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CORE LABORATORIES, INC. I |_
October 20, 1981 [{

Amerada Hess Corporation
P. 0. Rox 2040
Tulsa, Nklahoma 74102

Attentien: Mr. Sol 0. Asekun

Subject: Special Core Analysis Study
Hewburg Spearfish-Charles 0-712 and P-713 Wel}
Spearfish and Charles Formation
Mewburg Field
Bottineau County, N. Dakota
File Number: SCAL-309-81128

fientlemen:

Ry letter dated March 5, 1981, Mr. Sol 0. Asekun, a representative of
Amerada Hess Corporation, requested Core Laboratories, Inc., to perform _
Steady-State Water-0f1 Relative Permeability Tests on Native-State
Samples.

Core material recovered from the subject wells was transferred from
Core Laboratories' Oklahoma City, Oklahoma facility, on April 3, 1981,
to Dallas, Texas. Upon inspection of the core samples it was discovered
that only the intervals of 3358-3359 and 3385-3386 feet from thea NSCU
P-713 well were in a preserved condition. Mr. John Evanoff of Core
Laboratories, Inc., advised Mr. Asekun of the situation on April 8, 1981,
It was decided at that time that steady-state water-oil relative perme-
ability tests would be conducted only on the native-state, preserved
samples. Unsteady-state water-oil relative permeability tests would be
performed on samples from tpe remaining (unpreserved) depth intervals.

Final results of the steady-state and unsteady-state relative permea-
bility tests are presented herein. The samples tested are Tithologi-
cally described and identified, as to sample number and depth interval
on Page 1.

Sample Préparation

Unpreserved core segments, representing various depth intervals rénging
from 3354 to 3395 from the 0-712 well, and 3354 to 3390 from the P-713



Amerada Hess Corporation
Hewburg Field
Page Two

well and preserved native-state core segments from the depth of 3358-59
and 3385-86 from the P-713 well were submitted for use in this study.

Two plug-sized samples, 1 1/4 inches in diameter, were obtained from
the two preserved core segments representing the P-713 well, using a
diamond core bit with ofl as the bit coolant and lubricant. These
samples were maintained in a fresh condition until the time of testing,
by submerging them under a refined mineral oil.

Three plug-sized samples, 1 1/2 inches in diameter, were obtained from
the unpreserved intervals of the P-713 well, and five plug-sized sam-
ples, 1 1/2 inches in diameter, were obtained from the full-diameter
core segments representing the 0-712 well, using a diamond core bit with
water as the bit coolant and lubricant. Following drilling, these sam-
ples were extracted of hydrocarbons with toluene, leached of salt with
methyl alcohol and oven-dried. Permeability to air, and helium (Boyle's
Law) porosity were determined for each of the cleaned and dried samples,

Steady-State Water-0il Relative Permeability

The two samples selected for steady-state water-oil relative permeabil-
ity tests were evacuated and dynamically saturated with a refined 1abo-
ratory oil having a viscosity of approximately 1.5 centipoise. The
effective permeabilities to oil were determined in the presence of the
unknown initial water saturations. At this time it was observed that
Sample 9A experienced severe grain loss, therefore this sample was
eliminated from further testing. The effective permeability to oil
for Sample 9A is presented on Page 2.

An imbibition {water saturation increasing) steady-state water-oil rela-
tive permeability test was performed on the remaining core plug, using
as the displacing phase a brine normally utilized for the steady-state
method. At the conclusion of the steady-state relative permeability
test, the effective permeability to water was determined in the presence
of the residual o0il saturation. The residual fluids present in the
core plug at terminal conditions of testing were determined by toluene
distillation, (Dean Stark technique). The fluid saturations present
in the sample prior to testing were calculated by material balance.
Following toluene distillation and drying, the permeability to air and
porosity were determined for the samples. The results of the steady-
state water-oil relative permeability test are summarized on Page 3,

presented in tabular form on Page 4 and in graphical form on Pages §
and 6,
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Unsteady-State Water-0i1 Relative Permeability

Three plug-sized samples representing the P-713 well and five plug-
sized samples representing the 0-712 well were selected to undergo
unsteady-state water-oil relative permeability. In preparation for the
relative permeability tests, the eight samples were evacuated and
pressure-saturated with a simulated formation water. The simulated for-
mation water, having a density of approximately 1.081, was synthesized
to be compatible with water analysis and density information supplied
for the two subject wells. [Initial (pseudo-connate) water saturations
for the samples were established using a high-pressure porous plate de-
saturation cell and an air-brine system. The pore space voided in this
manner was resaturated with a refined mineral oil having a viscosity
of approximately 20 centipoise. Effective permeabilities to oil were
determined for each sample in the presence of the initial water saty-
rations.

The simulated formation water, having a viscosity of approximately 1.16
centipoise, was used as the displacing phase in the water-oil relative
permeability test. At terminal conditions of water floodout, (99.99
percent water cut) effective permeabilities to water were determined in
the presence of the residual 0il saturations. The residual oil satura-
tions averaged 38.3 and 34.3 percent pore space for samples tested from
the 0-712 well and the P-713 well respectively.

Results of the unsteady-state water-oil relative permeability analyses
for samples representing the Spearfish Formatfon are summarized on
Page 7, presented in tabular form on Pages 8 through 12, and in graphi-
cal form on Pages 13 through 22. Test results for the Charles Forma-
tion are summarized on Page 23, presented in tabular form on Pages 24
through 26, and in graphical form on Pages 27 through 32.

It has been a pleasure to provide Amerada Hess with this study. Thank
you for giving our staff this opportunity to serve you. Shoyld you have
any questions, or require further assistance, please do not hesitate
to contact us.

Very truly yours,
Core Laboratories, Inc.

N0 ]

John C. Evanoff, Laboratory Supervisor
Special Core Analysis

JCE:JLK:sd
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Page 1 of 32
File_ SCAL-309-81128

IDENTIFICATION AND LITHOLOGICAL DESCRIPTEON OF SAMPLES

“\
Amerada Hess Corporation Wells as Listed
Formations as Listed " Newburg Field
Bottineau County, North Dakota
Sample
[dentification Depth, feet Litholegical Description
NSCU 0-712 Well: Spearfish Formation
1A 3355-56 Ss, mott brn-prk-tn-olv-wh, mod indr, vfn-crs gr,
sil cmt, fe stain, cly
6A 3360-61 5s, mott gry-olv-brn-or-wh, mod indr, vfn-med gr,
cly emt, fe stain, frac
127 3366-67 Ss, or-brn w/dk brn lams, mod indr, vfn-med gr,
cly emt, fe stain, frac
NSCU 0-712 Well: Charles Formation
32A 3392-93 Ls, bf, sec med x1n dolo, vugs, v/sl/pyr
3J4A 3394-95 Ls, bf, sec med-crs xIn dolo, s1/vugs
NSCU P-713 Well: Spearfish Formation o
5A 3354-55 Ss, brn-or-brn-gry lams, mod indr, vfn-crs gr,
cly cmt, fe stains, sl/calc gr
7A 3356-57 Ss, mott 1t brn-tan-or-wh, mod indr, vfn-crs gr,
¢cly cmt, fe stains
9A 3358-59 Ss, mott tan-grn-gry, mod indr, vfn-crs gr,
sil cmt, lam fn-med ss w/fe cmt
NSCU P-713 Well: Charles Formation
33A 3385-86 Ls, bf, sec med xIn dolo, pp vugs
37A 3389-90 ~  Dolo s, bf-1t brn, sec med xIn dolo, sl/cly

These analyses, opinions or interpretations are based on observatfons and material supplied by the client to vhom, and for whose oxlusive and confident ial
us5€, This report is made. The interpretations or opinions expressed represent the best judgement of Core Laboretories, Inc. (all ervore and cmissions
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Page 2 of 32
File SCAL-309-81128

EFFECTIVE PERMEABILITY TO OIL

\
Amerada Hess Corporation NSCU P-713 wel]
Spearfish Formation Newburg Field
Bottineau County, North Dakota
Effective
: Permeability
Sample Depth, to 0i1,
[.D. feet millidarcys
9A 3358-59 0.85
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( CORE LABORATORIES, IN(
FPetroleum Reservoir £ ngx'nur:'ng
DALLAS, TEXAS 73247

T’ Page 4 of 32
e File SCAL-309-81128

\
STEADY-STATE WATER-OIL RELATIVE PERMEABILITY

Amerada Hess Corporation Sample Identification: 33A
NSCU P-713 Well Sample Depth: 3385-86 feet
Charles Formation Permeability to Air: 1.1 md
Newburg Field Porosity: 9.2 percent
Bottineau County Initial Water Saturation: 27.7 percent
Morth Dakota Effective Permeability to

011 at Syj: 0.79 md

Water Saturation, Water-0il Retative Relative Permeability Relative Permeability
percent pore space Permeability Ratio to Water,* fraction to 0il,* fraction

27.7 0.000 0.000 1.000

47.7 0.054 0.017 0.321

48.2 0.107 0.029 0.268

52.1 0.539 0.069 0.129

56.8 2.69 0.125 0.047

58,6 5,41 0.138 0.026
) 68.3 0.329

g;) *Relative to the effective permeability to oi! at initial water saturation.

