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The California Standard Company <
Medical Arts Building '
Calgary, Alberta, Canada
-Attention: Mr. J. F. Ross fl=t= o-29
Subject: Reservoir Fluid Study
California Standard Scallion No. 4-11 Well
North Virden Ressisa-Field
Manitoba, Canada
Gentlemen:
Presented in this report are the results of laboratory studies performed
using subsurface samples coliected from the subject well. '

The saturation pressure of the fluid was found to be 156 psig at the meas-
ured temperature of 84° F. Comparison of this value with the reservoir
pressure makes it apparent that the reservoir exists in an undersaturated
condition. '

The fluid yielded 74 standard cubic feet of vapor per barrel of residual
liquid. The corresponding formation vblume factor.was found to be 1.0528
barrels of saturated fluid per barrel of residual liquid The viscousity of
the liquid phase varied from a value of 3.81 centipoises at saturation pres-
sure to a maximum value of 5. 3] centipoises at zero pressure. The vari-
ous measurements performed evidence very limited changes at pressures
in excess of 20 to 30 psig.

The separator tests indicate 3 limited response to variations in operating
pressure. The gas-oil rati; again shqw a marked change at pressures
in excess of approximately 8 psig.

The reservoir fluid composition substantiates the somewhat unusual be-
havior. A very low methane content with a high congentration. of inter- ‘ .
madiate material are the roquh'od factors for behavior of this type. ‘ e




— The California Standard Company Page Two . |
California Standard Scallion No. 4-11 Well o
Thank you for this opportunity to be of service. If we may be of further
assistance, please call upon us.
Very truly yours, :
Core Laboratories, Inc. .
Alehuitioy o
F. O. Reudelhuber, |
Division Manager
FOR:ma
f-\.
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Petrolenm Reservoir Enginesring
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Flle REL 332
&mmnyww DateSampled ___April 19, 1954 o
Well_California Standard Scallion No. 4-11 County :
Field ___North Virden Roselea State Manitoba, Cansda

w

FORMATION CHARACTERISTICS

Formation Name Misgiagippian
Date Firat Well Completed Decemher , 1053

Original Reservoir Pressure 870 PSI @ 2010 ft

Original Produced Gas-Oil Ratio cu. ft./bbl.
Production Rate : bbl./d.
Separator Pressure and Temperature PSI, °F.
0il Gravity at 60° F. 34 ' ° APl

Datum 518 ft. subsea

Original Gas Cap _

WELL CHARACTERISTICS

Elevation 1492 Feet K B

Total Depth L0622 K. B ft.

Completion Depth 2005-97,11-12,17.19,24.26 ft.

Tubing Size and Depth : 2.0 into__2009 ft.

Productivity Index T bbl./d./PSI @ bbl./d.

Last Reservoir Pressure 665 - _PSI @.2010 ft.
Date April 19 ,19.54
Reservoir Temperature _ 84 = c°F@_2010 1t
Status of Well - Shut-In 147 Haurs
Pressure Gauge ‘ Amerada (CLI)

‘Normal Production Rate 20 bbl./d.
Gas-0il Ratio cu. ft./bbl.
Separator Pressure and Temperature P8I, °F.
Base Pressure PSI Abe.

Well Making Water % Cut

‘ SAMPLING CONDITIONS

Sampled at 2010 Feet K. B,

Status of Well , Shut-In 147 Hours
Gas-0il Ratio ' : cu. £¢./bbl.
Separator Pressure and Temperature P8I, °F.
Tubing Pressure ; 60 ; PSI
Casing Pressure , ' £0 PSI

Core Laboratories Engineer NI C ‘

Type Sampler Perca

REMARKS:

i
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CORE LABORATORIES, Inc.
Petrolesm Reservoir Engincering

DALLAS. TEXAS
Page _ 2 of 10 _
Flle— BFL 332 &

Well __California Standard
Scallion No. 4-11

Il e

VOLUMETRIC DATA OF Rasaervoir Fluid SAMPLE

¥
Saturation pressure (bubble-point preasure) 1586 PSI@_84 °F.
Thermal expansion of saturated oil @ -5000 PSY = V@ g4 °F.__ 1.00370Q

V@ 75 °F.
Compressibility of saturated oil @ reservoir temperature: Vol./Vol./PS8I:

From 5000 PSIto 3000 PST ~ _4.91 x10°%

From 3000 PSIto 1500 PSI— _5.48 x 10"

From 1500 PSIto _ 156 PST— _6.82 x 10°®
Specific volume at saturation pressure: cu, ft./* 0.01925 @_84 _°F.
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Petroleum Reservoir Engineoring o
DALLAS. TEXAS
Page—3 _of 10 Aé .
File__RFL 332 -
We \
Scallion No. 4-11 w
_Resaervair Filuid SAMPLE TABULAR DATA
AR SUREVOLUNE S DIFFERENTIAL VAPORIZATION @ 84 °F.
il y e ® "BA . r., ° o ’ LIBERATED GAS SOLUTICN GAS -
PISAUSE | welievougmror | Sod T | snmeAtE | snminer | Mepgelt o
5000 0.9730 1. 0244 "5Ef
4500 0.9758 S 1,0273
4000 0.9777 : 1.0293
3500 0.9802 . 1.0320
3000 0.9827 1.0346
2500 0. 9854 1.0374
2000 0.9881 1.0403
1990 4.56
1530 4, 36
1500 0.9908 1.0431
1200 0.9926 1.0450
1025 4.15
1000 0.9938 - 1. 0463
800 0.9950 | 1.0475
600 0.9964 -« 1.0490
505 3,95
500 0.9970 1.0496
400 0.9978 1.0505
300 0.9986 1.0513
255 3.86
200 0.9996 1.0524
lgé 1. 0000 3.81 0 74 1.0528
141 1.0100
135 3.8l
130 1.0257
122 3 11 1.0524
120 1.0470
113 1.0647
100 3.83
92 1.1245
90 - 6 - 68 1.0518
78 1.2326 :
65 3.91

v = Volume at given pressure, o
vs = Volume at saturation pressure at the specified temperature. e
= Residual oil volume at 14.7 PSI absolute and 60° F. il

B m.rmmm-:r. b s, mptt ot g i ot . e’

nnnnn Trn sogrnnathiiite and aatka na warnmabe av + tn_ tha 1etfelty  neaner pReTR.




CORE LABORATORIKS, Inc.
Petrolewm Reservoir Enginesring
DALLAS. TEXAS
2 Page—4 of 10 .
| File__RFL 332 o
Scallion No. 4-11 o
Raservoir Fluid SAMPLE TABULAR DATA
S AESSUREYOLUME acosTTY DIPFERENTIAL VAPORIZATION @ 44 'P.
PRESSUNE Py “h‘\ wn:' ;I;OIL LIBERATED GAS soL.
. e o ‘., UTION GAS
PHOAUSE | welamvevougwror | o 8% P | sorbmssnAn | scremisaman, | NIt
62 1.3866 o ?f
58 : 10 64 1.0510 :
50 1. 6202
40 2.0077
35 2.3237
31 20 54 - 1. 0480
28 3. 0608 4. 06
0 5.31 T4 0 1.0108
@ 60° F. = 1,0000
’/'\.
Gravity of Residual Qil =
34.4° API @ 60° F.

v = Volume at given pressure,

ve = Volume at saturation pressure at the specified temperature.
va = Residual oil volume at 14.7 PSI absolute and 60° F. ' S
i s3sbes plegas . ttaproiston ot bed o huqraions ol el pupelind v the st whes, andfhe mhene ettt yod el
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CORE LABORATORIES, Inc,
Petrolewm Reservosr Enginesring
DALLAS. TEXAS
- Page_— 5 of 10
File _ RFL 332 ,
Well__California Standard |
Scallion No. 4-11 W
SEPARATOR TESTS OF Reaaxvoir Fluid SAMPLE -
SEPARATOR SEPARATOR szrarATOR | sTock TANK STOCK TANK .::::r::“ FomMATION spPECInG
:'l::‘:):l' TI"PER:TU“- GAS/OIL RATIO | GAS/OIL RATIO | | A‘:‘*‘:"::.- .. Va/Vaar, 5:5:”- ':::::':: ::.
See Foot Note (1) | Ses Foot Nete {1) oo Foot Note (2) |See Foot Note (8)
0 T4 76 34.2 0.9355 1. 069 1.4108
10 74 56 8 34.6 0.9425 1. 061
20 74 4] 16 34.8 0.9488 1. 054
50 74 12 53 35.1 0.9542 1.048
/"\‘
(1) Separator and stock tank Gas/Oll Ratio in cubic feet of gas @ 80° F. and 14.7 PSI absolute per barrel of
— stock tank oil @ 60° F.

(2)

Shrinkage Factor: vasvesr. 18 barrels of stock tank ofl @ 60° F. per barrel of saturated oil @ 156

PSI gauge and__ 84 ° F.

