DA (ov)
TRy Gy STORRE PR
~ ok

- RS e Comppetans
QepoRt ~ JULH, (AO~

DALY GAS STORAGE LTD.
COMPREHENSIVE REPORT

JULy, 1982




DALY GAS STORAGE LTD.

COMPREHENSIVE REPORT

JULY, 1982

Daly Gas Storage Ltd. is a company incorporated in the Province
of Manitoba, formed for the express purpose of determining the
feasibility of developing and operating a gas storage reservoir
in the area of Virden, Manitoba. Daly Gas Storage Ltd. is a
wholly owned subsidiary of Northern and Central Gas Corporation
Limited, an Ontario public utility, and is an associated company

of Greater Winnipeg Gas Company.

On December 30, 1975, Greater Winnipmeg Gas Company entered into
an agreement with Daly Gas Storage Ltd. (Daly) to provide for

the financing of a preliminary study, to be carried out by Daly

to ascertain the feasibility of developing a gas storage reservoir.

This agreement was subsequently approved by the Manitoba Public

Utilities Board.

Dalv has carried out its efforts under Exploration Permit No. 1
and subseguent renewal, issued pursuant to The Gas Storage and
Allocation Act. Copies of the above noted documents are found

in Appendix 'A'.

The purpose of this submission is to satisfy condition five (5)
of the Renewal Permit, that being a'report on the operations
carried out within the designated area declared under Manitoba
Regulation 253/75, during the initial term and renewal period

of Exploration Permit No. 1.
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I COBJECTIVE
Daly's efforts were concentrated on the objectives of exploring
for a reservoir suitable for gas storage in the Virden, Manitoba f
area, and if feasible, to develop and operate said gas storage

facility.

II METHODOLOGY

In support of the objectives Daly undertook to:

(i) carry out detailed engineering and geological analyses
of the designated area as indicated in Table 1 to
determine the presence of a reservolr suitable for gas
storage in the formations of the Deveunian age; and

(ii) subsequently carry out economic and financial analysis
to determine the feasibility of developing the gas

storage facility.

In Daly's view, should the efforts undertaken above have
positive results, then Daly would proceed to the development
and operation of the facility. Should the results not be
positive, then Daly would examine other courses of action of

potential benefit.

TII GEQLOGICAL AND ENGINEERING ACTIVITIES

During the terms of the initial Exploration Permit No. 1 and
subsequent renewal, the following activities occurred:

(i) Drilling of four wells as noted:



Name Location Year Drilled
Daly Gas #1 7-18-10-27-W1M ' 1976
Daly Gas #2 11-19~10-27-W1M 1976
Daly Gas #3 10A-~12-10-28-W1M 1977
Daly Gas #4 10-07-10-27-W1M 1977

These wells were completed in the Souris River Formation of

the Upper Devonian,

(ii} In the spring of 1978 an existing suspended well, Apvache
Darling Daly 15A-18-10-27-WiM was i1ecompleted in the
Souris River Formation.

{iii) Intercomp Resource Development and Encineering Ltd.
were retained to undertake a geological and petrophysical
analysis. The revised report was completed in November
1977 and discussed with representatives of the Manitoba
0il and Natural Gas Conservation Board in December 1877.

{iv) Flow tests were conducted on four wells (7-18, 11-19,
10A-12 and 15A-18) from June to November 1978 with draw-
down and build-up pressures being monitored. The 10-7
well was utilized as an observation well. These tests
were conducted after discussions with the Clean Environ-
ment Commission.

(v} A gas mixing study was undertaken by Intercomp using
compositional models, to evaluate the extent of mixing
that may be experienced between the native nitrogen and
injected natural gas. This report was completed in

March 1980.
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(vi) Field wide bottom hole pressure survey tests were undertaken
in April 1980 to further evaluate the potential in the
penetrated intervals.

Geological Assessment

The Intercomp report number CGS 19-77-483 provides a detailed
analysis of the geological results of the exploration activities.
Copies of this report were resubmitted to the Conservation Board
in December 1977. Appendix 'B' provides a comprehensive review
of the findings.

With the exploration program vroviding sukstantial evidence of
the existence of a suitable reservoir, engineering assessment
was required to further delineate the reservoir capacity and
characteristics.

Engineering Assessment

The reservoir as defined in the Intercomp report has some 100
feet plus of enclosure containing, by estimate, 32 to 34 BCF of
nitrogen within three discrete porosity units, or zones separated
by thin beds of anhydrite. Reservoir content separation was
postulated from observation of differing nitrogen/water contacts
in at least two of the zones,

In 1978 four wells were flow-tested (7-18, 11-19, 10A-12 and
154-18) from June to November with the remaining well being used
for observation purposes. The purpose of the tests was to gain
a better understanding of the true reservoir capacity, zone
separation actuality and long-term acquifer influence. Through-
out the withdrawal period, reservoir response was monitored
through measurement, both surface and subsurface, of the volume/

pressure/acquifer relationship changes.




These tests were conducted after discussions with the Clean
Environment Commission. Total cumulative gas production during
the tests was 2.113 BCF. The results of the tests were analyzed
by an independent consulting firm and their material balance
calculations from the tests indicated reasonable agreement with
the gas in place calculations made by Intercomp. Unfortunately,
these tests did not provide all of the data which was required.
The primary problem was a consequence of the well completion
strategy (multiple zones open in a common wellbore during some
phases of the tests). On some zones, the volume of gas produced
was too low and there was uncertainty as to what volumes of gas
were produced from each zone. Additionally trnere were considerable
concerns as to the quaiity of the test and post test analysis.
Thus the flow tests, while providing some further information,
did not present adequate information for incorporation into major

studies to predict project feasibility.

In April 1980, field wide bottom hole pressure recovery tests were
conducted which confirmed the inconclusiveness of the results of the
1978 tests. The 1980 tests indicated there was communication
between Zones 1 and 2. The completion in the 7-18 well may have
contributed to the communication problem but this can only be
investigated through further tests. The tests supported the
material balance work for Zone 3 but it was not possible to assess
the water influx. The 1980 tests then raised several questions
which could only be answered through extensive tests on the
reservoir. These tests, it is felt, would be conducted in the

event the project is deemed feasible from a economic viewpoint.