Thesa aralyses, opiniona or interpretations are based on observations and material supplied by the client to whow, and for whose wox:lusive and confidentia}
use, TRis repory is mads. The interprerations or opinicns expressed represent the best judgerent of Core Laboratories, Inc. (all ervors and omiseions
-l Jpm ~EE]
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Water-0Oil Relative Permeability Ratio
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CORE LABORATORIES, INC. Page 5 of 32
Petroleum Reservoir Engineering File SCAL-309-81 128

DALLAS, TEXAS

Company___Amerada Hess Corporation Formation __Charles Formation
Well P-713 Well County Bottineau County
Freld Newburg Frield State North Dakota
1000 LJ T F F L § T L L] L T L ¥ T Ll
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Permeability, md: 1,1/
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Relative Permeability, Fraction
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CORE LABORATORIES. INC. Page _6 of 32
Petroleum Reservoir Engineening ) SCAL-309-81128
DALLAS. TEXAS File
Company __Amerada Hess Corporation Formation . Charles Formation
Well P-713 Neu County —.. Bottineau County
Fleld Newburg Field State North Dakota
1.0 === = =
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( CORE LABORATORIES, lNg.
Petroleum Reservoir F ng:}:ee.n}ug
DALLAS, TEXAS 75247 Page 8 Of 32

File SCAL-309-81128

WATER-OIL RELATIVE PERMEABILITY

Amerada Hess Corporation Sample ldentification: 1A

NSCU 0-712 Well t N Sample Depth: 3355-56 feet
Spearfish Formation ' Permeability to Air: 19 md
Newhurg Field Porosity: 10.0 percent
Bottineau County Initial Water Saturation: 43.4 percent
North Dakota Effective Permeability to

011 at Sy;: 2.2 md

Water Saturation, Water-0il Relative Relative Permeability Relative Permeability
percent pore space Permeability Ratio to Water,* fraction to 0i1,* fraction

43.4 0.000 0.000 1.000
54,6 0.616 0.054 0.088
55.3 0.738 0.058 0.079
56.9 1.23 0.063 ' 0.051
57.8 1.79 0.066 0.037
59.0 3.18 0.070 0.022
59.6 4.60 0.072 0.016
60.0 5.99 0.074 0.012
61.1 14.1 0.079 0.0056
61.8 29.8 0.081 0.0027
62.3 58.4 0.085 0.0015
62.8 154 0,088 0.00058
63.1 411 0.092 0.00022
63.4 1260 0.095 0.000076
63.6 0.109

*Relative to the effective permeability to oil at initial water saturation,
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Page 9 of 32
File SCAL-309-81128

WATER-OIL RELATIVE PERMEABILITY

Amerada Hess Corporation - Sample Identification: 6A
NSCU 0-712 Well Sample Depth: 3360-61 feet
Spearfish Formation Permeability to Air: 30 md
Mewburg Field Porosity: 17.3 percent
Bottineau County Initial Water Saturation: 31.8 percent
North Dakota Effective Permeability to

0i1 at Syy: 2.9 md

Water Saturation, Water-0il Relative Relative Permeability Relative Permeability
percent pore space Permeability Ratio to VWater,* fraction to 0il,* fraction

31.8 0.000 0.000 1.000
33.9 1.60 0.346 0.217
34.7 2.05 0.348 0.170
35.4 2.45 0.351 0.143
36.4 3.25 0.356 0.109
36.9 3.76 0.358 0.095
38.3 5.62 0.368 0.065
39.5 7.80 0.378 0.048
40.4 10.5 0.382 0.037

3 41.2 13.5 0.387 0.029
41.9 17.1 0.398 0.023
42.5 21.4 0.405 0.019
43.2 27.7 0.413 0.015
44,2 40.8 0.426 0.010
45.4 68.2 0.443 0.0065
47.4 220 0.463 0.0021
43,2 475 0.475 0.00100
48.6 916 0.481 0.00053
49,2 0.414

*Relative to the effective permeability to ofil at initial water saturation.

Thess analyses, opinions o intn_:rputati.u\g are based on obmorvations and material supplied by the client to whom, and for whose oeclusive and oonf Ldant Lad
LY S, r———— -
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Page 10 of 32
File SCAL-309-81128

WATER-OIL RELATIVE PERMEARILIFY—

s .
Amerada Hess Corporation' Sample Identification: 12A
NSCU 0-712 Well Sample Depth: 3366-67 feet
Spearfish Formation Permeability to Air: 5.8 md
Newburg Field Porosity: 17.9 percent
Bottineau County Initial Water Saturation: 38.0 percent
North Dakota Effective Permeability to

071 at Swi 1.3 md

Water Saturation, Water-0il Relative Relative Permeability Relative Permeability
percent pore space Permeability Ratio to Water,* fraction to 0il,* fraction

38.0 0.000 0.000 1.000
39.3 1.12 0.310 0.277
39.7 1.28 0.328 0.255
40.3 1.59 0.344 0.217
40.9 1.95 0.358 0.184
41.5 2,37 0.370 0.156
42.0 2.82 0.380 0.135
42.5 3.23 0.390 0.121

; 43.1 3.91 0.406 0.104
43.9 4,94 0.426 0.086
44.6 6.01 0.442 0.074
45.4 7.46 0.457 0.061
46.4 9.72 0.480 0.049
47.5 13.1 ) 0.496 0.038
48.8 18.9 ' 0.529 0.028
50.4 31.1 0.549 0.018
51.5 44,1 0.579 0.013
53.2 86.0 0.600 0.0070
54.6 206 0.627 0.0030
55.1 318 0.647 0.0020
55.2 347 0.661 0.0019
55.3 37 0.672 0.0018
56.7 0.662

*Relative to the effective permeability to oil at initial water saturation.

~)

These analyses, opinisns or interpretations are based on cbaarvations and materisl supplied by the cliemt to whew, and for whose ol cont {dent
i, RS report is made. The internretariong o Aninisne syrrescad remreasnt rha Puemt h.m-;.z—-o- LYY T, l‘hm-u.:.-dm- :‘. FIRY] -._.‘:jv’.ﬂ_|..e‘,_ lal
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Page 11 of 32
File SCAL-309-81128

}' ‘ WATER-OIL RELATIVE PERMEABILITY

Amerada Hess Corporation < Sample Identification: 5A
NSCU 0-712 Well i Sample Depth: 3354-55 feet
Spearfish Formation Permeability to Air: 0.65 md
Mewburg Field Porosity: 15,2 percent
Rottineau County Initial Water Saturation: 66,2 percent
North Dakota Effective Permeability to

071 at Sy 0.51 md

Water Saturation, Water-0il Relative Relative Permeability Relative Permeability
percent pore space Permeability Ratio to Water,* fraction to 0il1,* fraction

66.2 0.000 0.000 1.000
68.6 1.06 0.298 0.280
68.9 1.27 0.332 0.262
69.5 1.86 0.362 0.195
69.8 2.42 0.386 0.159
70.1 2.94 0.405 0.138
70.5 3.79 0.435 0.115
71.0 5.19 0.483 0.093
71.7 7.59 0.515 0.068
72.8 13.7 0.552 0.040

3 74.0 29.1 0.597 0.021
74.8 5.7 0.621 0.011
75.6 114 0.644 0.0057
76.3 311 0.665 0.0021
77.0 6610 0.675 0.00010
77.1 0.706

*Relative to the effective permeability to oil at initial water saturation.

.

These analyses, opinlons or interpretations are hased an cheervationa and material supplied by the client to whom, and for shose exclusive and confidential
'f,s_f!,fhf? Teport s Mmade . The intemr\etal_‘ir:l'u m_-_gpin{au exgressed represent the best gudmt of Core laborwtories, Inc. (all errors and amiss ions
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Page 12 of 32
File SCAL-309-81128

WATER-OIL RELATIVE PERMEABILITY

Amerada Hess Corporation | \ Sample Identification: TA

NSCU 0-712 Well ' Sample Depth: 3356-57 feet
Spearfish Formation Permeability to Air: 3.7 md
Mewburg Field Porosity: 11.5 percent
Rottineau County Initial Water Saturation: 29.6 percent
Morth Dakota Effective Permeability to

011 at Syy: 2.0 md

Water Saturation, Water-0il Relative Relative Permeability Relative Permeability
percent pore space Permeability Ratioc to Water,* fraction to 0il,* fraction

29.6 0.000 0.000 1.000
35.0 0.522 0.158 0.303
36.1 0.673 0.180 0.267
37.5 0.955 0.200 0.209
38.6 1.24 0.216 0.175
40.1 1.72 0.242 0.140
43.6 3.41 0.294 0.086
46.4 6.26 0.333 0.053
47,2 7.38 0.353 0.048
) 49,1 11.1 0.382 0.034
51.6 21.1 0.433 0.021
55.3 56.9 0,493 0.0087
58.1 171 0.553 0.0032
59.2 301 0.589 ' 0.0020
-60.2 613 0.612 0.00100
61.3 0.700

*Relative to the effective permeability to oil at initial water saturation.

2

These arulyses, opinions or interpretations are hesed on cbeervations and naterial supplied by the client

AoB, HIN rener je made intarvemtatisne A0 Aninicne nvrenread FanRac At Fha hont dideasend

'tn‘\.h:n. ard for whose exclusive and confidential
Al im et . LR N . . .
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File SCAL-309-81128

Company_Amerada Hess Corporation Formation Spearfish Formatian
Well 0-712 Wwel County Bottineau County
Field Newburg FieTd State North Dakota

Sample Number: 1A
Permeability, md: 19
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( CORE LABORATORIES, IN(
Petroleum Reservoir Engc}leerthg
PALLAS, TEXAS 75247

Page 24 of 32
File_ SCAL-309-81128

) ' WATER-OIL RELATIVE PERMEABILITY

Amerada Hess Corporation < Sample Identification: 32A
NSCU 0-712 . Sample Depth: 3392-93 feet
Charles Formation Permeability to Air: 31 md
Newburg Field Porosity: 17.2 percent
Bottineau County Initial Water Saturation: 18.8 percent
North Dakota Effective Permeability to

011 at Syi: 21 md

Water Saturation, Water-0il Relative Relative Permeability Relative Permeability
percent pore space Permeability Ratio to Water,* fraction to 0il,* fraction

18.8 0.000 0.000 1.000

26.6 0.233 0.093 0.401

28.7 0.289 0.110 0.380

12,3 0.449 0.129 0.286

346 0.591 0.143 0.241

36.3 0.720 0.154 0.215

37.8 0.851 0.165 0.194

2.6 1.48 0.192 0.130

47.2 2.62 0.220 0.084

| 48.3 3.08 0.231 0.075
) 49.4 3.5 0.244 0.069
51.1 3.39 0.252 0.057

52.3 5.20 0.260 0.050

53.3 5.94 0.270 . 0.036

54.9 7.54 0.283 0.038

- 56.9 10.2 0.305 0.030
62.1 26.5 0.334 0.013
64.9 53.4 0.369 0.0063

68.5 362 0.429 0.0012

*Relative to oil permeability

Tresa analyses, opinions o interpretations are based on obwervations and material supplied by the cliamt to whom, and for uhose waslupive and confidential
use, this reprt is made. The mrmtati?w or opinicns expressad represent the best 1udgannt of Core Latoratories, Inc. (all ervore and omiseisns

Brenrad s bt Pra | ke ! L o



( CORE LABORATORIES, IN(
Petroleun Reservoir frgtheering

DALLAS, TEXAS 75247

Page 25 of 32
File SCAL-309-81128

WATER-OIL RELATIVE PERMEARILITY—

“,
Amerada Hess Corporation' Sample Identification: 34A
NSCU 0-712 Sample Depth: 3394-95 feet
Charles Formation Permeability to Air: 0.97 md
Newburg Field Porosity: 12.7 percent
Rottineau County Initial Water Saturation: 18.1 percent
North Dakota Effective Permeability to