(8)

Formation Volume Factor: fva is barrels of saturated ofl l 156 PSI gau nx;d 84 °P.
barrel of stock tank oil @ 6{\;5“15‘,‘,- ‘ @ _ gauge | per

v u-lsr.o:hhu or interpretations sre based cheervations m elient 10 whom whose 1 sonfidon e
{s_report made The {ntem::t’utlonu or oplnlnng__guimMpmﬁnf tha Wext i nrft‘ i 02!:_ |:l| P‘::nr{ll ‘n.-.‘fm —vrnry :.:dh:-mm- -w--nt."}‘\’ ﬂ_ .
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' CORE LABORATORIES, Inc. ' i
Petrolewm Reservoir Engineering

PALLAS, TEXAS

Company-The Califorpis Siandard Company Formation — Mississippian

well Galifornia Standard Scallion No. 4-11  County
Field — North Virden Roselea State _______Manitoba. Canada 5
HYDROCARBON ANALYSIS OF_Raserveir Fluid SAMPLE LR
COMPONENT WEIGHT % MoL % ::EE&E::'%L .‘.:!l'. zo;l.c#ul 5
Methane 0.10 1.18
Ethane 0.72 4. 44 '
Propane 1.86 7.83
Iso-butane 0.63 2.03
N-butane 1.89 6.04
Iso-pentane 1.28 3.30
N-pentane 1.12 2 .89
Hexanes 2.96 6. 37
Heavier 89. 44 65.92 0.8747 30.1 252
100. 00 100. 00

Core Laboratories, Inc.

F. ©. Reudelhuber

m-r)ulmm:tm morlﬂﬂdwm’?l nzmhuﬂmwm

R" Illli’l- o&ial&m o Int mt:-:: w.‘?mm"'a. ﬁl -P Ocﬂmnbfw t:.ld (fl.ll'I ?‘Eﬁm ¥
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L CORE LABORATORIES, INC. Page __1 of m
Petroleum Reserwoir Engineering
DALLAS, TEXAS Fl]e __uh—m———
PRESSURE-VOLUME RFLATIONS OF RESERVOIR FLUID

CompanyThe California Standard Company Formation __ Mississippian
WellGalifornia Standard Scallion No. 4-11 County

Field __North Virden Raaelea State Manitoba, Canada
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Petroleum Reservoiv Engineering

DALLAS, TEXAS File REL 332
DIFFERENTIAL VAPORIZATION OF RESERVOIR FLUID

CompanyThe Califarnia Standard Company Formation ___Missiasippian.
We i =11 County
Field __North Virden Roselea State Manitoba, Canada
]
L - 5 -
S=msun
B
il
;1"
200 . 400 680 - 809 1000
| PAGSSURF: POUNDS BEN FQUARE INGITBAUGE
SR T .l S foa) o ;.\l' R Wy o

E ILABORATORIE!TN . Page___B  of__10

1.040

RELATIVE UQUID VOLUME: V/Vx

1.030
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Petroleum Resevvoir Engineering ) —
DALLAG. TEXAS File  RFL 338
VISCOSITY OF RESERVOIR FLUID

/'" CompanyThe Galifornia Standard Company Formation ...Misgissippian
WellCalifornia Standard Scallion No. 4-11 County
& " Field __North Virden Roselea. ... State.
' 40

..Manitoba, Canada
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Petroleurn Reservoir Engineering

DALLAS, TEXAS Flle———-«n-m___._..__...

Company Tha California Standard Company Formation ——Miznissippian
WeliCalifornia Standard Scallion No. 4-1] County

Field __North Virden Regelea State Manitaba, Canada

T I I T I I T III
[] DEPTH PRESSURE GRADIENT
i | FeotKB PSI!Ga  P.S. peritDepih
1 9 59
1 1000 276 0.219
12010 645 0. 365
. Shut-In 126 Hours
B Fd
A
al
1]
; '
'1 y
T
] A
|'+'J_
: ¥
-
11
y
y.
I 1
' Oil Level 417 Ft. Water Level None Ft}-
Temperature 84 °F at 2010 Ft.1H
Casing Pressure PS.I Ga.pn
Tubing Pressure 59 PS1 Ga.H
= - Elevation 1492 X. B. Ft.H
- Datum 518 Ft. Subseal]
Datum Pressure 645 PSIGal
. IRNENNRNOREENENENESS ANENERERNE NN
500 1000 1500 . 2000 2500 3000
DEPTH: FEET




“*  SUN DIL COMPANY

~s{’; CANADIAN PRODUGTION DIVISION
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g 805 - BTH AVE. W.
b P.O. DRAWER 239 L. E. MILLER
G. E. DUNLAP B b e AS5ISTANT MANAGER
MANAGER ol '“ GALGARY, ALBERTA
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March 3rd, 1958

Mr, M, J, Gobert
Senior Petrolsum Engineer
Department of Mines & Minerals
Province of Manitobsa
WINNIPEG, Manitoba
Dear Sir:
Enclosed herewith is one copy of the Water-0il Relative
Permeabllity Messurements taken in the North Virden field of Manitoba,
as prepared for Sun 0il Company by Core Laboratories, Inc.

Yours very truly,

SUN OIL COMPANY

ADB/ jhm
Encl. (1)




SUN OIL GOMPANY

CANADIAN PRODUCTION DIVISION

805 - BTH AVE. W,

L. E. MILLER
P.O. DRAWER 3%
G. E. DUNLAP ASSISTANT MANAGER

MANAGER CALGARY, ALBERTA
CANADA M. E. AUSTIN
SUPT. OPERATING DEPT.

February 5th, 1958.

Mr. M, J. Gobert

Senior Petroleum Engineer

Department of Mines & Mineral Resources
Government of the Province of Manitoba
WINNIPEG, Manitoba

Dear Sir:

Re: Rsdial Flow Caleulations:
E. Hutchinson #4=-23 = Lsd 4=23=11=26 WPM
C. Nichol #10-20 = Lsd 10-20=-11-26 WPM

Gy GClarke #8-20 = Iad 8-20~11~26 WPM

Enclosed herewith for your information and file is one copy
of the injection rate calculations which you requested at the hearing held
on January 16th, 1958, regarding the injection of salt water into the Cherty
zone of E, Hutchinson #4-23, C. Nichol #10-20 and G. Clarke #8-20, These
calculations are based on the method employed by Suder and Calhoun in the
1949 issue of the American Petroleum Institute's "Drilling and Production
Practices".

If there are any other questions regarding this matter, please

advise.
Yours very truly,
SUN OIL COMPANY
/4§é§<é%¢4~¢£;z;1f~
V. F. Zubko,

VFisiw

Enclosures




lease - G, Clarke

Computation of Water Injection

A single homogeneous bed of 19.8 feet thick and 14.56 md was chosen in
the Cherty Zone of the Lodgepole to represent an average for the purpose
of injection calculations., For this average bed the following conditions
were found:«

1. Sw = 30%. Average water saturation of the Cherty Zone in this area.

2. So = 60%. 0il saturation at start of flood, found by subtracting oll
produced during primary operations from original oil in place all on
a stock basis. It could be anticipated that the reverse of the in-
jection rates may occur, that is the injection rate may start at the
steady state and reversal phenomena will be encountered. Since the
Cherty and Crinoidal are produced simultaneously and no segregation
test had been conducted, It 1s sssumed that only 10% of the oil from
the Cherty has been produced.

3. p =11.7%. Average porosity found in the same manner as average perme-
ability.

In order to calculate water rates, the following operating conditions were
known or assumed:-,

744 ki = 0.328, the radlus of the 7 7/8" hole used for the input welly

5, W =1,320'., The water to oil well distance..”

6. P = 40O p.s.i, The pressure difference between the sand face and the
reservoir during flow, the formation at well bore being assumed to be
originally at atmospheric pressure.

frad )

7o Kﬁ = 0,4 or Kw = 0.4 x 1ﬁ.56 = 5,82 = relative permeability to water.
Koo 56

8, Sor = 30%. Resldual oil saturation.

9, Mu = 1 centipoise, The viscosity of the injected fluld.

With the foregoing information, the water injection rate was computed for
the average bed in three stepsi=-

1. For the original period of water encroachment.

2. For the steady-state period after all space was filled with water.
3. For the period in between these two phases.

The period of radial encroachment was assumed to last until sufficlent

water has been injected to fill the bed completely with 1liquid to a point
helf-way between the input and producing wells

00-000002



Lease = G, Clarke -2~

This 1limit is based on electrolytic studies reported by Muskat in which

he shows departure from a radiel encroachment at this point in the 5-spot
system. The total water in barrels injected to the end of radial encroach-
ment was comouted froms:-

Vi = 0,178 7' W2 h £ (1-Sw-So) "
4 a

Wherei=

0,178 converts from cuble feet to barrels, h is the
thickness of the bed, and the other quantities are as
previously defined.

The rate of water injected in barrels per day during the radiel encroach=-
ment phase was computed from:e

Q = 0,00308 KuhP
Mu log re
v

Where re = the position of the pressured radius given in the equation
V=0,178 ' re? h 4 (1-Sw-So)

in which V 1as the cumulative water injection at the instant that radial
encroachment has reached the radius re.

To find the time at which a given radius of injection-has been reached,
it was assumed that the gas space volume between two successive values
of re was filled at a rate equal to the average injection rate between
the two 1limits chosen,

In this manner water input rates and total input volumes at a given time
were calculated up to the limit of radial encroachment. These values are
given in a tabulated form and plotted.