One of the critical factors in the development of the gas storage
reservoir was the effects of nitrogen as a cushion gas. . In 1979
a gas mixing study was commenced by Intercomp using their com-
positional models to evaluate the extent of mixing that may be
experienced between the native nitrogen and injected natural gas.
This study took into account the concerns regarding the 1978

flow tests. Appendix 'C' summarizes the study methodology,

results, conclusions and recommendations.

All results obtained in the study indicatel that the mixing of
the gas would be important to the success of the scheme. The
degree to which the lower BTU content can be tolerated will
dictate the need to consider and optimize the blowdown level of
the native gas. Associated with this is the increased costs

to replace the native gas with cushion gas to ensure the scheme

can be operated at a reasonable pressure level.

Assessment of Activities

The geological and engineering activities then have determined
that there is a reservoir suitable for gas storage in the Souris
River formation. At this point further pursuit of the design
of a gas storage facility requires additional information in
three areas:
1) the tolerance of the producing stream to nitrogen content;
2} the caprock integrity:

3) the reservoir definition.

In reviewing the efforts to this point the decision was made that

the work necessary to gain this information should only be under-



undertaken if the economic and financial aspects of the project
were feasible. Economic and financial analysis was undertaken

in this light.

IV. ECONOMIC AND FINANCIAL ANALYSIS

Background

The intent in creating Daly Gas Storage Ltd. was to provide a
gas storage and pre-delivery service, first to the Manitoba
gas utilities and if spare capacity were available, to such
interested parties as TransCanada Pipel.ines or other utilities.
Originally with Manitoba utilities operating under a fairly
low load factor, as compared to gas utiliries in Ontario and
Quebec, it was felt that underground storage would provide an
economic method of leocad levelling. Pipeline gas could be
placed into storage during the summer months and withdrawn to

augment direct supplies during the winter.

In the 1974-75 period when the Daly project was initially
considered, it was anticipated that demand for natural gas
would continue to be strong in both domestic and export
markets, thus creating a positive climate for the development
of a gas storage reservoir. In actual fact demand requirements
have not conformed to expectations. Take or pay provisions in
contracts were first incurred in 1976~77 and have continued

to the present time. The availability of supply was able to
meet the peak period reguirements of the Manitoba utilities.

The initial gas bubble has eveclved into a long term situation.
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Economic Analysis

Analysis was undertaken as to thg feasibility of the project.
Initial analysis considered the utilization of Daly solely
by Greater Winnipeg Gas Company. This determined that
cycling rates exceeding Greater Winnipeg Gas' peak winter

requirements were required.

Given the analysis that the project would only be feasible
at higher volumes than required by Greater Winnipeg Gas,
contact was made with TransCanada Pipelines and Northern
Plains Natural Gas Co. of Omaha (a major shipper on the
Northern Border system) to determine their interest in the
project. Northern Plains, while interested, was unable to

pursue the matter at this time.

TransCanada PipeLines expressed considerable interest and
meetings were held to pursue the matter. TransCanada did

not see a problem in delivering mixed gas to their system

as the scheme would be injecting 50 to 100 MMCFD of mixed

gas into their line containing 4 BCFD of natural gas. Trans-
Canada, after considering their economics on the project,
determined the project was not feasible at this time. The
potential cost savings which would be the result of developing
Daly, (savings on upstream loop and compressors), is more

than offset by Daly's actual development costs as well as

fuel and storage costs.

In summary then, the economic assessment has determined that
in all possible cases the undertaking of the gas storage

project is not feasible at this time.




V. ADDITIONAL ACTIVITY

VI.

VII.

Once it was realized that it was not currently feasible to
develop the storage facility, possible uses for the nitrogen
contained in the reservoir were explored. Contact was made
with two companies, Canadian Liquid Air and Liquid Carbonic
Canada. Both companies, after considering the matter,
determined that at the present time there are insufficient

economic markets to create a demand for nitrogen.

FINANCIAL EXPENDITURES

Appendix 'D' indicates the financial exp=nditures incurred
from 1976 to 1981 including a breakdown of costs for each
well. Total expenditures for the five wells were $934,403.
Consultant studies totalled $42,710. Total costs for the

project amounted to $1,069,219,.

SUMMARY

The work undertaken by Daly Gas Storage Ltd. has determined
the presence of a reservoir suitable for the storage of
natural gas. Preliminary studies of the reservoir character-
istics have arrived at a basic assessment of the reservoir
capacity and have presented recommendations as to future
studies to investigate the caprock integrity and reser wir
limits. These studies should, in Daly's view, be undertaken
if the project appears feasible and analysis has determined
that the project is not economically feasible at this time.
All possible avenues have been considered, with the same

results.




VIII.

CONCLUSION

Daly Gas Storage Ltd. has investigated the feasibility of
developing a gas storage facility in the Virden, Manitoba
area. At a point in the future, should economic analysis
indicate that the project could be feasible, Daly would be
interested in giving the project further consideration. Daly
is familiar with the concept and is aware of what is required

to develop this gas storage facility.

While it is difficult to predict when tie project may become
viable, the efforts undertaken to this point have demonstrated
the interest on the part of Daly Gas Storege in developing

a gas storage facility. Further applications to the Province

of Manitoba are anticipated when the project hbecomes feasible.
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Jas. T. Cavley

946.7438
} CHAIRMAN
4. S. ROPER 9146-—7859
MANITOBA DEPUTY CHAIRMAN
Dr. I. Haugh
MEMBER T86-7931

DEPARTMENT OF MINES, RESOURCES
& ENVIRONMENTAL MANAGEMENT

THE CIL AND NATURAL GAS CONSERVATION BCARD
- 993 Century Street,
Winnipeg, Manitoba,
R3H Owh

The Gas Storage and Allocation Act

Exploration Permit No. 1

This Exploration Permit is issued pursuant to The Gas Storage
and Allocation Act, Cap. G52 of the Continuing Consolidation of the
Stetutes of Manitoba to:

Daly Gas Storage Ltd.,

265 Notre Dame Avenue,

Winnipeg, Manitoba,

R3B 1N9

(hereinefter called "Daly"),

to engage in explorations for the purpose of determining the existence
and location of subsurface geological formation(s) suitable for use as
a gas storage reservoir within the designated area (which area is

descrived in Appendix 'A') upon the following terms and conditions.

