of separator gas and oil were collected from the subject well by a
representative of Core Laboratories on 1987 12 11. The samples were then
submitted Lo our Calgary laboratory for use in a reserveir fluid study.

Initially, the separator samples were physically recombined to the specified gas-
oll ratio of 21,80 m3/m3 stock tank liquid. A portion of the fluid was cthen
transferred, under pressure, to a high-pressure, windowed cell and heated to the
reported reservolr vtemperature of 32.0°C, The saturation pressure and Lhe
pressure-volume relations of the fluid were determined at CLhis Lemperature. The
differential vaporization test could not be conducted due to the low saturation
pressure. The viscosity of the fluid was measured at 32.0°C for pressures
exceeding the saturation pressure to atmospheric pressure. A two-stage separator
test was also conducted, simulating field operating conditions at the time of
sampling. The composition of the recombined reservolr fluld was determined by low
temperature, fractional distillation.

Thank you for the opportunity to he of serviece. Please contact me if you have any
questions concerning the enclosed data.

Yours truly,
CORE LABORATORIES CANADA
/;ffp }5f -~
7;% .
Tom B, Martin

Supervisor
PVT Laboratory

TC/cmdc

Core Laboratorles 1640 26(h Avenue W E. Calgary Albarta T2E 7A2 ¢ a03) 2504000 « Fax (403) 250 5120
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SECTICON I: Tabular Data PAGE
1. Pressure-Volume Relations 1,2
2. Reservoir Fluid Viscosity 3
3. Separator Test of Reservolr Fluid 4
4, Separator Test of Separator Fluid 5
3. Reservoir Fluid Gomposition 6,7

SECTION J1;: Tllustrations

6. Relative Volume 8

7. 011 Viscosicy 9
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LABORATIORIES
COMPARY Clhievron Canada Resources Limited PAGE | of 9
WELL Chevron Virden 7-8-9-25 (W1M) FILE 55377-87-383
y 1G DATA OF R FLUID SAMP

1. Saturation pressure (Pg) (bubble peoint) 1 427 kPa (gauée) at 32,0 ‘C.

2. Thermal expansion (Bo) of reservoir fluid: Volume @ 372.0°C:
Volume @ 19.4°C

At 34 476 kPa (Gauge) = 1.00896

3. Compressibility (C,) of reservoir fluid @ reservoir temperature: Vol/Vol/kPa:

From 34 474 kPa to 27 579 kPa 6.84 x10°7
From 27 579 kPa to 20 684 kPa =~ 7,10 x10-7
From 20 684 kPa to 13 790 kPa = 7.5 x10-/
From 13 790 kPa to 6 895 kPa = 8.06 x10-’
From 6 895 kPa to 3 447 kPa = 8.45 x10-7

From ) 447 WPa (v 1 427 kPa = 8.93 x10-7

c
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. CORE

204 748 6762

LABORATORIES

COMPANY Chevron Canada Resources Limiced
Chevron Virden 7-8-9-2% (WLM)

WELL

PREISURE VOLUME RELATIONS AT 32,0 “c

PRESSURE RELATIVE
kPa VOLUME
;auge V/Vsat (1)
34 474 0.9751
27 879 0.9799
20 684 0.9847
13 790 0.9898
6 835 0.9953
3 447 0.9982
2 758 0.9988
1 427 ]y
1 248 1.,0228
1 158 1.0399
1 034 1.0734

289 1.1372
772 1.2237
689 1.3196
586 1.5130
517 1.7261
462 1.9845

CHEVRON VIRDEN

FUNCTION (2)

Y

=== YNPG PETR BRNH

o7

PAGE 2 of 9
FILE 55377-87-383

,823

357

.713

.96l

.352

.922

2.

2.

385

627

1.740

0IL
DENSITY

kg(mJ
856.8
852.7
848 .86
8442
839.5
837.1

836,86

815.6

(1) Cubie metres at indicated pressure and temperature per cubic metre of
saturated oil.

(2)

X

-

(Psat-P}

(P + 101.325)(Relative Volume - 1)
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COMPANY Chevron Canada Resources Limited FPAGE 3 ot 9
WELL Chevron Virden 7-8-9-25 (wlid) FILE 55377-87-383
RESERVQIR FLU1D VISCOSITY
PRESSURE, ' 0IL
kPa VISCOSITY
{GUAGEY mPa .S
34 414 3,631
27 579 5.269
20 684 &, 900
13 790 4,537
6 895 4,164
3 447 3.976
1 472 3,870

0 5.573
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COMPANY Chevron Canada Resources Limited BAGE 4 of 9

WELL Chevion Virden 7-8-9-25 (W1M) FILE 55377.-87-383

SEPARATOR TEST OF RESERVOIR FLUID SAMPLE

SEFARATOR  SEPARATOR GAS-OIL  GAS-OIL  OIL GKAVITY FURMATION SEPARATOR RELATIVE

PRESSURE  TEMPERATURE RATIO RATIO * APl @ VOLUME VOLUME DENSITY 0i
kPa 'C 15.6°C FACTOR, FACTOR LIBERATED
(Gauge) B (L)  _Ry_(2) B (D) (&) GAS (5)
1 427
Co
90 26.0 18.84 19.28 1.029 1.27%
to
0 15.0 1.50 1,50 33.1 1.097 1.000 1.379

Toral 20,78

(1) Cuble metres of gas @ 101.325 kPa (absolute) and 15.0°C per cubic metre of oil @
indicated pressure and temperature.

(2) Cubic metres of gas @ 101.325 kPa (absolute) and 15.0°C per cublc metre of stock tank
oll @ 15.0°C.

(3) Cubic metres of saturated oil @ _L 42/ kPa (gauge) and _32.0°C per cubic metre of
stock cank oll @ 15.0°¢, ‘

(4) Cubic metres of oil @ indicated pressure and temperature per cubic metre of stock tank
oll @ 15,0°C,

(3) AIR = 1.000.
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COMPANY Chevron Canada Resources Limited PACE 5 of 9
WELL Chevron Virden 7-8-9-25 (WIM) FILE 55377-87-383
{ TEST O ARATO L. _SANPLE
: STOCK ‘
STOCK TK. STOCK TK. GAS-0JL. GAS-OIL TANK OIL SEPARATOR STOCK TK. RELATIVE
PRESSURE TEMPERATURE RATIO RATIO " APT @ VOLIME VOLUME DENSITY OF
kPa 'C 15.6"C FACTOR FACTOR LIBERATED
_(Gauge) R R Bo(3)  __(4) _ _GAS (5)
g0
to

This dace was used Lo develop the recombined reservoir fluid i‘e‘j the separator samplﬁl
werc physically recombined to the specified gas-oll racioc of 21.60 m /m3 stack tank oilf

(1)
(2)
(3)
(4

(%)

0 15.6 1,50 32.9 1,017 1,039
|

Total 1.50

Cubic metres of gas @ 101,325 kPa (absolute) and 15.0°C per cubic metre of oil @
Indicated pressure and temperature,

Cuble metres of gas @ 101.325 kPa (absolute) and 15.0°C per cubic metre of stock t

ofl @ 15.0°C.

Cuble metres of saturated oil @ _ 90 kPa (gauge) and _26,0'C per cubic metre of

stock tank oil @ 15.0°C.

Cublc metres of 611 @ indicated pressure and temperature per cubic metre of stock
tank oil @ 15,0°G.

AIR = 1,000,
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HYDROCARBON LIQUID ANALYSIS y
B277 553//-87-383 !
"~ CONTATHER IDENTITY T LABGRATORY NUMBER i
Chevren Canada Resources Limited b of § N
GFERATOR PAGE :1
LSD 7-8-9-25 Win Chevron Virden 7-8-9-25 [
LUTATION - WELL OR SAMPLE LOCATION HAME ] KB ELEV. (m) CA ELFV.(d r_:;l
Vivden,ManliLoba L ol
FIELD OR ARER FOOL OR ZONE SAMPLER ol
TESYIYPE < wo. - TEBT RECOVERY ;E
Recombined Reservoir Fluid - a] o}
POINT OF SAMPLE ANMT. & TYPE CUSHION © MUD RESISTIVIT 4
l |  poptng FLOWING __ Gas LIFT SWAB ’
| | g
| | watem mid  om mitd  Gas b /dl li
TEST INTERVALS (metras) - H
{ 1 427 @ e a e | 32.0 fll
| TSEPARATOR RESERVOIR CONTATHER CONTATNER | | TSEFARATGR B
WREN SAMPLED WHEN RECEJVED |
Lo ~ — —PRESSURES, kPa (gauge)— — — = — — — — — L renperatures, och- -jnf
. '\f'
) BA 01 28 Dp i
UATE SAMPLED (Y/H/D)  DAYE RRCEIVED (¥/H/D) DATE ANALYZED (Y/H/D) ANALYST REMARKS 4
I
HOLE MASS LIOUID VOLUME i
COMPONENT! ¢ eactioN FRACTION FRACT 1ON it
CBSERVED PROPERTIES OF Cg+ RESIDUE (15/159C) 1
Nz 0.0071 0.0011 0.0012 g
it
o, | 0.0260 | 0.0065 0.0066 !
874.3 kgim? 0.875] 30.3 [
Ha$ 0,0094 0.0018 0.0019 DENSITY RELATIVE DENSITY APL & 15.5° ¢ "
¢ 0.0053 | 0.0005 0.0014 ;;%’
230 l\;‘..
¢ 0.0382 | 0.0066 0.0153 RELATIVE HOLECULAR MASS K
&
C3 0.0753 | 0.01%0 0.0312 "
i 0,0230 0.0076 0.0113 CALQLATED IROPERTIES OF TOTAL SNPLE (15/159C) 'c‘}
€ 0.0620 | 0.0206 0.0294 :{'
|
ics | 0.0307 | 0.0127 0.0169 833.4 ugimd 0.8342 38.2 '
DENSITY RELATIVE DENSITY API & 15.5% ¢ ‘ }n
¢ | 0.0207 [0.0123 | 0.0162 |
It

gt | 0.6933 | 0.9113 0.8686 o 174.9%
RELATIVE MOLECULAR HASS {
TOTAL 1.0000 1.0000 1, OOOO_J |
REMARKS \
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ANALYSIS

- a1,92,50 14:53  B204 748 6762
e
CORE
LABURATORIES .
HYDROCARBON
OPERATOR Chevron Canada Kesources Limiced
WELL Chevron Virden 7-8-9-25

SAMPLE POINT Recombined Reservoir Fluid

Boiling Point
Range (°C)

analysis of Cg+ Fractlon

Component

Carbon Number

Fraction

M6.1- 68.9
68.9- 98,3
98.3-125.6
125.6-150.6
150.6-173.9
173.9-196.1
196.1-215.0
215.0-235.0
235.0-252.2
252.2-270.6
270.6-287.8
287.8-302.8
302.8-317.2
317.2-330.0
130,0-344 .4
344.4+-357,2
187.2-369.4°
369.4-380,0
380.0-391.1
391.1-401.7
401,7-412.2
412,2-422.2
422.2-431.7
431.7-441.1
441.1 PLUS

80.0
110.6
136.1-138.9
144.4
168.9

48.9
72.2
81.1
101.1

68.9 PLUS
66.9 FPLUS
8.9 PLUS
68.9 PLUS
64.9 PLUS

Hexanes
ileptanes
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradacanes
FPentadecaneas
Hexadecanes
Heptadecanes
Qctadecanes
Nonadecanes
Elcosanes
lleneicosanes
Pocosanes
Tricosanes
Tetracosanes
Fentacosanes
Hexacosanes
Heptacosanes
Qctacosanes
Nonacosanes
Triacontanas Plus

Benzene

Toluene

Ethylbenzene, p + m-Xylene
u=Xyleue

1,2,4 Trimechylbenzene

Cyclopantane
Methyleyclopentane
Cyclohexane
Methyleyclohexane
TOTAL

Mole Fraction of Cy+
Mass Fraction of C7+

Calculated Relative Molecular Mass of Cy+

Cas

Cy0t

CeHg
C7Hg
CgH10
CgH10
CgH12

CsHio
CgHy 2
CgH12
C7H14

Calculated Relative Density of Cy+
Caleulated Densicy of €7+ (kg/m b

PAGE 7 of 9 3
FILE 55377-87-3%
DATE 88 01 28 F

Mole

0.,0415
0.0449
0.0504
0.0371
0.0416
0.0372
0.0320
0,0318
0.0300
0.0320
.0.0254
0.0186
0.0217
0.0204
0.0153
0.0133
u0.0125
0.0109
0.0106
0.0097
0.0082
0.0076
¢.0071
0.0068
0.0579

oo

"IN LA LB PO AN LA DD B~

O WD~ O D W0

N EROD000000D00 000

0 ) = b A Rl I Lad WS

PE R o S 0 - AT Sl S B e

0.0007
0.0033
0.0082 2
0.0057 . U uop

0.0022

0.0020 0.0
0.0120 0. 00k
0.0174 0. 00§
0.0173 0.0
0.6933 0.9
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CHEVRON V{RDEN

01,2290 14:565 B204 748 6762 o
. i gf‘fiﬂ
e
g'con,t _ _ { a2l )27
LABL. ATORIES
A S ANALY SIS
534 L ShIBU-H/-1/5Y
CONTAINER TDENTITY LABORATORY HURBER
Chevron Canacda Resources lLimired L of 3
OFERATOR o FAGE
LSD 7-8-9-25 WIM Chevron Virden 7-8-9-25 .
KB ELEV.{m} GR ELEV.(m)

LOCATION
Virden, Manitoba

WELE OR SAMELE LOCATION HAME ]
) Core Laboratories

FIELD OR AREA

POGL O/ LONE SAMPLER

TEST TYPE & NO.

