PRO. FOR_FRE E 1% INTENANCE _BY WATERFLOODING

The applicants propnse to unitize a portion of the Virden-Roselea
Field, The propnsed Unit Area consists of 108 wells, one of which
is dually completed as 2 producer from the lMississipplan formation
and 2 salt water disposal in the Devonian formetion. (See Figure 1).
The primary purpsse for unitizing this portion of the Virden-Roselea
Field is to facilitate the operation of a waterflood in the subject
area, An engineering report entitled "Waterflond Evaluation, Pro-
posed Virden-Roselea Unit No, 3, Virden-Roseles Fleld, lManitoba" and

dated February, 1966, has been included in support of this submission.

The estimated original oil in place from volumetric calculations was
51,000,000 barrels. The indicated ultimate primary recovery from the
prepssed Unit Area is 8,100,000 barrels, By comparison, waterflood
calculations indicate an estimeted total ultimate primary plus second-
ary recovery of 17,850,000 barrels from the same area, A waterflood
project is planned for the subject area in order to recover the esti-
mated 9,750,000 barrels of additienal oil, Appendix I contains a
surmary of the investigation of the feasibility of waterflooding. 4n
inverted 160 acre nine-spot pattern with some modification in the
northeast portion of the area is planned for the proposed Unit Area.
A detailed outline of the proposed waterflood program is presented in

Appendix II,

Unitization of the area under application would enable all interest
in the area to be merged so that this portion of the reservoir may

be operated as a single propertv, PMaximum recovery efficiency and
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reduced production costs may be attained under unit operation when
waterflonding is applied tn a large tract, This would be achieved
by selecting injection wells without regard to property lines and by
controlling injection and production rates to obtain a high degree

of recovery efficiency.

Certain wells in the proposed waterflood scheme are required for
conversion to water Injection. The owners must be ensured of & con-
tinued income from currently producing wells, includirg those that
would be converted to water injection, Additional production will

be obtained from the waterflood project and the Unit must provide a
fair and equitable basis for the sharing of this benefit. The appli-
cants submit that the participation formula provides a fair and equit-

able basis for sharing the unitized production,

By referring to Figure 1, it is noted that the western edge of the
proposed Virden-Roselea Unit No. 3 is bounded by producing wells
which have been excluded from the Unit and waterflood area, It is
apparent from the high water production that the excluded area is
operating under a strong natural water drive, therefore, inclusion
of this portisn of the field in the proposed Unit Area is cons idered
unnecessary, The proposed Unit Area is bounded on the north by
Virden-Roselea Unit No. 1 and by producing wells on the MWk of Sec-
tion 23. If sufficient incentive is evident, the Ml of Section 23
could be brought into Virden-Roselea Unit No. 1 by enlargement, It
future development indicates that any lands currently excluded from

the proposed Unit Area should be included, the Board may, at any



time, under Section 76 of the Mines Act, hold a further hearing to
consider the admission of these or any other lands to the Unit Area,
Therefore, should any outside acreage be subsequently developed and
proven productive, it could enter ard participate in the Unit by
order of the Board, Similarly, should it be deemed necessary or ad-
vantageous to waterflood any of the currently proven and developed
acreage which is presently excluded, it cnuld also enter and parti-

cipate in the Unit,



APPENDIN I
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INVESTIGATION OF THE FEASIBILITY CF WATERFLOCDING

The majority of the wells in the proposed Virden-Roselea Unit No, 3
area were drilled during 1955 and 1956. The rapid production decline
of individual wells indicated that some form of secondary recovery
mechanism was necessary to increase the ultimate oil recovery from
the field, Both geological and reservoir studies were therefore

initiated to properly evaluate methods of secondary recovery.

Flood tests have not been conducted on cores from the Virden-Roselea
Field, however, it is felt that the results of the laboratory tests
conducted on North Virden Scallion cores would be reasonably repre-
sentative. These laboratory tests indicated that substantial addition-

al oil could be recovered by waterflooding.

The report 'Waterflood Evaluation, Proposed Virden;Roselea Unit No. 3,
Virden-Roselez Field, Manitoba" dated February, 1966 may be briefly
summarized as follows:

(a) The size and structure of the reservoir was studied to
obtain an estimate of original oil in place.

(b) An estimate of the ultimate primary oll reserves as a
percentage of the estimated original oil in place was
determined from decline curves.