1. Definitions: for the purposes of this Exploration Permit

"cash deposit" in addition to its usual meaning, includes

a certificate of deposit or irrevocable letter of credit
issued by any chartered bank in Canada and securities

issued by the Government of Canada, the Province of Manitoba,
the'government of any other provinece in Canada the payment of

which is guaranteed by the afcrementioned issuers;




"Acts" includes but is not limited to The Mines Act,
The Pipelines Act, The Gas Storage and Allocation Act

and The Clean Environment Act;

"Regulations"” includes but is not limited to Regulations
in force from time to time whether made before or after
the date of this permit under The Mines Act, The Pipelines
Act, Tﬁe Gas Storage and Allocation Act and The Clean

Environment Act;

"Board" means the 0il and Natural Gas Conservation Board.

2. The term of this Expleration Permit shall be for three Years
from February 1st, 1976 and upon written application by Daly prior to
January lst, 1979 may be renewed for an additional term of up to three

years. There shall be no further renewal of this permit.

3. In accordance with the Board's letter dated 76 02 09 (copy
attached), Daly shall make a cash deposit in favour of the Board at the
Petroleum Branch, Department of Mines, Resources and Environmental Manage-~
ment, 993 Century Street, Winnipeg R3H OWL in the amount of $50,000.

The cash deposit is refundable in whole or in part, at the expiration or
termination of the Exploration Permit, subject to the satisfactory comple-~
tion of all requirements of the hcts, regulations and this permit including
performance requirements, Non-compliance with any or all requirements
shall enable the Board to take possession of the césh deposit and to expend

all or part of the money for the correction of any deficiency or delinguency.

. . 3.




L, In accordance with the Board's letter dated 76 02 09 Daly
shall make a submissicon to the Board at the Depariment of Mines, ﬁesources
and Envircnmental Management, 993 Century Street, Winnipeg R3H OWlh
setting forth the proposed work program together with cost estimates for
the term of the permit or renewal thereof. ©Buch program may be varied
depending upon the results of work_pérformed or deviations from the
original porposed work program in which case amendments to the proposed
work program and cost estimates shall be submitted at least annually on

the anniversary date of the permit. -

5. Daly shall expend not less than $lOQ,OOO annually for geo-
physical, geological, drilling, envirconmental, reservoir studies or other
work of a similar neture within the designated area during the term of

the Exploration Permit or the renewal thereof.

In the event that Daly determines that an expenditure of
_$lO0,000 is not justified in any year of the permit or renewal thereof
due to technical reasons it may apply to have expenditures within the
designéted erea made by Daly since the commencement of the rermit averaged
to fulfill the annual $100,000 expenditure requirement. However, in no
event may the approved expenditures average less than $100,000 per year

for each year that the permit is in good standing.

6. Prior to the entry of, evacuation of, drilling of, abandomment
or utilization of any existing well or future well within the designated
ares Daly shall produce evidence of the consent of the surface owner of
the land as wéll as the consent of the owner and lessee of the mineral

rights.



7. When making application to drill a well, under Manitoba
Regulation M160-R1P, to the Mississippian or iower strata Daly shall
provide amongst other things evidence of the concurrence of.the mineral
right holder regarding the operational procedures to be followed when
the drill is entering, passing through and being removeddfrom producing
or potential production stratsa. .In the event that such concurrence is

unreasonably withheld Daly may apply to the Board for written permission

to drill without such concurrence,

8. At least one of the four-wells proposed to be drilled as per
Section 9 of the appliéation (copy attached) entitled "Preliminary Estimate
of Costs" shall be drilled to the base of the Devonian formation. Selection
of the wellrand the drilling shall be as prescribed by the Petroleum Branch

of the Department of Mines, Resources and Environmental Management.

9. Daly shail during each year of this permit or any renewal
thereof furnish to the Department of Mines, Resources and Environmentsal
Management all technical data relevant to the purpose of this permit

acquired during working within the designated area,

10, Daly, its employees, agents and qontractors shall carry on '
operations hereunder in a competent, sound and workmanlike manner in
compliance with the prevailing standards of the petroleum industry in
Canada and in compliance with the laws of Manitobs and shall take all
reasconable and necessary steps to prevent avoidable injury aﬁd damage

to life and property.




11. Upon application by Daly at any time prior to the expiration
of 6 months next following the expiration of this permit or renewsl thereof
a hearing shall be conveﬁed by the Board to hear an applicaéion by Daly for
a storage permit with respect to any reservoir that may be located in the

course of carrying out explorations under this Exploration Permit.

12. This Exploration Permit may be terminated by Daly upon
application in writing-to the Board giving reasons provided that all
requirements of the permit have been met and approval of the termination

in writing has been received from the Board,

-~ 7
’Z(Q_b/( (:i;zt,rféafjp

// Jas. T. Cawley, P. End.,
¥ Chairman.

Dated at Winnipeg, Manitoba
this 19th day of February 1976.
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Manitoba Regulation 253/75

Being a Regulation Under The Gas Storage and Allocation Act

(Filed December 5, 1975]

1. Pursuant to subsection 3(1) of The Gas Storage and Allocation Act, the arez in Manitc
described below is declared a designated area; .

1. All of Sections 31 and 32in Township Nine, Range Twenty-seven, West of the
Prime Meridian in Manitoba.’ .

2,  Allof Sections 34, 35 and 36, in Tov'mship Nine, Range Twenty-eight, West of th
Prime Meridian in Manitoba.