011 at S4: 0.31 md

Water Saturation, Water-0i1 Relative Relative Permeability Relative Permeability
percent pore space Permeability Ratio to Water,* fraction to 0il1,* fraction

18.1 0.000 0.000 1.000
32.7 0.103 0.058 0.563
35.7 0.131 0.065 0.490
41.6 0.223 0.078 0.348
51.4 0.640 0.100 0.155
55.0 1.11 0.110 0.098
58.2 2.00 0.120 0.060
61.6 4,61 0.130 0.028
63.9 9.83 0,143 0.015
65.6 20.6 0.150 0.0073
66,7 43.2 0.160 0.0038
68.1 170 0.168 0.00048
68.8 518 0.175 0.00035
69.2 0.161

*Relative to oil permeability

Thsw analyses, opinions or interpretations are hased on obzervat ions md material supplied by the client to whom, and for whose oolusive and confidentia)

his TepTT s Tede. The i.ntgr-pnuti{rn cu:rgpl'.niau expressed represent the beat Judgement of Core laboretories, Inc. (all errors and cmissions



( CORE LABORATOR!ES, |NC(-
Petroleum Reservoir E ngtheen'ng

DALLAS, TEXAS 75247

) Page 26 of 32
. File SCAL-309-81128

WATER-OIL RELATIVE PERMEABILITY

Amerada Hess Corporation Sample Identification: 37A
NSCU P-713 Sample Depth: 3389-90 feet
Charles Formation Permeability to Air: 2.5 md
Newburg Field Porosity: 14,7 percent
Rottineau County Initial Water Saturation: 11.5 percent
Morth Dakota Effective Permeability to

011 at Sy 1.4 md

Water Saturation, Water-0i1 Relative Relative Permeability Relative Permeability
percent pore space Permeability Ratio to Water,* fraction to 0il1,* fraction

11.5 0.000 0,000 1.000
22.9 0.101 0.050 0.498
26.0 0.146 0.061 0.416
35.7 0.446 0.097 0.218
39.5 0.726 0.113 0.155
42.6 1.16 0.125 0.108

) 44.9 1.72 0.135 0.078
46.9 2.57 0.149 0.058
49.3 4.29 0.163 0.038
50.8 ‘ 6.13 0.172 0.028
52.7 11.0 0.184 0.017
54.9 26.9 0.199 0.0074
56.9 99,1 0.211 0.0021
57.8 286 0.220 0.00077
58.6 0.229

*Relative to oil permeability

Thesa analyses, opinions or interpretations arw based on observat{ons md marerial supplied by the client to and for whoss weclusive and confident
use, this report [s made. The interpretations ar opinians expressed represent the best judgement of Core lamr\ltt';riﬂ. Inc. (all ervore and omissions i
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1540 - 251 AVENUE N E. CALGARY, ALBERTA CANADA T2E 7R? - 403/230-5728

CORE LABORATORIES -CANADA, LTD. [[.1 ' ]

82 12 01

Omega Hydrocarbons Ltd.
630, 330 - 5 Avenue, S.W.
Calgary, Alberta

T2P QL4

Attention: Mr. Ed Wyse
Gentlemen:
SUBJECT: Special Core Analysis Study
Omega Waskada Prov 16-22-1-26 WiM

Omega Waskada 3-25MC3A-1-26 WIM
Our File Number: 7009-312-82-040

As requested by Mr. Ed Wyse in a telephone conversation with Mr. Bruce
Barnaby on October 6, 1982, Special Core Analysis Tests were performed on
core p1ugs from the Spearfish Formation of the subject wells. Tests
include:

1. Overburden Permeability and Porosity Measurements
2. Air-Brine Capillary Pressure Tests

3. Formation Resistivity Index Measurements

4

Formation Resistivity Factor Measurements at atmospheric pressure
and at one overburden pressure

Liquid Permeability Measurements

T

Unsteady-State Gas-0i1 Relative Permeability Measurements
at room conditions

7. Unsteady-State Water-0il Relative Permeability Measurements at
room conditions
Samples used in this study are lithologically described and identified
as to sample number and depth interval on page 1.

Cylindrical core plugs, 38 mm in diameter, were drilled from full diameter
core pieces for use in this study. Samples from the Omega Waskada 3-25MC3A-1-26
WIM well were drilled from preserved core pieces using oil as the bit



CORE LABORATORIES -CANADA LTDO.
-§i-
Omega Hydrocarbons Ltd.

lubricant and coolant. The core plugs selected for Liquid Permeability
Measurements and Relative Permeability Tests were immersed in oil to
preserve their native-state condition until testing could commence.

The remaining samples were extracted with toluene to remove all hydrocar-
bons, leached of salt with methanol and oven dried at 85° C. Samples

from the Omega Waskada Prov 16-22-1-26 WIM well were drilled from full
diameter core pieces using water as the bit lubricant and coolant.

These samples were cleaned and dried as previously discussed. Air perm-
eability, porosity and grain density values of samples used in this

study are reported in the tabular data and with the graphical illustrations.

Overburden Permeability and Porosity Measurements were performed on 4

core samples at 4 simulated overburden pressures ranging from 1 400 kPa

to 11 900 kPa. Each sample was placed in a hydrostatic core holder and
permeability and porosity values were determined as the overburden pressure
was incrementally increased. Test results are tabulated on page 2 and
graphically illustrated on pages 3 through 6.

In preparation for Air-Brine Capillary Pressure Tests and Electrical
Property Measurements, 5 core piugs were evacuated and pressure-saturated
with 92 400 ppm T.D.S. simulated formation brine with a resistivity of
0.106 Ohm-metres at 25° C. The brine was synthesized from a Produced
Water analysis of the 7-25-1-25 WIM well. Electrical resistivities of
both the brine and the brine saturated core plugs were measured. These
measurements were repeated over a period of several days until the resis-
tivities stabilized, indicating ionic equilibrium had been attained within
the core plugs. The brine saturated core plugs were then placed on a
semi-permeable diaphragm and the brine was displaced with humidified

air. Fluid saturations were computed after equilibrium saturations had
been attained at 6 successively higher pressure levels. Results of these
tests are presented in tabular form on page 6 and in graphical form on
pages 8 through 12. In conjunction with these measurements, electrical
resistivities were determined at the 6 equilibrium saturations. The
formation resistivity index - saturation relationships are presented in
tabular form on page 13 and in graphical form on pages 14 through 19.

The computer determined regression lines on the graphical illustrations were
calculated using the least squares method.
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After the capillary pressure tests, the samples were releached, oven
dried and resaturated with brine. Electrical resistivity measurements
were repeated until ionic equilibrium was again attained. Electrical
resistivities of the core plugs were then determined under 1 simulated
formation overburden pressure. Results of the overburden formation
resistivity factor tests are tabulated on page 20 and graphically
illustrated on pages 21 through 23.

Two, native-state core plugs were selected for Liquid Permeability
Measurements. Each sample was injected with 92 400 ppm T.D.S. simulated
formation brine and permeabilities were measured as a function of pore
volume throughput to the brine as indicated in the tabular data on pages 24
and 25. During testing, oil was often noted in the effluent. For

sample number P-5B/3-25, the brine may have caused sample plugging due to
mobile fines as evidenced by the immediate increase in permeability when
the flow direction was reversed. Upon completion of the liquid permeability
tests, the samples were extracted with toluene to remove all hydrocarbons,
leached of salt with methanol and oven dried at 85° C. Air permeability,
porosity and grain density values were then determined and results are
reported with the tabular data.

In preparation for Gas-0il1 Relative Permeability Tests, 2 native-state
core plugs were flushed to immobile water saturation using a refined
mineral oil with a viscosity of approximately 20 mPa-s. Effective perme-
ability to oil in the presence of irreducible water saturation was
determined on each core plug. The o0il present in each core plug was

then dynamically displaced ' with humidified nitrogen gas and incremental
volumes of oil and gas production were measured as a function of time.
Production data was used to calculate the gas-oil relative permeability
characteristics which are presented in tabular form on pages 26 and 27

and in graphical form on pages 28 through 31.
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At the conclusion of the gas-oil relative permeability tests, the 2 core
nlugs were submerged under the refined mineral oil and evacuated for a
short period of time to remove any gas saturation present. The core plugs
were also flushed with 0il to ensure total liquid saturation. The 3
additional native-state samples selected for water-oil relative permeability
measurements were flushed to immobile water saturation using a refined
mineral o0il with a viscosity of approximately 20 mPa.s. Effective
permeability to oil in the presence of irreducible brine saturation was
then determined on all 5 core plugs. The o0il was displaced with 92 400

ppm T.D.S. simulated formation brine and volumes of each effluent fluid
were determined at measured time intervals. From this data, the water-

0il relative permeability characteristics were calculated. Results are
presented in tabular form on pages 32 through 37 and in graphical form on
pages 38 through 47. At terminal conditions of water floodout, the

liquid flow was reversed and the effective permeability to water was
determined in the opposite direction in which the flood had been performed.
Sample numbers P-8/3-25, P-12/3-25 and P-13/3-25 exhibited initial
increases in permeability which is an indication of the presence of mobile
fines. These higher liquid permeability values were converted to relative
permeability values and plotted on the graphs as a black dot. By extra-
polating the relative permeablity-to-water curve to the black dot, an
indication of probable performance, had plugging not occurred, may be
obtained. Upon test completion each sample was extracted with toluene in a
Nean Stark apparatus and fluid saturations were determined as indicated

in the tabular data. The core plugs were leached of salt with methanol and
oven dried at 85° C. Air permeability and porosity values were then
determined and results are reported with the relative permeability test data.

We appreciate the opportunity to be of service to Omega Hydrocarbons Ltd.
Should you have any questions pertaining tothese test results or if we may
be of further assistance, please do not hesitate to contact us.