The steady-state flow phase was assumed to have begun at the time when
the formation was completely filled with liquid. Although this is not
strictly true, the object is to keep these ti&hniques simplified as much
as possible. At the beginning of steady-state flow the total volume of
water Injected was computed fromi:-

Vii = 0,723 W2 h £ (1-Sw=-So) 0.178
where the factor 0.723 is that portion of the 5=spot assumed to be flooded.
The following formula was used to compute the steady-state rate:=

Q=0 KwhP
m %log ¥ = 0.470)

rw



Iéase ~ G, Clarke

Well No,

G. Clarke 1-20

" "

" "
" n
i n
TOTAL

AVERAGE

2«20
4=21
5-21
7-20
8-20

Reservoir Characteristics - G. Clarke Lease

n3..

Average Wt.

Average Rad.

Interval Feot Rep, Porosity Permeability
2096,0-2116,0 20,0 14,60 23.1
2076.6~2098.7 22.1 10,60 20.9
2068,4-2085.2 16,8 8.45 5.1
2078,0=-2098.0 20.0 12.92 8.4
2090,.0-2110.0 20,0 11.33 21.5
2141,6-2161.5 19,9 12,31 774
118.8 70.21 87.4
19,80 11.70 14,56

Sw

z

30
30
30
30
30
30

180
30

Formation

Cherty
Cherty
Cherty
Cherty
Cherty

Cherty



Lease = G. Clarke

-4_

Water Injection Calculation

K. Radial encroachment phase:

re

‘Feet)

Q
Barrels/day

75.6
65.2
60.2
573
55.1
53.4
52.2
51.1
51.0
50.0
48.0
41,5
47.0
46.3
45.3
a5
441
4345
43.0

v
Barrels

13.0
81.3
325.0
732.0
1,300,0
2,032.0
2,925.0
3,982.0
5,200.0
6,582.0
8’12500
11,700.0
15,925.0
20,800,0
26,325,0
32,500.0
39,325.0
46,800,0
56,630.0

§c+
=2
o0

SRRITHE



Lease - G, Clarke -5

Steady-State Flow:-

Q = 0.00154 Kw h P
Mu (log W_~- 0.420)

rv

0,00154 x 5,82 x 19,8 x 400 (3/2)
3.19

]

33.38 barrels/day

Vii = 0.723 W2 h § (1-Sw-So) 0.178

0.723 x 1320 x 1320 x 19.8 x .1 x 178 x 117

51,800
Intermediate phase:-

Average Rate = 43 + 33,38 = 38,2
2

Interim Cumilative:~-
56,700 = 51,800 = 4,900
Interim Timet=

4,900 : 38,2 = 4.3 months
Remarksi=

Since these reservoirs have been partially depleted the water injection
method discussed above may reverse its course, that is the water injected
may start at steady-state conditions, thru the intermediate phase and
finally to the radial encroachment conditions. It could be, however,
anticipated that the radial encroachment duration will be proporticnal
to t he amount of oil produced. Bottom hole pressure maintenance will
avail the three wells G. Clarke 1-20, 2-20 and 7-20, the immediate
neighbouring wells, to the proposed injection one. Pressure maintenance
data and calculations are not available at the present time and a thorough
analysis of this process can't be traced. Commmication of the three zones
(Crincidal, Cherty and Oolites) make computations more difficult.
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Lease = G. Nichol

Computation of Water Injection

A single homogeneous bed of 20 feet and of 15,72 md was chosen to present
an average for the purpose of injection calculations. For this average
bed, the following conditions were found:-

1. Sw = 43.3%%.

2. 8o = 49%. O0il saturation at start of flood, found by subtracting oil
produced during primery operations from originel oil in place.

3, p = 11.66%. Average porosity found in the same manner as avérage
permeability.

In order to calculate water rates, the following operating conditlions were
known:-

de rwv2/0.328'. The radius of 7 7/8" hole used for input well, f“fz)-j 278
5. W

1,320,

6, P = 400 p.s.i, The pressure difference between the sand face and the
reservoir during flow, the formation being assumed to be originally
at atmospheric pressure.

7. Kw = 0.6~asaumed!//
k

8, Sor = 30% assumed.
9. Mu = 1 centipoise. The viscosity of the injected fluid.

The total volume of water in barrels injected to the end of radius en-
croachment was computed from:-

Vi = 0,178 T W2 h 4 (1~8w-So0)
A

Where 0,178 converts from cubic feet to barrels, h is the thickness of
the bed and the other quantities as previosly defined.

The rate of water injection in barrels per day during the radial en-
croachment phase was computed from:-

Q = 0,00308 KwhP
Mu log re
™
Where re is the position of the pressured radius given in the equation
V=0.178 7" re2 h £ (1-Sw-~So)

in which the cumulative water injection at the instant that radisl en-
croachment has reached the radius re.

...'Q.oz



Leage - C. Nichol -2-

Since very little oil has been produced, the main state of affairs will
be the steady-state flow phase, It is assumed to have begun at the time
the formation was completely filled with liquid. At the beginning of
steady-state flow the total volume of water injected was computed from:-
Vii = 0.723 W2 h g (1-5w=S0) 0,178
The following formla was used to compute the steady-state rate:-
Q=0,0015L Ewx hx P
Mu (log W =0.420)

w

By substitution:=

Q = 0,00154 x x 20 x 400 = 36.5 bbls./day
1 Elog 1,320 - .42o§
28



Lease - C. Nichol

re

(Feet)

10

25

50

75
100
125
150
175
200
225
250
275
300
325
350
375
400
450
500
550
600
660

Q
Barrels/day

158,06
123,60
106,60
98,90
$3.70
90,10
87.40
85.40
84.60
83,80
82.30
79.90
78.50
77.80
77.10
76,20
75.50
T4 50
73.10
72,40
71,30
70,40

v
Barrels

10.5
65.2
261,0
585.0
1,045.0
1,630.0
2,350,0
3,200,0
4,180.,0
5,750.0
6:54000
7,900.0
9,400,0
11,000,0
12,800.0
14,,600.0
16,700,0
21,150.0
26,100,0
31,600.0
37,600,0
45,500,0
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Lease = E, Hutchinson

Assumptions made:=

1.

2.

3.
e

5.

Determination of porosity from RA-log is reliable,
Since core analysis was not available, a direct relationship between
porosity and permeability was assumed. This is however not true. If

mathematical approach is to be used, calculations will be lengthy and
very complicated.

Relative permeability to water as taken is 60% of the total.

The 5=spot system as described by Muskat was considered to apply in
this case.

Specific gravity of injected water was taken as .45#/in2-ft.

Viscosity of the injected water was assumed 1 centipoise.



Lease - E. Hutchinson

Computation of Water Injection

A single homogeneous bed 22.25 feet thick and of 22.3 md was chosen, there-
fore to represent an average for the purpose of injection calculations. For
this average bed, the following conditions were found:=

1. Sw = 36%, Water saturation at start of flood, found by averaging indi-
vidual well water saturations.

2. So = 52%, O0il saturation at start of flood, found by subtracting oil
produced during primary operations from originel oil in place, all on
a stock tank basis.

3. p = 0.26%. Average porosity found in the same manner as average perme-
ability.

In order to calculate water rates, the following operating conditions are
knownt-

4Le 1w = 0.328', The radius of the 7 7/8" hole used for input wells.

5. W =1,320', The radius of flow from water input well to surrounding
oil wells.

6. P = 350 p.s.i. The pressure difference between the formation face and
the reservoir during flow, the formation being assumed to be originally
at atmospheric pressure.

The following data was assumed in order to permit calculatlions:-

7. Ku = 0.6 relative permesbility to water at 8.26% porosity for uncon-
k solidated formation.

8. Sor = 30%. Residual oil saturation assumed.

With the foregoing information, the water injection rate will be computed
for the average bed in three steps:-

1. For the original period of radial water encroachment from the input
well.

2. For the steady-state period after all space was filled with liquid.
3. For the period in between these two phases.

The period of radial encroachment was assumed to last until sufficient
water has been injected to fill the bed completely with liquid to a point
half-way between the input and producing wells. The limit is based on

electrolytic studies reported by Muskat in which he showed departure curve
from radial encroachment at this point in the five-spot system.

..I..2



Leage - E. Hutchinson ~2=

The total volume of water in barrels injected to the end of radial en-
eroachment was computed fromi-

Vi =0,178 7' W2 h § (1-Sw-So0)
4

Where:-

0.178 = converts from feet to barrels
h = the thickness of the bed and other quantities
are zs previously defined.

The rate of water injection, in barrels per day, during the radial-
encroachment phase was computed from:-

Q =0,00308 x Kwx hx P

Mu log re
v

Where mu = 1 centipoise - viscosity of the injected
fluid.

Where re = the position of the pressured radius given
in the equation.

V=0,178 1" re2 h § (1-Sw-~So)

in which V is the cumilative water injection at the
instant that radial encroachment has reached the
radius re,

To find the time at which a given radius of injection has been reached,
it was assumed that the gas-space volume between two successive values of
re Yas filled at a rate equal to the average injection rate between the
two limits chosen.