(c) The approximate amount of oil that could be obtained by
waterflooding the field was calculated using the labora-
tory waterflood test data with consideration given to dis-

placement efficiency and vertical and areal sweep efficiencies.
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(d) An estimate of the possible gain which may result from water-
flooding was obtained by comparing the ultimate primary with

the ultimate waterflood reserves estimate,
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SUNTIARY OF ESTTMATE OF WATERFLOOD RESERVES

A summary of the waterflood tests conducted on North Virden Scallion
cores is presented since it is an the basis of these tests that the
waterflood project for the proposed Virden-Roselea Unit No. 3 is con-

Sidered feasible,

Twenty-five core plugs were selected on the basls of permeability dis-
tribution plots, The distribution of plugs by zones was as follows:
NUMBER OF SAMPLES NUMDER OF SAIPLES

ZOUE SELECTED UATERFLOODED BY CRC
Cherty 17 7
Oolitic 5 3
Crinoidal 3 2
TOTAL 25 12

In the laboratory, one inch diameter plugs were cut and resaturated to
simulate reservoir oil and water saturations and viscosities, The
plugs were then flooded with brine solution until production of oil
had practically ceased, The results are tabulated below:

CRINCIDAL  OOLITIC CHERTY

ZONE ZCNE ZONE
Initial 0il Saturation
(Fraction of pore volume) 0,67 0.79 0.76
Average 0il Saturation at Breakthrough '
(Fraction of pore volume) 0.2 0,62 0.1h8
Average 0il1 Saturation at Infinite VR
(Fraction of pore volume) 0.25 0,10 0.34

Average Oil Recoveries at Breakthrough
(Percent of original oii-in-place) 38% 20% 36%
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Using the above-mentioned laboratory data and calculation procedures
which take intn account such factors as areal and vertical sweep
efficiencies, it has been estimated that a properly engineered water-
flood might increase the ultimate recovery for the proposed Unit Area
to 35% of the original oil-in-place or 17,850,000 barrels. This is
more than twice the estimated 8,100,000 barrels expected under natural

depletion,



APPENDILA 11

DETAILS OF OPERATION TO BE CONDUCTED IN PROPOSED UNIT AREA

TNTRODUCTICN

The basic objective of the waterflood proposal is to recover the greatest
amount of oil economically. Injectivity to a large degree controls the
choice of flood pattern which is desirable in initiating & waterflood,
Injectivity calculations have been made which indicate an averege zZone
capacity of 1,84 BUPD/md, ft. This suggests injection rates ranging up
to 475 barrels per day, with an average of approximately 220 barrels per
day, These rates should be considered as illustrating the anticipated
order of magnitude rather than the absolute values, The injectivity
calculations indicate that the proposed Unit area can be flooded using
the flood pattern proposed., The applicants propose to waterflood each
of the Crinoidal, Sandhill, Oolitic, and Cherty Zones sirmultaneously.
Campletions are to be conducted in both injection wells and producing
wells, with this in mind,

It is estimated that approximately 5,500 barrels of water per day will be
injected into the reservoir through twenty-five injection wells. Figure
1 indicates the proposed Unit outline and the proposed injection wells,
The flood pattern is such that it can be converted almest entirely into
a five-spot pattern throughout the Unit area if injectivity should prove
to be much lower than anticipated.

Producing wells have been excluded on the western edge of the proposed
Unit area. These wells are influenced by a strong matural water drive
which is maintaining the reservoir pressure, Uater oil ratios have in-
creased pronouncedly due to water encroachment, consequently, it is not

cons idered desirable or necessary to include these wells in the water-
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f1nod project, Virden-Roselea Unit No., 1 and producing wells on the north-

west quarter of Section 23-10-26 lie immediately north of the proposed Unit

area, If sufficient incentive is evident, the northwest quarter of Section

23-10-26 cnuld more suitably be brought into Virden-Roselea Unit No, 1 by

enlargement.
A. Source of Uater for Injection

The water supply for the Injection system will initially consist of
produced llississippian water from the Unit area plus water from a
Devonian water supply well located on lsd. 2-11-10-26, The two
sources would be handled separately hy two injection plants such
that the Mississippian and Devonian water would not be mixed at
surface, As the supply of produced Mississippian water increases,
more of the system would operate on Mississippian water such that
ultimately the entire injection system will be supplied with pro-
duced Mississippian water, It is estimated that in excess of 7,000
barrels of water per day will be initially available for the in-
jection system, which should be sufficient for the calculated
stabilized injectivity of the system.