Yorus tru1y

%(,J V(\Z
w?- e

C.L. CLay) Hunt

CC:pp
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page 1 of 47
FLE  7009-312-82-040

company  Omega Hydrocarbons Ltd. FORMATION  Spearfish

WELL FIELD Waskada

LOGATION PROVINCE Manitoba
IDENTIFICATION OF SAMPLES

SAMPLE DEPTH

NUMBER METRES UTHOLOGICAL DESCRIPTION

Omega Waskada Prov 16-22-1-26 WIM

48/16-22 917.05 §ST: 1t-brn, mod ind, vf gr, wl srt, sh Tam
52/16-22 917.66 SST: brn, mod ind, vf gr, wl srt, mic, lam
62/16-22 919.45 SST: brn, mod ind, vf gr, wl srt, mic, Tam
71/16-22 921.57 SST: brn, mod ind, f gr, wl srt, mic
73/16-22 921.98 SST: gn-gry, mod ind, vf gr, wl srt, mic
74/16-22 922.24 SST: 1t-gry, mod ind, vf-f gr, mod srt, dol

Omega Waskada 3-25MC3A-1-26 WIM

13/3-25 905.85 SST: gn-gry, mod ind, vf gr, wl srt, dol, anhy
P-5A/3-25 906.40 SST: gry, mod ind, vf gr, wl srt, pyr
P-5B/3-25 906.40 SST: gry, mod ind, vf gr, wl srt, Fe-st

20/3-25 906.72 SST: brn, mod ind, vf gr, wl srt, mic

P-8/3-25 907.33 SST: brn, wl ind, vf-f gr, p srt, dol
P-10/3-25 908.35 SST: gry, mod ind, vf gr, wl srt, Fe-st
P-12/3-25 918.99 SST: gry, mod ind, vf gr, wl srt, dol
P-13/3-25 919.22 SST: brn, mod ind, vf gr, wi srt, imy, lam

64/3-25 919,53 SST: 1t-brn, wl ind, vf gr, wl srt, dol
pP-14/3-25 919.65 SST: 1t-brn, mod ind, vf gr, wl srt, dol

These analyses. OpINIONS Or INtgrpretations are based on observations and matenal supplied by the client to whom, and for whose exclusive and contidential use, this report is made The
\ntarpratations or opinions expressad represent the best judgment of Core Laboratories - Canada Ltd. {all errors and omissionsexcepted). but Gore Laboratories - Canada Lid. and its officers
and eamployees, assuma no responsibitity and make No warranty or reprasentations as to the productivity, proper cperation, or profitableness aof any oil, gas or other mineral well or sand in
connection with which such rapart is used or relied upon

SCAL-2
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page 2 of 47
FILE  7009-312-82-040

COMPANY Omega Hydrocarbons Ltd. ' rormaTioN  Spearfish
WELL FIELD llaskada
LOCATION PROVINGE Manitoba

OVERBURDEN PERMEABILITY AND POROSITY MEASUREMENTS

GRAIN NET AIR
SAMPLE DENSITY OVERBURDEN PERMEABILITY POROSITY
NUMBER kg/m? PRESSURE, kPa MILLIDARCYS FRACTION
Omega Waskada Prov 16-22-1-26 WIM
48/16-22 2700 1 400 2.73 0.177
3 400 1.26 0.174
6 900 1.05 0.172
11 900 0.97 0.170
52/16-22 2670 1 400 50.8 (.251
3 400 48.1 n.247
6 900 46.7 0.245
11 900 45 .4 0.244
74/16-22 2720 1 400 0.30 0.106
3 400 0.094 0.1n4
6 900 0.085 0.103
11 900 0.073 0.102
Omega Maskada 3-25MC3A-1-26 WM
20/3-25 2690 1 400 9.30 0.216
3 400 9.02 0.212
6 900 8.84 n.210
11 900 8.68 0.208

These analyses. 0piniens Or iNterpratations are pased on observat:ons and matenal supphed by the clignt to whom, and for whose exclusive and confidential use, this report 1s mage Thne
inrerpretations or OpINIONS exprassed represant the best judgment ot Core Laboratorses - Canada Ltd  (all errors and omissions excepied). bul Core Laboratories -Canada Ltd, and s otficers
and ermployees, assume no responsidility and make no warranty or representations as 1o the productivity. proper operation, or protitabigness of any oil. gasor other mineral well or sand in
connection with which such reporn 1s usad or retied upon

SCAL-6
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CALGARY ALBERTA
EFFECT OF NET OVERBURDEN PRESSURE ON POROSITY AND PERMEABILITY
PAGE 3 of 47
FILE 7009-312-82-040
compaNy  Omega Hydrocarbons Ltd. FORMATION Spearfish
WELL Omega Waskada Prov 16-22-1-26 : FIELD Waskada
LOCATION  LSD 16-22-1-26 WIM PROVINCE Manitoba

SAMPLE 48/16-22

Porosity, Fraction: [}, 177 ————— Permeability, mD: 2 .73
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EFFECT OF NET OVERBURDEN PRESSURE ON POROSITY AND PERMEABILITY

PAGE 5 of __47
FILE __ 7009-312-82-040

companNY Omega Hydrocarbons Ltd. FORMATION  Spearfish
WELL Omega Waskada Prov 16-22-1-26 FIELD Waskada
LocaTion LSD 16-22-1-26 WIM PROVINCE Manitoba

SAMPLE 74/16-22

Porosity, Fraction: (0.106— — — — — Permeability, mD: (), 10
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PAGE___ B of 47
FiLE 7009-312-82-040

COMPANY (Omega Hydrocarbons Ltd. FORMATION Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION LSD 3-25-1-26 WIM PROVINCE Manitoba

SAMPLE 20/3-25
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PAGE 7 of 47
FILE 7009-312-82-040
company Omega Hydrocarbons Ltd. FORMATION Spearfish
WELL FIELD + Waskada
LOGATION PROVINCE Manitoba
AIR-BRINE CAPILLARY PRESSURE DATA
PRESSURE, kPa (gauge): 5 15 30 60 120 240
GRAIN
SAMPLE PERMEABILITY POROSITY DENSITY
NUMBER MILLIDARCYS FRACTION kgﬂﬁ WETTING PHASE SATURATION, PORE VOLUME FRACTION
Omega Waskada Prov 16-22-1-26 WIM
62/16-22 6.41 0.193 2680 1.000 1.000 1,000 0.722 0.627 0.466
71/16-22 92.7 0.221 2680 1.000 1.000 0.668 0.389 0.305 0.256
73/16-22 16.5 0,207 2680 1.000 1.000 1,000 0.734 0.475 0.34%
Omega Waskada 3-25MC3A-1-26 WIM
13/3-25 .70 0.138 2720 1.000 1.000 1.000 ©0.950 0.872 0.804
64/3-25 3.66 0.149 2710 1.000 1.000 1.000 0.767 0.568 0.496

Thase analyses. opinions or interpretations are based on observations and material supplied by the client to whom. and for whose exctusive and confidential use, this report s made The
-Nierpretalions 6r OpINIoNs expressed raprasant the bast judgment of Core Laboratories - Canada L4, {all errors andomissions excepted): but Core Laboratones - Canada Ltd. and rts officers
and employeas, assume no responsibility and make no warranty or representations as to the productivily. proper operation, or prolitableness of any oil, gas or other minaral well or sand in
connection with which such report 1s used or relied upon.

SCAL-4
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PAGE 8 of 47

FiLe 7009-312-82-040

company Omega Hydrocarbons Ltd. FORMATION Spearfish
WELL Omega Waskada Prov 16-22-1-26 FIELD Waskada
LocaTioN LSD 16-22-1-26 WIM PROVINGE Manitoba

saMPLE 62/16-22

Porosity, Fraction: (3,193 Permeability, Millidareys: g 47
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AIR BRINE CAPILLARY PRESSURE TEST

Omega Hydrocarbons Ltd.

Omega Waskada Prov
LSD 16-22-1-26 WIM

0.221

Porosity, Fraction:

16-22-1-26

SAMPLE 71/16-22

FORMATION
FIELD

PROVINCE

PAGE 9 of 47

FILE 7009-312-82-040

Spearfish
Waskada
Manitoba
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PAGE 10 of &7
FiLE 7009-312-82-040

COMPANY  (Omega Hydrocarbons Ltd. FORMATION  Spearfish
WELL Omega Waskada Prov 16-22-1-26 FIELD Waskada
LOCATION LSD 16-22-1-26 WIM PROVINCE Manitoba

saMmPLE 73/16-22

Porosity, Fraction: 0.207 rermeabinty, Milhdarcys: 16c")
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ElLe_ 7009-312-82-040

compaNy  Omega Hydrocarbons Ltd. FORMATION  Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LocaTion LSD 3-25-1-26 WIM PROVINCE Manitoba

sampLe 13/3-25

Porosity, Fraction: O, 138 Permeabihity, Milhdarcys: 0.]0
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SAMPLE

Parasity, Fraction:
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‘4 CORE LABORATORIES - CANADA LTD.

CALGARY, ALBERTA

page 13 of 47
FLe  /009-312-82-040

company  Omega Hydrocarbons Ltd. FORMATION  Spearfish
Waskada
WELL FIELD .
Manitoba
LOCATION PROVINCE

FORMATION RESISTIVITY FACTOR AND RESISTIVITY INDEX DATA

SATURANT: 92 400 Rgm T.D.S. Simulated Formation brine
RESISTIVITY OF SATURANT: 0.106 Ohm-metres at 25° C

FORMATION
SAMPLE PERMEABILITY POROSITY RESISTIVITY BRINE SATURATION RESISTIVITY
NUMBER MILLIDARCYS FRACTION FACTOR PORE VOLUME FRACTION INDEX

Omega Waskada Prov 16-22-1-26 WIM

62/16-22 6.41 0.193 17.1 1.000 1.00

0.722 2.30
0.627 2.95
0.466 5.30
71/16-22 92.7 0.221 10.9 1.000 1.00
0.668 2.50
0.389 7.04
0.305 11.0
0.256 14.3
73/16-22 16.5 0.207 13.2 1.000 1.00
0.734 2.25
0.475 5.01
0.355 8.34
Omega Waskada 3-25MC3A-1-26 WIM
13/3-25 0.70 0.138 30.6 1.000 1.00
0.950 1.18
0.872 1.38
0.804 1.56
64/3-25 3.66 0.149 23.9 1.000 1.00
0.767 1.70
0.568 2.78
0.496 3.13

These analyses. apinions or interpretations are basad on observations and material supplied by the client to whom, and for whose exclusive and confidential use, this report 1s made The
interpretations oF opINions expressed represent the best judgment of Core Laboratories - Canada Ltd. {all errors and omissions excepted). tut Core Laboratories - Canada Ltd. and its officers
and employess. assumea no responsibility and make ng warranty or representations as to the productivity, proper operation, or profitableness of any oil. gas or other mingral well ar sand in
connection with which such report is used or relied upon.
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FILE
Spearfish
Waskada

FORMATION
FIELD

FORMATICON RESISTIVITY INDEX

Omega Hydrocarbons Ltd.