In this manner water input rates and total input volume at a given time
were calculated up to the limit of radial encroachment. The .wvalues are
given in the attached table and graph.



lease ~ E, Hutchinson -3 -

Reservoir Characteristics and Data
E. Hutchinson Lease

Average Average Wt.
Well No, Interval  Feet Repr. Permeability Porosity %
E. Hutchinson 4-23  2040-2073 26,36 26,06 ? 3.57
E. Hutchinson 5-23 1998-2018 20.00 18,74 ? 6.80
E. Hutchinson 6-23  2035-2055.4  20.40 23.20 §=é§
TOTAL | 66,76 68,00 24479

AVERAGE 22425 22, 30 8.26



Leage - E, Hutchingon

re

(Feet)

10
25
45
70
95

115

140

165

185

210

235

250

275

300

350

400

450

500

550

600

660

{1

Q
Barrels/day

214420
168,60
148,20
136,00
128,80
124.30
120.50
117.00
115,20
112.50
110.90
110.80
108.50
107.00
105,00
103.30
101.00
99. 40
98,50
96,90
95.80

Barrels

12,0
75'0
243.0
598,0
1,083.0
1,587.0
2,352.0
3,267.0
4,,107.0
5,292,0
6,627.0
7,500,0
9,075.0
10,800,0
14,700.0

' 19,200,0

24,5300.0
30,000, 0
36,30040
43,200,0
52,300.0

Months

0.015
0.055
0.15
0.28
0.43
0.65
0.93
1.18
1,55
2.0
2.26
2.79
3¢34
zl»o'?
6.2
7.1
9.1
12.3
14.9
18,2



FORM 0-8633 WATER SATURATION GALCULATION

FROM MLL (NEUTRON) AND LATEROLOG (GUARD RING)

WELL E. Hutchinson #4-23 LOCATION Lsd. 4-23-11-26 WPM

FIELD_North Virden PROVINCE_Manitoba
Rm l.22 at &7 F. Rmf 0.82 at 73 F,
Rm 0,97 at 84  _ F. Raf  0.72 at 84 F,
Rme 1,56 at 73 F.
Rme __ 1.35 at 84 F.
Formation Oolites and Cherty ' Interval 2040 - 2073
BH Temp. __&4 °F ROS=10 % ‘Rw at BHT _0.097 @ 84° F.
Interval Feet -Rllxl.lli R2%| Rxo -%3 P4 |4 Fy|Ro [Rt Sw  Remarks
2040-42 2 25 _ . 25 | 17,0 e
2062-43 | 1 300 | l1w0| . .88 | | SN
W46 3 | 15 B 25 B N
006-48 2 1110 . l110 8.5 o
2048-51 . 3 .3 . B3 T T S
2051-52 | 1 300 _, 300 5.2 .
2052-53 | 1 105 __ 105 | 8.7
205354 1 5 |7 10.6 -~
2054=55 | 1 250 250 5.8
205560 |5 . 25 | _ta2s! 1170
2060622 175 175 6.8 | )
2062-64, | 2 150 | 150 7.3
2064=66 | 2 200 | 200 | 6.5 ) ,
00669 3 | 250 . |250| 5.8 *
2060-70 1 j 100, 1100 | 8.8
2070-73 . 3 | 6 | | €0 sl b _
Av,_Poro., | Ll 957 357
. l - - _h S
- T o T f
LIS U S ‘
| |
S S R
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SOLUBILITY REPORT
CHEYRON CANADA RESOURCES LTD.
THREE WELLS FROM EACH:
DALY FIELD;
NORTH VIRDEN STALLION UNIT;
ROSELEA FIELD; AND,
ROUTLEDGE FIELD
MiSSISSIPPIAN FORMATION
ART UNGER, ESTEYAN CALGARY LABORATORY
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HARLEY FEAR MARCH 13, 1986
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DOWELL SCHLUMBERGER

CANADA

SOLUBILITY REPORT

FOR

CHEVRON CANADA RESOURCES LTD.

Page 2
86-138

Laboratory report

THREE WELLS FROM EACH: i
DALY FIELD, NORTH VIRDEN STALLION UNIT; ROSELEA FIELD; AND,
ROUTLEDGE FIELD.

FORMATION: MISSISSIPPIAN

B.H.S.T.

Solubl Ity tests from samples from twelve different wells,

32°¢C

WELL DATA

INFQRMATION REQUIRED

Scanning Electron Microscope Analysls.

IYPE QF SAMPLE SUBMITTED

Hell Name

Cal Stan Daly

Canadlan Superlior Haskett
Cal Stan Daly

Cal Stan Stallion

Canadlan Devonlan Hepburn
Cal Stan Scatllion

Canadlan Prospects Roselea
Canadl!an Prospect Roselea
Cal Stan South Virden Prov.
Halllburton Vanderschaeghe
Cai Stan Routiedge

Cal Stan Routledge

Locations

11-12=-10-28~W1M
15~2-10-28-N1M
15-13-10-28=-W1M
4-27-11-26-W1M
15-23-10-26-W1M
16-15-11-26-WIM
10-30-10-25-WIM
1-30-10-25-W1IM
4-11-10-26=-W1M
13-17-9-25~-W1M
16-21-9-25-W1M
12-22-9-25-W1M

Repth

2324.5
2306.5
2394.,5
2037.5
2013,0
2041.5
1904.0
1784.5
2031.0
2110.5
2072,5
2068.0

metres
metres
metres
metres
metres
metres
metres
metres
metres
metres
metres
metres



Page 3
o 86-138

SOLUBILITY REPORT
RESULTS

SOLUBILITY TESTS

A portion of each sample was ground up Into a fine powder,
weighed and placed in 15% HCI. These solutlions were then placed
in a 66°C hot bath for one hour, after which time they were
flltered, dried, re-welghed and the solubllitles calculated.

Solubllity In
15% HC|

Hell lLocatlon

11=12-10=-28-W1M 979%
15-2-10=-28-W1M 71¢
15-13=10-28=W1M 95%
4-27-11-26=-W1M 100%
15-23-10-26-W1M 92%
16-15-11=26-WIM 97%
10-30-10~25-W1M 99¢
1-30~10=25=-W1M 99%
4-11=10-26=-W1M 99%
13-17-9-25-N1M 97%
16-21-9-25-W1M 99%
12-22-9-25-W1M 100%

SCANNING ELECTRON MICROSCOPE AND ENERGY DISPERSIVE X-RAY ANALYSIS

fn these analyses, small core chips were placed in the SEM
chamber and visual examination under high magnification (220
+imes up to 231 times) was conducted. In conjunction with this,
+he core chips were subjected to an electron beam (EDX), which
produced X-rays which were analyzed to glve a seml-quantitative
elemental analysls.

DOWELL SCHLUMBERGER
CANADA INC.
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SOLUBILITY REPORT
RESULTS

SAEUD EH

Figure !

Formation Mississlippian
Depth 2041,5 metres
Magniflcation 231X

Stub No. 86=-17

Location: 16=-15-11-26=-W1M

This photomicrograph shows well developed Calclte cubes as well
as larger Calcite cubes surrounding a pore throat. EDX Analyslis
gave Ca as the major element present, A small amount of Si was
also detected, form chert nodules., The bar at the top measures
200 microns long.

DOWELL SCHLUMBERGER
CANADA INC.
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RESULTS
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Figure 2

Formation Misslissipplan

Depth 2306 metfres

Magnification 220X

Stub No. 86-18

Locatlion: 15-2-10-28-W1M

This photomicrograph shows well developed Callte (Ca) and

masslve, block!y Anhydrite (An). EDX Analysis gave Ca and S as
the major elements present. The bar at the top measures 200
microns long.

HARLEY FEAR

Telephone No.: (403) 250-7891

cc: Al McCallum, Calgary, Alberta
Julle Ferriman, Tulsa, Oklahoma

DOWELL SCHLUMBERGER
CANADA INC.



WATER -OIL RELATIVE PERMEABILITY MEASUREMENTS

FOR
SUN OIL COMPANY
Mot Virdin €rld
HARMS-WORTHAREA

MANITOBA, CANADA
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CORE LABORATORIES, INC.
Petroleum Reservoir Engineering
DALLAS, TEXAS

February 25, 1958

Sun Oil Company
P. O, Drawer 39
Calgary, Alberta, Canada

Attention: Mr, A, D. Brown

Subject: Water-Oil Relative Permeability Measurements
Ha i Wowth Area ~Maadd @ th- bl
Manitoba, Canada
Our File Number: SCAL 57205

Gentlemen:

This is to present the results of water-oil relative permeability relation-
ships measured on samples recovered from the subject area. The cores
used in making this study are identified as to well and depth on page one
of this report.

In preparation for this study, a number of large cylindrical plugs, one
and one-half inches in diameter, were cut from the whole-core samples
submitted to this laboratory. These plugs were thoroughly extracted
and dried. Their air permeabilities were then measured. Based on
this permeability data and a visual inspection of the samples, five were
selected for further testing. These five were evacuated and saturated
under 2000 PSI pressure with brine prepared as instructed. A portion
of this brine was displaced in a capillary pressure cell until the water
saturation anticipated in the reservoir had been reached. The pores
voided by this capillary desaturation were then saturated with a refined
mineral oil. Effective permeabilities to oil were measured and the sam-
ples were flooded with the prepared brine solution until a water cut in
excess of 99.9 per cent was reached. Volumes and rates of flow of both
oil and water were measured continuously during this displacement. At
the completion of the flood, effective permeabilities fo brine were meas-
ured and the residual fluid saturations determined. From these labora-
tory data, the water-oil relative permeability relationships were calcu-
lated using a digital computer.



Sun Qil Company Page Two
Harms Worth Area

A summary of the basic flood results is presented on page two of this
report. The calculated relative permeability relationships are shown
tabularly on pages three through five and graphically on pages six through
fourteen.