TEST RECOVERY =~
og

Gas Leg e . e
POINT OF SAMPLE AMT. & TYPE CUSHION MUD RESISTIVITY
! | mnsun FLALSHE UAS LIFD 5HAB
I l
| | WATER mdja O1L md/a GAS md/g
TEST INTERVALS (macrey) )
f 59 e ° 90  a2lec || 26 |
| T SEPRRATOR HESERVOIR i ONTATHER - wﬂggn&géggssp | | TEEPARATOR |
b e = - - - —PRESSURES, KPa (gauge)— — — — — — — — L —remprraTuRES, 00— J
87 12 11 87 12 15 B7 12 19 RH
UATE SAMPLER (¥/M7D) DATE RECEIVED :%/HIG} ( Y ANALYST T T REMARKS =
MOLE FRACTION|MOLE FRACTION mL /i
COMPONENT| — £1R PREE WIR FREE ALR FREE mc;;uren GROSS HEATING VALUE CALCULATED VAPOUR PRESSURE
AS RECEIVED |ALID CAS FREE| AS RECELVED MIjw¥ Q15%C & 101.325 WPa (mbs.) kPa (aba.) @37.8%C
Ky 0.0001 77.25 93.87 105.5
MOISTURE FREE MGISTURE £ ACIR GAS FREE PENTARES PLUS
He 0.0003 j
; e e
N2 0.06400 CALCULATED TOTAL SAMPLE PRUPERTIES (AIR=1) & 159 C & 101.325 kpa
MOISTURE FREF AS SAMPLED
G0z 0.1407
L.88) kgim? 1.535 44,5
Ags ] 0.0492 DENSTTY RELATIVE DENSITY RELATIVE MOLECULAR MASS
£ 0,0313
CALCULATED PSEUDOCRITICAL PROPERTIES
) 0.1873 AS SAMPLED AGID GAS FREE
C3 0.2855 los0.0 A484Y9.9 wpaqabsy 350.6 kP2 (abs) X
pPe pTe rle pTe
ity 0.0632 276.2
REMARKS
, o.12er il T d7divgen sulpiiide decermined in the lab,
1Cs 0.0338 165.2
Cg 0.0241 lle 6
o 0.0114 62.6
Cpe 0.0042 28.7
TOTAL 1.0600 2241.2
Cs" 373.1

Noce: Tihe Grosgs Hesting Value has been caleularsd in aceordance to ach Raporrc #5.
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CORE —— —
LABORATORIES

HYDROGARBON LIQUID ANALYSIS

55380-87-1250

V3528
CONTAIHER IDENTITY TABORATGRY NUMBER
Chevron Canada Resources Limited 2 of 3
. GPERATON FAGk
LsD 7-8-9-25 WiM Chevron Virden 7-8-9-23
LOCATICH ﬁELL OR SAMPLE LOCAC[?N KRAME , ] KB ELEY.(m) GR ELEY.(m)
Virden, Manitcha pace e den Lo 1B 2uninte~ Core Laboratories
T FOOL QR ONE SAMDLER

FIELD OR ARCA

TEST TYPE L NO. TEST RECOVERY

Separator Liquid L o o € o
POINT OF SANMPLL AMIT € TYPE CUSHIGN MUD RLIIGTIVITY
| | ruMrinG FLOWTHG GAS LIFT SWAD
I l
| uaTER m3fd oIl mifd GAS mild
TEST INTERVALS (metres)
I 90 a4 v a ce || 26 |
| SEFARATOR RESERVOIR CONTAINER CONTAIRER [ | ~SEEARATOR
WHEN SAMPLED WHEN RECEIVED
Lo oo o PRESSURES, kPa (gauge)— =~ — — — = — — — IL < reuperarures, oc— -
87 12 11 87 12 15 87 12 18 DP
EATE TAMPLED (7/M/5)  TDATE RECEIVED (¥/M/0) BATE ARALYZEE (¥/MID) TRRALIEY REMARK S
MGLE MASS LISUID VOLUME
COMPONENT!  practiow FRACTION FRACTION
QBSERVED PROPERTIES OF Cg+ RESIDUE {15/159C)
N3 Trace Trace Trace |
- (.j;,/\ ' {: "’5“' v
03 0.0025 00,0005 0.0006 _ _ _ . Fa (e~
876,72 kgim? 0,8770 29.9 !
Has 0.0020 0.0002 0.0004 DENSITY RELATLVE UENSLLY APL & 1559 C
o 0.0001 0.0000 0.0000
231
o 0.0068 0.0010 0.0024 RELATIVE MOLECULAR MASS
3 0.0327 ¢.0071 0.G120
ic, 0.0152 0.0044 0.0067 CALCLLATED PROPERTIES OF TOTAL SAMPLE (15/15%)
4 0.0488 0.0151 0.0206 /
rﬁ vre,
iCg 0.0308 0.0110 0.0151 854.8 knim® 0.85356 34.0 (?:
DEHSITY RELATIVE DENSITY APl & 1559 ¢
o 0.0315 0.0113 0.0153
Co* 0.8296 0.9503 0.9269 201.66
RELATIVE MOLECULAR MASS
TOTAL 1.0000 1.0000 1.0000
REMARKS

Refer to page 3 of 3 for extended analysis of hexanes plus.
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Q1-22-/90  15:02 o204 748 6762

. A ‘-—";
cCoOR ————— e : -
T Lsa \TORIES _ _ e
| HYDROCARBON LIours NALYSIS]
SPERATOR Chevron Canada Resources Limited PAGE 3 of 3
VELL Chevron Virden 7-8.9.25 FILE 55380-8/-1750
FAMPLE PCINYT  Separator Liquid DATE 87 12 1%
Ahalysis of Cg+ Fraction
rallliag vaint Meole Mazs
Raiye (9C) Compeonent Carbon Number Fraction Frection
J6.1- 68,9 Hexanes Co 0.0510 0.0233
n8.9- ug 3 Heptanes Cy 0.0524 0.0280
48.3-1%5.6 Octanes Cg 0.0608 0.0371
125.6-150.46 Nonanes Co 0.0436 0.0299
1.0,6-173.9 Decanes €10 0.0472 0.0359
1'3.8-1v0.1 Undecanes G13 ' 0.0446 0.0372
196, L-215.0 Dodecanes Cyp 0.0415 0.0377
2.3.0-235.0 Tridecanes €11 0.0417 0.0410
215.0-252.2 Tetradecanes C14 0.0362 6.0384
TU2.2-27006 Pentadecanes C1g 0.0347 0.0394
270.6-28/.8 Hexadecanes Cis 0.0304 0.0367
75783008 Heptadecanes C1y 0.0241 0.0309
H2.8-317,2 Octadecanes 18 0.0221 U. U300
317.2-330.4 Nonadecanes C19 G.024) 0.0346
310,0- 304 4 Eicosanes Cop 0.0174 0.0263
Sas 4. 387 02 Henelicosanes Cyi 0.0161 0.0253
307.2-359 4 Docosanes Cag 0.0144 0.0240
Ard 4438000 Tricosanes €23 0.0136 0.0236
2va,0-391 .1 Tetracosanes Cou 0.0130 0.0234
dal.l.a01.7 Pentacosanes Cog 0.0116 0.0218
QL. 7-415 2 Hexacosanes (ing 0.0100 U.0195
1., 2-422 Heptacosanes Ca7 0.0093 0.01%0
421 2+031,7 Octacoganes Cog 0.0087 0.0183
400, 7-441 .1 Nonacesanes Csg 0.0082 0.0179
4nl 1 pPLUS Triacontanes Plys Cap+ 0.0647 0. 2060
Ki 0 Benzene CgHy, Q.0008 0.0003
lio.6 Toluene 7Hg 0.0040 0.0020
13:,1-128 .y Ethylbenzene, p + m-Xylene CgH1p 0.0134 0.0076
la 4 o-Xylene Cglip 0.0G64 0.0036
law.y 1,2,4 Trimethylbenzene CgH1o 0.0062 0.0040
g 0 Cyclopentans CsHip 0,002) 0,000y
7a02 Methyleyclopentane CgHyn 0.0160 Q.0072
El. 1 Cyclohexane CgHy» 0.0191 0.0085
1011 Methylcyclohexane C7H14 0.0200 0.010%
TOTAL 0.8256 $.9503
6.9 PLus Mole Praction of Core 0.7763
68 9 pIus Mass Fraction of G+ 0,925y
L& .3 PLUS Calculated Relative Molecular Mass of Cy+ 241
68 .9 PLUS Calculated Relative Density of C7+ 0.8843
6F. 9 PLUS Calculated Density of Cy+ (kg/m3) 883.5%

The snove tesanus plus values are based upon a measured mass fraction and & calculated mole fraction, and assume 8 total
hydricarbon recovery from the chromatographic System.
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CORRELATION COREGRAPH

CHEVAGH GANADA NESOURCER LIWITED
CHEVRON VIRDEN 3-17-8-28 WiM verticsl Scale

VIRDEN, NANITOBA 10.00 cm = 24.0 meter
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A & A CORING SERVICES LTD.

{GRILL STEM TEST)

COMPANY *'*ME: Chevron Canada Hesources Limited

COMPRESS .RCK.
SAMPLES TO:
RECOVERY FLUID

TOTAL 620.00m of

NET PAY

10.00m of Oi

GAS - Measured with:

TIME OQRIFICE
min. mm
REMARKS :

m

TYPE

132.64 m {in D.C. & 487.36 m In D.P.

flecked water cut drillling mud
610.00m of Sait water 47 850 PPM Nacll

29 000 Chlorlde

PRESSURE

kPa

ions

RATE
m~3/0ay

WELL NAM Chevron Virden KB ELV 436 .55m
LOCATION 8-18-0=25-%1 GR ELV  432.40m
INTERVAL 851.81 m 10 660.00 m TOTAL DEPTH  &80.00n
TIME: PF 10 1Sl 30, =2FL 90, 28! 135, 3FL __ , 381
RECORCER DATA ALL MEASUREMENTS ARE 'si°
REC .» 13712 13710 13711
RANGE 40851 33611 33611
CLOCK 24 Hr. 12 Hr. 24 Hr., Hr . HF . Hr .
DEPTH $39.890 B46.98 852.7%
i KPAG | KPAG ! KPAG | KPAG | KPAG | KPAG

A [HD - 8194 8282

B PF 208 2341 2569
B1 EPF 1857 3321 3156

c 18I 2033 887¢ 3809

D 2F 2229 3490 3641

E E2F 8345 6569 6435

F 251 8447 8879 6944

G FHD - 8320 32187
D1 3F
E1 E3F ,
£1 asi

o/ FLUID INSIDE OQUTSIDE O©OUTSIDE OQUTSIDE OQUTSIDE
HOLE and TEST DESCRIPTION MUD DATA

T STARTED 05:45 Hr. HOLE S1ZE 200 mm  MUC TYPE Get Chem
T ON BTM. 07:00 Hr. BTM. CHOKE 19.05 mm WEIGHT 1340

T QRENED 07:15 Hr. 0.COLL i0 &3.530mm VIS 54

T PULLED 11:40C Hr. D.PIPE iD 9@7.20 mm W.LOSS 9.2

T ouT 13:30 Hr. D.C.LENG 132.64 m F.CAKE 1.59
TOCL WT. _ __ daN D.P.LENG 5i0.66 m  MUD DROP NO

WT. SET 15 000 daN WT., PULLED 28 OGO daN AMT of FILL NIt m
INIT WT 22 000 daN FINAL WT 24 300 daN POROSITY %
HOLE COND Good BTM. H. TEMP., 31 ¢ FIG.CUSHION __ m

PREFLOW: Fair air blow itncreazing to very good In 1 minut

SECONDFLOW: Very good alr tiew, steady throughout.