COMPANY
WELL

Omega Waskada Prov 16-22-1-26

LSD 16-22-1-26 WIM

Manitoba

PROVINCE

LOCATION

62/16-22

SAMPLE

6.41

Permeability, Millidarcys:

Porosity, Fraction
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FORMATION RESISTIVITY

CORE LABORATORIES—CANADA LTD. :
CALGARY ALBERTA PAGE 15 of 47

FORMATION RESISTIVITY INDEX FILE: _7009-312-82-04

cOMPANY  Omega Hydrocarbons Ltd. FORMATION  Spearfish
WELL Omega Waskada Prov 16-22-1-26 FIELD Waskada
LOCATION LSD 16-22-1-26 WIM PROVINCE Manitoba

SAMPLE  71/16-22

Porosity, Fraction 0.221 Permeability, Millidarcys: G2.7
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SAMPLE
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Permeability, Millidarcys:

0.207

Porosity, Fraction
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PAGE
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|
'

FILE

Spearfish
Waskada

FORMATION
FIELD

Manitoba

PROVINCE
13/3-25

0.70

Permeability, Millidarcys:

1.0

SAMPLE

FORMATION RESISTIVITY INDEX

CORE LABORATORIES—CANADA LTD.

CALGARY

Omega Waskada 3-25MC3A-1-26
0.138

Omega Hydrocarbons Ltd.
LSD 3-25-1-26 WIM

Poarosity, Fraction

BRINE SATURATION, FRACTION

COMPANY
WELL
_LOCATION
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CORE LABORATORIES—CANADA LTD.
CALGARY ALBERTA PAGE 18 ot 47

FORMATION RESISTIVITY INDEX FILE: 7009-312-82-04

COMPANY  Omega Hydrocarbons Ltd. FORMATION  Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION LSD 3-25-1-26 WIM PROVINCE Manitoba

SAMPLE 64/3-25

Porosity, Fraction 0.149 Permeability, Millidarcys:

. 3.66
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FORMATION RESISTIVITY INDEX FiLE 7009-312-82-04(

COMPANY  OUmega Hydrocarbons Ltd. FORMATION  Speaprfish
WELL FIELD Waskada
LOCATION PROVINCE Manitoba
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CALGARY, ALBERTA

e
PAGE 20 of 47

FILE 7009-312-82-040

COMPANY  Omega Hydrocarbons Ltd. FORMATION Spearfish
WELL FIELD Waskada
LOCATION PROVINCE Manitoba

OVERBURDEN FORMATION RESISTIVITY FACTOR DATA

SATURANT: 92 400 ppm T.D.S. Simulated Formation brine
RESISTIVITY OF SATURANT: (0,106 Ohm-metres at 25° C

PORE PRESSURE, kPa (gauge: 1 400
EFFECTIVE OVERBURDEN PRESSURE, kPa {guage)

SAMPLE PERMEABILITY POROSITY 0 1 400 11 930
NUMBER MILLIDARCYS FRACTION FORMATION RESISTIVITY FACTOR

Omega Waskada Prov 16-22-1-26 WIM

62/16-22 6.41 0.193 17.1 32.0 35.8
71/16-22 92.7 0.221 10.9 17.6 18.5
73/16-22 16.5 0.207 13.2 21.8 24.1

Omega Waskada 3-25MC3A-1-26 WIM

13/3-25 0.70 0.138 30.6 46.8 47.9
64/3-25 3.66 0.149 23.9 37.2 40.7

These analyses. opiions or interpretations are based on obsarvations and matearial supptied by the client to whom, and fer whose exciusive and confidential use, this report 1s made The
imterpretations or opiniens expressed represent the best judgment of Core Laberatories - Canaga Ltd. (all errors and emissions excepted). but Core Laboratories - Canada Ltd. and its ofticers
and employees, assume no responsibility and make no warranty or representations as to the productivity, propar operation, or profitableness ot any oil, gas or other mineral well or sand in
connection with which such report 1s usea or relied upon
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FORMATION RESISTIVITY FACTOR

CORE LABORATORIES—CANADA LTD.

CALGARY ALBERTA PAGE 21  of 47

FILE: 7009-312-82-04C

COMPANY  Omega Hydrocarbons Ltd. FORMATION Spearfish
WELL FIELD Waskada
LOCATION PROVINCE Manitoba

Effective Overburden Pressure, kPa {gauge):0
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FORMATION RESISTIVITY FACTOR

CORE LABORATORIES—CANADA LTD.
CALGARY ALBERTA PAGE 22 of 47

FILE: 7009-312-82-04C

COMPANY Omega Hydrocarbons Ltd. FORMATION  Spearfish
WELL FIELD Waskada
LOCATION PROVINCE Manitoba

Effective Overburden Pressure, kPa {gauge):1 400
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FORMATION RESISTIVITY FACTOR

CORE LABORATORIES-CANADA LTD.
CALGARY ALBERTA PAGE 23 of 47

FILE: 7009-312-82-04(

COMPANY Omega Hydrocarbons Ltd. FORMATION  Spearfish
WELL FIELD Waskada
LOCATION PROVINCE Manitoba

Effective Overburden Pressure, kPa (gauge):11 930
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COMPANY
WELL

LOCATION

CORE LABORATORIES - CANADA LTD.

CALGARY, ALBERTA

Omega Hydrocarbons Ltd.
Omega Waskada 3-25MC3A-1-26
LSD 3-25-1-26 WIM

POROSITY, FRACTION:
AIR PERMEABILITY, mD:
GRAIN DENSITY, kg/m’ -

LIQUID PERMEABILITY
MILLIDARCYS

0.239

40.2
2690

PAGE
FILE
FORMATION
FIELD
PROVINCE
LIQUID PERMEABILITY DATA
Sample Number: P-5B/3-25
THROUGHPUT LIQUID/AIR
PORE VOLUME PERMEABILITY RATIO

Spearfish

—

W = = = PR W PR N P P W W N

92 400 ppm T.D.S. Simulated Formation brine

.35
.10
.25
.89
.25
.64
.48
72
.61
.57
.13
.26
.61
.90
.32
.50
.06
.00
.2

0
1.1
2,2
3.3
5.

10.
16.
21.
32.
38.
43,
49,
54.
60.
65.
71.
80C.
90.
Reverse

O C 5 = O NN~ N Y B W o

~J

O O O QO O O O O O 0 0O 00090 0o

.034
.052
.081
.097
.106
.115
.136
142
.164
.139
.128
.106
.090
.072
.058
.037
.026
.025
.328

7

I

7009-312-82-040

These analyses opinions cf intarpretations are based on observations and material supplied by the client to whom, and for whose exciusive and confidentiat use, this report is made. The
interpretations or 9pINIans expressed reprasent the bestjudgment of Core Laboratories - Canada Lid. (all errars and omissions excepted): bul Core Laboratories - Ganada Ltd. and its officers
and employees, assume no responsibility ana make no warranty os representations as 1o the productivity, proper operation, gr profitableness of any 0il, gas or other mineral well or sand in

connection with which such report is used or ralied upon.
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CORE LABORATORIES - CANADA LTD.

!
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o

CALGARY, ALBERTA
PAGE 25 of 47
FLE  7009-312-82-040
COMPANY  Omega Hydrocarbons Ltd. FORMATION  Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION  LSD 3-25-1-26 WIM PROVINCE Manitoba
LIQUID PERMEABILITY DATA
Sample Number: P-10/3-25
POROSITY, FRACTION: 0,124
AIR PERMEABILITY, mD:  0.52
GRAIN DENSITY, kg/m’ : 2720
LIQUID PERMEABILITY THROUGHPUT LIQUID/AIR
MILLIDARCYS PORE VOLUME PERMEABILITY RATIO

92 400 ppm T.D.S. Simulated Formation brine

0.005 0 0.010
0.007 0.5 0.013
0.008 1.0 0.015
0.011 6.1 0.021
0.012 7.3 0.023
0.012 9.8 0.023
0.012 11.0 0.023
0.012 13.4 0.023
0.015 Reverse 0.029

These analysas, Opinions cr interpretations are based on observations and material Supplied by the cliemt to whom, and for whose exclusive and confidential use, this report is made. The
Interpretations or opinions axpressed represent the bestjudgment of Care Laboratories - Canada Lid. (allerrors andomissions excepted). but Core Laboratories - Canada Ltd. and its officers
and employees, assume no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil, gas or other mineral waell or sand in

connaction with which such report is used or relied upon.
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CORE LABORATORIES - CANADA LTD.

CALGARY, ALBERTA

PAGE
FILE
comMPaNy  (Omega Hydrocarbons Ltd. FORMATION
WELL Omega Waskada 3-25MC3A-1-26 FIELD
LocATION | SD 3-25-1-26 WIM PROVINCE

SAMPLE NUMBER:

AIR PERMEABILITY, mD:

OIL PERMEABILITY AT
INITIAL WATER SATURATION, mD:

GAS SATURATION,
FRACTION PORE SPACE

GAS-OIL RELATIVE PERMEABILITY DATA

INITIAL WATER SATURATION,

FRACTION PORE SPACE: (.224

POROSITY, FRACTION:  (0.118

10.7

GAS-OIL RELATIVE
PERMEABILITY RATIO

RELATIVE PERMEABILITY
TO GAS", FRACTION

26 of 47

2

7009-312-82-040

Spearfish
Waskada
Manitoba

RELATIVE PERMEABILITY
TO OIL*, FRACTION

o O O O O O O O O O 0O o O O O

.000
.060
074
.085
.096
.125
.151
.181
212
.244
.281
.303
.328
. 352
.378

‘Hetative to Oil Permeabtity
These analyses, opinions or interpretations are based on observations and material supplied by tha client to whom, and for whose exclusive and confidential use. this report is made The
interpretations or opinions expressed represent the best judgment of Core Labaoratories - Canada Ltd. (all errors and omissions excepted); but Core Laboratories - Canada Ltd, and its officers
and employess, assume no responsibility and make no warranty or representations as to the productivity, proper cperation, or profitableness of any oil, gas or other mineral well or sand in

connegction with which such report is used or retied upon.

