October 17, 1983

Manitoba Department of Energy & Mines
Mineral Resources Division

Petroleum Branch

975 Century Street

WINNIPEG, Manitiba

R3H Owa

Attn: L.R. Dubreuil
Chief Petroleum Engineer
Petroleum Branch

Dear Mr. Dubreuil:

Re: PVT Reservoir Fluid Study
Roxy Operated Whitewater Field

Enclosed please find one copy of the subject study performed by Agat
Engineering on fluid obtained from Roxy-Andex Whitewater 10-2-3-21 WPM
well. This study was performed to determine the reservoir saturation
point which was determined to be 1193 kPa (173 psig).

This study is forwarded to your attention as per your meeting and
subsequent discussion in July with Dan Parliament and Verne Johnson of
Roxy Petroleum.

Should you wish to discuss any pertinent items of this study, please
contact Mr. Dan Parliament or the undersigned.

Yours truly,
ROXY PETROLEUM LTD.

Al Uy,

E.d. PeTensk
Production Engineer

EJP/kp
Enclosure
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Telephone:

(403) 230-1568 (403) 230-2477




LA |

L

3650 - 21 STREET N.E_, CALGARY,
ALBERTA, CANADA, T2EEVE
TELEPHONE (403) 230-1568

AGAT Consultants

October 11, 1983

Roxy Petroleum Ltd.

2000 Aquitaine Tower

540 - 5th Avenue 5.W,

Calgary, Alberta

T2P OM2

Attention: Mr. Elmer Pelensky
Dear Elmer:

Re: Reservoir Fluid Study,

Roxy-Andex et al Whitewater #10-2-3-21WIM

AGAT Technologies Inc.
AGAT Laboratories 0 AGAT Engineering

Attached is the PVT report presenting data collected on the surface samples
obtained from the above location. A full PVT study including pressure-volume
relationships, differential liberation test, compositional analysis and other physical

properties was performed.

We have enjoyed this opportunity to be of service to you and to your company.
Should you have any gquestions concerning this report, we would be pleased to

receive your call,

Respectfully submitted,

AGAT Engineering

% | cretett @

N. Lavorato, B.Sc.

Chemist
("
I ,‘( '7 3
VEGE P /d/
D.A. Gepfmill, P.Eng.

Manager, Technical Services

DAG/jrw

Enclosure

7710 - 67th STREET, EDMONTON,
ALBERTA, CANADA, T6B 2K4
TELEPHONE {403) 4656-1669
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INTRODUCTION

A PVT study has been conducted on the surface separator samples obtained from
Roxy Petroleum's Manitoba well Roxy-Andex et al Whitewater 10-2-3-21W 1M,
Three separator gas samples and two separator liquid samples were received at

AGAT Engineering laboratories, August 24, 1983.

In the laboratory, the surface separator samples were recombined to a GOR of
30 SCF/STB (5.34 mBAPl/m3) and the PVT study was conducted on the recombined

samples.

This report presents all fluid properties measured on the reservoir fluid saturated

at the current reservoir pressure.



EXPERIMENTAL METHODS

Separator oil and gas samples from the well Roxy-Andex et al Whitewater
10-2-3-21W]1M were analysed, and a flash test was performed on the separator oil

sample to determine its gas-oil ratio and separator to stock tank oil velume ratio.

The separator gas was then transferred cryogenically into a windowed PVT cell.
The cell is a three-windowed high-pressure, stainless steel vessel of 500 ml
capacity enclosed in a thermostatically controlled temperature bath., The cell can

be rotated to establish equilibrium of the cell contents,

A determined amount of separator oil was then added to the cell. The reservoir
3aPI/m? sTO
(30 SCF/STB). The saturation pressure of this oil was determined from the

fluid was recombined to a gas-oil ratio of approximately 5.34 m

pressure-volume (PV) measurements at reservoir temperature and was determined
to be quite low at 1193 kPa (173 psia).

The equilibrium oil was flashed to stock tank conditions. The compositional
analyses of the stock tank oil and gas were obtained and were mathematically

recombined to determine the reservoir fluid composition.