TEST SUCCESSFUL

a

v nyum )] o]

DATE: B9-01-(3

T# 10386 DS5T # Two
FORMATION: Lodgepnie

TEST TYPE:

{CONVENT IBNALY

Bettom Ho'le

PO Sub els!
X0 Sub .25
Rec., » 13712 1,82
Shut-in Too! 1,80
samp lar .91
Hydraulle Toal 1.8%
Jars 7.41
Re¢., w 13710 1.52
Safaty JOInt Y
PACKER 1.85
TOTAL TOGL ABQVE
[NTERVAL 12.47m
PACKER .85
DEPTH 651.31m
STUB a9
Re¢, & 13719 1.52
Parfs. 3:??
STUB -
PACKER -
DEPTH _..m
TOTAL INTERVAL __._ m
PACKER o
BULL NOSE ~.60
TOTAL DEPTH 660.00m
TOTAL INTERVAL 2.19m
TOTAL TEST TOOL 20.66m

CUSTOMER REP. W. Marsn
TESTER R. Mokeiky /GU8

RTLEY SR R

TRV T

1M 07 6Bl

O Ik

,‘{

L}

GHI0

ON 187

T T,



A & A CORING SERVICSS LTD.

.
Well Name :Chevron Virden Ticket $#:103E8%8
.ocatjon :8-18-9-25-Wl CET & 1 Two
mmmmmmmmmmmm Sy Wy --‘d'\"-‘VWFUNM-—ﬁ&ﬂ-ﬁﬁ-—w-a--um'ul‘-qqI.hﬂﬁﬂw""ﬁﬁ‘ﬁﬁ"~~~"ﬂ~-ﬁ---h‘h-.%‘W‘llﬁ‘--ﬂpﬁ

{DRILL STEM TEST)

“ecorder ;12717
Depth  1633.89
Clock 124 Wy,

b
B

Ik Hydrostatic
Preflow

End Preflov
First Shutin
Second Tlow
End 2nd flow
Second Shuvin
FL Hydrostatic
Third flov

Eng third Flov :

Third Shutin

Recorder 113710
Depth  1646.38
Clock &2 hr.

IN Hydrostatic
freflow

End Preflow
First Shutin
Second flow
End 208 {18
Second Shutin
fL Hydrostatic
Third flov

End third Flow
third Shutin

= wa a4 A¥ 4= Age mm ks S8 an v

0.0
208.0
1857.0
2033.0
2223.0
£345.0
6447.0
¢.0

o~ o o
-
- o>

8194.0
2341.0
33210
6879.0
90.0
6569.0
£872.9
83200
.0

0
6

[ = — =]

e
——
-
—
—
1]

I"\\,-J__.!......'.... [

—— “\\ ‘ o 5
\\\l ?/ i
Y

T 'ﬂ‘
b
m—
n¥!




A & A CORING SERVICZS LTD.
- (DRILL STEM TEST)

—
well Name ;:Chevron Virden Ticket #:133B¢
‘ocation :8-18-9-25-Wl CET ¢ T
Recorder £12711 \

Depth 1652, 71 i
Clack 124 hr,

|
A IN wydrostatic & 8282.0 |
B Preflov : 2963.¢ i
Bl End Preflow @ 3156.0 :
¢ First Shutin @ 68030
b Zecond flov 1 3641.0
E €nd 2nd flov @ E432.0
FSecand Shutin ! 6944.0

& FL Hydrostatic : B3BL.0

D1 Third flov : 0.0
£l End third Flov : 0.0 ,
F! Third Shutin 9.9 g




A & A CORING SERVICES LTD.
(DRILL STEM TEST)

350.00m
100.00m
50.00m

NOTE: There

EMARKS :

PREFLOW: Fai

S minutes.

SECONDFLOW: Pal

of Dirty salt water( 24 750 PPM Nac! &
15 900 PPM C€1.)

of Qi1 flecked salt water

of Slightly water ¢ut mud

was a siight leak aroundg the bottom packers.

r air biow Increasing to very good in

r alr blow increasing to very good In

3 minutes. Stesady throughout.

YEST SUCCESSFUL

OMPANY £: Chevron {anada Resources Limited
‘ELL NAME: Chevron Virden KB ELV 438 .55m
QCATION 8=-18-9-25=W1 GR ELV  432.438m
NYERVAL 633.98 m T0 B840.44 M TCTAL DEPTH 724 .00m
(ME: PF 10  1S! 30, 2FL 90, 25| 135, 3FL _ , 3s1
ECORDER DATA ALL MEASUREMENTS ARE 'S|°
EC.» 13713 13710 13711 13712
ANGE 40851 33611 33611 40851
LOCK 24 Hr. 12 Hr. 24 Hr., 24 Hr. Hr. Mr.
ZPTH 8622.08 529.18 634.338 §43.174

' KPAG ! KPAG | KPAG | KPAG ! KPAG | KPAG
A IMHD - 8194 8256 B342
8 PF 10 735 1037 8589
i EPE 889 1698 16522 6376 —
c 1Sl 1612 6652 6807 6651
D 2F 1206 2020 2220 8417
E BE2F 5206 5605 5448 6345 -
F 25! 5359 6669 6683 A68 1 II
G FHO - 8161 8231 8321 =
1 3F ]
1 E3JF
1 asi ™
471 FLUID INSIDE OUTSIDE OUTSIDE OUTSICE OUTSIDE o
OLE ang TEST DESCRIPTION MUD DATA EEE
T STARTED 05:20 Hr. HOLE SIZE 200 mm MUD TYPE Gel Chem [ |
T ON BTM. 06:30 Hr. BTM. CHOKE 19.05 mm WEIGHT 1380 -
T OPENED 06:40 Hr, D.COLL ID &3.50 mm VI8 57 =,
T PULLED 11:05 Hr. D.PIPE ID 97.20mm W.LOSS 9.4
T ouT 12:1% Hr. D.C.LENG 56.22m F.CAKE 1.6
TCOL WT. _ _ dan O.P.LENG $67.45 m MUD DROP No —
WT. SET 12 000 daN WT. PULLED 27 000 daN AMT of FILL NIl m :
iINIT WT 22 000 daN FINAL WT 24 000 daN POROSITY % :
HOLE CCND  Geed BTM. H, TEMP. 32 ¢ Fld.CUSHION __ m |[.
COMPRESS.RCK. __ NET PAY _m  TYPE . m
SAMPLES TO:
ECOVERY FLUID .
TOTAL 500.00m of 58.22 m In D.C. & 443,78 m In D.P.

S

DATE: 89-u1-08

T# 10387 NST w Thres=
FORMAT iCN: Lodgepota
TEST TYPE: Straddle

[CONVENT [ONAL ]

B sub .3c
AQ Sub .28
Rec. # 13713 1.82
shut-In Tool 1.8G
Sampiar LBt
Hydraul ie Tosl 1.68
Jars .41
Rec., # 13719 1.82
safaty Jolint g
PACKER 1.85
TCTAL TogQL ABCVE
INTERVAL 12.47m
PACKES .95
DEPTH $633.38m
STUB LS50
3ac. # 13711 1.82
Parfs. 2.94
Biank T.30
STUB 1.00
PACKER .85
DEPTH gig;jim
TOTAL {INTERVAL 6.46m
PACKER 1.85
Rec. #» 13712 1.582
Perfs. 1.82
X0S .25
Drill Coliars 76.42
X0S .25
BULL NOSE <.80
TOTAL DEPTH 724.00m

TOTAL TAIL PIPE 83.56m

TOTAL TEST TOOL

26.07m
CUSTOMER REP. W. Marsh

TESTER R. Mokeiky /G11

WO LA 10 A8 AV TTIM

T

1]

14 1

ORI DI

ON 'S0

a1,

ey - ——— e bdm—_—



A & A-CORING SERVICES LTD.
(DAILL STEM TEST)

.

Well Name :Chevron Virden Ticker #:103827
Location :8-=18-9-25-K1 DT ¢ rThras

L R A e Y e St e ke An T A P R Ay G AL M e e me R R A A A

Recorger +12712
Deoty 1622.06
Llank (24 by,

A N Bydrostatic 4.4
B Praflov T L X! j
81 End Praflow  :  859.9 i
£ First Shutin 10120 |
0 Secend flow ¢ 14450
€ End 2ng flov & 3206.0
F%Second Shutin @ 3330
G FL Ayerostatic ! 0.0
01 Third fiow ! 0.0
el End thirg Flow : 6,9 ,
Fi Third Shutin ¢ ¢.0
F
E
"'}ki / CB|
[0
! .
e e i S o/
Bt e e
D
Racordsr 13710
Deasn  1623.15
lock 112 hr.
4 N Hydrosbabic ¢ 31340
B Preflov v 7350
Bl Eng Preflov ¢ 1633,
¢ First Shutin 1 ARS2.D
0 Second flow ¢ 2020.0 -
E End 2nd flow ¢ 3405.0
£ Second Shytin @ &Ba%.0
& L Wydrostatic ¢ 8161.0
0 Third flov 1 0.0
El Snd thard Flow @ 0.0 G ;
Fi Third Shutin 1 0.0 v c A
. E |
o




A & A-CORING SERVICES LTD.
{DRILL. STEM TEST)

!
i

Well Name
Location

fecorder @13
Denth  1634.2E
Clack 24

- 3

F

W} Ty L@ £ en= LX3

E:

o

i

o—

B e e e

IN Bydrosiaiic

frafiow

Ead Srefiny
First Shubin
Second flaw
Snd 2nd oy
Second Shotin

FL Hydrostatie @

Third flou
End third Fluw
Thire Shutia

s 1 AN A

corger tla/il
Geatn 164304
Clocy 124 ar,

)

a3
Lo Bl - - |

=
— = g T MK

i m

IN Hydrastatic
Preficw

End 9rafliv
Tirst Shutin
Second ficy
End 2nd flov
Secone Shutin
FL Hydrostatic
Third flow
End shird Fiow
Third Shutin

*Chavraon Virden
:8-18-9~-25~Wi

n e
- >
>
=
=

683.0
g23i.0
2.4
N
ne *

o AP WY T W SRR I— P e - kAR

#3429
636%.9
B37e.0
E651.0
E417.9
63459
66aL.0
g0
8.0
0.0
0.0

aw s Aa aw ma

——

.i__

Ticket #:10387
DST # :Thres

L . e e i




A & A CORING SERVICES LTD.
(DRILL STEM TEST)

COMP ANY d£: Chevron Canada Resources Limitsa

WELL NaME: Chevron Virden KB ELV
LOCATION B8-18-9~25-W1 GR ELY
INTERVAL 632.06 m T0 648.00 m TOTAL DEPTH

TIME: PF 1Q 181 35, 2FL 90, 28i 135, 3FL , 381

RECCRDER DATA ALL MEASUREMENTS ARE “§1°

436.55m
432.40m
648.00m

REC.» 13873 13874 13878 13876
RANGE 40679 42575 27387 22588

CLOCK 24 Hr. 24 Hr. 12 Hr. 24 Hr. Hr. Hr.
DEPTH 819.53 628.77 833.42 634 .94
| KPAG | KPAG | KPAG | KPAG | KPAG i KPAG
A WD - 79768 Lok o] 8135
B PF 20 1067 1148 1124
B1 EPF 286 1206 1428 1505
C 15| 1159 B5S3 6638 6664
L 2F 1383 1974 1799 1762
E E2F 3274 372 3502 35N
F 28t 3398 8574 8853 8670
G FHGO - 7879 8119 8180
D1 3F
E1 E3F :
F1 3%1
Q/! FLUID INSIDE OQUTSIDE OQUTSIDE OQUTSIDE OUTSIDE
HOLE and TEST DESCRIPTION MUD DATA
T STAATED 05:10 Hr. HOLE SIZE 200 mm MUD TYPE Ge! Chem
T ON BTM. 06:19 Hr, BTM. CHOKE 19.05 mm WEIGHT 1330
T OFEMED 07:08 dr, L.COLL D €3.50 mm VIS a7
T PULLED 11:35 HWr. D.PIPE 1D 97.20 mm W.LOSS g.2
T OUT 13:.158 Hr. D.C.LENG 123.62 m F.CAKE 1.89
TOOL WT. _ __ daN C.P.LENG 801.24 m  MUD DROP No
WT. SET 12 400 daN WT. PULLED 24 000 daN AMT of FILL NII m
INIT WY 21 Q00 aaM FiINAL WT 22 000 daN PCROSITY %
HOLE CCND Geod BTM. H. TEMP. 32 C FId.CUSHION _ m
COMPRESS.RCK. __ NET PAY _m  TYPE L
SAMPLES TO:
RECOVERY FLUID
TOTAL 3680.00m of 123.62 m tn D.C. & 226.38 m In D.P.