Upon calculation of the results, it was observed that a large increase in
permeability had occurred during flood. In view of this, the samples
were thoroughly cleaned and dried and their air permeabilities remeas-
ured, Results of this second set of air permeability measurements are
shown on page two and indicate an increase in specific permeability rang-
ing from roughly five to fifteen hundred per cent. A thorough study of
the core samples indicated them to contain an anhydrite cementation
which was partially removed by the flood water thereby increasing the
permeability, Similar performance in the reservoir would increase
significantly the effective permeability in the vicinity of the injection
wells. It might not significantly influence the productive behavior of the
reservoir, however, since the water at the flood front would be saturated
with the anhydrite. In applying the relative permeability data presented
here, this change in physical properties during testing must be considered.

It should be noted that approximately two hundred pore volumes of brine
were flooded through these test samples. Roughly half of this volume

of water was injected between the last two measured points. Similarly,
half of the remaining water, or one-fourth of the total, occurred between
the next to last two points. Since the rate of change of effective permea-
bility would, presumably, be proportional to the amount of water through-
put, most of the change in permeability should have occurred during the
latter phases of the testing. Effects of this change in pore geometry
should not have significantly changed the laboratory results in the low
water saturation range. Of note, isthe performance of the Kw/K curves
for samples numbered 1 and 4. These curves appear normal over a
large range of water saturation. At the high water saturation, however,
they become very steep, indicating the permeability to be changing very
rapidly in the latter stages of the flood. Samples number two and three
showed the least change in specific permeability. The relative permea-
bility curves, Kw/K and Ko/K for these two samples have been calculated



Sun Oil Company Page Three
Harms Worth Area

twice; one set of data being based on the air permeability measured
prior to flood and one set based on the air permeability obtained after
flood. The performance observed on sample number five was extremely
erratic and the individual curves have not been presented.

We are pleased to be of service.
Very truly yours,

Core Laboratories, Inc.

W. R. Aufricht, Engineer in Charge

Special Core Analysis Laboratory
WRA:ds
7 cc. - Addressee



CORE LABORATORIES, INC.

FPetroleum Reservorr Engmm.rg
DALLAS, TEXAS Page_l of 14
File_ SCAL 57205
Company._Sun Oil Company Formation
Number of Wells Four County
Field Harms Worth Area State Manitoba, Canada
Identification of Sa.mzles
Sample
Number Company Well Depth, Feet
1 Sun Oil Company H. McLaren 6-20 Cwav 0422044, 0-2045.0
2 T. L. Tapp 16-22  <¥<-"y 1987.0-1988.0
3 H. McLaren 6-20 <7<""7  2096.0-2097.0
4 W. C. Tapp 9-27 -S““°7/ ., 2003.0-2004.0
5 Sun McLaren 4-20 <-..~, 2081.7-2082.5
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CORE LABORATORIES. INC.
Petrolesm Reservoir Bngineering
DALLAS, TEXAS Page 3 of 14

File SCAL 57205

Water-0Oil Relative Permeability Data

Sample Number: 1 2 3 4 5

Air Permeability, Md.: 1.9 4,4 5.0 5.4 8.4

Porosity, Per Cent Bulk: 11.3 14.0 14. 1 i1.1 10.7

Initial Water Saturation,

Per Cent Pore Space: 18.7 7.8 19.4 8.1 16.1

Water Saturation,

Per Cent Pore Space Water-Qil Relative Permeability Ratio
15 . 045
20 © . 033 . 142 122
25 . 130 . 305 . 345 v

, o 52'

30 - 021 .239 . 048 . 575 .64 ey
35 . 081 . 415 . 147 1.01 1.14 677
40 L2601 . 740 305  1.83¢ 2.05 " 223!
45 .71 1.41 .56 3,5° 3.75 7 2oy
50 1.55 3.05 11> 7.0 7.3 G
55 3.4 8.5 2.1 15. 3 15.0 ZEEE
60 7.8 36. ¢ 4.25 42.5¢ 38. cc Jo 1 8
65 18 9.7 285 195 PR
70 44.5 26.0
75 119 | 79.0

80 370 280.0



CORE LABORATOCRIES, INC.
Petroleum Reservoir Engineering

DALLAS, TEXAS Page 4 of 14
File SCAL 57205
Water-Oil Relative Permeability Data
Relative Permeability to Qil

Sample Number: 1 2 3 4 5
Air Permeability, Md.: 1.9 4.4 .0 5.4 8.4
Porosity, Per Cent Bulk: 11.3 14,0 14.1 11.1 10.7
Initial Water Saturation,
Per Cent Pore Space: 18.7 7.8 19, 4 8.1 16.1
Water Saturation,
Per Cent Pore Space Relative Permeability to_Oil , Fraction

15 .418 . 465

20 . 260 . 305

25 . 710 .182 . 460 . 223

30 .196 . 134 . 332 . 170

35 . 115 . 100 . 260 . 129

40 . 069 . 074 .193 . 090

45 . 044 . 048 . 147 . 058

50 . 029 . 027 . 107 . 035

55 . 018 .012 . 073 . 019

60 .010 . 003 . 045 .010

65 . 006 .023 . 003

70 . 004 .011

75 . 004

80 . 001

All data relative to measured

air

permeability,



CORE LABORATORIES, INcC.
Petroleum Reservoir Engineering

DALLAS. TEXAS

Water-0Oil Relative Permeability Data

5

of

14

Relative Permeability to Water

File __SCAL 57205

Sample Number: 1 2 3 4 5
Air Permeability, Md.: 1.9 4.4 .0 .4 8.4
Porosity, Per Cent Bulk: 11.3 14. 0 14.1 1 T
Initial Water Saturation,
Per Cent Pore Space: 18.7 7.8 19.4 .1 .1
Water Saturation,
Per Cent Pore Space Relative Permeability to Water, Fraction

15 . 021

20 .014 . 043

25 . 001 . 024 . 068

30 . 004 .032 . 016 . 098

35 . 008 . 043 . 038 . 130

40 . 018 . 055" . 059 . 165

45 . 031 . 068 . 089 . 202

50 . 045 . 082 .118 . 241

55 . 062 . 094 . 150 . 290

60 . 087 L1140 . 191 . 420

65 . 115 . 230 . 910

70 . 260 . 273

75 . 450 . 316

80 . 680 . 360

All data relative to measured air

permeability.



Water-0il Relative Permeability Ratio
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CORE LABORATORIES, INC. Page 6 of 34
Petroleum Reservoir Engineering -

. A ‘
DALLAS. TEXAS File SCAL-57205
Company___Sun Q4) Company ... ____ Formation
Well _ H en_G- County
Field ____ Harms Worth Ares State Mgnitoba, Canada
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CORE LABORATORIES. INC. Page T of 14
! D:lt;s ;:2ﬁ:mm‘ File SCAL~57305
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FOR

SUN OIL COMPANY

SCALLION FIELD .
MANITOBA, CANADA

L. R0 il

-

Hiaaa T T S g,_}

. . \Qﬁ{z’f/& _;M &/ _.. ‘ an '“'ig;fa..\j 5 :,-T" g‘

DUSARTIMI N

R e f

& NATIUE s,y




CORE LABORATORIES, INC,

Petroleum Reservoir Engineering
DALLAS. TEXAS

May 22, 1957

Sun Oil Company
2041 Bamilton Street
Regina, Saskatchewan, Canada

Attention: Mr. J. W, Crate

Subject: Capillary Pressure-Saturation Relationships
Scallion Field
Manitoba, Canada
Our File No. SCAL-5745

Gentlemen: P 2o-rr- 2o

Presented herewith are the results of mercury injection capillary pressure
tests performed on samples of formation recovered from the subject field.
The cores used in making this study were taken from the Sun Clarke No. 2-20
Well and are identified as to depth on page one of the attached report.

Large cylindrical plugs, an inch and one-half in diameter and approximately
two inches long, were cut from the whole core samples forwarded to this
laboratory.” The cylindrical plugs were extracted, leached, and dried,

and their air permeabilities and porosities were measured. Mercury
injection capillary pressure measurements were then made by first evacua-
ting the samples and then injecting mercury at increasing pressure incre-
ments from zero to 1800 PSIA,

The results obtained are recorded tabularly on page two of this report in
which the wetting phase saturation (equivalent to water saturation in a
water-wet reservoir) are shown as a function of absolute pressure. A
‘graphical presentation of these data from zero to 1000 PSIA is shown on
pages three through eight.

We are pleased to be of service.
Very truly yours,
Core Laboratories, Inc.

W. R. Aufricht, Engineer in Charge

WRA:sw Special Core Analysis Laboratory
7 cc. - Addressee



CORE LABORATORIES, Inc.

Patroleum Reservorr Eugmug
DALLAS, TEXAS Page i of 8
FileSCAL 5745
Company.....Sun Oil Company Formation
Number of Wells Qne : County
Field Scallion State Manitoba, Canada
Identification of Samgle s

Sample :
Number Company Well 1 Depth, Feast

1 Sun Oil Company Sun Clarke No. 2-20 6710

2 6834

3 7 6705

4 - ] 6827

5 6713

6 6831




CORE LABORATORIES, INC.