3. Al of Sections 5, 6,7, 8,17,18, 19, 20, 29 and 30, in Township Ten, Range
Twenty-seven, West of the Prime Meridian in Manitoba.

4. Allof Sections 1,2, 3,10,11,12,13, 14,15, 22, 23, 24, 25, 26 and 27 in Town-

_ ship Ten, Range Twenty-eight, West of the Prima Meridian in Manitoba,

-

Printed by R.S. Evans — Queen's Printer for the Province of Manitoba
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THEPUBLIC UTILITIES BOARD OF MANITOBA
379 BROADWAY AVENUE
WINNIPEG, MANITOBA
R3C 079

MANITOBA Order No. 69/76

S Nt

THE PUBLIC UTILITIES BOARD ACT )  April 13, 1976 .

L. S. M. Partridge, Chairman
0. Tonn, Member
R, Schilling, Member

" GREATER WINNIPEG GAS COMPANY -
APPLICATION FOR APPROVAL OF AN AGREEMENT
ENTERED INTO WITH DALY GAS STORAGE LID.
CONCERNING THE FEASIBILITY OF STORING
NATURAL GAS UNDERGROUND IN THE VIRDEN
AREA OF MANITOBA.

A public hearing was held in Building No. 2, Fort Osborne
Barracks, in the City of Winnipeg on Tuesday, March 23, 1976.

APPEARANCES :

Mru w. C- Gardner, Q. Co, and
Mr. D. D. Jessiman ~ Counsel for the Board

Mr. A. Lorne Campbell, Q.C.- Counsel for the Applicant

The application was not opposed.
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THE PUBLIC UTILITIES BDARD OF MANITOBA
379 BHOADWAY AVENUE
WINNIPEG, MANITOBA
A3C 019

-2 -

On December 30, 1975, Greater Winnipeg Gas Company entered
into an agreement with Daly Gas Storage Ltd. to provide for the financing
of a preliminary study, to be carried out by the latter Company, to
ascertain the feasibility of creating a gas storage reservoir in the area
of Virden, Manitoba. The two companies in questioﬁ are associated companies.
Consequently any such agreement falls under the provisions of Section
82(1) (i) of The Publie Utilities Board Act. The letter of application
from Mr. A. P. Rathke, President of Greater Winnipeg Cas Company, who
is also Vice-President of Daly Gas Storage Ltd.,was filed as Exhibit No. 1.

Mr. Rathke and Mr. P. 0. Petursson, who is Vice-President,
Operations,of both companies involved, described the nature of the
proposal at some length, and their testimony was supported by that of
Mr. B. M. D. Cochrazne, a petroleum engineer with Norcen Energy Resources
Limited. Because of the unprecedented nature of the proposal put forward,
it will be useful to sumarize the evidence provided by these three
witnesses, both in their evidence in chief and under cross-examination

by B. ard Counsel and by the Chairman and Members of the Board.

Greater Winnipeg Gas Company has been able to maintain a
historical load factor for pipeline gas of only about €7 percent, aé
compared with 90 percent and more for eastern utilities. If underground
_storage could be made available, this would provide a highly desirable
and economical method of load levelling. It would also provide increased
security of supply, and reduce the cost of peak shaving in terms.of both

capltal requirement and operating cost.

Greater Winnipeg Gas Company, as a subsidiary of Northern and

Central Gas Corporation Limited, cannot form its own subsidiary, nor can

-



THE PUBLIC UTILITIES BOARD OF MANITOBA
379 BROADWAY AVENUE -
WINKIPEG, MANITOBA
R3C 079

-3 -

it carry out direct financing. Daly Gas Storage Ltd, is therefore a
subsidiaxy of the pérent company. However, in the absence of such an
agreement as is being proposed for approval, costs of exploration would

have to be borne by customers of the Ontario‘Utility, and it seems certain
that this would not be acceptable to the Ontario Energy Board. The

Applicant thus seeks to ‘ensure that costs will be allocated to those ultinate
consumers who would have received the benefit of the storage, had the

project been successful.

Correspondence from TrénsCanada Pipelines, presented as
Exhibit No. 9, indicated an interest in acquiring gas storage privileges
in the Province of Manitoba, and stated that the Company is prepared to
enter into a transportation contract. A letter to The Public Utilities
Board from Plains-Western Gas (Manitoba) Ltd. (Exhibit No. 4) also stated
that it would be interested in storing gas within Manitoba, if storage were

available at a comparative cost.

Much discussion centered upon the matter of the feasibility
of employing nitrogen, water, or cushion gas in the recovery phase
of the storage operation, and on the relative costs of these various
methods. Other discussion, and questioning by Board ilembers, had to do
with the future potentiality of gas supplies from new sources, such as
the Macken21e Valley or Arctic Gas., Mr. Rathke emphasized ‘that the
prime purpose of the development of the Daly Storage would continue to be
largely related to the improvement of the load factor of Greater Winnipeg
Gas Company, and to the provision of lower cost peak—-shaving gas.

-

In summation the Board makes the following observations:

The application before the Board contains elements of uniquenéss

in its experience. In the normal course of its regulatory activity, -

-



THE PUBLIC UTILITIES BOARD OF MANITOBA
379 BROADWAY AVENUE .
WINNIPEG, MANITOBRA
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it is of course not unusual to have filed, fof‘its information; agreements
_between utility companies under its jurisdiction and associated companies;
such filings are in fact required under the provisions of Section 81(1) (i)
of The Public Utilities Board Act, and they enable the Board to provide
close and proper surveillance of such non-arms-length relationships

in the protection of the public interest. The significant departure

in the present instance lies in the fact that the Board is being asked to
approve, in advance of the culmination of the activity contemplated

by the agreement in question, the recovery of the ocutlay being committed

by Greater Winnipeg Gas Company through its future operating reﬁenues,

in the event of a negative outcome to the feasibility study proposed.