350.00m of Gas cut mud cut ol
Pumped out.

GAS - Measured wlith:

TIME ORIFICE PRESSURE RATE
min. min kPa m*3/0a
REMARKS .

Y

PREFLOW: Weak air blow Increasing to fair alr biow [n

3 minutes.

i {[] ]}

a1

SECONDFLOW: Fair air biow decreasing after 50 minutes to weak

alr biow at tha end of the flow.
TEST SUCCESSFUL

DATE: 8g-01-02

Te 9624 DST # Cne
FORMAT ION: Lodgepole
TEST TYPE: Bottom Ho'e

[ CONVENT 1 ONAL ]

PO Sub
X0 sub
Rec., #» 13873 1.
Shut-in Too! 1.
sampler

L0 T S % |
SIS

(&)

w
L=

ol

Hyaraulice Tool 1.

l.l]'

P ooe

Jars 1.
Rec., # 13874 1.

<h

2l

Safety Jjoint

b
|

—~[
o]
m

PACKER

TOTAL TOCL ABOVE
INTERVAL 13.12m
PACKER 1
CEPTH 832.06m
STUB

Perfs.

Red. # 148/54
Rec. #» 13878 1.
Parfs.

I
h

-
0 I (D 6D s
— P R - R

|

X03

STUB
FACKER
DEPTH _.m
TOTAL INTERVAL . _m

. - -

PACKER
orili Collar 9.5t

XOS .25

BULL NOSE .62
TOTAL DEPTH 648.0Cm
TOTAL INTERVAL 15.84m
TOTAL TEST ToOL 19.55m
CUSTOMER REP. W. Marsh

TESTER A. Arngt /GCSH

U UOTAN]D IWVH TT9M

iW G760 oHlf

N LTI

106

80 'ON'L'S'Q




A & A CORING SERVICES LTD.
| (DRILL STEM TEST)

Well Name :Dhevreron Virden Tiihkat we nE o
Loz at 1o :8-18=-9-2%~1 DST ¢ s O
Fe_urder H 128759 Dent HE RIS P

T PN T B P P Pt N Fh TN P Py Py Mg g Pl P TN TV TN N N N o P A P O g G g 8 0 P e N T T N T N i T PR S S P S Sl PRy e M P N e Tl T U Sy TR T e T T O T T e T T e T

TIME pesiEC  PEIG,  kPa ¥Pa"2 4 TIME T+ 4T DEFLEC  PGIE. wPa kPatl g e6l
Initial Flow Indtial Shut In
0.0 0.1670 166.2 1146 1,312 0.0 0,00  0.2080 207,10 142 2,029 0.0
3.0 01726 1714 {183 1.404 0 .00 0.9483 9482 5324 42,3631 7%
10.0 0.2080 207.: 1428 2,039 10.9 2.00 0.9398 937.7 8607 43,800 750.5
i 13.9 1,66 0,9830  360.7 BEZS 43,891 753.8
H 20,0 .90 0.9644 962,13 8627 44,023 TI4.2
H 2510 1.40  0.,9647 961.6 6637 44,053 135,31
! 0.0 1,33 0,349 97,8 6633 44,067 T735.8
: 5.4 1.1 0,930 36Z7.9 £639 44,076 7552
Second Flow Second Shut In

8.0 0.3850 98Z.3 5637 44,076 0.9 0.00  0.5100 507.9 3502 12,244 0.0
5.0 0.2622 261,14 1800 .40 ! §.0 2,00 0.3490 947.¢ 6229 42,628 4399
10.0 0.2677  266.8 1823 3,178 10,0 11.60  0,3801  958.0 E&05 43,828 450.1
8.0 0,283 2B2.4 1947 3.791 8.0 T.kb 0.%636 961.3 6629  43.944  453.%
0.0 0.202¢ 300.7 2073 .77 20,0 &.00  0.9549  9R..8 BB 44,063  454.8
25,0 ¢.3197 318.4 2198 4,018 ¢ 25,0 g.00 0.9820  962.9 §633 44,076 455,40
30.9 0,3354 320 7301 9.364 26,0 4,33 0.932  %63.2 phdl 44,103 455,32
35.0 0.3310  344.5 2416 5,808 ! 35.0 3.88 0.%654  963.3 642 44,016 a%5E.4
40,7 ¢.3837 387.: 2332 a4l 6.0 3.50 0,355 %30 8643 44,173 4CL.E

45.0 ¢.3850 3833 2643 b.9ES 45,0 3.22  0.%33 %620 §E43 44,029 4l

30.0 0,3993 2977 21zl 1,519 0.5 3,00 0,263 %I.S 6641 44,123 4358
5.0 0,4125 4107 832 8.020 S50 LBl 0.9%BE0 93,8 BE4E 44,183 435.0
§%.0 0,4298 4N, ¥ 8,550 80.6  2.R6  0.9680 963.9 8648 4,169 456.0
70.0 0.4540 452.1 317 978 70,6 .42 0.38B1  %4.i BE4T 44,183 438,1
0.0 0.4022 430.2 331 10,93 80,0 2T 0360 %8 £b47  44,18% 48.i
90,0 0.3106 3079 3502 12.264 90,5 il 0.9BB4 94,4 6649 44,209 436.¢

(0.0 2.00 (9664 964, ¢ BE49 44,007 4554
10,4 130 0,567 9Be.6 ° BBI!  44.235 4567
120,60 1,83 0,%666 364,83  BBIT 44.247 478,19
130, 1,76 0.96B3 %48 6BO2 44,049 4069
1350 L.74  0.9670 3849 8602 44,262 4378




A & A CCRING SERVICES LID.
(DRILL STEM TEST)

vell Name :Chevron Virden Ticket #:9624
Jocation :8-18-9-25-Wl DsT #:0ne
tecorder #:13875 Depth :633.42
HNNMNNNNNN‘UNNNNF\"‘o'\f"\i“\u'\o‘bi\a'\uﬁ;*b'\-‘\-ﬂ\u’\l"\.rf\-MN&!NNNNN’\-‘U‘\J"U'\-’L"U’\l'\l’\rf\.l'\-rﬂJﬁlf‘.l'\J'\.lfv"U’\fo"\-‘MN"JNN’\,N-’\."UI‘H".-‘U'\t'\u"e'h“—”d
INITIAL SHUT IN SECOND SHUT IN
Piy Pg P Thp N Por P e Fp Py Sy Pp 13y e P Ay Ay Py P, Py Ay Dy M At rhe Ha A
Noe af IRCr ement G- e ——— o e 7 s}
No. of Points Cxatrapciated——- 4 7
Slope of Extrapolated Lineg——- w7 51 kPa/tyele
Extrapalated Fressure———————— 645 ) kFa
Draw Dawn Factar ————-————————— N/A Final Shutin is greater than Initial Shatin

comments:

Wanmputations by RHYASON COMELLTANTS

FiHs €303y 30002

e
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A & A CORING SERVICES LTD.
' (DRILL STEM TEST)

Well Name :Chevron Virden Ticket #:9c24
Location :8-18=-9=25~-W1 DST & :One

ey e e e A e RS R A S e m P e R R R e e e e e R A e G e A AV AR P AR R e T e e M A e e An R A sk As An A An An AR A B G A P RE RE B Rm S e R
. - - - — LR C e ——

Recurder (12872
Death 1612,33
Clock 124 1,

A IN Hydrostatic : 0.0
B Preflov v 30.0
Bl End Preflow ¢ 986.0

i

£ First Shutin & 11590
0 Second flow @ 13330
E End 2nd flow 3274.0
f Second Shutin 3396.0
G FL Hydrostatic : 0.0

b1 Third flov ! 0.0
El End third fiow : 6,0 ,
Fi Third Shutin 0.0
r |
E D
L
A L lc/ B
] ‘\\L/
U P U L*f e -—-m{k—-—
Recorder :13874
Depth  1626.77
Clock 124 hr.
A IN Hydrostatic 1 T97h.0
B FPreflav 1 1067.0
Bl End Preflov ¢ 1206.0
£ First Seutin ¢ 63310
D Second flov @ 1974.0 :
E End 2nd flov 1 3372.0 — i
F Second Shutin : 6374.0
8 FL Hydrostatic ¢ T7E79.0
o1 Third flow H 0.0 - —
€1 End third Flow : 0.0
Ft Third Shutin 0.0 G A
| F €
/ E I ~H.
D g
T




A & A CCRING SERVICES LTD, |
’ (DRILL STEM TEST)

Well Name :Chevron Virden Tickst #:9624
Location :8-18-9-25-Wl DST # :One
Recorder :13873 \

Gepth 833,42

Glack 112 hr,

h [N Hydrostabic : 8050.0
B Preflow s L146.0
{ End Prefloy 3 1428.0
{ First Shutin 3 683%.0
D Second flov @ 1759.0 |
E End 2nd flov 1 35020

F Second Shutin ¢ 6633.0

G FL Hydrostatic : B8119.0 !

M Third vt 0.0 G A
£1 End third Flov: 0.0 . c
FL Third Snutn ¢ 0.0 | 1 |

. . . B..I/._ I ..1-_.,-1#

Recorder :13678 '
Depth 31634, 94 ,
Clock 224 nhr. .
& [N Hydrostatic : 6133.0

B Preflov i 11240
Bl End Preflow @ 1505.0
C First Shutin ¢ 66B4.O
0 Second floy ¢ LTBL0
£ End 7nd flov : 12531.0
F Swond Shutin @ 6670.9 T

& FL Hydrostatic : 0180.0
D1 Third flov : 0
_El End third Flov : 6.
F1 Third Shutin 1 0

=2 = K = J

r—— —— . —— - [P~ -




~~= WNPG PETR BRNH

CHEVRON VIRDEN

204 748 6762

99:32

01-23/60

CHEMICAL & GEQLOGICAL _LARORATORTIES LTID.

COMPANY ! CHEURIN CANADA RESDIURCES
WELL WNAME: CHEVRDN VIRNEN R-18-9-25 41
- FORMATTAON: LADGESDLE

CORER INTERVAL:  430.00 - $40.40
" CORE ANALYSIS DATA REPORT
RESIDAL SATRATZON
INTFRVALs o GAS PERWFARILITY, HB DENSITY,K6/H3  FRAC OF PORE MOLENE
SANPLE ~ ———v-oomommm e REP  SANPLE —-—-- - =====  PORBSITY —--—-o-m—— e e
HLHBER ToP BASE  THICK  LEWSTH KNAX K90 Kv BULK GRAIN  OIL  WATER
EESSTons=gx=s=asg ""u“""“""“".“""""“”““u"""”“““““"""“”"“H""""““""““"“ﬂ“"" e r =S=S3ESIE=S -
1
CORE #0. 1 §30.00 -  648.00  RECEIVED TN LAR  [7.55 METRES
BE 636.00 432.75  2.75 - - - - - - - - -
L 632.75 432.90  0.15  0.08 0.70 0.45 0.03  0.099 2550 28B40  0.438 0.337
2 $32.90 633.00 90.1¢  0.10 0.90 0.47 0.02  0.096 2530 2830  0.447 0,340
: 3 433.00 433.15 0.15 0,09 1.20 0.96 0.26  0.104 2500 2790  0.417 0.32:
. DE 433.1S 633,30 0.15 - - - - - - - - -
S a 433.30 633,45 0.15 0,09 0.19 0.16 0.02  0.111 2470 2780  0.3B2  0.4é%
5 $33.45 433,65 0.20  0.18 9.1% 0.14 0.06  0.076 2590 2800  0.215 C.784
s 4331.45 633,90 0.25  0.12 0.56 0,51 <01 0.077 2580 2790  0.157 0,843
RE 633,90 634.80 0.10 - - - - - - - - -
? §34.00 434.10 0,10  0.08 0.30 0.25  0.03 0,082 2380 2810  0.157 0.843