Petroleum Reservoir Engineering
DALLAS. TEXAB Page 2 of 8

File SCAL 5745

Mercurz Ini'ection Ca.zillarz Pressure Data

Sample Number: 1 2 3 4 5 6
Permeability, Md.: 0.41 0.44 0.57 0.67 1.0 9.3
Porosity, Per Cent: 6.6 5.9 7.1 9.4 12.5 12,6
Injection Pressure,
PSIA Wetting Phase Saturation, Per Cent Pore Space
20 100 100 100 100 100 88
50 100 99 94 98 100 62
100 96 95 63 69 73 39
150 64 89 44 56 39 29
200 46 82 34 47 29 24
300 36 67 25 38 20 19
400 31 57 20 34 16 17
500 28 50 18 31 13 15
700 24 41 15 28 10 13
1000 21 32 12 24 8 11
1400 18 25 9 21 6 8

1800 16 20 7 19 5 7
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RESERVOIR FLUID STUDY
FOR

THE CALIFORNIA STANDARD COMPANY

-2l
SCALLION NO. 3-21 WELL

NORTH VIRDEN FIELD
MANITOBA, CANADA
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CORE LABORATORIES, INC.

Posrolowm Resorvoiv Buginesring
DALLAS, TEXAS

RESERVOIR FLUID BIVISION

The California Standard Company
Medical Arts Building
Calgary, Alberta, Canada

Subject: Reservoir Fluid Study
Scallion No. 3-21 Well
North Virden Field
Manitoba, Canada

Gentlemen:

This report presents the results of fluid studies performed using subsur-
face samples collected from the subject well by a representative of Core
Laboratories, Inc.

The saturation pressure of the fluid was measured to be 135 psig at the
reservoir temperature of 839 F, The static reservoir pressure, meas-
ured prior to sampling, was 768 psig. Comparison of these two pressure
values indicates that the reservoir presently exists in a highly undersatu-
rated condition.

. A sample of the fluid was subjected to differential pressure depletion at

the reservoir temperature of 83° F. Under these conditions, the fluid
evolved 67 standard cubic feet of gas per barrel of residual oil with an
attendant formation volume factor of 1,049 barrels of saturated fluid per
barrel of residual oil. Under similar depletion conditions, the viacosity
of the fluid was measured at prea'sures exceeding reservoir pressure to
atmospheric pressure and varied from a minimum of 3,220 centipoises
at saturation pressure to 6. 165 centipoises at atmospheric pressure.

L.ow temperature fractional distillation of the fluid indicated less than one
mol per cent of methane with a very substantial quantity of the compenents
ethane through hexanes. The effects of this unusual distribution may be
seen in the differential vaporization curves and the viscosity curve. As
pressure was reduced, the fluid was comparatively inactive until pressures



The California Standard Company Page Two
Scallion No. 3-21 Well

of approximately 30 psig were reached, Below this pressure, much larger
quantities of gas were evolved resulting in a greater shrinkage and in-
creased viscosity.

It was a pleasure to cooperate with you in performing this study. If we
may be of further assistance, please do not hesitate to notify us.

Very truly yours,

. Core Laboratories, Inc.
Repervoir Fluid Division

A Wraee

P. L. Moses, ”
Operations Supervisor

PLM:dd
12cc. - Addressee



Form 89385

CORE LABORATORIES, Inc.

Peirclewm Reservoir Engineering
DALLAS. TEXAS

Page— 1l _of 10

File_ RFL 696

Company_The California Standard Company DateSampled May 29, 1956

Well Scallion No, 3-21 County
Field North Virden State________ Manitoba, Canada

w

FORMATION CHARACTERISTICS

Formation Name _Migsissippian - Cherty Zone

Date First Well Completed _Decembezr ,1953

Original Reservoir Pressure 860 PSI @ =~ 520 _ft.

Original Produced Gas-Oil Ratio cu. £t./bbl.
Production Rate ‘ bbl./d.
Separator Pressure and Temperature o psr__ °F.
Oil Gravity at 60° F, ° API

Datum 490 ft. subsesa

Original Gas Cap

WELL CHARACTERISTICS

Elevation 1507 Feet Gnd,, 1518 Feet KB

Total Depth 2078 ft.

Completion Depth 207¢ PB ft.

Tubing Size and Depth 2 in.to__ 2066 ft.

Productivity Index bbl./d./PSI @ bbl./d.

Last Reservoir Pressure 768 PSSl @ 1997 it
Date May 29 ,19_56
Reservoir Temperature 83 ‘F.@.— 1997 ft.
Status of Well _Shut-In 13 Days
Pressure Gauge _Amerada (CILI)

Normal Production Rate 15 bbl./d.
Gas-0il Ratio R0 (Est) cu. ft./bbl.
Separator Pressure and Temperature 10 PSI, 140 °F,
Base Pressure PSI Abs.

Well Making Water 0.2 % Cut

SAMPLING CONDITIONS '

Sampled at 2008 Feet KB

Status of Well _Shut-In 13 Days
Gas-0il Ratio cu. ft./bbl.
Separator Pressure and Temperature PSI, °F.
Tubing Pressure 40 PSI
Casing Pressure PSI

Core Laboratories Engineer CPG

Type Sampler Perco

REMARKS:
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CORE LABORATORIES, inc.
Pairolonm Reservoiv Bugineering
PDALLAS. TEXAS

Page 2 of 10

File_ BEL. 696

Well_Scallion No, 3-21

VOLUMETRIC DATA OF Reservoir Fluid SAMPLE

Saturation pressure (bubble-point pressure) —135 _PSI@_83.°PF.
Thermal expansion of ssturated oil @ 5000 PSI __;_g_gl%_:;_ 1.00297
Compressibility of saturated oil @ reservoir temperature: Vol./Vol./PSI:

From 5000 P8I to 3000 PSI — _ 4.59 x 10-6

From 3000 P8Ito _1500PSI—_ 5.18 x 10-°
-6

From .1500 PSIto 135 PSlwm 6,00 x 10

Specific volume at saturation pressure: cu. ft./# 0.01923 @._83 °F.



Form 50870

CORE LABORATORIES, Inc.
Peirolenm Reservoir Engineering
DALLAS. TEXAS

Page—3 of 10

File_ RFL 696
Well _Scallion No, 3-21

Reservoir Fluid SAMPLE TABULAR DATA

PRESSURP.VOLUNE VISCORITY mrrnhﬂ'rm. :..lltluﬂou e 83 °F
RELATION
rel GAUGE ® 83 °r. ?5 'r. "%‘“ SAS/o. "% w# on
SRART LBV, ‘m'”"" ATy FRESIBUAL BIL "
5000 0.9750 1.023
4000 0.9794 1,027
3000 0. 9840 1,032
2000 0.9890 1,037
1500 0.9918 1.040
1400 0.9924 1.041
1300 0.9929 1.042
1200 0.9935 1.042
1100 0.9941 1.043
1005 3.532
1000 0.9947 1.043
900 0.9954 1.044
855 3.484
800 0.9960 1. 045
715 3,434
700 0.9966 1,045
600 0.9972 1,046
565 3. 389
500 0.9977 1,047
400 0.9983 1.047
385 3.321
300 0.9990 1,048
270 3.283
200 0.9995 3.263 1.048
135 1,0000 3,220 0 67 © 1,049
130 1.0025
128 1.0050
124 1.0086
120 1,0123
116 1.0160
114 1.0230
110 2 65 1, 049

v == Volume at given pressure

Vaar. = Volume at saturation pressure at the spedﬁed temperature.
ve = Residual Ofl Volume at 14.7 PSI absolute and 60° F. :

analyees, opiniots or int
goi:-hhr:wl-.h lludlh Ill g‘
6.
profitablensss of any oll, #ee or sther uuuun




Form 50870

CORE LABORATORIES, Inc.
Pairolesm Resorvoir Enginesring
DALLAS, TEXAS

Page— % _of 10
File___RFL_ 696
Well __Scallion No,. 3-21

Regervoir Fluid SAMPLE TABULAR DATA

PRESPURF-VOLUME v Ty ~ DIFFERENTIAL LISERATION® 83 *F.
Pel GAUSE e 83 ‘r. o 83y, LA R AT | e
ALY GENTIPOISRS
103 1.0414
100 3.333
91 1.0783
80 1.1274 4 63 1.048
70 1.1889
62 1.2627
61 7 60 1.047
60 3.337
55 1,3612
50 1.4720
© 45 1.6320
40 1.7977
37 13 54 1.045
30 2.3479 :
25 20 47 1,041
20 3.500
0 6.165 67 0 1,010

@ 60°F, = 1.000

Gravity of Residual Oil = 34,5°API @ 60° F,
Specific Gravity of Liberated Gas = 1.4629

v = Volume at given pressure
vear. = Volume at saturation pressure at the apedﬂnd umpmture
ve = Residual Oil Volume at 14.7 PSI absolute and 60° F.

TSy O X




Form B4802

CORE LABORATORIES, Inc.

Petrolesm Reservoir Engineering
DALLAS. TEXAS

Page_ 5 of 10
File_ _RFL 636

Well__ Scallion No, 3-21

SEPARATOR TESTS OF _Rnuumx_EIMﬂSAMPLE

SEPARATOR SEPARATOR SEPARATOR STOCK TANK STOCK TANK ":::;_I;:‘l "%'!.':ﬁ':.'g" SPECIFIC
::l'::':l';“ TEM "‘."':“"-'“v GAS/OIL RATIO | GAS/OIL RATIO | A:?‘.V’z:. Vr/Vaar, thmi OMV"‘: ::.
Ses Foot Note (1) | See Foot Note (1) See Foot Note (8) |Ses Fost Nets (8)
0 76 81 33.8 0,9398 1. 064 1.4975
10 76 59 12 34.3 0.9470 1,056
30 76 27 34 34,5 0.9542 1,048
50 76 8 50 34. 4 0, 9542 1,048

(1) Separator and stock tank Gas/Oil Ratio in cubic feet of gas @ 60° F. and 14.7 PSI absolute per barrel of
atock tank oil @ 60° F.