Al -14

0.000 0.000
0.038 0.022
0.057 0.028
0.080 0.034
0.107 0.040
0.224 0.064
0.385 0.091
0.643 0.122
1.08 0.148
1.91 0.185
4.00 0.224
6.68 0.262
12.1 0.306
22.0 0.356
43. 0.395

O O O 0O 0 0 0 0 000000

.000
.289
.490
424
.373
.287
.236
.190
.137
.097
.056
.039
.025
.016
.0091
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COMPANY

WELL

LOCATION

SAMPLE NUMBER:

AIR PERMEABILITY, mD: 6,06

OIL PERMEABILITY AT
INITIAL WATER SATURATION, mD:

GAS SATURATICON,
FRACTION PORE SPACE

CORE LABORATORIES - CANADA LTD.

CALGARY, ALBERTA

PAGE
FILE
Omega Hydrocarbons Ltd. FORMATION
Omega Waskada 3-25MC3A-1-26 FIELD
LSD 3-25-1-26 WIM PROVINCE

P-13/3-25

GAS-OiL RELATIVE PERMEABILITY DATA

INITIAL WATER SATURATION,

FRACTION PORE sSPAacE:  (.2065

POROSITY, FRACTION: (0,136

1.94

GAS-OIL RELATIVE
PERMEABILITY RATIO

RELATIVE PERMEABILITY
TO GAS®, FRACTION

27 of 47
7009-312-82-040

Spearfish
Waskada
Manitoba

RELATIVE PERMEABILITY
TO OIL*, FRACTION

%

o

o O O 0O o O O O OO oo o o o o o

.000
.074
.102
-115
.135
.157
177
.203
.225
242
.268
.297
.323
. 340
.360
.370

“Helative to Oit Permeability.

Thesae analysas. opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exciusive and confidential uss, this raport 1s made The
interpretations or gpinions expressed represent the best judgment of Core Laboratories - Canada Ltd. (all errors and omissions excepted}. but Core Laboratories - Canada Litd. and its officers
and empioyees, assume no responsibility and make no warranty or representations as to the praductivity. proper operation. or profitableness of any oil, gas or othar mineral well or sand in
connection with which such report is used or religd upon.

SCAL-14

0.000 0.000
0.017 0.012
0.037 0.021
0.055 0.026
0.102 0.036
0.195 0.054
0.322 0.069
0.617 0.095
1.03 0.115
1.54 0.143
2.77 0.175
5.53 0.225
10.1 0.274
15.3 0,322
24.3 0.374
36.7 0.425

O O O O O O 0O 0O 0O 0 0 0 0 O O =

.000
.693
.557
.467
.347
277
214
.154
111
.093
.063
.041
.027
021
.015
012
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Gas - Oil Relative Permeability Ratio

coMpaNy  Omega Hydrocarbons Ltd. FORMATION Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION  LSD 3-25-1-26 WIM PROVINCE Manitoba
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Relative Permeability, Fraction
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CALGARY ALBERTA FILE 7009-312-82-040
COMPANY Omega Hydrocarbons Ltd. FORMATION  Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Haskada
LOCATION LSD 3-25-1-26 WIM PROVINCE Manitoba
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Gas - Oil Refative Permeability Ratio

CALGARY . ALBERTA ElLE | 7009-312-82-04(
COMPANY Omega Hydrocarbons Ltd. FORMATION Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION L[SD 3-25-1-26 WIM PROVINCE Manitoba
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Relative Permeability, Fraction
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CALGARY ALBERTA FILE 7009-312-82-040
COMPANY  Omega Hydrocarbons Ltd. FORMATION Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION LSD 3-25-1-26 WIM PROVINGE Manitoba
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COMPANY

WELL

LOCATION

SAMPLE NUMBER:

AlR PERMEABILITY, mD:

OIL PERMEABILITY AT
INITIAL WATER SATURATION, mD:

WATER SATURATION
FRACTION PORE SPACE

CORE LABORATORIES - CANADA LTD.

CALGARY, ALBERTA

PAGE
FILE

Omega Hydrocarbons Ltd. FORMATION

Omega Waskada 3-25MC3A-1-26 FIELD

LSD 3-25-1-26 WIM PROVINCE

P-5A/3-25

WATER-OIL RELATIVE PERMEABILITY DATA

FRACTICN PORE SPACE:

INITIAL WATER SATURATION,
0.201

33 of 47
/009-312-82-040

Spearfish
Waskada
Manitoba

POROSITY, FRACTION: (0,241

o

o O O o O O o o O O O o o o o o O O

.201
.399
.415
444
.467
.485
.496
.522
.555
.576
.588
.603
.631
.663
.685
.702
.718
.731
.753

“Aelative to Oil Permeability

49,5
WATER-OIL RELATIVE RELATIVE PERMEABILITY RELATIVE PERMEABILITY
PERMEABILITY RATIO TO WATER", FRACTION TO OIL*, FRACTION

0.000 0.000 1.000
0.148 0.058 0.390
0.179 0.059 0.330
0.259 0.063 0.242
0.356 0.065 0.183
0.462 0.067 0.144
0.557 0.068 0.122
0.840 0.070 0.084
1.49 0.075 0.050
2.25 0.080 0.036
2.84 0.084 0.030
3.83 0.091 0.024
7.00 0.107 0.015

14.95 0.132 0.0088
26.6 0.153 0.0057

43.5 0.185 0.0042
71.6 0.211 0.0029

122 0.232 0.0019

--------- 0.333 ———————

These analysas, upimons or interpretations are based ¢n observations and matenai supplied by the client to whom, and for whose exciusive and ¢onfidential use, this report 1S made The
Interpretations or opinions exprassed represent the best judgment of Core Laboratories- Canada Ltd. (ail errars and ormissions excepted). but Core Laboratories - Ganada Lid. and its officars
and employeas, assume no respongibility and make no warranty or representations as to the productivity, proper operation, or profitatleness of any oit. gas or other mineral well or sand 1
connection with which such report is used or reiied upon.

SCAL-13
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COMPANY

WELL

LOCATION

SAMPLE NUMBER:

AIR PERMEABILITY, mD:

OIL PERMEABILITY AT
INITIAL WATER SATURATION, mD:

WATER SATURATION
FRACTION PORE SPACE

CORE LABORATORIES - CANADA LTD.

CALGARY, ALBERTA

PAGE
FILE

Omega Hydrocarbons Ltd. FORMATION

Omega Waskada 3-25MC3A-1-26 FIELD

LSD 3-25-1-26 WIM PROVINCE

P-8/3-25

WATER-OIL RELATIVE PERMEABILITY DATA

FRACTION PORE SPACE:

INITIAL WATER SATURATION,
0.224

4 1
34 of 47

7009-312-82-040

Spearfish
Waskada
Manitoba

POROSITY, FRACTION: () 118

o

o O O O O O O O O O O o o o O O O

.224
. 385
411
.427
.440
.453
.467
.480
.504
.527
.570
.641
.720
.758
774
.789
.806
.862

TRelative to Qil Permeability.

11.0
WATER-OIL RELATIVE RELATIVE PERMEABILITY RELATIVE PERMEABILITY
PERMEABILITY RATIO TO WATER®, FRACTION TO OIL*, FRACTION
0.000 0.000 1.000
0.786 0.157 0.199
1.15 0.186 0.161
1.45 0.208 0.144
1.72 0.225 0.131
2.01 0.239 0.119
2.37 0.251 0.106
2.78 0.261 0.094
3.72 0.282 0.076
4.73 0.300 0.063
7.22 0.314 0.044
14.3 0.321 0.022
35.7 0.319 0.0089
65.4 0.314 0.0048
85.3 0.310 0.0036
108 0.306 0.0028
145 0.303 0.0021
-------- 0.290 ———————

These analyses. upinions or interpretations are based on observations and material supplied by the client to wham, and for whose exclusive and confidential use, this report 1s made. The
nterpretations ar opINIO NS expressed reprasent the bastjudgment of Core Laboratories - Canada Ltd. (ailerrors and omissions excepted): but Core Laboratories - Canada Ltd. and its officers
and employess. assume no responsibifity and make no warranty or reprasentations as to the productivity, proper aperation. ar profitablenass of any oil. gas or othar minerat well or sand in
connection with which such raport 15 used or relied upon

SCAL-13
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CALGARY, ALBERTA

|ll
PAGE 35 of 47
FLe  7009-312-82-040

company  Omega Hydrocarbons Ltd. ForRmaTION  Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION LSD 3-25-1-26 WIM PROVINGE Manitoba

WATER-QIL RELATIVE PERMEABILITY DATA

SAMPLE NUMBER: P-12/3-25 INITIAL WATER SATURATION,
FRACTION PORE SPACE: (0,375

AIR PERMEABILITY, mD: 11,0 POROSITY, FRACTION: (1,172

OIL PERMEABILITY AT
INITIAL WATER SATURATION, mD: 4,20

WATER SATURATION WATER-OIL RELATIVE RELATIVE PERMEABILITY RELATIVE PERMEABILITY
FRACTION PORE SPACE PERMEABILITY RATIO TO WATER’, FRACTION TO OIL*, FRACTION
0.375 0.000 0.000 1.000
0.555 0.317 0.030 0.096
0.576 0.422 0.030 0.071
0.595 0.555 0.030 0.054
0.610 0.706 0.030 0.043
0.621 0.842 0.030 0.036
0.643 1.23 0.031 0.025
0.677 2.39 0.034 0.014
0.701 4.12 0.040 0.0096
0.729 7.29 0.050 0.0069
0.775 25.6 0.067 0.0026

"Relative to Oif Permeability

These analysas. opinions or mnterpretations are based on observations and material supplied by the client to whom, and tor whose exclusive and confidentiat use, this report 1 made. The
Interpretations or opinions expressad represant the bast judgment of Core Laboratories - Canada Ltd. (all errors and omissions excepted): but Core Laberatenes - Canada Ltd. and its officers
and employees, assume No responsibility and make no warranty ot representations as to the productivity. proper operation. or profitableness of any oil, gas or othar minaral waeli or sand in
connection with which such report is used or relied upon.