LAR NDI S839-37S
PAGE 7
0ATE 1989-02-08

" s

UIStial EXANINATIDN

Lak DBOL/ANKNY

DOLLAN/MNR ANHYINTXL POR
BOL:LANs INTXL»HHR P# POR
BOL+NAS, INTXL POR

ANHT +NAS

BOL s LAN+ARG« INTYL POR
MOL/ENR BRG.«INTXL POR

BOL + RAS,AREG s INTXL POR
ANHY +HAS  NNR BOL

MIL/7NNR ANNYINTXIL POR

[l

¢l

URYTS I AT

TR 24

B mtaroeonr 2 I



4063

=== WNPG PETR BRNH

CHEVRON VIRDEN

™204 748 6762

09:32

G.- 2390

INTERVAL, M GAS PERHEABILITY, MNP DENSITY,K6/M3  FRAC OF PORE VOLUME
SanPLE —— ~ REP  SANPLE  ~e——mmeme meemmm= PORGSITY -—-mmem————mem - YISUAL EXAKTNATION
NUARER ToP BASE  THICK  LENGTH KHAX K90 KV BULK GRAIN  DIL  WATER
i el e e L et L b T Ty o o P SO e+ e PR R S bt S L L Y L E ===
B 634.10 434,50 0,40 0.14 0.02 d.02 0.02 0.00% 2390 2500 1  Trace 0.444 LS»FOS/H®NR SIL,INTXL POR
¥ 634.50 434.75 0.2% ¢. 10 <.01 <.01 <. 01 &.013 2360 2400 Trace 0.148 LS»FOS/MNR SIL.INTXL POR
BE 634.73 4837.85 2.%¢0 - - - - - - - - - LS/KNR CHT>TR FOS
10 637.465 638.25 0.40 0.10 0.08 §9.08 0.02 0,098 2530 2700 0.163  0.837  LS.LAN+INTXL . MNR VUG POR
1 4638.25 438.75 0.50 0.08 0.03 0.03 <.01 0.035 257¢ 2870 0.163  0.837 LS»FDS/LAM: INTXL POR
12 438.73 463%.15 0.a0 9.12 D.08 0.03 <.01 0.039 599 2700 0.148  0.570 LS/HNR SHY LAMSINTXL POR
BE 639.137 640.50 1.35 - - - - - - - - - LSsLOC FOS
5P 13 440.50 440.90 0.40 - a.04 - - 0.035 - 2480 Trace Q0.444 LS/TR FOS,INTXL VUG POR
14 440.90 442.2¢ 0.30 0.14 1.60 1.5¢ 4.21 0,064 2530 2710 ¢.131 6.438  LS,LAN/HNR PYR.INTXL POR
15 641.20 441.45 0.25 Q.17 0.44 ¢.22 9.07 ¢.903¢ 2370 2760 0.173 0.578  LS/MNR LAN+INTYXL POR
14 641,45 641.645 0.20 0.0% 2.1¢ 1.50 <.01 2.03% 2350 27160 0.245 ¢.301 L5 LAN/NNR PYR:INTXL POR
17 841.85 642.00 0.35 0.17 153%.0¢ 1377.00 31.00 Q.044 2530 2710 0.226 0.278 LS/HNR BDB+ INTXL PGRsRF
18 842.00 &642.40 0.40 0,13 .59 0.34 <.01 0.049 T340 2470 Trace 0.999  LS/FGS,CHT,INTXL POR
ie 842,40 4£42.53 0.13 0.13 13.00 13.00 0.12 0.045 2510 2480 9.311  0.17 LSyPRET FOS,VUG POR
20 442.57 £42.75 0.20 0.11 12.00 10.00 0.05 0.097 2420 2480 0.208 0.115 LS/CHT,INTXL POR
BE §42.75 £643.20 0.45 - - - - - - - - - L5/NNR CHT
21 843,20 4643.5%0 0.30 g.13 9.60 0.44 0.21 0,051 2530 2700 0.50¢ 1.000 LS/SHY LAMsINTXL POR.UF
s¢ 22 §43.50 4643.60 0.10 - 3?.00 - - @.073 - 2870 0.277 0.122 1S.FOS.INTGRANSWIG POR
23 543.40 643.80 0.20 0.t0 19.00 7.40 7.50 9.047 2480 2440 0.302 0.133  LSyFOS+INTGRAN,VU5 POR
24 443.80 444,15 0.35 .14 46.00 346.00 13.00 0.883 2460 2490 0.048 0.235  LSsFO5. INTGRAN VUG POR
SP 25 444.15 644.35 0.20 - l141.00 - - g.114 - 2700 0.199 ©G.267 LS.FOS¢INTGRAN, W6 POR
a8 844.35 644.850 ©0.25 0.08 28.00 146.00 5.30 0,119 2380 2650 0,194 0.280  LSsFDS/CHT,INTGRAN POR
s¢ 27 444,50 444.85 0.25 - 1.20 - - 0.071 - 2710— 0,203 0.282 LS.INTXL FPOR
28 644.83 645.25 J.40 .11 19.00 18.00 1¥.00 0.093 2420 2670 0.155 0.215 LS/HMR CHY»INTXL PORyVF
29 645,25 445.85 0.40 0.18 7.%0 7.80 .98 $.073 2500 246%0 0.158 0.213 LS,S5L ARG/INTXL POR
BE 645.65 646.20 0.55 - - - - - - - - - LS/7HNR CHT.PYR
5 30 646.20 446.50 0.30 - - ?.00 - - 9.093 - 2710 0.135 0.143  LS+FOS.INTGRAN POR
BE 646.50 547.20 0.70 - - - - - - - - LS/HNR CHT.SH LAM

CHEMICAL 2 GEOLOGICAL LABORATORIES LTVD.

COMPAKY ! CHEVRON CANABA RESOURCES LAR NO: S89-375
WELL NaME: CHEVRDN VIRDFN B-18-5-75 W1 PAGE ! 8
FORHATIONT UPPER WHITEWATER BATE ! 1989-02~C8
CORED INTERVAL: 430.00 - £40.00

CORE ANALYSIS DATA REPORT

RESIRUAL SATURATICN

3t 647.20 A47.40 0,20 0.08 Q.54 ¢.48 Q.47 0.054 2550 2700 Q.103 0.357 LS/MNR LAMsINTXL POR(VF
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CHEMICAL T GEOLOGICAL LABORATORIES LTD.

ol
S
Sl
. e - COMPANY | CHEVRON CaNADA RESOMIRCES LAB NOQ: 58%-37%
) WELL NANE: CHEVRON VIRDEM A-18-9-75 3} PABE 1 B/
FORMNATION: UPPER WHITEWATER RATE @ 1999-02-948
CORED INTERUVAL : 430.98 -  $40.00
€=
=
& CORE ANALYSIS DATA REPORT
&
A
= RESIDUAL SATURAT DN
& INTERVAL, W GAS PERMEABILITY, MD DENSITY K6/M3 FRAC OF PORE NN
= SAHPLE mmmmee——emmee REP SAHPLE -——- POROSITY ~—-mmmmmmmmme e VISUAL EXANI NATION
! NUMEBER Tar BASE THICK  LENSTH Kiax k%4 K BULK GRAIN oIL HATER
- t it B A e L e B e e Y Ty ey et i L ] e i R 1 T ey EEEITrToo=onERass=r:
" m sp 32 447.40 647.55 @.1% - 1%.4¢C - - 0. 084 - 2710: 0.134  0.338 LS+FOAS-INTGRAN POR
& il 647.55 648.00 0.45 - - - - - - - - -
>
W CORE MO, 2 648.00 -  £40.00 RECETVUED IN LAB 11.5D METRES
-
m pE 548.00 445.80 3.80 - - - - - - - - - LS/HNR CHT.F
33 64%.80 4£50.20 0.40 q.i4 I15.00 9.3z 113.90 9.428 2630 2700 0.000 1,030  LSsHAS.INTXL PIDR,VUF
34 630.20 450.50 o0.10 a.1t 424. G0 3.2¢9 2.39 ¢.048 2300 2480 0.000 0.598 LS FOS:INTGRAN POR,UF
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CHEMICAL 2 GEOLOGICAL LARORATORIES LTD.

CORPANY | CHEVRON CANADA RESOURCES LABR NO: s8%9-37S
WELL NAME: CHEUROM VIRDEN 8-18-9-75 Wi PAGE ! 10
” FORMNATICN D YTRAEN DATE ! 19B5-02-08
COREN INTERVAL:! 630.00 - 450.00
- CORE ANALYSIS DATA REPORT
RESIDUAE, SATURATION
I#TERVAL, M 5AS PERMEABILITYs B DENSITYsKG/NI  FRAC OF PORE VOLLIE
SRMPLE e ~~  REP SAMPLE - -—- - ~====  GOROSITY ~--——me—memme e UISUAL EXANINATION
NUMRER 70° BASE  THICK  LENGTH KMAYX K90 Ky BULK SRAIN  O0IL  WATER
uHHMuuﬂ.ﬂu"u"unH“""Nﬂ"“"“ﬂ"""""HHHHHHNHHHHHHHMHHH""HH"M.Hﬂ""""ﬂ““"“""ﬂhﬂ"””“ﬂu“nﬂ lllll =m= == Bttt e LS b L o
35 650.50 451,20 6.70 6.2 0.53 0.52 0.21 0.104 2430 2740 Trace O0.492 LS»FOS/MNR LAM.INTXL POR
34 631.20 451,35 .15 a.11 7.20 4,90 1.25 0.0 2440 2700 Trace 0.744 LSsFOS.INTGRAN: VUG POR
37 651.35 &51.55% ©0.20 0.13 7.30 S5.00 1.20 9.100 242 2490 Trace O0.733 LS»FOS/MNR CHT. INTXL POR
38 431-55 &51.80 25 o.11 225,00 217.00 7.20 3.142 2310 2890 0,020 0.329 LS+FOS:INTGRAN PDR
iy 451-.80 4&51.95% 0.15 0.18 7.0 7.00 3.40 0.135 2430 2710 0.000 0.952 LS+FOSsINTBRAN POR
19 631.93 452.15  0.20 0.12 7.40 7.20 3.10 0.1 2400 2730 0.000 9.826 LS+FOS.INTBRAN POR
11 632.15 852.35  0.20 0.14 11.904 11.00 7.49 a.109 2410 2710 0.000 0.917 LS+FOS, INTGRAN POR
4?2 652.35 452.40 0,25 6.18 370.00  241.00 243.00 0.142 2300 2480 Trace 0.374 LS:FOS) INTGRAN,VUE POR
431 432.60 £32.95 0,35 0,11 B.30 7.40 1.40 0.114 2390 2700 €.000 0.413  LSyFOS/STYL, INTGRAN POR
44 632.935 433.30 0.35 4.18 35.00 33,00 24,00 0.114 2380 24%0 €.000 0.413  LS,FOS,INTGRAN,VUE POR
43 653.30 453.70 0,40 0.08 49.00 47 .00 7.80 0,212 23%0¢ 2490 0.000 0,435  LS:FOS»INTARANVYG POR
46 433.70 &54.00 0.30 g.19 15.00 14.4¢ 2,70 0,093 2430 2490 8.000 0.982 LS:FDS,INTGRAN,VUG POR
&7 434.00 854,380 0.30 0.18 32.00 50.00 42.40¢0 0.120 2360 2690 4.000 0.778 LS+FOS, INTGRANSVUG POR
be 434.30 437.55 3.25 - - - - - - - - - LS+LOC SHY
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TOMFANY 1 CHEVRON CANADA RESOURCES LA NO: S89-375
NELL NAMF! CHEYRON VIRDEN A-18-9-25 W1 PAGE : 11
- FORMATION! QOLITES DATE | 1989-02-08
COSED IMTERVAL : 830.00 — &60.00
=
r =
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& CORE ANALYSIS DATA REPORT
&
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[
T RESIBUAL SATURWTION
w INTERUAL, M GAS PERMEABILITY, NP DENSETY G/M3  FRAC OF 20RE YOLLIE
- SANPLE ~——-m--—=-e—=  REP SAMPLE = ———~m e o ——————— POROSITY —eo— e e e m——— VISBAL EXAMINATION
: NUNRER T0f BASE  THICK  LEWGTH KHAX £9a Ky BULE G&RAIN  OIL WATER :
hh"HHHh“ﬂNHH“"HHM"“nhn"""HEHHNHHHNH""HHM"ul-“"uuuﬂ“.ﬂ""""ﬂﬂ""""ﬁﬂ"ﬂ""H"H"HMHﬂh“.l-ﬂﬂ""“unuﬂﬂﬂﬂl.lu.""".ﬂh.Il""ﬂ““h.-l-""i..llll""”.h EA G T R i R
m nE 457.55 &58.50 0,95 - - - - - - - - - LS+LDC SHY
& 48 558.50 4658.80 0.33 5.08 13,60 12,00 5.50 0.12% 2340 2300 0.000 0.458 LS.00t,INTOOL POR
> 49 458.80 £59.20  0.40 0.26 16.00 14.00 19 .00 0.121 23180 23 8.00¢ 0.735  LS.00L/5TYL:INTOGL PORsUE
Z S5 459.20 &£59.%0 0.3  0.20 8.50 2,80 3.50 0.119 2ige  2%ge 0,000 0,747 LS.00L,TSNTOOL POR
S Lr 63%.50 480.0¢  0.50 - - - - - - - - -
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- Chevron Canada Resources

500 - Fifth Avenue S.W., Calgary, Alberta T2P 0L7
Phone (403} 234-5000 Fax (403) 234-5947

1990-01-30

CONFIDENTIAL

Routledge Field

Sec. 17, 18-9-25 WIM
Lodgepole Production
Application to Amend MPPR
Additional Information

Manitoba Energy and Mines
Petroleum Branch

Eaton Place

555, 330 Graham Avenue
Winnipeg, Manitoba

R3C 4E3

Attention: Mr. John Fox
Gentlemen:
At your request, a structure map on the top of the Upper Whitewater Formation is being sent 1o you

herewith. It is understood the map will be maintained in confidence. In addition, the following
information on the seven wells is provided.