The differential liberation characteristics were then evaluated at seven discrete
pressure steps (Table 4). At each step the equilibrium gas was analysed and
expelled from the cell. The formation volume factor, solution gas-oil ratio,
liberated gas compressibility factor and oil gravity were measured and calculated

at each step,

To measure the viscosity of the reservoir fluid, a portion of the sample was allowed
to flow through a capillary viscometer. The apparatus consists of a known sized
tubing, a constant displacement pump, a differential pressure transducer and a
back pressure regulator. The pressure drop across the tubing at a constant fluid
flow rate was measured, and the viscosity was calculated using Hagen-Poiseuille's
law. Viscosities were measured under differential liberation conditions, and the
dead o0il viscosity was confirmed by measurement of a cross-arm viscometer
(A.S.T.M. D446).



RESULTS AND DISCUSSION

Table ! summarizes the results obtained in this study.

In the flash liberation test (pressure-volume relations}, the Y-function was
used to smooth the experimental data. The function was smoothed by least
squares fit with pressure. The fit is used to confirm the visually determined
bubble point and the flash liberation performance around the bubble point.
The equation for the Y-function is outlined below:

Y = A+B (P) = (Pb—P)/P(V/Vb-l)
In this test, Y = 14.8781 + 0.0045 P, where P is in Psia.

Gas viscosities were calculated using the correlation by Carr, Kobayashi and
Burrows, Trans AIME 1954,

Qil viscosities were correlated u(;sing Be%gs—Robinson equations based on the
measured dead oil viscosity at 33 °C (91.4 F).

Live oil viscosities were measured by means of a capillary viscometer and
calculated by the Hagen-Poiseuille equation. If the differential pressure
across a capillary tube is measured and the flow rate of the fluid through this
tube is known, the fluid viscosity can be calculated. The simplified Hagen-
Poiseuille equation is written as follows:

4
A = &rprDp x 8.459 x 10%
QL

Where: AP is the differential pressurg across the tube, psi
Q is the fluid flow rate, cm”/hr
N is the internal diameter of the capillary tube, inches
L is the length of the capillary tube, feet
A is the fluid viscosity, cp (mPa.s).

In the measurement apparatus used, L is 19.85 feet and D is 0.0225 inches.
This reduces the Hagen-Poiseuille equation to e = AP/Q x 10.826.

Experimental data are shown in Table. 5.

It is significant to note that the oil density decreases with decreasing
pressure and decreasing gas in solution, while the relative oil volume
increases with decreasing pressure and gas in solution. These apparent
abnormalities are due to the fact that the system has a very bhigh
compressibility within the region under investigation. As a result, the
expansion of the system with decreasing pressure more than compensates for
the decreased mass due to the loss of gas, and thus causes the seemingly
abnormal results.
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File No. : 40-5609

Company : Roxy Petroleum Ltd.
Well No. : 10-2-3-21W 1M

TABLE |

PVT Summary

Reservoir Temperature, °C (°F) 33
Saturation Pressure, kPa absolute (Psia) 1193

Saturated Qil I;roperties {oil at bubble point)

Density, g/cm 0.8458

Specific Volume, dem-/kg 1.1823
Viscosity - Measured at 1379 kPa abs (200 psia), {mPa.5)} 5.62
- Correlated at 1379 kPa abs, (mPa.S) 4.96
Bof - FoSmaBion Volume Factor from flash test, 1.068
(m”/m~ or RB/STBR)
Bod - Formation Volume gac§or from Differential 1.080
Liberation test,.(m :/m or RB/STB)
- Correlation, (m”/m~ or RB/STB) 1.028
R £ - Gaj-Oil R@tio from flash test, 5.49
5 (m”API/m~, SCF/STB)
de - Gas-Oilj(atio fsom Differential Liberation 5.33
test, (m“API/m~, SCF/STB)
Compressibility of Saturated Oi! 6
Co (Vol/Vol/kPa x 107", Vol/Vo!l/Psi x 107°)
From 13824 kPa abs (2005 psia) to 17271 kPa (2505 psia) .7091
From 3392 kPa abs (492 psia) to 6895 kPa (1000 psia) 1.154
From 1317 kPa abs (191 psia) to 1710 kPa (248 psia) 8.033
Thermal Expansion at 1193 kPa (173 psia)
Vol. at Res Temp = 1.0617

Vol. at 15°C

Note:
1) Measured by capillary tube viscometer,

(1)
(2}

(3)

2) Calculated by Beggs-Robinson correlation based on the measured dead oil

viscosity at reservoir temperature.
3)  Calculated by correlation of Standing and Katz.