SCAL-13
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NAYIN ! ‘ CALGARY, ALBERTA AV ! ~
PAGE 36 of 47
FILE 7009-312-82-040
comPany  Omega Hydrocarbons Ltd. FORMATION Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION  LSD 3-25-1-26 WIM PROVINGE Manitoba
WATER-OIL RELATIVE PERMEABILITY DATA
SAMPLE NUMBER:  P-13/3-25 INITIAL WATER SATURATION,
FRACTION PORE SPACE: (}.205

AIR PERMEABILITY. mD: .06

PCROSITY, FRACTION: 0.136

OlL PERMEABILITY AT
INITIAL WATER SATURATION, mD: 2,39

WATER SATURATION WATER-OIL RELATIVE RELATIVE PERMEABILITY RELATIVE PERMEABILITY
FRACTION PORE SPACE PERMEABILITY RATIO TO WATER®, FRACTION TO OIL*, FRACTION

0.205 0.000 0.000 1.000
0.373 0.195 0.034 0.174
0.402 0.279 0.039 0.138
0.427 0.383 0.043 0.111
0.477 0.790 0.052 0.066
0.505 1.26 0.060 0.048
0.530 1.93 0.071 0.037
0.559 3.18 0.087 0.027
0.599 6.54 0.106 0.016
0.624 10.5 0.134 0.013
0.652 16.8 0.153 0.0091
0.694 39.3 0.177 0.0045
0.719 73.9 0.205 0.0028
0.739 123 0.221 0.0018
0.775  eeemeea- 0.221 e

“Relative to Oil Permeability

These analyses. 0pINioNs or mterpratations are basad on observations and material supphed by the client to whom, and for whose exclusive and confidential use. this report 13 mads The
interpretations or opinions expressed represent the best judgment of Care Laboratories - Canada Ltd. (allerrors and omissionsexceptad), but Core Laboratories - Canada Ltd. and its ofhcers
and employees. assume no responsibility and make ne warranty or representations as to the productvity, proper aperation, or profitanleness of any oil, gas or other mineral well or sand in

cannection with which such report is used or raiiad upon.

SCAL-13
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PAGE 37 of 47
FLE  7009-312-82-040

company  (mega Hydrocarbons Ltd. FORMATION  Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION  LSD 3-25-1-26 WIM PROVINCE Manitoba

WATER-QIL RELATIVE PERMEABILITY DATA

SAMPLE NUMBER: P-14/3-25 INITIAL WATER SATURATION,
FRACTION PORE SPACE: (0.373

AIR PERMEABILITY. mD:  1.30
POROSITY, FRACTION: (3,111

OIL PERMEABILITY AT
INITIAL WATER SATURATION, mD:  0.21

WATER SATURATION WATER-OIL RELATIVE RELATIVE PERMEABILITY RELATIVE PERMEABILITY
FRACTION PORE SPACE PERMEABILITY RATIO TO WATER", FRACTION TO OIL*, FRACTION

0.373 0.000 0.000 1.000
0.481 0.13¢9 0.043 0.308
0.527 0.288 0.056 0.196
0.553 0.465 0.066 0.143
0.588 0.964 0.087 0.090
0.613 1.61 0.106 0.066
0.645 3.11 0.130 0.042
0.673 5.64 0.152 0.027
0.706 10.5 0.181 0.017
0.741 21.1 0.206 0.0097
0.775 43.9 0.225 0.0051
0.802 98.1 0.253 0.0026
0.828 324 0.272 0.00084

‘Relative to O Permeability

These analyses, apinions or interpratations are based on obsarvations and material supplied by the ¢lient 1o whom, and for whose exclusive and confidential use, this report is made. The
-nterpratations or opINons expressed represent the bestjudgment of Core Laboratonies - Canada Ltd. (ail errors and omissions excepted); but Core Laboratories - Canada Ltd. and its officers
and employees. assume no responsibility and make no warranty or representations as to the productivity, proper operation. or profitableness of any ¢il. gas or other minerat well or sand \n
zonneclion with which such report is used or relied upon.

SCAL-13



Water-Qil Relative Permeability Ratio
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CALGARY ALBERTA FILE 7009-312-82-052
COMPANY  (Omega Hydrocarbons Ltd. FORMATION  Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION | SD 3-25-1-26 WIM PROVINCE Manitoba
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Relative Permeability, Fraction
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CALGARY ALBERTA FiLe_ 7009-312-82-04C
COMPANY (Omega Hydrocarbons Ltd. FORMATION  Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION LSD 3-25-1-26 WIM PROVINCE Manitoba
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CALGARY ALBERTA FiLg 7009-312-82-04C
COMPANY Omega Hydrocarbons Ltd. FORMATION Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION LSD 3-25-1-26 WIM PROVINCE Manitoba
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Relative Permeability, Fraction
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CALGARY ALBERTA FILE 7009-312-82-040
COMPANY  Omega Hydrocarbons Ltd. FORMATION  Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION  LSD 3-25-1-26 WIM PROVINCE Manitoba
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Water-Oil Relative Permeability Ratio

CALGARY ALBERTA fiLE 7009-312-82-04(
COMPANY Omega Hydrocarbons Ltd. FORMATION Spearfish
WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION  LSD 3-25-1-26 WIM PROVINCE Manitoba
1000 R N N N I A O NN I (O NN O N S S A I | T
[ I
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Water-Qil Relative Permeability Ratio
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WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada
LOCATION LSD 3-25-1-26 WIM PROVINCE Manitoba
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Water-Oil Relative Permeability Ratio

CALGARY ALBERTA FILE 7009-312-82-040

COMPANY  Omega Hydrocarbons Ltd. FORMATION  Spearfish

WELL Omega Waskada 3-25MC3A-1-26 FIELD Waskada

LOCATION LSD 3-25-1-26 WIM PROVINCE Manitoba
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Spdcial Core Analysis Study
for
CHEVRON ‘CANADA RESOURCES LIMITED
Chevron Waskada 15-1-1-26 WIM

Spearfish Formation
Manitoba

Special Core Analysis k !”q]




1540 2571 AVENUE N.E.. CALGARY, ALBERTA, CANADA T2k 7RZ - 403/230-9228

CORE LABORATORIES-CANADA, LTD. [[.]H]

1984 02 21

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

Calgary, Alberta

T2P QL7

Attention: Mr. Gerry Gunning
Gentlemen
SUBJECT: Overburden Formation Resistivity Factor Measurements

Chevron Waskada 15-1-1-26 W1M
Qur File Number: 7009-312-83-126

As requested in a conversation between Mr. Gerry Gunning and Mr, Nestor Cebuliak
on November 28, 1983, and in subsegquent telephone conversations, Overburden
Formation Resistivity Factor Tests were performed on 8 core plugs from the
Spearfish Formation of the subject well.

Samples used in this study are 1ithologically described and identified as to
sample number, depth interval, permeability to air, Boyle's Law porosity and
grain density on pages 1 and 2.

Cylindrical core plugs, 38 mm in diameter, were drilled from weathered, full
diameter core pieces usina 60 000 ppm T.D.S. brine as the bit lubricant and
coolant. The brine was comprised of Sodium Chloride, Calcium Chloride and
Calcium Sulfate. The samples were then extracted with toluene in a Soxhlet
apparatus to remove all hydrocarbons, leached of inorganic salts with methanol
and dried in vacuum oven at 85°C. Permeability to air, Boyle's Law porosity,
using helium as the gaseous medium, and grain density values were then determined
for each of the cleaned and dried core plugs. Due to the poor quality of the
core material, the majority of the samples were fractured and therefore,
permeability to air values could not be determined. Test results are tabulated
on pages 1 and 2. Sample numbers preceded by an asterisk indicate those not
used for subsequent analysis.
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Chevron Canada Resources Limited

In preparation for Overburden Formation Resistivity Factor Measurements, 8

core plugs were evacuated and pressure-saturated with 104 435 ppm T.D.S.
simulated formation brine with a resistivity of 0.073 Ohm-metres at 25°C. The
brine was synthesized from a water analysis of the Chevron Waskada 10-1-1-26 WIM
well. The chemical constituents of the brine are presented on page 3. Electrical
resistivities of both the brine and the brine saturated core plugs were measured.
These measurements were repeated over a period of several days until the
resistivities stabilized, indicating ionic equilibrium had been attained within
the core plugs. Electrical resistivities of the samples were then determined
under a simulated formation overburden pressure of 12 400 kPa. The electrical
properties determined at coverburden pressure conditions were derived from sample
resistance measured in a hydrostatic core holder using an improved Taboratory
technique which incorporates the use of a silver membrane on the end of the
sample and silver plated electrodes. The resulting formation resistivity factor
values were plotted versus porosity values determined at the same pressure.
Results of the overburden formation resistivity factor tests are tabulated on
page 4 and graphically illustrated on pages 5 through 7.

We appreciate the opportunity to be of service to Chevron Canada Resources Limited,
Should you have any guestions pertaining to these test results or if we may be
of further assistance, please do not hesitate to contact us.

Yours truly,

C. L. (Clay) Hunt

CC:jjm
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COMPANY
WELL

LOCATION

SAMPLE
NUMBER

*37
*40
- 42
44
*47
*48
*49
*51
~ 52
~ 55
*56
*58
*60
*61

*67

DEPTH
METRES

910.

911.

911.

912.

913.

913.

913.

913.

914.

91s.

916.

916.

917.

917.

918.

40

28

80

22

00

26

41

95

28

97

27

66

37

59

97

CORE LABORATORIES - CANADA LTD.

CALGARY, ALBERTA

Chevron Canada Resources Limited
Chevron Waskada 15-1-1-26
LSD 15-1-1-26 WIM

IDENTIFICATION OF SAMPLES

PERMEABILITY

MILLIDARCYS -

0.39

0.68

0.23

**N/A
**N/A
**N/A
**N/A
**N/A
**N/A
0.94

**N/A
**N/A
**N/A
**N/A

**N/A

GRAIN

FRAGTION  ras”
0.125 2760
0.166 2730
0.114 2740
0.177 2720
0.140 2740
0.153 2760
0.162 2720
0.159 2740
0.187 2730
0.159 2720
0.187 2720
0.135 2770
0.122 2790
0.163 2730
0.180 2720

* Samples not used for subsequent analysis
** Not available due to sample fracture

These analyses. opinions of .nterpretations are based on obsaervation: and material supplied by the chient ta whom, and for whose exciusive and confidential use. this report 13 made The

nterpreiations or opiNIONS @xpressed reprasent the bast Judgment of Ce-re Laboratonies - Canada Lid

sennection with which such report s used or relied upon,

SCAL-11

PAGE 1 of 7
FILE 7009-312-83-126

FORMATION Spearfish

FIELD

Waskada

PROVINCE Manitoba

SST:

SST:

SST:

3S8T:

SST:

SST:

SST:

SST:

SST:

SST:

SST:

SST:

§ST:

SST:

SST:

LITHOLOGICAL DESCRIPTION

bra, wl ind, vf gr, mod
srt, sh, dol, anhy

tn, wl ind, vf gr, wl srt,
sh, dol

brn, wl ind, vf-f gr, mod
srt, sh, dol

grysh-brn, wl ind, vf gr,
wl srt, sh, dol, frac

rdsh-brn, wl ind, vf gr, wl
srt, sh, dol, frac

rdsh-brn, wl ind, vf gr, wl
srt, sh, dol, frac

grysh-tn, wl ind, vf gr, wl
srt, sh, dol, frac

rdsh-brn, wl ind, vf gr, wl
srt, sh, dol, frac

rdsh-brn, wl ind, vf gr, wl
srt, sh, dol, frac

gnsh-gry, wl ind, vf gr, wl
srt, sh, dol

gnsh-gry, wl ind, vf gr, wl
srt, sh, dol, frac

rdsh-brn, wl ind, vf gr, wl
srt, sh, dol, frac

rdsh-brn, wl ind, vf gr, wl
srt, sh, dol, anhy, frac

grnsh-gry, wl ind, vf gr,
mod srt, sh, dol, frac

grnsh-gry, wl ind, vf gr,
wl srt, sh, dol, frac

{all grrors and omissions excepted). but Core Laboratones - Canada Ltd and its g#ficers
and empioyees. assume no responsibiiity and make no warranty or rep-gsentalions as to the productivity. proper operatian. or prafitableness of any ol gas or ather mineral well or sand in
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COMPANY
WELL

LOCATICN

SAMPLE
NUMBER

*77

*78

~ 79

~. 80

*82

*83

*84

*86

*87

« 88

*90

*91

*95

" 96

*97

DEPTH
METRES

921.
922.
922.
923.
923.
-.924.
924.
925.

