TELEPHONES

ACCOUNTING 263-6161
EXECUTIVE 261-7670

574 . 330 FIFTH AVENUE S.W., CALGARY, ALBIRTA T27 G4

EXHIBIT No. 4

November s 1975

Royalty Owner )

A~

Dear Sir:

Omega Hydrocarbons Ltd. has completed its studies on the potential
of waterflooding the Waskada 0il Field in the Province of Manitoba and has
concluded that the flood would benefit the Working Interest Owners and Royalty
Interest Owners alike. However, we have not been successful in persuading
Copperhead 0il Co. and its partners who own three adjoining wells on the scuth
end of the pool to participate in the proposed flood, so we now plan to proceed
with an independent Unit. Omega's proposal is to install a pilet waterflood
project and a unitized operation. To accomplish this program we have prepared
a Unit Agreement which is intended to maintain equity among Royalty Owners.

The pilot waterflood will involve the conversion of the well located
in Lsd. 6-30-1-25 to a water injection well., This location will accommodate
the expansion of the plan to a five spot waterflood pattern if and when it is
recognized that the fleood is in fact accomplishing our objectives which are
designed to increase current producing rates and ultimate oil recovery.

To assist you in your deliberations concerning your approval of the
scheme we enclose one copy of the proposal entitled "Unit Proposal and Waterflood
Plan" dated QOctober, 1975 which forms part of our application to the Manitoba
0il and Gas Congervation Board.

Piease sign and return one copy of the Unit Agreement at your
earliest possible convenience thus providing approval of Unitization and the
waterflood plan. '

Yours very truly,

OMEGA HYDROCARBONS LTD.

T. Jack Hall,
President

TTH*vs
nel.
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D&S PETROLEUM CONSUITANTS (1974) (TD.

732 Calgary House—550—6 Avenue S.W. Calgary, Alberta T2P (0S2
Telephone: 403—266—1601 Cable: Denescons Calgary

August 9, 1974

Omega Hydrocarbons Ltd.
574, 330 Fifth Avenue S.W.
Calgary, Alberta.

Attention: Mr., J. Hall

Dear Sir:

Re: Waskada Alida Beds 0il Pool

As requested, we have reviewed the waterflooding
potential of the Waskada Alida Beds 0il Pool of Manitoba,
effective August 1lst., 1974. The pool is geographically
located on Figure 1 while Figure 2 is a well map of the pool
and immediate area. The pool potential is summarized as
follows:

Net
Remaining Cash Flow
Reserves Undiscounted Discounted @ 9%
bbls. MS MS
Primary
Depletion 202,225 812.1 554.3
Waterflood 675,052 3,627.7 2,310.2

A summary forecast of production, revenue and
costs is given in Table 1 for the six Company wells if
operation is continued as at present. A summary forecast of
pool production, revenue and costs is given in Table 2. The

«....Cont'd.

341 Oxford Street, London W1R ZED England
Telephons: 01-483-3448/9 Talex: 24380 Cable: Densacons London W1
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forecast includes the four Copperhead wells to the south.
This forecast is based on the six Company wells to the north
which remain unaffected by a partial water drive at the
southern end of the pool. Table 2 represents a primary
depletion base case for comparison with a pool waterflood,
presented in Table 3.

Although no petrophysical data are available (such
as reservoir fluid PVT analyses, relative permeability data,
bottom-hole pressure measurements and the like) and in fact
gas production has not been measured, it is felt that the
analysis presented in the attached report is realistic. In
lieu of actual data, correlations reported in the literature
have been utilized. Good agreement has been achieved
between theoretical estimates and actual pool performance
using this approach. '

Waterflooding of the pool appears to be wholly
feasible but will be hindered by the presence of a large
free-gas saturation in the reservoir. This saturation is
present due to the advanced maturity of the existing primary
depletion operation. As a consequence, even at high rates
of water injection,response, will not be discernible for at
least one and one-half years, or longer.

It has been a pleasure to be of service. Please
contact us concerning any matters which may require clarifi-
cation.

Yours very truly

D&S PETROLEUM CONSULTANTS LTD.

G. G. Meisner, P. Eng.
GGM:rk

D & S PETROLEUM CONSULTANTS (18743 LTD.