Estimated
Flowing
Recent Production Bottomhole
Qil Water W.C. Pressure
Well Date (m3/d) (m>/d) (%) (kPa)
3-17-9-25 WPM 1989-12 10.0 0.6 6 5 700
4-17-9-25 WPM 1989-12 10.0 3.0 23 5 900
5-17-9-25 WPM 1989-12 10.0 0.6 6 5 700
3-18-9-25 WPM 1990-01 6.3 252 80 6 700
7-18-9-25 WPM 1989-12 9.0 9.0 50 6 300
8-18-9-25 WPM 1990-01 10.2 181 64 6 500
9-18-9-25 WPM 1990-01 13.1 52.4 80 6 600

The estimated bottomhole pressure values are very approximate. Noting the initial reservoir pressure
is 6 757 kPa as determined at the 9-18-9-25 WPM well, it is obvious the reservoir drawdown is minimal.
The proposed rate increase will be very small in terms of the total possible rate increase and is
therefore expected to have a minor impact on drawdown.

Please contact Scott Robinson (403-234.53887 if you have any further questions.
502G
Yours very truly,

e

C. G. FOLDEN, P.Eng.

DSR/kt Manager
Altach, Reservoir Engineering
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Chevron

=~

K E. Godard
Chief Engineer

Chevron Canada Resources

500 - Fifth Avenue SW., Calgary, Alberta T2P OL7
Phone {403) 234-5000 Fax (403) 234-5947

1989-12-11

Routledge Field

Sec. 17, 18-9-25 WIM

Lodgepole Production

Application to Amend
Maximum_Permissible Production Rate

Oil and Natural Gas Conservation Board
Room 309

Legislative Building

Winnipeg, Manitoba

R3C 0V8

Attention: Mr. H. C. Moster, Deputy Chairman
Gentlemen:

Chevron Canada Resources, a Partnership by its managing partner, Chevron Canada Resources
Limited, hereby applies pursuant to Subsection 51(3) and in accordance with Section 121 of
the Manitoba Pctroleum Regulations [or exemption from the Maximum Permissible Production
Rate of 290 m®*/month for seven wells producing from the Lodgepole formation in Scctions
17 and 18-9-25 WIM. Provided approval is granted, Chevron would produce from cach well
approximately 20 m*d of oil. Strong pressure support from a downdip, edge water drive
aquifer to the southwest and high well inflow capabilities suggest a 20 m*/d oil production rate
could casily be sustained.

The following information is included in support of this application:
1. Attachment 1 contains a list of wells included in the application.

2. Attachment 2 contains a list of mineral owners and lessees for the area including the
subject wells.

3. A production plot for the well at 8-18-9-25 WIM is attached. This well has the longest
producing history amongst the group. The well at 9-18-9-25 WIM has two months of
production at approximately 9.0 m* opd. Both wells are flowing. The estimated current
bottomhole pressure and the estimated rate for each well in a pumped ofl condition
(500 kPag) arc tabulatcd below:



Current Conditions Proposed Conditions Pumped OIff
Reservoir Bottomhole Fluid Bottomhole Fluid Bottomhole Fluid
Pressure Pressure Rate Pressure Rate Pressure Rate
Well (kPag) (kPag) (m%d) {kPag) (m/d) (kPag)  (m'/d)
8-18-9-25 WiM N/A -6 270 22 5 600 45 500 165
9.18-9-25 WIM 6 757 -6 200 25 5 400 50 500 150

Estimates are made using a simple Vogel productivity calculation method. Attachment 3A
is a copy of the Vogel productivity curve.

The other five wells included in the application do not yet have a stabilized production
history but are expected to have similar capabilities.

a)

b)

The proposed rate change is expected to have a negligible effect on the correlative
rights of offset mineral owners and lessees.

The producing characteristics of the wells included in the application are expected to
remain unchanged as a result of the rate increase. As outlined in (3) above, the wells
have a significant amount of excess capability. Therefore, production of 20 m%d oil
from each well should be easily attainable.

The reservoir mechanism is regarded as edge-water drive with strong aquifer advance
from the southwest. Based on production performance to date, it appears the aquifer
is very capable of supporting the reservoir pressure in the area. Early water production
from existing wells is attributed to transition zone type pay with initial water saturations
above the connate level. Sealing shales below the Upper Whitewater prevent bottom-
water encroachment. Attachment 4 is a cross-section for the area showing the gencral
relationship of the various strata. No coning effects are expected.

The ultimate recovery of oil-in-place for the application area is expected to increase
slightly with the proposed rate increase. The additional wellbore drawdown will increase
formation pressure drop resulting in improved vertical continuity. Less permeable
sections of the highly stratified Lodgepole formation which are not productive under
the current drawdown will become capable of production. From the standpoint of areal
sweep, the rate increase will have no effect. It will simply accelerate the drainage
process.

An increase in individual well production rates is justified on the basis of both increased
and accelerated reserve recovery as well as increased present worth.

The Crown will benefit in three ways:

2)
b)

c)

The rate increase will result in higher royalty and mineral tax rates.
The reserve additions will translate into more royalty and mineral tax payments,
The accelerated recovery will yield a higher present worth for the Crown.



The Board is reminded of a similar project undertaken by Chevron in Section 8-9-25 WIM.
That project involved increasing production from the 7-8-9-25 W1M well during 1988-02. As
it turned out, no detrimental effect to recovery was evident at the higher production rate
(16 m® opd). Attachment 5 is the production history for the well. It is evident from the
production plot that no abnormal trend in WOR was established during and after the rate
increase in 1988-02. On the contrary, as is evident in Figure 6, the WOR trend has [ollowed
a normal, depletion related trend (linear log WOR versus cumulative oil production
relationship).

Provided approval is granted, Chevron plans a stepwise and gradual increase in the production
rate for each of the subject wells. Depending on battery capacity, as [ew as two or as many
as all the wells will be increased. Sufficient data will be gathered with each increase to ensure
the reservoir is performing as expected.

Please contact Scott Robinson (403-234-5388) if you have any questions regarding this
application.
Yours very truly,

it (g

C G. FOLDEN, P.Eng.
DSR/kt Manager
Attach. Reservoir Engineering



8-18-9-25 WIM
9-18-9-25 WIM
7-18-9-25 WIM
4-17-9-25 WIM
3-18-9-25 WIM
5-17-9-25 WiIM
3-17-9-25 WPM

Attachment 1

Well List

- on production
- on production
- being completed
- being completed
- being completed
- being completed

- being completed



Land

13-07-9-26 W1M

14-07-9-25 W1IM
15-07-9-25 WiM
16-07-9-25 WIM

13-08-9-25 W1M

14-08-9-25 W1IM

15-08-9-25 W1M

02-17-9-25 WIM
03-17-9-25 WIM
04-17-9-25 WIM
05-17-9-25 WIM
06-17-9-25 WIM
07-17-9-25 WIM

11-17-9-25 W1IM

12-17-9-25 WIM
13-17-9-25 WIM

01-18-9-25 WIM

02-18-9-25 WIM
03-18-9-25 WIM
04-18-9-25 WiM
05-18-9-25 W1M
06-18-9-25 W1M

List of Mineral Owners and Lessees

Attachment 2

Mineral Owner

50% - Dome

25% - Toronto General Trusts Corp.
25% - Virden and District Elderly
Persons Housing Corp.
- Western Manitoba Nursing Home Inc.

- Hospital District #10
- Anglican Church

Same as above
Same as above
Same as above

100% - Dome

Same as above

100% - Dome

100% - CPR
100% - CPR
100% - CPR
100% - CPR
100% - CPR
100% - CPR

33-1/3% H.V.L. Vanderschaeghe

33-1/3% M.M.R. Read

33-13% B.G

A, Kernel

Same as above
Same as above

75% N. Sawatsky

25% Canada

Crown
Crown
Crown
Crown
Crown

Trust

Lessee

Open

Open
Open
Open

93.75% Chevran
6.25% Encor

87.5% HBOG
12.5% Encor

100% Chevron
100% Chevron
100% Chevron
100% Chevron
100% Chevron
100% Chevron

Murphy
Halliburton
J. E. Robertson

100% Chevron

100% Chevron
100% Chevron
100% Chevron
100% Chevron
100% Chevron



Tand

07-18-9-25 WIM

08-18-9-25 W1M

09-18-9-25 W1IM
10-18-9-25 WIM
15-18-9-25 W1IM
16-18-9-25 Wim

Attachment 2 (cont’d)

Mineral Owner

75% N. Sawatsky
25% Canada Trust

Same as above

Crown
Crown
Crown
Crown

Lessee

1009% Chevron

100% Chevron
100% Chevron
100% Chevron
100% Chevron
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Fig. 4—3 Dimensionless inflow performance relationship for
solution-gas-drive reservoirs (after Vogel, “Inflow Performance
Relationships for Solution-Gas Drive Wells,” courtesy JPT, January 1968,

© SPE-AIME)
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PABE ND. 1 £ 1312 STORE 1t NanPB

VIRDEN? 90~01-12

§ELL (0)10-08-009-25 WiN{0} 15:07:23

FIELD 5 PROVINCE MAK. LANDE!