Injection Plants

Two similar water injection plants will be located at Lsd, 2-11-10-26.
Each plant will consist of two reciprocating injection pumps. One
plant will handle only produced Mississippian water, the other will
handle only Devonian water, At such time as there is sufficient
produced Mississippian water for the entire system, the plant
initially handling only Devonian water, will be converted to a

salt water disposal system,
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High Pressure Injection System

It is proposed that all injection lines be cement lined nomirml
sized Grade A line pipe, coated and wrapped and tested to & pres-
sure greater than the anticipated injection pressure. Line losses
were obtained from a set of flow curves for water based on the
Hazen and Willlams formula, A coefficient of friction of 130 was
used for all cement lined steel pipe. The interior diameter of
all steel pipe was reduced by 0.h inches to allow for cement lin;
ing. In general, pipe sizes were selected to maintain line losses
below 2 psi/1,000 feet. Line sizes and calculated Injection rates
are shown in Figure 2. Line sizing has been selected to provide
for increased capacity should it be required.

Conversion of Wells to Water Injection

Tt is the applicant's intention to flood the four oil bearing
horizons, ramely Crinoidal, Sandhill, Oolitic and Cherty, simul-
taneously. A schematic diagrem of a typical injection well is
shoun in Figure 3. The following procedure outlines the program
to be carried out in converting the wells to water injection.
Additiomal remedial work such as restimulation, addition of plug-
ging materials, etc,, may be required at a later date to rectify
difficulties which cannot presently be anticipated,

(a) Pull rods, pump and tubing,

(b) TIun casing scraper.

(c) Re-run open-end tubing and reverse circulate well bore to
total depth.

(d) Perform salt water injection test at maximum surface pressure
of 1,000 psi.
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The applicants propose that a degree of production flewibility which

is consistent with good engineering practice be provided for the Unit,

At the present time, production may be considered to be unrestricted
since the majority of the Virden-Roselea wells are being produced at
capacity, It is the applicant's contention that no reservoir damage

has resulted from producing these wells at capacity.

During the proposed waterflood program, it is anticipated that water

injection rates will be such that reservoir fluid withdrawals will be
completely replaced. It is anticipated that the productive capacity

of certain wells will be significantly increased. There is no reason
to believe that reservoir damage would result from producing these

increased capacity wells at unrestricted rates.,

It is the applicants?! contention that Unit producing wells, vhere
offset by non-unit producing wells should also be allowed to produce
at unrestricted rates in order to fulfill the basic objective of the
waterflood, i.e., to recover the greatest amount of oil economically.
There Is no reason to believe that reservoir damage within the Unit
area would result by producing these wells at capacity, nor is there
any reason to believe that non-unit o0il would be produced within the
Unit since the Unit well capacities would increase only as a direct
result of the unitized waterflood and therefore the increased pro-
duction would be made up of oil from within the Unit Area only.
There 1s 81so no reason to believe that reservoir damage outside

the Unit Area would result or that the production at offsetting non-
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unit wells wnuld be in any way affected by the productien of Unit

boundary wells at unrestricted rates,

The applicants respectfully request that, on and after the first day
that the Virden-Roselea Unit No, 3 becomes effective, the Unit be ex-
cluded from any provisions governing the limitations and allocation of

production of oil.
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PROPOSED VIRDEN-ROSELEA UNIT NO.3

WORKING INTEREST CWNER PARTICIPATION IN PROPOSED UNIT

Unit Unit
Participation Participation
Working Interest Owner Ax B
Chevron Standard Limited 5243617 54.22855
Canadian Export Gas & 0il Ltd. 11.94563 12.62161
Canadian Superior 0Oils Ltd, 2.93820 2.83122
Fargo 0ils Limited Lh857 L5965
Imperial Oil Limited 7.92136 7.12640
Mineraloid Limited 8.78537 7.88826
Paradise Petroleums Ltd. 1.,15535 .79818
Rundle Petroleums Ltd. 3.44205 3.14734
Sun 0il Company }4.22099 L.3464L3
The British American 0il Company Ltd. 3.84055 3.71808
Union 0il of Canada Ltd. 2.86576 2.83,428
100.00000 100.00000

#* Unit Participation and Factor Based on 40% Penalized Average Monthly
Tract Factor "A": Production Factor plus 60% Current Production
Factor (i.e. factors in effect for first mil-
lion STB of Unit production or three years,
whichever occurs first).

3% Unit Participation and Factor Based on 60% Penalized Average Monthly
Tract Factor "B": Production Factor plus L40O% Current Production
Factor (i.e. factors in effect at the expira-

tion of Tract Participation Factors "A"),