WASKADA ALIDA BEDS POOL

INTRODUCTION

This pool, containing ten oil wells, was discovered
and developed during 1967. The pool is approximately 50
miles south of the Virden-Roselea Mississippian o©il fields.

The wells have been completed with a light acid
wash which appears to have been successful in establishing
good production from the Alida beds producing zone. Indivi-
dual well problems have developed over the years some of
which are mechanical in nature. It is probable that a well
by well review isolating the mechanical problems might
reveal wells that could benefit from restimulation.

The pool has been producing by solution gas drive

. . since discovery and has produced a large part of the primary

‘4.1, reserve. Recent pressure measurements suggest that the ~
reservoir pressure is in the 150 to 350 psi range. The
measurements actually indicate a pressure of about 150 psi
on a well which had been shut-in for two weeks. The differ-
ence between the shut-in pressure and extrapolated reservoir
pressure will be a function of the effective permeability of
the reservoir.

Although there is a water leg downdip of the pool
which is apparently affecting the four southern wells, there
is not an effective water drive.? It must be stated, however,
that the best production is taken from the four Copperhead ¢
wells which are unquestionably being influenced by water j
influx. Natural water influx is not strong enough to influence
more than a limited area., The production history for each
well has been plotted on Figures 3 through 12. Although
reservoir data is limited, the performance of the pool, at
this stage of depletion, is consistent with the oil-in-place
used in this report.

The pool production performance has been analyzed
by separating the Copperhead wells, which are producing some
water and which are believed to be affected to some extent
by a water drive.. When this is done reasonable agreement is
achieved amongst the mapped c¢il in place, the decline curve
extrapolated recovery factor and the theoretical Muskat
recovery factor. Based on the foregOLng the current reservoir
pressure is estimated at about 350 psig. 7\

O & § PETROLEUM CONSULTANTS LTD.



Gas production has not been measured but it is
reported that some gas was blown down early in the pool life
and that gas production has diminished since. This may
suggest that a small gas cap was present initially but on
the other .hand the gas production may have declined as the
oil production declined. Without a gas measurement history
our interpretation of a small insignificant gas cap cannot
be proven but from the battery operator's recollection of
the performance of the flare this interpretation seems
justified. In this analysis then, it has been assumed that
there was no effective gas cap but that the oil was saturated
with gas at reservoir conditions.

Since there are no PVT measurements it was necessary
to use a correlation published in the literature (Lasater).
Waterflood data from similar reservoirs was used in the
study.

The purpose of this study was to evaluate the
feasibility of waterflooding.

CONCLUSIONS

1) The original oil-in-place in the pool is estimated at
2,876,000 stock tank barrels.

2) The ultimate primary recovery factor is about 25 percent
of the original oil-in-place.

3) The ultimate waterflood plus primary recovery factor
will be about 50 percent of the original oil-in-place.

RECOMMENDATIONS

1) The pool should be waterflooded as soon as possible
using a Tilston Beds water supply well. A well drilled
in 13-30 would serve the multiple purpose of evaluating
the location for Alida beds oil production, and possible
Tilston beds o0il production. PFailing in this a Tilston
beds water supply well should be developed at the
location.

D & 8 PETROLEUM CONSULTANTS LTD.
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2) To initiate a waterflood, whether or not the pool is to
be unitized, we would recommend that the following wells
be converted to water injection service initially:

4-30-25-1 W1
12-30-25-1 Wl

If necessary well 6-30 could later be added as an
injector.

D & 5 PETROLEUM CONSULTANTS LTD.
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RESERVOIR DESCRIPTION

a) Geology

The reservoir is developed in the upper porous

member of the Alida beds which dip to the south-west. .
Updip, the porous member has been subjected to weathering .
and is tight. The pay zone is overlain by 10 to 15 feet of
cap rock and 30 feet of dense Marly beds under the pay zone
act as a base seal. The pay zone is lmpermeable to the west
« due to.a facies change and to the east due to erosion or
-~ subcropping of the beds against the unconformity. Below the

base seal another 20 feet of porous Alida development is

present but wet.