The total sum involved is not inconsiderable, being the lesser of $700,000
or the actual outlay experienced. While it becomes relatively less formidable
vhen placed beside the gross operating revenues of the Company, it is none-
theless important to the Board that any expenditures which it be asked

to approve be evaluated with respect to their prudence, and to their
benefit for Manitoba consumers of natural gas. In that context it is

to be noted that should a positive outcome to the feasibility study result,
no recovery will be required from Greater Winnipeg_Gas Company. It is
presumed that Daly Gas Storage Ltd. will at that point be a viable project, that it
will then be in a position to undertake its own financing, and that it will

recover this outlay in the process.

The Board would stress the fact that this sum of $700,000 or
less represents the extent of its concern in this application. It was
essential, in exploring the potent%alities of the proposal, to review
ﬁhe ultimate capital projections related to the possible future exploitation
of this gas reservoir, but the many millions of dollars of investment
foreseen in the event of a favorable outcome to the proposed study have

limited relevance to the decision which wili flow from this application.



THE PUSLIC UTILITIES COARD OF MANITONA
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Should Daly Gas Storage Ltd. succeed in this project, and hence become
a Manitoba public utility, the situation will of course be different.

0f no small importahce to the Board is the fact, adduced in
evidence, that Daly Gas Storage Ltd. has already made an applicaticn to the
0il and Natural Cas Conservation Board for a permit pursuant to tha Gag
Storage and Allocation Act of Manitoba and has been granted an exploration
permit, dated the 19th of February, 1976. The Board would also note that
Counsel for Greater Winnipeg Gas Company has provided assurance, during
this hearing, that an environmental impact study has been provided for in
the estimates, and has stated that the Company will be required to go before
the Clean Environment Commission prior to proceeding with other aspects

of the physical exploration.

The Board has reviewed the evidence before it. It admits
that it is faced with a somewhat unusual situation in the case ‘of this
application. It accepts the position taken by the Gas Company‘thaf it
would consider itself remiss, as a public utility, if it had not attempted
to proceed with a program which would have a reasonable chance of ultimataly
benefitting its consumers. It will therefore grant the application. The
Board notes that the Applicant will amortize the costs involved over a

ten-year peried, without carrying charges.

kY

IT IS THEREFORE ORDERED:

1. THAT the agreement-entered into between Greater
Winnipeg Gas Company and Daly Gas Storage Ltd., an

associated company, on December 30, 1975, be approved;
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2. THAT the purpose of this agreement is to providz for
the financing of a preliminary study to be undertaken
by Daly Storage Ltd. to ascertain whether or not there
15 the potential of creating & gas storage rescrvoir
in the area of Virden, Manitoba;
-

3. THAT the maxlﬂdm recoverable cost to Greater llnnlpeg
Ggs Company reaultlng from tnie Order shall be the lesser

of the sum of $i00 000 or ‘the actual cost of tha provram,

and will be subject to thu final review of The Public

Utilities Board concerning the actual disbursenents;

-
S ——

4. QHAT the costs to oe incurred’ by Prcater Uihnipeg
Cas Compaqy Ulll berecoverudonl“'lf tha resanOLr

B S
exploratron program is unsuc ssful;}

3. THAT Greater Winnipeg Gas Company will repott pariodically

to The Public Utilities Board on the progress of the

project.

THE PUBLIC UTILITIES BOARD

"L. S. M. PARTRIDGE"

“Chairman

"D. BORODITSKY"

Secretary Certified a true copy of Order No.
€9/76 issued by The Public Ut;]ztles Board

Secrctary



THIS AGREEMENT made this 30th day of December,

A. D. 1975.

BETWEEN:

GREATER WINNIPEG GAS COMPANY
(hereinafter called "GW Gas")

OF THE ONE PART
~and-~

DALY GAS STORAGE LTD.
(hereinafter called "Daly")

OF THE OTHER PART.

WHEREAS in view of the present gas supply situa-
tion, the lcad factor of GW Gas and restrictions of customer
acquisition, it is essential that all efforts be ﬁade to ascer-
tain whether or not there is a gas storage reservoir in the
Daly area (the "Area") so that gas may be stored in the sum-
mer and used in the winter for the benefit of GW Gas cus-

tomers and others;

AND WHEREAS a gas storage reservoir may be possi-
ble in the "Area" and Daly has access to the expertise and
organization necessary £o explore for, locate and evaluate
a gas storage reservoir to meet such requiréments;

AND ﬁHEREAS Daly has agreed to perform the explora-
tion program and other work set forth herein provided that if

-~

Daly's exploration program is unsuccessful in locating a gas

~storage reservoir GW Gas will purchase Daly's exploration

program including the detailed evaluation report and book
debts and other assets for the sum of the total expenditures
made by Daly subject to the approval of the Manitoba Public

Utilities RBoard.



NOW THEREFORE this agreement witnesseth that
in consideration of the mutual covenants and agreements
set forth herein and the sum of One Dollar ($1.00) paid
by each of the parties hereto to the other, the receipt
and sufficiency of all of which consideration is hereby
by each of the parties acknowledged, the parties hereto

covenant and agree as follows:

1., Daly agrees and undertakes that it will
cafry out an exploration program in the
Area and will acquire the necessary sur-
faée and sub-~surface rights in the‘Area
and will drill and test up to four (4)
wells for the purpose of discovering a
suitable reserveoir for the storage of
natural gas. As well, Daly will prepare
an environmental impact study and perform
diffusion and reservoir model studies in
order to demonstrate to GW Gas or any
other interested person or authority the
suitaﬁility of the proposed reservoir in

the Area.



g 2, Daly estimates that the acquisition of sur-
face and subsurface rights, drilling rights,
drilling and studies mentioned in paragraph
1 hereof will require capital funds of approxi-
mately Seven Hundred Thousand Dollars ($700,000
(the "Capital Sum"), based on the following

estimated capital budget;

Acquisition of surface and mineral

rights (including 15A-18 Well) $ 125,000

Drilling and testing four wells 450,000

Environment Impact Study 5,000

Diffusion and Reservoir Model

Studies "30,000

Contingencies 90,000
$ 700,000

Such expenditures ére subject to the continual
ongeoing evaluation of information acguired
from time to time so that Daly at all times
retains the right to halt its exploration
program as described if Daly deems it pru-

dent and necessary.