(2) Shrinkage Factor: vasvsar. is barrels of stock tank oil @ 60° F. per barrel of saturated oil @_135.__._
PSI gauge and____83 ° F.

(8) Formation Volume Factor: vsar/ve i8 barrels of saturated oit @ _ 135 _PSI gauge and .83 °F. per
barrel of stock tank oil @ 60° F.

These analyses, opinions or interpretations are based on obesrvations and material supplled by the client to whom, and for whoss usive and Adential uu

this report Is made, The interpretation
G TIort b made, TH l‘nr; irg oﬁ«n.:r opinionl expressed mrlnnt mlﬁ; ..Mr:t of Core Llh:l;li;l;lu ll:: (all ll’rﬂ'l and onhimu axcepted) :

tlon, or pmﬂhbl‘nm of any oil, gaa or ether mineral well or nnd in connection with which lﬂ:‘l’! report guud or relied mn.

to the productivity, proper mrl«



Form B5849

CORE LABORATORIES, Inc.

Puiroieam Reservoir
DALLAS. TEXAS

Page —&  of 10
File RFIL, 696

Compeny—The California Standard Company Formation — Mississippian - Gherty Zone

well — Scallion No, 3-21 County
Field North Virden State _ Manitoba, Canada

HYDROCARBON ANALYSIS OF Resexvoizr Fluid SAMPLE

COMPONENT WEIGHT % MoL % :*:EV':?&'; .'l:"IP. '\.wol.i:cul'lru.

Nitrogen 0.07 0,47

Methane 0.07 0.75

Ethane 0,79 4,74

Propane 1,70 6.99

Iso-butane 0.66 2.06

N-butane 1. 79 5,55

Iso-pentane 1.31 3.28

N-pentane 1,11 2.78

Hexanes 2.93 6.15

Heavier 89,57 67,23 0.8764 29.8 241
100, 00 100, 00

Core Laboratories, Inc.
Reservoir Fluid Division

o Woee

P. L. Moses,
Operations Superv1sor

vinl supalied by the o whom, g for whese \ e,
-M pie !.(llm“l:‘ }: bt
dh rech raport b weed or relind epen. '



RELATIVE VOLUME: V/Vs

CORE i.ABORATORIES, INC. Page __1 of _10
Petroleumn Reservoir Engineering . RFL 696 .
DALLAS, TEXAS File

L PRESSURE-VOLUME RELATIONS OF RESERVOIR FLUID

Company The California Standard Company Formation _Mississippian - Cherty Zone

Well ___ Scallion No. 3-21 County
Field __ North Yirden State Manitoba, Canada
4.0
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3.0
)]
1
2.0 |
1
4 -
[
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e l -3
1.0 : 4 P ¢ <+ y
0.0
0 100 200 300 400 500 600

PRESSURE: POUNDS PER SQUARE INCH GAUGE




GAS LIBERATED. STANDARD CUBIC FEET PER BARREL OF RESIDUAL OIL

CORE LABORATORIES, INC. Page. 8  of_10

Pecroleum Reservoir Engineering

DALLAS, TEXAS File_ RFL 696

DIFFERENTIAL VAPORIZATION OF RESERVOIR FLUID
Company The California Standard CompanyFormation _Mississippian - Cherty Zone

Well SCI.IHOII N°| 3-21 CQ'untY
Field North Virden State Manitoba, Canada
80 1,08
70 1.07
&
60 1.06
50 y 1.05
ry"‘ "-1'%—--—.... EEaee ;
I!
40 1. 04
30 7 1.03
!
)i
i
1
20 1,02
‘1
10¢ 1.01
M
- R
N
\‘\‘
0 T 1.00

0 100 200 300 400 500 600

PRESSURE: POUNDS PER SQUARE INCH GAUGE

RELATIVE LIQUID VOLUME: V/Vr



PRESSURE. PFOUNDS PER SQUARE INCH GAUGE

CORE LABORATORIES, INC. Page_ 10  of __10

Petroleum Reservoir Engineering

DALLAS. TEXAS File_ _RFL 696

Company .The California Standard Company g nqiion, Mississippian - Cherty Zone

Well _____Scalllon No, 3-21 @ County
Field_____North Virden State ______Manitoba, Canada
800 HENEENANREEEEEEEEENEEN!
| DEPTH  PRESSURE _ GRADIENT
5 Feet P51 Ga. _gP.5.1 perit.Depth JL
[ 0 40 y,
[ 500 224 0. 368 4
7001 1000 407 0. 366
1 1500 588 0.362
- 1700 661 0. 365 a
{ 1800 697 0. 360
- 1997 768 0. 360 .
600 [
= Shut-In 13 Days
500
//
’
400
//
300 -
] A
¥y
200
Oil Level surfasce I't. Water Level Nome Ft.[7
A Temperature 83 ‘Fat 1997 FtH
100 Casing Pressure PSI GaH
Tubing Pressure 40 PSIL Ga.|F
Elevation 1507 Gnd., 1518 KB Ft.H
il Datum 490 Ft. Subsea|
, Datum Pressure PS.I Ga.|H
0 ANEEEENEEENEERNESEAEENESUEEEENAN]
0 400 800 1200 1600 2000 2400 2800

DEPTH: FEET




VISCOSITY: CENTIPOISES

10. 00

9.00

8.00
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0. 00

CORE LABORATORIES, INC. Page_ 9 of 10
Petroleum Reservoir Engineering )
DALLAS, TEXAS File . RFIL 696
VISCOSITY OF RESERVOIR FLUID

Company The California Standard Company Formation _Mississippian - Cherty Zone
Well Secallion No. 3-21 County

Field ___Noxrth Yirden State Manitobs, Canada
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0 100 200 300 400 500 600
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RESERVOIR FLUIP STUDY
FOR

THE CALIFORNIA STANDARD COMPANY -

SCALLION NO. 10-16 WELL
VIRDEN FIELD
MANITOBA, CANADA

D PG - /-




vy

B ] . 1

CORE LABORATORIES, INC.
Patroiewm Reservoir Engineering

DALLAS, TEXAS
March 16, 1956

RESERVOIR FLUID DIVISION

The California Standard Company
Medical Arts Building
Calgary, Alberta, Canada

Subject: Reservoir Fluid Study
Scallion No. 10-16 Well
North Virden Field
Manitoba, Canada

Gentlemen:

Presented in the following reportare the results of fluid studies per-

- formed using subsurface fluid Oamp&eﬁ collected from the subject well

at a depth of 1991 feet.

The fluid exhibited a saturation pressure of 118 psig when examined at
the reservoir temperature of 80° F. This value is considerably below
the static reservoir pressure and is geod indication that the reservoir

- presently exists in an undersaturated condition.

Differential pressure depletion of the fluid evolved 58 standard cubic

. feet of gas per barrel of residual oil with a corresponding formation

volume factor of 1.032 barrels of saturated fluid per barrel of residual

oil. Under these conditions, the viscosity of the liquid phase was meas-
ured from pressures exceeding reservoir pressure to atmospheric pres-
sure and varied from a minimum of 4., 350 centipoises at saturation pres-
sure to 6. 535 centipoises at atmospheric pressure.

Flash vaporization tests were performed at four operating pressures and
atmospheric temperature to determine the effects of changes in separa-
tion pressure upon the produced fluid. The fluid showed very little re-~
sponse to changes in separation pressure and the tests indicate that only
very slight benefit may be obtained by operation of field separators above
atmospheric pressure,



The California Standard Company Page Two
Scallion No. 10-16 Well

It was a pleasure to perform this study for you. If we may assist you
further in any manner, please do not hesitate to call.
Very truly yours,

Core Laboratories, Inc.
-F. 0. Reudelhuber

P. L. Moses,
Senior Engineer

PLM:ir



Form $9385

CORE LABORATORIES, Inc.
Patrolewm Reservoir Enginesring
DALLAS. TEXAS

File___RFL 647

Company_The California Standard Company _DateSampled _¥ebruary 7, 1956

Well____ Scallion No. 10-16 County
Field___North Virden State_ Manitoba, Canada

RISTI(
FORMATION CHARACTE cgﬁ ssiss izppian Cherty Zone and
Qolitic

Formation Name £0NE

Date First Well Completed _December . ,1959

Original Reservoir Pressure PRI . _ft.

Original Produced Gas-0il Ratio ; . cu. ft./bbl.
Production Rate - 70 bbl./d.
Separator Pressure and Temperature 1l P8I, _ 140 °F.
Oil Gravity at 60° F. 34.5 . ° API

Datum 490 —_ft. subsea

Original Gas Cap '

WELL CHARACTERISTICS

Elevation 1511 Feet KB, 1501 Feet Gnd.

Total Depth 2081 ft.

Completion Depth _2075 PB .

Tubing Size and Depth 2 in.to __ 2073 KBIft.

Productivity Index bbl./d./PSI @ bbl./d.