Water is present downdip in the pay zone and a gas

cap may have been present in the pool initially. A cross
section is provided on Figure 13.

b) Net Pay

The net pay has been picked from the porosity log
using a porosity cut-off of seven_percent. This cut-off has
been observed to correspond approximately to a permeability
cut-off of about one to two millidarcies and clearly indicates
the good pay. A map of net pay is shown on Figure 14.

¢} Porosity, Permeability and Water Saturation

Core data for the Omega wells was processed using
a one millidarcy cut-off in the pay zone. The average pool
porosity was determined to be 13.7 percent and the average
permeability was found to be 9.4 millidarcies. A plot of
the relationship between porosity and permeability is given
on Figure 15.

The average water saturation for the pool has been
estimated to be 35.9 percent from the resistivity logs.

d) Oil-Water Relative Permeability

Relative permeability curves which are considered
representative of the reservoir have been estimated from a
relationship presented in the literature. The curves are
given on Figure 16 for water and o0il. A fractional flow
curve for the reservoir is also shown on the diagram.

D & § PETROLEUM CONSULTANTS LTD.



e) PVT Data

No PVT data is available from the pool. The crude
falls within the range of the Lasater correlation which is
presented in Table 4. It has been assumed that the crude
was saturated with gas at initial reservoir conditions. -

f) 0Oil-In-Place

The oil-in-place has been calculated as 2,876,000
stock tank barrels. This calculation is provided in Table
5.

PRIMARY DEPLETION

Recovery Efficiency

~

A Muskat primary depletion prediction has been
prepared from the bubble point pressure. The prediction is
presented in Table 6. Also presented in Table 6 are the
gas-o0il relative permeability ratio data.

It is estimated that the primary recovery from the
bubble point will be 25 percent of the original oil-in-
place. Although it is believed that the production mechanism
will eventually become a partial water drive it appears that
insufficient natural force is being exhibited to materially
accelerate production or modify the present value of the
property.

WATERFLOOD POTENTIAL

Recovery Factor Calculation

Because of the depletion stage of the reservoir a
large free gas saturation is indicated by the Muskat depletion
drive calculation in Table 6. It is our opinion that the
current average reservoir pressure is about 350 psi which
means that the gas saturation of hydrocarbon pore space is
only slightly less than(éﬁ)percent. (%&¢7quz;q

D & S PETROLEUM CONSULTANTS LTD.
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The crude o0il viscosity is about 4.0 cps at
reservoir conditions. It is believed that in a water wet
system such as this no problem will be encountered in the
formatien of an oil bank. The water saturation will in-
crease at the wall of the pore space and first the gas and
then the ©il will be displaced. The accumulation of oil
saturation will form the bank.

It is evident though, that the flood response will
be materially influenced by the presence of the large free
gas phase. There will be no detectable production response
until the free gas saturation has been reduced materially so
that injection will proceed for some lengthy period with no .
vigible effect. In this report the method of Prats et al
was used to predict future performance.

Vertical conformance was calculated using the 5,
Muskat method. Areal sweep efficiency for a 5 spot pattern ', -
was used. The displacement efficiency was calculated using
the Welge modification of the Buckley Leverett technique. !
The ultimate recovery factor including primary and secondary
recovery will amount to approximately 50 percent of the
original oil-in-place.

ECONOMICS

a) Primary

The economics of continued primary operation for
the pool (including the Copperhead wells) are presented in
Table 2. This forecast is based upon the performance of the
Omega wells only, since it is believed that the Copperhead
wells are being influenced by water encroachment. The
forecast shown is based upon an extrapolation of the produc-
tion decline trends which is also consistent with the Muskat
prediction.

The Manitoba tax legislation has been considered.
This legislation requires that the royalty owner pay taxes
on oil production.