3. Daly shall before embarking upon the works,
make the necessary applications under The
Gas Storage and Allocation Act (Manitoba)

(hereinafter called the "Act") for:



{a) a declaration that the Area is a
"Jesignated Area" under the said Act;
and

(b} an "exploration permit: to allow Daly
to carry out the works it has agreed
herein to carry out.

4. Should Daly be unable to obtain the declaration
of the "designated Area" and "exploration pex-
mit"” mentioned in paragrar® 3 hereof then this
agreement and the undertakings hereunder shall

be of no further force or effect.

5. Upon completion of the works to be carried out
by Daly pursuant to clauses 1 arnd 2 hereof,
Daly will report to GW Gas and will supply GW
Gas with a detailed report as to the wviability
or otherwise of the Area for the purpose of the
establishment of a reservoir for natural.gas

3 storage.

6. Should the feport by Daly delivered to GW Gas
pursuant to paragraph 5 hereof éonclude that the
Area is suitable for a gas storage reservoir for
natural gas, Daly agrees and covenants to enter
into an agreement with GW Gas for the use of thg
gas storage as may be required for the needs.of

GW Gas at rates to be established by the Public

ytilities Board of the Province of Manitoba.



Shoula-the report by Daly delivered to GW Gas
pursuant to paragraph 5 hereof conclude that
the Area is not suitable for the establishment
of a reservoir for natural gas storage thén the
partieg shall proceed as follows:

(i) Daly shall forthwith dispose of all its
assets except as set out in clause (ii) hereof;

(ii) the report delivered by Daly to GW Gas pur-
suant to paragraph 5 hereof shall become the

sole property of GW Gas in consideration of the
net unreimbursed portions of the Capital Sum af-
ter the deduction of sale of assets in (i) above,

if any;

{iii) GW Gas shall purchase Daly's explora-
tion program in accordance with the estimated
costs set out in paragraph 2 hereof and Daly
covenants to provide GW Gas with all title
documents, releases, et¢c. as GW Gas's solici-
tors in their sole discretion deem satisfactory;

‘{iv) Daly will indemnify and save harmless

GW Gas from and against all losses, suits,
claims, damages and expenses, arising out- of,
due to or by any reason or manner of action,
liability, cause or thing (contingent or other-
wise) GW Gas's purchase of Daly's expenditures
for carrying out the exploration program as

set forth in paragraph 2 hereof.

This agreement shall not be construed so as to

constitute the parties partners, joint venturers

. or principal and agent.

Any notices or other documents required to be
given under this Agreement shall be delivered
by hand or mailed by registered mail to the

parties at such)of their respective addresses
and addressed as the parties may from time-to

time notify each other.



e

10. Daly will apply for a storage permit under
the Act pursuant to clause 6 if such a posi-
tive report is delivered to GW Gas.

11, Fach and every term, condition and provision
of this agreement is and shall be severable
one from the other and in the event that any
term, conditicn or provisions hereof is at'any
time declared by a Court of competent juris-
diction to be void, invalid or unenforceable,
the same shall be stricken from this agfeement
and shall not extend to, invalidate, make void
or make unenforceable any other term; condition
or provision of this agreement.

12. No waiver of any provision of this agreement
shall be of any force or effect whatsoever un-
less same is in Qriting signed by the party who
waives and said provision and such waiver shall
not be deemed t§ be a continuing waiver but
shéll extend to and include only the breach or

.nonwobservance so waived and not any other or
future breach or non-oﬁservance.

S 13. Time shall be of the es;ence.of this Agree-
ment which shall be binding upon the parties
hereto and upon their respective successors
and assigns.

IN WITNESS WHEREOF the parties hereto have hereunto

affixed their corporate seals attested by the hands of their




respective proper officers in that behalf on the day and

year first above written.

GREATER WINNIPEG GAS COMPANY

G. W. & co. | Pér: A //,;Jé‘/\z..

SEAL President

Lot

Vice-President-Operations

NP ..TD.' DALY GAS STORAGE LTD.

' 3,1_ Per: 4/ /7/(5/&/6\

ﬁSb"l “':ECR‘L'.'TAR\’




TEE CIL AT NATUTAL CAS ClL3ERVATICN EIATD
089 Century Sireet
Winnipeg, Manitoba
R3H OWL

THE GAS STCRAGE AND ALIODCATION ACT

Renewal — BExploration Permit No. 1

This renewal of Exploration Permit No. 1 is issued to:

Daly Ges Storage Litd.,
265 Notre Dame Avenue,
Winnipeg, Manitoba.
R3B 1N9

(hereinafter called "Daly");

in accordance with Condition No. 2 of Exploration Permit No. 1 dated the
19th day of February, 1976 issued pursuant to The Gas Storage and Allocation
Act, Cap. G52 of The Continuing Consolidation of the Statutes of Manitoba
subject to the same terms and conditions as those contained in Exploration
Permit No. 1, including the following:

1,

L.

The term of this Renewal shall be for three years commencing February 1,
1979 and shall expire on February 1, 1982, without right of further
renewal.

Daly commits to carry out those operations contained in its letter of
December 27, 1978 and further described in the proposed work program
to be submitted prior to March 1lst, 1979.

Daly shall continue to maintain during the renewal period a cash
deposit in the amount of $50,000 in favour of The 0il and Natural
Gas Conservation Board subject to the provisions of Condition No. 3
of Exploration ©

Prior to th-
commencin-
work ca-
relat-

pro-’

v
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NORCEN GAS STORAGE FEASIBILITY STUDY

DALY AREA - MANITOBA

GEOLOGICAL AND PETROPHYSICAL REPORT

November, 1977

(Revision)

Prepared for

NORCEN ENERGY RESOURCES LIMITED

Prepared by

INTERCOMP RESQURCE DEVELOPMENT AND ENGINEERING LTD.