925.

925.
926.
926.
928.
928.

929.

80

16

79

04

74

06

42

33

49

79

49

79

36

69

23

CORE LABORATORIES - CANADA LTD.

CALGARY, ALBERTA

Chevron anada Resources Limited
Chevron Waskada 15-1-1-26
LSD 15-1-1-26 W1M

PERMEABILITY
MILLIDARCYS

**N /A

0.019

5.89

**N /A

**N /7

*kN /A

**N/A

*kN /A

**N/A

0.55

0.070

*xN /A

**N/A

0.069

**N /A

POROSITY
FRACTION
0.

0.

0.

178

131

.152

. 157

.189

. 207

.212

.126

.125

.130

.088

.116

.134

.084

107

* Samples not used for subsequent analysis

** Not available due to sample fracture

Thase anaiyses. cpINIONS or Interpretations are based on observations and matenal supplied by the clignt 1o wnom, and for whose axclusive and canhdential use. this regort 15 made. The
Aterpretations ar opINIons expressed represent the be st udgment of Core Laboratores - Canada LI1d. (all erfors and omissions excepteg): but Core Laboratories - Canada Lid. and ws ofticers
and empigyees assuma no responsibility and make n> warranty of representations as to the productivity, sroper operatian. of profitableness of any @il gas or othar mineral welt or sand in

cannaction with which such repert s used or relied upcn

SCAL-11

GRAIN
DENSITY

kgim?

2710

2770

2730

2730

2690

2700

2700

2760

2760

2740

2780

2760

2780

2790

2800

2

page 2 of 7
Fe  7009-312-83-126

FORMATION  Spearfish

FIELD

Waskada

PROVINGE Manitoba
IDENTIFICATION OF SAMPLES (Continued)

SST:

SST:

SST:

SST:

SST:

SST:

SST:

SST:

SST:

SST:

SST:

SST:

SST:

SST:

SST:

LITHOLOGICAL DESCRIPTION

grnsh-gry, wl ind, vf gr,
wl srt, sh, dol, frac

rdsh-brn, wl ind, vf gr, wl
srt, sh, dol, anhy

grnsh-gry, wl ind, vf-f gr,
mod srt, sh, dol

grnsh-gry, wl ind, vf gr,
mod srt, sh, dol, frac

"grnsh-gry, wl ind, vf gr,

mod srt, sh, dol, frac

grnsh-gry, wl ind, vf gr,.
mod srt, sh, dol, frac

grnsh-gry, wl ind, vf gr,
mod srt, sh, dol, frac

rdsh-brn, wl ind, vf gr,
wl srt, sh, dol, frac

grysh-brn, wl ind, vf gr,
wl srt, sh, dol, Fe-st,
frac

grysh-brn, wl ind, vf gr,
mod srt, sh, dol

rdsh-brn, wl ind, vf gr,
wl srt, sh, dol, anhy

brn, wil ind, vf gr, wl srt,
sh, dol, anhy, frac

rdsh-brn, wl ind. vf gr, wl
srt, sh, dol, anhy, frac

rdsh-brn, wl ind, vf ar, wl
srt, sh, dol, anhy

rdsh-brn, wl ind, vf ar, wl
srt, sh, dol, anhy, frac
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CORE LABORATORIES - CANADA LTD.
Petroleum Reservoir Engineering
CALGARY ALBERTA

IRz

7009-312-83-126
. WATER ANALYSIS
Plastic 7021-83-730
Chevron Canada Resources Limited 3 of 7
LSD 10-1-1-26 WPM Chevron Waskada 10-1-1-26
LOCATION WELL Q" FAMPLE LOCATION NAME Kp ELEV, GRO, ELEV.
Waskada, Manitoba Spearfish
ZIELD OR AREKEA POOL O ZTONK SAMPLER
TRIT TYPFE & MO, TEAT RECAVERY
Wellhead & o
POINT OF SAMPLE AMY. & TYPE CUSHION MUD RESIETIVITY
I- ' PUMPING FLOWING GAS LIFT sSwag
| I
l | WATER m3/a oL m3/d  GAS m3/d
TEST INTERVALA QR FERFY,
. e oc e_cc || !
 EnamaTem Susmmvoln WY SAMPLED P A |y REnAnaTen |
|_. _ — — e — = PRESSURES kPa __ _ | o o o o o e _] L_ _TEMPEHATURES,OC_ —_— ,
83 12 15 83 12 16 LS
OATE SAMILED (Y/M/D] DaTh mEcHivED {v/m/B] DATE anaLvsEn {v/m/o} ANALYST AEMARKE
ION mag/L Frar:t?on MEQ/L 10N mg/L Frar:?iOﬂ MEQ/L TOTAL SOLIDS mg/l.
Ne | 37500. |0.3589 |1631.1 | 59942, (0.5736 | 1690.7
BY EVAPONATICN @ 1|n°c BY EVAPORATION @ un"c
X 272. |0.0026 7.0 ol
Ca 2383. |0.0228 | 118.9 ! 104495,
Mo 276. |0.0026 | 2.7 | €4 131. [0.0013 2.1
8 S% |  3992. [0.0382 83.2
st €03 0. 10.0000 0.0 1.0755 g 15.4% 1.3490 ,20.
Fe NOT DETECTHD OH 0. j0.0000 0.0
H2% NOT {DETECTED 7.3 0.073 ® 250C
pH RAESIATIVITY (OMM/METERS]
LOGARITHMIC PATTERN MEQ PER LITRE
Na ’ \-. : : . . . -‘F:, : Cl
T ---"‘"'_‘_-_
N ....——'L""L' i
ca . ] HCO,
™ -
\\\ .""h,,..\
N\ Pt
Mg iy pe= S0,
h...'l'\ n"/
-""h
Fe - CO3

REMARKS  Na(l equiv. .102561.
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CALGARY, ALBERTA \

coMpany  Chevren Canada Resources Limited FormaTION Spearfish
WELL Chevron Waskada 15-1-1-26 FIELD Waskada
Location  LSD 15-1-1-26 WIM pROVINGE  Manitoba

OVERBURDEN FORMATION RESISTIVITY FACTOR DATA
—— e e

saTuRaNT: 104 495 ppm T.D.S. Simulated Formation brine
RESISTIVITY OF SATURANT:  0.073 Ohm-metres at 25°(

PORE PRESSURE, kPa (gauge): 1 400

*POROSTTY EFFECTIVE OVERBURDEN PRESSURE, kPa (guage)
SAMPLE PERMEABILITY  POROSITY FRACTION 0 1 400 12 400
NUMBER ~ MILLIDARCYS FRACTION at 12 400 kPa ~  FORMATION RESISTIVITY FAGTOR
42 0.23 0.114 0.108 45.8 57.3 69.3
44 **N /A 0.177 0.167 25.2 31.4 39.0
52 **N/A 0.187 0.177 24.8 30.0 37.3
55 0.94 0.159 0.149 - 31.7 40,2 50.3
79 5.89 0.152 0.143 - 34.7 37.7 45.9
80 **N/A 0.157 0.148 33.2 35.7 - 44.6
88 0.55 0.130 0.123 441 50.7 64.6
96 " 0.069 0.084 0.083 81.1 103 131

* Porosity determined at an effective overburden pressure of 12 400 kPa and plotted
versus the formation resistivity factor determined at the same pressure

** Not available due to sample fracture

These analyses. 2pintons or intarpretations are basee on observations and material supplied by the client to whom, and tor whose exclusive and contidentiai use, this raport i made. The
tR1erpratations ar opinions expressed raprasent the bastjudgmaent of Core Laboraterigs - Canada Lid (allerrors andomissions excepted); but Core Laboratones - Canada Lid. andd its officers
and employees. assume no respensibility and make no warranty of representations as to the productivity, proper operation, or profitablenass of any oIl gas or other mineral we | or sand in
connection with which such report is used or relied upon.

SCAL-7
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CALGARY ALBERTA FILE 7009-312-83-126
FORMATION RESISTIVITY FACTOR

COMPANY Chevron Canada Resources Limited FORMATION Spearfish

WELL Chevron Waskada 15-1-1-26 FIELD Waskada

LOCATION LSD 15-1-1-26 WIM PROVINCE Manitoba

Effective Overburden Pressure, kPa {gauge): O
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CALGARY ALBERTA FILE 7009-~312-83-126
FORMATION RESISTIVITY FACTOR
COMPANY  Chevron Canada Resources Limited FORMATION Spearfish
WELL Chevron Waskada 15-1-1-26 FIELD Waskada
LOCATION LSD 15-1-1-26 WIM PROVINCE Manitoba
Effective Overburden Pressure, kPa (gauge}: 1 400
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FORMATION RESISTIVITY FACTOR

compaNy Chevron Canada Resources Limited FORMATION Spearfish

WELL Chevron Waskada 15-1-1-26 FIELD Waskada

LOCATION LSD 15-1-1-26 WIM PROVINCE Manitoba

Effective Overburden Pressure, kPa (gauge): 12 400
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