Last Reservoir Pressure 830 ~ PSI @__-490 it
Date _February 6 ,19.56
Reservoir Temperature 80 cR.@____ -490 ft.
Status of Well Shut-In 21.3 Hours
Pressure Gauge Johnston

Normal Production Rate bbl./d.
Gas-0Qil Ratio cu. ft./bbl.
Separator Pressure and Temperature 11 P8I, 140 -,
Base Pressure 13.8 PSI Aba.

Well Making Water 0.2 % Cut

SAMPLING CONDITIONS

Sampled at 1991 Feet

Statua of Well Shut-In 2 Days " |
Gas-0il Ratio - : cu. ft,/bbl,
Separator Pressure and Temperature PSI, °F,
Tubing Pressure 100 P8I
Casing Pressure _Packer P8I

Core Laboratories Engineer CPG. NJIC

Type Sampler Perco
REMARKS: ’



Form 54801

CORE LABORATORIES, Inc.

Petrolenns Reservosr Engineering
DALLAS. TEXAS

Page__2  of 9

File RFL 641

Well _Scallion No, 10-16

VOLUMETRIC DATA OF _Reservoir Fluid SAMPLE

1. Saturation pressure (bubble-point pressure) 118 PSI@_480 °F.
2. Thermal expansion of saturated oil @ 2000 PSI x g g : F._ 1.00210

8. Compressibility of saturated oil @ reservoir temperature: Vol./Vol./PSI:
From 5000 PSIt03000 PSI— 4.56 x 106
From 3000 PSItol000 PSI— 5.08 x10°6
From 1000 PSIto 118 PSI— 5.81 x 1070

4. Specific volume at saturation pressure: cu. ft./# LD 01894 @80 °F. |

EERETEREE




Form 50870

CORE LABORATORIES, Inc.

Petrolesm Raeservoir Engineering
DALLAS. TEXAS

Page 3 of 9

File_ RFL 647

Well __Scallion No, 10-16
Repervoir Fluid SAMPLE TABULAR DATA
PRESOURF.VOLUME viscoaITy ’ DIFFERENTIAL LIBERATION ® 8p-°r
_ RELATION oF olL -
PRasauURE e 80 -r. e 80 -r. “{1&%‘.’;@:{"’ SANSLL BT RELATIVE OIL
gfﬂ:‘: '53‘%}‘. CENTIPOISES ?&lb&f&?f PREeIDUAL SIL "
5000 0.9757 1.007
4000 0.9801 1.011
3000 0.9847 1.016
2500 0.9871 1.019
2000 0.9896 5.254 1.021
1700 5.119
1500 0.9922 1.024
1400 4,987
1100 4,801
1000 ¢.9948 1,027
900 4, 689
800 ¢.9959 4. 645 1.028
700 0.9965 4,625 1.028
600 0.9971 4,574 1.029
500 0.9977 4,530 1.030
400 0.9983 4,486 1.030
300 0.9989 4,435 1.031
200 0.9994 4,391 1.031
120 4.436
118 1.0000 4,350 0 58 1.032
115 1.0022
111 1.0042
108 1.0093
105 1.0147
100 1.0215
91 1.0431
83 2 56 1.032
80 1.0843 4. 431
60 1.2166 5 53 1.031
51 1.3149
50 4,451
45 1.4256
40 1.5641
v == Volume at given pressure
vaar, = Volume at saturation pressure at the apeciﬂed temperature.
ve == Residual Oil Volume at 14.7 PSI absolute and 60° F,
Thesa analyses, opinions or interpretations are based on obeerva and material supplied by | _to whoi, and for whose exclusive &
ST T R Bl S e el T T B o RS wL T o STk S

tion, or profital of any oll, gas or cther mineral well or wand in sennsotion with which such repert is uweed or relisd mn



Form GO8TO

CORE LABORATORIES, Inc.
Petroleum Reservosr Engineering
DALLAS. TEXAS

File___RFIL, 647
Well -

Reservoir Fluid SAMPLE TABULAR DATA

PRESSURY.VOLUME vIiSCOMTY DIFFERENTIAL L|.'RAT|°~ [ ] 80 °F
o lm“‘g(')mI e GAS/OIL RATIO GAB/OH. RATIO
ESBURK ™ r. e 80 °r. w' RELATIVE OIL
PBI GAUGH THD IN SOLLTION L
mwEveumEor | comeowss | ngSSNGer | EMANEe | VAR
35 1.7505
30 2.1081 13 45 1.027
24 2.5744
21 19 39 1.025
20 4,554
0 6.535 58 0 1.009

@ 60°F. « 1.000
Gravity of Residual Oil - 34, 0° API @ 60° F.

Specific Gravity of Liberated Gas « 1., 4580

v = Volume at given pressure
vaar. = Volume at saturation pressure at the specified temperature.
va == Residual O] Volume at 14.7 PSI absolute and 60° F,

e e gl e Ry Uty gt o Lyt e i b )
Mor.mhnnh:i::;amw Mwwmmmmgwﬁ.”mm”m.-hh’m'm



Form 54802

CORE LABORATORIES, Inc.

Patroleum Reservoir Enginsering
DALLAS, TEXAS

Page. 5 __ of 9

File _ RFL 647

Well __Scallion No. 10-16

SEPARATOR TESTS OF Reservair Fluid SAMPLE

SEPARATOR SEPARATOR SEPARATOR | STOCKTANK | STOCKTANK | SMRINKAGE P ameN ssECIFIC
PRESSURE, TEMPERATURE, | gag/0IL RATIC | BAS/OIL RATIO GRAVITY, FACTOR, FACTOR, GRAVITY OF
PRI GAUGE ., * AR @ $0° F. Vna/Vear. Vaar./Vr FLASHED GAS
Sees Fool Note (1) | See Fool Note (1) See Foolt Note (2} |See Foot Nete (1)
0 7 70 33.4 0.9470 1.056 1.5363
10 77 50 11 34,0 0.9497 1.053
20 78 34 25 34.0 0.9515 1.051
50 79 6 52 33.9 0.9542 1.048

(1) Separator and stock tank Gas/Qil Ratio in cubic feet of gas @ 60° F. and 14.7 PSI absolute per barrel of
stock tank oil @ 60° F.

(2) Shrinkage Factor: ve/vear. i barrels of stock tank oil @ 60° F. per barrel of saturated oil @ 118
PSI gauge and_80 _° F.

(8) Formation Volume Factor: vaar/ve is barrels of saturated oil @ _118 PSI gauge and _80 _°F. per
. barrel of stock tank oil @ 60° F,

These anaiyses, opinions or interpretstions are based on obssrvations and material supplied by the cliant to whom, and for whose exclusive and confidential use,
this report ls made, The interpretations or opiniots expressed reprasent the best judgment of Core Laboratories, Inc. (all errors and omfssions exceptad); but
Core Laboratories, Inc, and its officers and employees, asaume no responsibility and make no warranty or representations as to the productivity, proper opera-
tion, ot profitableness of any oil, gas or other minerai well or sand in sonnection with which such report is used or relisd upon.




Form EBS49

CORE LABORATORIES, Inc.
Petrolenm Reservoir Engineering

DALLAS, TEXAS

Page—& of 9

File— RFL 647
Mississippian Cherty Zone and
Company—Lhe California Standard Company pormation _thng_z%?u erty
Well —__Scallion No. 10-16 County ..
Field North Virden State Manitoba, Canada

HYDROCARBON ANALYSIS OF_Reservoir Fluid SAMPLE

COMPONENT WEIGHT % MOL % ::EE::: :-:::‘:':E;:Tc ooorr. | ‘weLESULAR
Methane 0.07 0. 86

Ethane 0.64 4,01

Propane 1.58 6.75

Iso-butane 0.64 2.08

N-butane 1.71 5.54

Iso-pentane 1.28 3.33

N-pentane 0.81 2.10

Hexanes 3,23 7.05

Heavier 90.04 68. 28 0. 8785 29.4 248

100, 00 100. 00 '

Mn-. tnlons or in utlthu

M ﬁnl

thn. dlummucm

Core Laboratories, Inc,
F. O. Reudelhuber

P. L. Moses



RELATIVE VOLUME; V/Vs

CORE LABORATORIES, INC.’ Page _ T of 9
Petroleum Reservoir Engineering ) u L 647
DALLAS, TEXAS File

PRESSURE-VOLUME RELATIONS OF RESERVOIR FLUID

Mississippian Cherty Zone and
Company_The California Standard CompanyFormation Qolitic Zone

Well Scallion No. 10-16 County
Field ___ North Virden State____Manitoba, Canada
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GAS LIBERATED: STANDARD CUBIC FEET PER BARREL OF RESIDUAL OIL
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CORE LABORATORIES. INC.
Petroleum Reservoir Engineering
DALLAS, TEXAS

Page

8 of_9

File_ RFL 647

DIFFERENTIAL VAPORIZATION OF RESERVOIR FLUID

' raia Standard C Formation

Ctmrtf Zone and

County

'wStcte Manitebs, Canada
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RELATIVE LIQUID VOLUME: V/Vr



VISCOSITY: CENTIPOISES

CORE LABORATORIES, INC. Page_ 9 of 9
Petroleum Reservoir Engineering Fil
- e _ M L_ui —

DALLAS, TEXAS
VISCOSITY OF RESERVOIR FLUID

Migsiesippian Cherty Zoae and
Companyw:gm!ﬂm Formation Qolitic ii’h.

well ____Seallion No. 10-16 County
Field _ Nerth Virden State ____Manitoba, Canada
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