Report No. CGS-19-77-483
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INTRODUCTION

In the second guarter of 1976, INTERCOMP undertook to commence
studies on the proposed Norcen Gas Storage Project. The
studies as per proposal were to progress in three stages:

I. Feasibility Studies

II. Development

III. Operations

This report, which represents part of Phase I, provides the
results of the Petrophysical and Geological analysis based
on the well control to date. Prior to the commencement of
the evaluation program, the Duperow and Souris River nitrogen
bearing reservoir units were considered to be prospective
gas storage zones. Subsequent to the drilling of the first
two evaluation wells, the Souris River Porosity zone was
found to have all the favourable attributes from a gas
storage standpoint within the proposed operational scheme.
Additional feasibility'studies on the Duperow were hence
curtailed and advanced geological and petrophysical studies

continued on the Souris River Porosity unit.

Although 3 to 5 delineation wells will ulﬁimately be required
to refine trap capacity estimates, data from four recently
drilled delineation wells along with other offset well

control has provided sufficient data to gualify the Souris

infercom:




River Porosity as a potential storage horizon. Furthermore,
the results of study to date indicate that further work

under Phase II - Development is merited.

intercom:




CONCLUSIONS

Caprock integrity has been confirmed at the top of the
Souris River Porosity zone. Well control has indicated
that anhydrites effectively seal this interval from

overlying Souris River and Duperow porous developments.

A closure of roughly 100 feet has been proven to occur
in the structure as outlined by the nitrogen gas accumu-

lation in this reservoir unit.

At least two and possibly three individual separate
reservoir elements are present in the Souris River
Porosity unit. These reservoir units are separated by
thin but laterally correlatable anhydrite beds and this
separation is manifested by the presence of different
nitrogen-water contacts in at least two of the three

porous units.

Based on well control to date, the minimum trap capacity
in terms of nitrogen gas is 32.4 Bcf GIP based on

proven gas-down-to levels. This estimate is slightly
conservative since no water level has been established
in Zone 1 and defined within a 5 and 7 foot interval in
zones 2 and 3, respectively. Assuming a water-up-to
level for Zones 2 and 3 and a gas~down-to for Zone 1,

the trap capacity is calculated to be 34.4 Bcf.




Recognizing the uniformity of bedding in the Souris

River Porosity unit, the proven differing water levels
indicate that the nitrogen volumes contained are probably
not spill-point controlled in all three zones. Hence,
additional trap capacity may be available before spill
would be effected through the structural saddle located

at the southwest end of the Daly structure.

intercor::




RECOMMENDATIONS

One additional well in the northeast sector of the

structure would be valuable in refining structural regimen

in this area.

Evaluation programs on any additional delineation wells
need not necessarily include core. However, should
core be cut, full diameter core analysis should be run.
Full porosity log coverage in terms of FDC-CNL and
Sonic are recommended in order to fully evaluate
critical reservoir parameters throughout the Daly

structure.



PETROPHYSICS

The evaluation of all special core data pertinent to the
Souris River formation is now complete. Results are herein
presented for the following petrophysical control parameters.
1. Porosity~Permeability
2. Formation Water Resistivity

3. Lithological-Saturation Indices

POROSITY-PERMEABILITY

Porosity
As outlined in the preliminary INTERCOMP report dated

November 31, 1976 porosity control was previously derived
from atmospheric core analysis data augmented where necessary
by a full suite of open hole logging devices - namely the
CNL-FDC and Borehole Compensated Sonic logs. The recently
completed Special Core Analyses studies conducted at Shell
Canada Resources Production Laboratory have confirmed an
anticipated porosity reduction under simulated overburden
conditions. Figure 2 illustrates the comparison of routine
atmospheric to overburden measured porosities. Analysis of
this plot indicates that a reduction of 1 porosity unit at
25% porosity can be expected. At lower porosities, in the
order of 5-10%, the reduction is less severe, being only 0.5
porosity units. This reduction, however, is in the order of
5 percent of total pore volume at high porosities increasing

to 10 percent of total pore volume at intermediate to low

"

intercern: .



porosities. Table 1 is presented to show the heterogeneity

of the Souris River formation. Small plugs were cut from
intervals previously analyzed by the whole core analysis

method. The whole core method generally produced higher
porosities but the trend was not totally consistent. Individual
data points varied by as much as 6.6 percent but were generally
within 1 to 2 percent of each other. Any future core analysis
work in this formation should definitely be full diameter in

nature.

Permeability

piffering porosity-permeability relationships are indicated

for Zones 1 and 2 versus Zone 3. Figure 3 illustrates the
pre-dominantly intercrystalline pore network present in

Zones 1 and 2, while Zone 3 (Figure 4), which possesses
significantly more secondary porosity, displays wide variations
in permeability for any given porosity range. Figure 5
illustrates the effects of overburden pressure on permeability

to water under overburden conditions.

The high fraction of secondary porosity present in Zone 3

has produced another predictable situation =-- high gas
trapping tendencies. Figure 6, presents initial-residual

non wetting phase saturation relationships, clearly depicting
this situation. At 80% initial gas saturation (a figure
representative of average reservoir conditions) residual gas

saturations are 40% for Zones 1 and 2 and 50% for Zone 3.




FORMATION WATER RESISTIVITY

Laboratory analyses of recovered waters from drillstem test
42 in Daly Gas #1 indicate a saturated salt water condition
is present in the aguifer. Total solids were measured as
high as 280,170 mg/litre. This is equivalent to a water
resistivity at reservoir temperature of 0.033 ohm-meters.
This value was used in all calculations of water saturation

in Daly Gas #1 and 2.