POOL 59 NORKINB INTEREST  0,000001 LANDEZ O

BOCK 9 ON PRDN {987-01-15 LANDEZ 3907

ACCTE O ON INJN NOT ON YET
MONTH { OIL  WOR | HOURS
} 83/0i H

1987-01 2.6¢ 0.B61 408
1987-62; 5.0 7.491 b4B
1987-03! .20 9N 4B
1987-04! 0.2V L.7% 72
1987-035! 3.9 4200 M
§987-06! 530 493 576
{987-071 .99 5470 b9
1987-08! 7.8 &7 M
1987-0%1 7.4 5410 TR
198710} .41 5411 TM
1987-111 1.40 5.3m 720
1987-12} 8.0% 10,171 T4
1988-¢11 800 1011 TH4
1988-02! 6,00 101710 &9
1988-07! 6.0 10,171 744
1988-041 4,70 15,360 720
1988-05! 4,41 16,401 T4
1988-051 4.4) 16,800 720
1988071 4.4 16.41] 744
1988-08! 4.4 16,400 744
1988-091 8.4} 16,400 720
1988-10! 4.5 15.991 744
1988-11: 5.01 15,600 672
1988121 5.31 16,681 744
1989-01} 5.20 15.430 720
1989-02! 5.1) 15.6BF 648
1989-031 4,47 0,490 T4
198904} 4.4 12,1 T
1989051 3.0 19,82 648
1989-06! .00 24,430 &%
1989-07! 1.4 43,770 57%
1989-081 .20 3,680 T4
198%-09; L3 IAT 720
1989101 3.2 43,800 T4
1989-11; 3.60 29,530 120
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AL J. 1 Bt} STORE 1t NanPB
VIRDENT 90-01-12
WELL (0)13-17-009-25 KIM(0) 15:07: 23
FIELD 5 PROVINCE HAN. Lano#l |
pooL 5% WORKING INTEREST  0.000001 LrNDS2 0
Otk 3 ON PRDN 1957-12-1% LANDEZ 1572
ACCTE 1 ON ININ NOT DN YET
WONTH §© OIL | WOR ! HOURS
N TN i
1979-011 48! 0.4 78
1979-02! L1 0.490 672
1979-03. 8,67 0.880 7§
1979-04; 4,70 0.457 T2
1979-051 4,40 0400 TMA
1979-061 L4 ATt 720
1979-071 .60 04T T
1979-08! 5,41 0470 TM
1979-091 45! 0.4 TH
1979-101 4,40 0490 M
1979-111 £40 058 720
19719-120 431 0.48F 744
1980-01 1 20 0550 M
1980-021 .31 0.33 896
1980-07; 30 0.5%F  TH
1980-04! 4.3 0.541 T2
1980-05: Lat 0.520 1M
1980-081 4,00 0.29¢ TN
1980071 4,81 0,230 T
1980-081 4,47 0.230 744
1980-0% 4,31 0.280 720
1980-10! 4.3 6,280 TM
1980-111 .40 0.2%1 T
1986-121 6,5/ 0.280 744
1981-01: L1 0,300 TH
1981-02; 4,20 0297 872
1984-03! £ 0300 744
1981-04! 4.2 0290 70
1981-03} L8 0300 end
1981061 8,27 0.3 T
1981-071 £.20 0310 T4k
1981-08! 3.8 035 TM
19B{-09: L9 033 20
1981-100 431 0,291 744
1981-111 L1 0300 TH
[981-12 L9 030 TM
1982-011 390 0,300 744
1982-02: 4,00 0.300 672
1982-03! §,2¢ 0,291 TH4
1982-041 420 6299 T
1982-051 177 0290 TAA
1982-081 370 0,840 i9%
1982071 371 0,900 744




PAB. .. 2 %ttt STORE 11 NanPB

VIRDENT 90-01-12
WELL (0V13-17-009-25 WIN{O) 13:07:23
FIELD 5 PROVINCE MAN. LANDEL |
PODL 59 KORKIME INTEREST  0,00000% LANDI2 ¢
BLOCK 3 ON PRDN 1957-12-19 LANDEY 1572
ACCTG ! ON INJN NOT ON YET
MONTH § DIL © WOR © HOURS
I AT} ) '
1997-08: 3.4 0,93 872
1982-0%: L7090 720
1982-104 3.7 0.88) 744
1982-11} L7 091 120
1982-121 LT 0.900 744
1983-011 .70 .92 744
1983-02} L7092 612
1983-07) .10 0.9 744
1983041 J.80 0.978 720
1983-035! 3.8 100 ILL]
1983-06! 1.6 0.981 720
1983071 1.5 097 120
1983-08; 4.0/ 1.01) 744
1983-09! 3.8} 0.924 472
1983-10! 4,20 1080 744
1983-11! 4,11 6.98 720
1983-121 4,11 0.94) 744
1984011 390 1.064 744
1984-02! 590 0,970 6%
1984-03: 3.90 f.01 744
1984041 .97 1,008 720
1984-03] .20 0.9% 744
19B4-041 .67 0.83) 720
1984-07! 5.00 0,75 TH4
1984-08! .9} 0.7% ILL:
1984-091 5.0t 0.78! 720
1988-107 5.00 0.77H T4k
1984111 4,80 0.78i 720
1984-12; 4.9% 0.78! 744
1985-611 4.8! 0,77 744
1925-02! 4,81 0.78) £72
1985-031 4,81 0.78: T4
1985041 4,70 074! 720
1985-051 5.3 .70 754
1985-061 .17 0,71 10
{985-0T7! 4.8/ 07N 710
1985-081 4.8 073 744
1983-091 5.4 0,721 720
1985-10: §.8) 0,79 744
1983-118 .80 0.7% 720
1985-121 .00 0.6%i T44
1986-01; 3.0 0,b6] T44
1985421 4,87 0.47! 872



-

PaGt . 3 trd STERE ret NanPB

VIRDENT $0-01-12

WELL (0)13-17-009-25 WIM{D} 15:07:23

FIELD 3§ PROVINCE MAN, LANDS1T |

PogL 39 WORKING INTEREST  0.00000% LANDEZ O

BOCK 3 N PRON 1957-12-1% LAND$3 1572
pECYE D4 ININ NOT DN YET

KONTH | OIL @ WOR i HOURS

83/D
19B6-031 4,4} 0,74} 744
19B6-04! .61 0.75 720
19B4~05] 00 0.761 744
19B6-0541 500 0.70 726
1986-071 4,8 0.75: Thé
1984-08! 4,71 L4 744
1996-091 49 L1 TN
1986-104 4,70 LITL 744
1984-111 .70 1.25) 120
1986-121 4.8/ 1250 T7M
1987-011 §.8) 1.23 744
1987-021 1.8 1.2% 672
1987-07} .70 1,297 TH4
1987-044 4.4! 1.2B} 720
1987-05) .60 133 744
1987061 77 LI 720
1987-07 4.8) 1.4 744
1987081 4.6 1.36) 744
1987-09! Lot 1,430 720
1987-1) .71 133 744
1987-111 60 1.30 720
1987-121 4.4 1343 ILL
1988-01) 4.7) 1AL 744
1988-02 .61 1.9} 675
{988-07! 2.7V ey T4
196804 4.7 1.94 120
1988-0%1 500 2108 744
1986-0F: 4.5 2.00: 720
1988-07! 4,9 Z.08! 744
1988-08; 5.30 1.90] 744
1988-09) 5.20 L.9% T2
1988-101 5.3 1.86! 7A4
1988-111 3.2 104 720
1988-124 3.3 LI T44
1989-011 5.20 L.BB! BLY)
1989-021 301 L9 612
1989-071 .20 190 Ta4
1989-04: .31 1918 720
1989-051 405 L1463} T4k
1989-041 3.7 L.6b 126
1989071 3.9 L4600 IL 1]
1989-08! 5.7 L7151 744
1989-09) 59 173 T2
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WORKING INTEREST  0.00000%
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ON INJN NOT ON YET
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Chapter 6

Reservoir Heterogeneity

A thorough discourse of the various types of reser-
voir heterogeneities, their cause, and their measurement
would fill a thick volume indeed. So at the outset let us
define our objectives. This chapter will be divided into
two sections, the first dealing with a general description
of all types of reservoir heterogeneities and the second
concerned with measures of the degree of vertical per-
meability stratification. In both these sections the dis-
cussion will proceed with the practicing reservoir engi-
neer in mind and wherever possible the emphasis will be
upon quantitative measures of reservoir heterogeneity.

6.1 Types of Reservoir Heterogeneities

The geologists tell us that most reservoirs are laid
down in a body of water by a long-term process, span-
ning a variety of depositional environments, in both
time and space. As a result of subsequent physical and
chemical reorganization, such as compaction, solution,
dolomitization, and cementation, the reserveir charac-
teristics are further changed. Thus the heterogeneity of
reservoirs is, for the most part, dependent upon the
depositional environments and subsequent events, as
well as on the nature of particles constituting the sedi-
ment. However, we would, in general, expect a reservoir
to have some lateral similarity; that is, at an elevation
corresponding to a given deposition period, the same
basic particle size range should exist over wide areal
expanses.! The variation in rock properties with eleva-
tion would be largely due to differing depositional en-
vironments or to segregation of differently sized or
constituted sediments into layers, or to both.

In a sandstone reservoir, the development of proper-
ties such as porosity and permeability is mostly physical
—that is, the properties depend on the nature of the
sediment, on the environment of deposition, and gener-
ally on subsequent compaction and cementation. In a
carbonate reservoir, on the ather hand, the development
of porosity is more complex. In addition to forming in
the same manner as it does in sandstones, carbonate

porosity may develop after consolidation or deposition
through selective solution, replacement, recrystalliza-
tion, dolomitization, etc.

In both carbonate and sandstone reservoirs, gross
rock movements can result in faulting and, even more
important to the reservoir engineer, in the development
of both large and small reservoir fractures,

QOur discussion of the types of reservoir heterogenei-
ties will be divided into three categories: areal varia-
tions, vertical variations, and reservoir-scale fractures.
It is obvious that the reservoir may be nonuniform in all
intensive properties such as permeability, porosity, pore
size distribution, wettability, connate water saturation
and crude properties. However, we will primarily dis-
cuss the most important of these factors: permeability.

Areal Permeability Variations

Since the early stages of oil production, engineers
have recognized, although the fact is sometimes ob-
scured by the effect of different well completion tech-
niques, that most reservoirs vary in permeability in the
lateral direction. The first attemipt to quantify these
areal permeability distributions from observed differ-
ences in well production history was that of Kruger? in
1961. Using a mathematical model described by Mc-
Carty and Barfield,® he developed and illustrated a nu-
merical technique. Others*® continued the development
of this approach, the latter® developing a regression
analysis technique for determining a two-dimensional
reservoir description from well pressure interference
tests. All of these techniques require an electric analyzer
or digital computer to handle the time-consuming calcu-
lations.

Amold ef al® aod Greenkomn et al.” devoted their
attention to directional permeability effects — that is,
permeability anisotropy. Using both pressure data from
surrounding wells and core sample permeabilities, tech-
niques were demonstrated for determining the direction
and degree of directional permeability. These analyses
also require the use of digital computers.
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Groult er al® suggested techniques for describing
both lateral and vertical inhomogeneities from obser-
vations at the formation outcrop and by production
logging techniques. Perhaps the simplest approach sug-
gested to date is that described by Johnson et al.® and
termed “pulse testing”. In this procedure a series of
producing rate changes or pulses is made at one well
with the response being measured at adjacent wells by a
differential pressure gauge having a sensitivity of about
0.001 psi. This technique shows promise for providing
a measure of the formation flow capacity (kh) and stor-
age capacity ($h). In addition, the method can be used
qualitatively to measure communication across faults
and between zones as well as the direction and magni-
tude of fracture trends.

A variety of pressure transient techniques has been
suggested to provide a measure of (1) the distance to a
fault or other impermeable barrier, (2) lateral perme-
ability variations, and (3) the presence, direction and
magnitude of natural fracture systems. For a thorough
discussion of these, refer to the first Monograph™® in
this series.

Vertical Permeability Stratification

In his 1959 paper, Hutchinson'? presents an excel-
lent discussion on reservoir nonuniformities. In the sec-
tion dealing with stratified formations he traces the
growth in the concept of layered reservoirs. The attrac-
tion of the layered reservoir concept is twofold: it is
readily visualized and its reservoir engineering treatment
is relatively simple.

In 1963, Elkins and Skov'? showed that the concept
of parallel-layer flow could be used to match the past
performance of two gas condensate cycling projects and
an enriched gas drive project. Bennion and Griffiths®
and Testerman?* have discussed the concept of reservoir
stratification and have developed techniques for deter-
mining the best description of stratification properties.
These will be discussed in detail in a later portion of
this chapter.

Several authors'®® have suggested that formation
outcrops be examined to obtain information on the
degree of stratification, lateral extent of shale breaks
and continuity of zones of specific permeability. This is
no doubt an excellent way for an engineer to actually
see the type of formation he is flooding. However, its
quantitative usefulness is doubtful. One can never be
sure that the depositional environment and subsequent
porosity change in the actual reservoir were duplicated
in the outcrop portion of the formation.

Reservoir-Scale Fractures and
Directional Permeability

Reservoir fractures or closed fracture planes are not
uncommon in oil reservoirs. The Spraberry Trend in

e
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West Texas is typical of formations so thoroughly pene-
trated by reservoir-scale fractures that their prescnce
and effect arc obvious. Elkins and Skov!? inferred the
orientation of these fractures from pressure transient
analysis. Acrial photography also can be helpful
here.)®19 Reservoir engineers recognize that fractures
of this type would have an overpowering effect on any
attempted waterflood. The engineer should also be cog-
nizant that reservoirs having little indication of fractures
during primary depletion may have incipient fractures
or “planes of weakness” that manifest themselves when
water injection pressure is applied.*® Their effect can be
just as severe as the effect of Spraberry-type fractures.
The preponderance of evidence shows that these frac-
tures are not horizontal but gemerally have a near-
vertical orientation, so that they can present highly di-
rectional short circuits for the injected water to bypass
the oil in much of the matrix rock.