(91.4)
(173)

30.84

29.94

4,89

7.96
53.9 1
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File No. 40-5609
Company : +Roxy Petroleum Ltd.
Well No. 10-2-3-21WIM

TABLE 2

Pressure-Yolume Relations (Flash Liberation) Of Reservoir Fluid At 33°C (91.#°_F_)

PRESSURE RELATIVE VOLUME (V/Vsat.) Y-FUNCTION
kPa abs, Psia Experimental Smoothed Experimental Smoothed
17271 2505 0.980!
15513 2250 0.9814
13824 2005 0.9825
12183 1767 0.9836
10307 1495 0.9850
8701 1262 0.9862
6895 1600 0.9876
5171 750 0.9893
3392 492 0.9%16
2758 400 0.9927
2117 307 0.9%44
1710 248 0.9959
1655 240 0.9964
1620 235 0.9969
1551 225 0.9975
1400 203 0.9285
1317 191 0.9992
1193 173 1.0000
1172 170 1.0011 1.0011 16.5364 15.6359
1060 145 1.0108 1.0124 17.8149 15.5245
862 125 1.0314 1.0249 12,2123 15.4353
600 a7 1.0699 1.0648 4. 1420 15.2659
469 68 1.1071 1.1017 14.4239 15.1812
24] 35 1.2327 1.2623 16.9474 15.0341
Notes:

1) Psat = Saturation Pressure = 1192.8 kPa absolute (173 Psia)

2) Vsat = Volume of reservoir fluid at saturation pressure

3)  Y-Function = (Psat - P)/P(V/Vsat - 1)

4) Smoothed Y = 14.8781 + 0.0045 P (where P is in Psia), standard deviation of
the least squares fit = 1.9123,
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File No. 40-5609

Company : Roxy Petroleum Ltd.
Well No. : 10-2-3-21WIM

TABLE 3

Zero Flash Test

Barometric Pressure : 90 kPa abs (13 Psia)
Reservoir Temperature : 33°C (91.4°F)

The recombined fluid was flashed from a pressure of 6895 kPa abs {1000 psia) to
atmospheric conditions.

Atmogheric

Temperature °c 18.0
Pressure, psi g?ﬁge SkPa gay ge) 0
Gas/Qil Ratio, APl/m STO 5.49
Formation Volume Factor(Z), Res m3/m35TO 1.054
Formation Volume Factor adjusted to saturation pressure 1.063

Notes:

1}  Gas/Oil ratio = CUblC meters gas at 101.32 kPa abs and 15 °C per cubic meter
stock tank oil at 15°cC.

2) Formatlon Volume Factor = cubic meters saturated oil at 6895 kPa absolute
and 33°C per cubic meter stock tank oil at 15 °c.
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File No. : 40-5609
Company : Roxy Petroleum Ltd,
Well No. : 10-2-3-2IWIM
TABLE 5
Oil Viscosity At 33°C
PRESSURE VISCOSITY MEASURED VISCOSITY CALCULATED
(kPa abs, Psia) (mPa.5) (mPa.S)
6826 90 6.17 5.77
3448 500 5.76 5.17
1379 200 5.62 4.96
1193 173 5.59 4.95
1034 150 5.68 .96
896 130 J5.64 5.01
689 100 5.65 5.05
524 76 5.72 5.10
345 50 5.81 5.17
193 28 5.89 5.24
90 13 6.33 6.3%

Note: Calculated viscosities are obtained by the Beggs-Robinson
correlation based on the measured dead oil viscosity at 33°C
and the solution gas-oil ratio of the reservoir fluid from the
differential liberation test.