Initial operating costs are estimated (Table 7) at
$350 per well per month and these costs have been escalated
at five percent per vear. The initial wellhead crude price
after trucking charge is $6.10 per barrel. This price has
been escalated at $1.05 per barrel until 1976 and thereafter
at $0.45 per barrel until 1982. The crude price and operating

D & S PETROLEUM CONSULTANTS LTD.



costs have been held constant after 1982 due to uncertainty
in estimating this far into the future and the probable
interference from other competitive energy sources at these
crude price levels. Economic factors are listed in Table 7.
A forecast of production revenue and costs is given in Table
2. Individual projections for each Company well are given
in Tables 8 through 13.

b) Waterflood

Waterflood economic factors are presented in Table
14. A base cost of $350 per well per month in 1974 escalating
at five percent per year until 1982 has been used for the
ten existing wells and one additional well which will be
drilled to provide a water supply. The crude price schedule
is the same as agssumed for the primary depletion forecast.
An additional charge of two cents per barrel of produced
water has been incorporated to provide for handling return
water. The Manitoba tax has been incorporated in the calcula-
tion. The tax is provided for in Bill 85 which makes provi-
sion for a reduction in tax for newly discovered oil but
does not provide a tax reduction for incremental oil recovered
by waterflooding.

It has been considered that the most probable cost
for development of the property for waterflood in Table 15
is about $200,000. This cost includes the drilling of a
water supply well and water treating and injection facilities.
The lease already has adequate battery and treating facilities.
It will be necessary to install larger pumping units when
response t0 the water injection is evidenced in about 1976.
It has been assumed that high pressure injection lines will
be required to each of the five wells which will be converted
to injection service.

A forecast of production, revenue and costs is
given in Table 3.

DISCUSSTION

The Waskada pool can best be exploited if converted
to waterfloed as rapidly as possible. The natural water
drive is inadequate to allow recovery of the pool reserves
in a reasonable length of time.

D & S PETROLEUM CONSULTANTS LTD.



Despite the indicated high reservoir gas satura-
+ion, which has resulted from the production to date, the
waterflood response should be achieved starting in about 20
months from the initiation of injection at 1,000 barrels per
day. The production should then peak out rapidly and there-
after the pool will go on decline.

Because of a lack of reservoir data a conservative
position has probably been taken in the assumption that five
injection wells will be required to inject 1,000 barrels per
day of water using a five spot injection pattern. A more
suitable pattern than a five spot can likely be developed
and the economics of the operation may thereby be enhanced.

It has been calculated, from the five spot pattern
formula with a surface pressure limitation of 1,400 psi that
peak production will match the injection rate corrected for
crude oil shrinkage. The calulation considers that the
effective reservoir permeability is 9.42 mds.

To initiate a waterflood, whether or not the pool
is to be unitized, we would recommend that the following
wells be converted to water injection service initially:

4-30-25-1 W1
12-30-25-1 W1

If necessary well 6-30 could later be added as an
injector.

O & § PETROLEUM COMSULTANTS LTD.
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TABLE 5

RESERVOIR FACTORS

WASKADA ALIDA BEDS POOL

Porosity, percent 13.7
Water Saturation, percent ) 35.9
Formation Volume Factor 1.118
Pool Area, acres 852
Average Net Pay, feet 5.5
Rock Volume, acre-feet ) 4,719
Original 0Oil-in-Place, stb 2:;876,000
Primary Recovery Factor*, percent 25

Secondary Recovery Factor (Waterflood),
percent 25

Ultimate Recovery Factor, percent 50

* cumulative recovery to date approximately 450,000
barrels for 15.7 percent.

D & S PETROLEUM CONSULTANTS LTD.
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TABLE 7

ECONOMIC FACTORS

PRIMARY DEPLETION

Crude Price (after trucking charge)*, $/bbl. 6.10
Well Operating Cost, $/month 350
Operating Cost Escalation to 1982, %/year 5

* Crude price schedule is given in Tables 8 through 13.

D & S PETROLEUM CONSULTANTS LTD.
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TABLE 14

ECONOMIC FACTORS

WATERFLOOD

Crude Price (after trucking charge}*, $/bbl.
Pool Operating Cost, $/month
Water Handling Cost, cents/bbl.

Operating Cost Escalation to 1982, 3%/year

* crude price schedule is given in Table 3.

D & 5 PETROLEUM CONSULTANTS LTD.



TABLE 15

CAPITAL REQUIREMENTS

WASKADA ALIDA BEDS POOL

WATERFLOOD
Water Supply Well & High Volume Pump $65,000
Water Treating and Injection Plant $75,000
Injection Well Conversion $40,000
High Pressure Injection Lines $20,000
Sub-total $200,000
Larger Pumping Units Following Response $45,000

TOTAL $245,000

D & § PETROLEUM CONSULTANTS LTD.
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