Although directional permeability has been discussed
for many years, its effect is generally small in compari-
son with that of regional variations in permeability, or
“permeability trends”. The effect of directional permea-
bility can frequently be neglected for practical purposes.

6.2 Quantitative Descriptions of
Permeability Stratification

Conformance Factor

One of the earliest measures of reservoir nonuni-
formities was termed ‘“conformance”. Introduced by
Patton?! in 1947, it represents the portion of the reser-
voir contacted by the injected fluid and, as such, com-
bines areal sweep and vertical sweep effects. The term
still finds some use today when engineers use it quali-
tatively to describe reservoirs as “high conformance” or
“low conformance” and thus to indicate the degree of
areal and vertical permeability variations. In this sense,
conformance implies the fraction of the idealized per-
formance realized.

Positional Approach

In 1947, Miller and Lents®* presented a means of
using core permeabilities for determining layer proper-
ties. This approach we have termed the “positional ap-
proach”. Core data from each well in the Bodcaw Res-
ervoir, Cotton Valley Field Cycling Project were plotted
as a function of percent of sand thickness, and the per-
meabilities were averaged at each percent of sand thick-
ness. This method is equivalent to dividing each well’s
core analysis into a specified number of vertical seg-
ments and determining for each segment in all wells
the average permeability and thickness.

Miller and Lents reported that the gas cycling per-
formance of the Bodcaw rteservoir agreed closely with
that calculated using this layering technique. Elkins and
Skov?? also report success using this approach in match-
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TABLE 6.1 — CORE ANALYSIS FOR HYPOTHETICAL RESERVOIR
Cores from 10 Weils, A Through J; Each Permeability Value (md) Represents 1 ft of Fay

Depth -

(ft) A B c D E F G H i J
6,791 2.9 7.4 304 38 8.6 145 39.9 2.3 12.0 29.0
6,792 11.3 1.7 17.6 24.6 5.5 53 48 3.0 0.6 99.0
6,793 2.1 21.2 4.4 24 5.0 1.0 3.9 8.4 8.9 7.6
6,794 167.0 1.2 2.6 22.0 11.7 6.7 74.0 25.5 15 5.9
6,795 3.6 920.0 37.0 10.4 16,5 11.0 120.0 4.1 35 33.5
6,796 19.5 26.6 7.8 32.0 10.7 10.0 i9.0 124 3.3 6.5
6,797 6.9 3.2 13.1 41.8 9.4 12.9 55.2 2.0 5.2 2.7
6,798 50.4 35.2 08 18.4 20.1 278 227 47 .4 4.3 66.0
6,799 16.0 715 1.8 14.0 84.0 15.0 6.0 6.3 44.5 5.7
6,800 235 135 1.5 17.0 9.8 8.1 15.4 4.6 9.1 60.0

ing the performance of a number of fluid injection
projects.

To illustrate the use of this technique as well as other
measures of permeability stratification, consider the core
analysis permeabilities for a hypothetical reservoir
shown in Table 6.1. The table shows 10 wells, A
through J, with 10 values of permeability per well, each
value representing 1 ft of pay.

Arranging these values in order from maximum to
minimum, we can obtain the plot shown in Fig. 6.1.
This plot relates the portion of the cumulative flow
capacity to the portion of the total formation thickness.
It is used widely to indicate the contrast in permeabili-
ties, the greater contrast indicated by the increased di-
vergence from a 45° line.

Shown on Table 6.2 are the average layer permeabil-
ities determined for the hypothetical reservoir by the
positional approach. These average permeabilities are
obtained by taking the geometric average of the per-
meabilities in each row (i.e., at each depth). This ap-
proach has the advantage that it considers both the
permeability and the location of a rock sample in
determining layer properties.

In Table 6.2, the layers have equal thickness. There
are advantages, however, to selecting layer properties

so that each layer has the same permeability-thickness
product. This will be discussed in Section 7.7,

Coefficient of Permeability Variation

Law?? showed that rock permeabilities usually have
a log normal distribution. This means that plotting the
number of samples in any permeability range against the
values of log permeability will yield the familiar bell-
shaped curve. Fig. 6.2 shows this distribution for the
permeability values listed in Table 6.1.

In the first use of core analysis data to measure the
effect of permeability stratification on waterflood predic-
tions, Dykstra and Parsons®* made use of the commonly
found log normal permeability distribution of reservoir
rock. Their term “coefficient of permeability variation”
is frequently shortened to simply “permeability varia-
tion™, Statistically, the coefficient of variation, V, is de-
fined as

V= (6.1)

s

where
o = standard deviation
X = mean value of X

In a normal distribution the value of ¢ is such that 15.9

percent of the samples have values of X less than (-}?
— o) and 84.1 percent of the samples have values of X

less than (X + o).

¢ Dykstra and Parsons proposed that permeability val-
7/ ues taken from core analyses be arranged in descending
. order. The percent of the total number of permeability
=
_‘: TABLE 6.2 — LAYER PROPERTIES BY PERMEABILITY
ORDERING AND POSITIONAL APPROACH
L t Average Layer Permeability (md)
O - ¥
&) Permeability Positional
g g Layer Ordering Approach
J 1 84.0 10.0
8] 2 37.0 6.8
=2 3 23.5 4.7
=5 4 16.5 10.4
a2 5 12.0 20.5
6 8.9 121
s 7 6.5 8.6
- 8 4.6 18.4
o 9 3.0 14.3
. D 10 1.5 10.9
OO 1 0'2 l OL.4 1 OI.G L 01.8 L 0 Arithmetic average permeability 28.2 md

FRACTION OF TOTAL VOLUME (h¢)
Fig. 6.1 Flow capacity distribution, hypothetical reservoir.

Mean permeability 10.0 md

Ratio of maximum to minimum layer permeability:
Permeahility ordering 84.0/1.5 = 56.0
Positional approach 20.5/4.7 = 4.37
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values exceeding each tabulated entry is computed.
These values are then plotted on log probability paper
(Fig. 6.3). The best straight line is drawn through the
points, with the central points weighted more heavily
than the more distant points. The permeability variation
is then

V= s e e e e e e e (62)

where

%k = mean permeability = permeability value with
50 percent probability

o = permeability at 84.1 percent of the cumulative
sample.

The possible values of permeability variation range
from zero to one, with a completely uniform system
having a value of zero.

For those mathematically inclined readers, we should

point out that in the true statistical sense, Eq. 6.2 is
incorrect. It should read

k- logk
_ Jogk ~ log ke (6.3)

log k

NUMBER OF SAMPLES

24
PERMEABILITY, md

NUMBER OF SAMPLES

-06 O 1.0
LOG PERMEABILITY

Fig. 6.2 Permeability distribution, hypothetical reservoir.
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However, reservoir engineering usage has been with
Eg. 6.2.

Dykstra and Parsons went on to correlate their value
of permeability variation with expected waterflood per-
formance. This performance prediction technique will
be discussed in Chapter 8.

Permeability Ordering

In an early use of core analysis data, Stiles? arranged
the permeabilities in order from maximum to minimum
and then used this distribution in some waterflooding
calculations. To differentiate between the method of
treating core permeabilities and the performance calcu-
lation method, we shall call the former ‘“permeability
ordering” and the latter “‘the Stiles method”.

Table 6.2 shows the results of taking the permeability
values of Table 6.1, arranging them in order from maxi-
mum to minimum, then dividing them in order into 10
equal-sized groups. These groups then represent the
average permeabilities within each of the 10 layers of
the reservoir, as determined from the permeability or-
dering method. These averages are those permeahilities,
taken from Fig. 6.3, at 10-percent increments, beginning
at 5 percent of the total sample. A less severe contrast
in layer permeabilities is noted using the positional ap-
proach than using the permeability ordering method.

Lorenz Coefficient
In 1950, Schmalz and Rahme?® proposed a single
term for characterizing the permeability distribution
within a pay section. Using Fig. 6.1, they defined the
Lorenz coefficient of heterogeneity as

100
80
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Fig. 6.3 Log norma! permeability distribution.
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Loren.. oefficient =

The value of the Lorenz coefficient ranges from zero
to 1, a uniform permeability reservoir having a Lorenz
coefficient of zero.

The Lorenz coefficient is not a unique measure of
reservoir nonuniformity. Several different permeability
distributions can yield the same value of Lorenz co-
efficient.

Fig. 6.4 shows the relation of the permeability varia-

tion and Lorenz coefficient for log normal permeability
distributions.*"

Averaging Permeabilities
Warren and Price®” showed experimentally that the
most probable behavior of a heterogeneous system ap-
proaches that of a uniform system having a permeability
equal to the geometric mean. The geometric mean is:

Im\rk1><k:><k3><k4><--'xk” * (64)

It can also be shown analytically that the mean of a
log normal distribution is the geometric mean. The
geometric mean is the recommended single value of
permeability with which to characterize a formation.
The value of 10.0 md shown on Table 6.2 is the geo-
metric mean. Calculating the geometric mean (Eq. 6.4)
for the permeability values in each layer of Table 6.1,
we arrive at the values shown in Table 6.2 for the posi-
tional approach.

Permeabilities in series are averaged as follows:

n 1 1 1 1 1
L SIS I . ot —,
k kl " kII + kB + k-l kn
(6.5)
10
'-.
z
w
S
:'.
o
(5]
P
Wl
- 4
=]
-
o) 1 1 1 4
-} 2 & L] 8 X

VARIATION, ¥

Fig. 6.4 Correlation of Lorenz coeffictent and permeability
variation.*”
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which assumes that each permeability value represents
a unit length.

Permeabilites in parallel are averaged as follows:

by + ke + ks H ki + ... T ke
n

k=

(6.6)

Statistical Raservoir Zonation Technique

In 1962, Testerman!* presented the best available
statistical technique for determining layer properties.
The technique uses a set of permeability data from a
single well showing permeability at various elevations.
This set is divided into zones so that the variation in
permeability within any one zone is minimized and the
contrast between zones is maximized. Statistical criteria
are used to determine whether the data will support
partitioning into additional zones. These zones are then
traced from well to well to obtain a reservoir layer de-
scription. This technique has the advantage of provid-
ing an unbiased specification of the number and location
of reservoir layers, but it does require access to a com-
puter.

Geological Zonation

The previously discussed techniques involve no prop-
erty of the rock other than permeability. The best
method for characterizing the permeability stratification
of a reservoir should include also any available geologi-
cal information.

What I consider to be the superior approach was
demonstrated by Alpay.! He had available considerable
information on wells in a lease covering approximately
7v5 sq miles in the south-central portion of the Pem-
bina field, Alberta. This information included core
analyses, well log responses and core lithological analy-
ses. With this information and the concept that sands
are deposited in sheet-like layers that have varying
thickness and similar lithological properties, he cotre-
lated a number of zones through that portion of the
Cardium sandstone reservoir. A typical result shown in
Fig. 6.5 depicts the lateral continuity and varying thick-
ness of a subzone in the Cardium reservoir. Fig. 6.6
shows a stratigraphic breakdown of the Cardium reser-
voir as given by the gamma ray log, core lithology, and
core permeabilities.

Such a study is time-consuming, requiring much de-
tail in core-logging and core-lithology information. It
appears that our greatest need today in the area of reser-
voir performance prediction is a quick, cheap means for
obtaining an estimate of the interwell permeability dis-
tribution, both areal and vertical.

Crossflow Between Layers

Many methods for predicting the oil recovery per-
formance of waterfloods assume that the layers in the
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reservoir are each continuous from well to well, uniform
in properties, and insulated from each other except at
the wellbores. We generally visualize such a reservoir as
a layer cake, with icing between each layer serving as
the insulating material.

From what we know, very few reservoirs satisfy the
concept of shale streaks or impermeable beds acting as
the material insulating each layer from the other. Of
course, we have known of reservoirs composed of a
series of thin sand stringers, each of which could be
correlated from well to well. Elkins!??® points out that
even in clean sands the macroscopic vertical permeabil-
ity can be several orders of magnitude (100-fold or
more) lower than the horizontal permeability. As a
result the reservoir can in effect perform as one in which
little or no crossflow, or flow between the layers, occurs.

Obviously actual reservoirs will range all the way
from those having no crossflow to those having com-
plete vertical transparency to flow. Some reservoir engi-
neers follow the philosophy of considering each reser-
voir to be composed of insulated layers. As we shall sce
in the next chapter, this generally provides a conserva-
tive estimate of waterflood performance.
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