* Measured dead oil viscosity at 13°C,
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File No. : 40-5609
Company : Roxy Petroleum Ltd.
Well No. : 10-2-3-21WIM
TABLE 6
Oil Density At 33°C
PRESSURE DENSITY
‘(kPa abs, Psia) (g/cm™)
10307 1495 0.8587
6895 [000 0.8564
5171 750 0.8549
3392 492 0.8530
1710 248 (0.8493
1400 203 0.8471
1193 173 0.8458
1055 153 0.844y
396 130 0.8420
703 102 0.8390
524 76 0.8336
345 50 0.8255
193 28 0.8026
90 13 0.3526
Gravity of residual oi! at 15°C = 32.2°API1
Note: Densities above bubble point are calculated from the volumetric data of

the flash liberation test.
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File No. : 40-5609
Company : Roxy Petroleum Ltd.
Well No. @ 10-2-3-21WIM

TABLE 7

Gas Viscosity From Differential Liberation Test At 3309

PRESSURE VISCOSITY*

kPa abs, Psia {mPa.S)

1055 153 0.017452

896 130 0.017215

703 102 0.017486

524 76 0.017449

345 50 0.017483

193 28 0.017028
20 13 0.015725

* Values calculated using the composition of liberated gas and correlation of

Carr, Kobayashi and Burrows "Viscosity of Hydrocarbon Gases Under
Pressure"” Trans AIME, 1954,
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Relative Volume (V/Vsat)
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Figure 1: Pressure-Volume Relationship of Reservoir Fluid at 33°%C
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Figure 2: Differential Relative 0il Volume At 33°C (Experimental Data)
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Measured Viscosity, mPa.S
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Figure 5: 0il Viscosity at 33%
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Pape 30
File No. 40-5609
Company: Roxy Petroleum Ltd.

Formation

Province Manitoba

Country

WelNo: Roxy-Andex et al Whitewater 10-2-3-21W1M

PMASE BEHAVIOR STUDIES

RESERVOIR CHARACTERISTICS

INFORMATION SHEET

Type of Formation

Discovery Well and Date on Production

Loriginal Reservoir Pressure {Gauge) 'Ef: at m s'ubsea |
Original Separator Pressure (gauge) and Temperature kPa at °c
Sep. Cas Flow Rate at 101.325 kPa (abs.) and 15°C ‘ m3/d
Stock Tank 0il Flow Rate at 15°¢ m3/d
Separator Gas/Stock Tank ofl fatio . {1}
D:iglrul Gas-0il Interfpge m subsea
Original Oil-Water Interface B m subsea
WELL CHARACTERISTICS
Elevation 535.8 n
Jotal Depth 850.65 m KB
709.0 - B07.0;
Producing tnterval 813.5 - 815.0 m KB
Tubing Size and Depth 60.3gmm at 821.00  xB
Casing Size and Depth 114 mmat _863.50 pks
Date Well on Production July 23, 1983
LLlast Shut-Tn Bottom Hole Pressure (gauge) kPa at m CF |

Date and time of day
Type of Pressure Survey
Pressure Survey By

Date MWell Shut-in and time of day
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[Last Shut-in Bottom Hole Temperature

33 °C at

m CF |

Date and time of day

Temperature obtained by

Test Separator Conditions; Date and Time of Day

August 18, 1983 (10.30 hrs)

REMARKS:

—— —— e

1st Stage Separator Pressure {gauge) and Temperature 300 kPa and ambien®(
1st Stage Separator Gas Flow Rate @ 101.325 kPa {abs.) and 15°C
m3/d
1st Stage Separator Liquid Flow Rate at Separator Conditions
; 15.6 3
m’/d
1st Stage Separator Gas/Separator Liquid Ratio m3AP 1 /m3
Stock Tank 0il Flow Rate at 15°C m3/d
Water Cut 66 2
1st Stage Separator Gas/Stock Tank 0il Ratio m3AP [/m3
2nd Stage Separator Pressure (gauge) and Temperature kPa and ¢
2nd Stage Separator Gas Flow Rate @ 101.325 kPa (abs.)} and 15°C
. m3/d
2nd Stage Separator Liquid Flow Rate P Separator Conditions
m3/d
2nd Stage Separator Gas/Separator Liquid Ratio m3AP 1 /m3
2nd Stage Separator Gas/Stock Tank 0il Ratio m3AP [ /m3
3rd Stage Separator Pressure (gauge) and Temperature kPa and Oc
3rd Stage Separator Gas Flow Rate @ 101.325 kPa (abs.) and 15°C
m3/d
3rd Stage Separator Liquid Flow Rate @ Separator Conditions
m3/d
3rd Stage Separator Gas/Separator Liquid Ratio m3AP( /w3
3rd Stage Separator Gas/Stock Tank 0il Ratio m3AP I /m3