LITHOLOGICAL-SATURATION INDICES

The formation resistivity factor (FRF) is a measurement of
the ratio of the electrical resistivity, Ro, of a porous
medium completely saturated with brine to the resistivity,
RW, of the water in the pores. Figure 7 illustrates the
relative insensitivity of this factor to overburden conditions.
A simulated reservoir condition of 2500 psi net of external
less internal pressure was used. The brine used was a
synthetic brine containing:
102,000 ppm Sodium
168,000 ppm Chloride
5,100 ppm Calcium
800 ppm Magnesium

1,100 ppm Sulphate




The effect in this case was a negligible increase in FRF
under overburden conditions. This is due in part to the
extremely high conductivity of the saturating brine and
possibly to some extent to the modest reduction in total
porosity effected by the application of overburden pressure.
Several low porosity points are anomalously off-trend. The
cause of these spuriously low FRF values in the low porosity
samples is not known. It is possibly related to microfractur-
ing resulting in a short-circuiting of the normal electrical
path thus producing anomalously low FRF values. It might
also result from improper sample preparation permitting a
brine film to act as a parallel conductance path along the
cutside of the plug. Normally, the application of reservoir
pressure to these jacketed samples eliminates both the
microfracturing and brine film problems. For purposes of
this study the majority of the reservoir lies above 10%
porosity and, as such, a lithological exponent m (the slope
of the relationship of FRF and ¢) of 1.71 was selected as
represéntative of reservoir conditions. This value too ig
anomalously low; normal FRF relationships for dolomites

range between an m of 2.0 and 2.4.

With the anticipated highly water wet nature of the Soﬁris
River Porosity reservoir a saturation index, n, of 2.0 was
selected. The above mentioned variables were combined for
solution of the standard Archie relationship for water

saturation:

—~n
e |
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10.

sw @ = Rt/Ro
where: Rt = True resistivity
Ro = FRF * Rw and,
FRF = 1/¢™
Thus:
gw2-0 _ Rt ——
0.033 ¢ =~ -

Results of the petrophysical evaluations of each well on the

Daly Structure are contained in Appendix D herein.

interenr



11.

GEOLOGY

GENERAL GEOLOGY

Based on well data arising out of the drilling of 7-18,

10-7, 11-19-10-27 WIM and 10A-12-10-28 WIM, a fairly definitive
geologic/reservoir model has been established. Cross section
(Figure 8) and structural contour map (Figure 9) illustrate

the structural interpretation on top of the Souris River
porosity. As was originally indicated by seismic, a structural
high trending northeast-southwest exhibits some 100 to 125

feet of structural closure; this structure is the probable

result of salt solution effects and conseguent draping.

CAPROCK INTEGRITY

Drilling has confirmed the existence and integrity of a
Souris River porosity seal in the Daly structure. Proof of

caprock sealing quality is substantiated by three observations:

1) Core examinations have confirmed the presence of massive
anhydrite beds immediately above the Souris River
Porosity Zone; these anhydrites are correlatable both

north-south as well as east-west across the field.

2) Based on log evaluations, some porous stringers above
the sealing anhydrites and within the Souris River
interval are water bearing above the gas intervals

within the Souris River Porosity Zone. Such a situation

intercan.



12,

could not exist if vertical communicability were present.

3) Based on tests and log evaluation, separate water
levels have been proven to occur in Zones 1 and 3.
Zone 1 is gas bearing a minimum of 42 feet lower than
proven water-up-to in Zone 3 (refer to the cross section
Figure 8). Since a gas-down-to of 1947 feet subsea has
been defined in Zone 1, and Zone 2 indicates a water
level to occur in the interval 1949 to 1954 feet subsea,
it is uncertain, based on present data, whether Zones 1

and 2 are separate or common reservoirs.

STRUCTURAL MAPPING

Since a number of wells drilled in the subject area do not
penetrate the Souris River section, the seismically derived
Bakken structure was assumed as a "base" structural horizon.
Isopachs of the interval Bakken to top Souris River porosity
were established for non-penetrating wells by correlation to
nearest control and projection to Souris River level. An
isopach interpretation was thus pPrepared, which, when added
to the Bakken structure, resulted in the derivation of a
structural contour map on top of the Souris River Porosity
(Figure 9). Recognizing individual zone reservoirs, as per
the foregoing discussion, a series of structural contour
maps on top of Zones 2 and 3 (Figures 10 and 11) and base
Zone 3 (Figure 12) were derived by isopach addition to the
Structure map on top of Zone 1 (Figure 9). Table 3 presents

the tops summary utilized in this mapping phasé.

fntercon::




13.

VOLUMETRICS

On the basis of the petrophysical evaluation data shown on
Table 2, the structural interpretations and the fluid level
data derived from existing and recent drilling, a series of
capacity maps were constructed. Figures 12, 14 and 15
incorporate the gas-down-to and water-up-to information in
conjunction with structure to define the areal limits of
nitrogen gas on a per zone basis. These porosity foot maps
were planimetered to establish total pore volume per zone on
a2 gas-down-to basis for all Zones; in Zones 2 and 3 a water-
up-to capacity was established for comparison purposes.
Since a finite water level has not been established for

Zone 1, the gas pore volume shown for this zone is a minimum

value.

Applying weighted average water saturation data on a per

zone basis and a computed gas expansion factor, a proven
gas-in-place was calculated and tabulated per zone. Table 4
provides the summary of gas-in-place per Souris River Porosity

Zone. The critical reservoir parameters utilized were:

Pressure 1531 @ 1910 feet subsea
BHT 92° F

Pc 492.8

Tc 227.3

zi 0.98

Ei 99.9




14.

BASIC DATA

All the basic data, both geological and petrophysical, were
forwarded to Norcen on a continuous basis during the evaluation
work of Phase I. In order to provide a complete dossier, a
number of prepared data items previously provided have been

assimilated and included in the Appendix herein.

interesms
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SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

Type Sampler Logging Job No/Run No.  Core #1 Interval | Well Name
— p— Sidewall Gun Run Ne, 3000- Daly Gas No. 1
o Recovery 60 of 60" shous 3060 7-18-10-27wlm
. e HYDROCARBON SHOWS
Depth Rec. (% Ot | M.C. Fuereszence CD.;:MCM Show Lith. Description and Remarks
Intens. Cotor cg:t Fiuor. Avg.
3000~ Dolamite XF/AF grained anhydrite
3003.2 infilled large coral inclusion
@ 3002 Several smaller corals
@ 3001.7 Visible vugs in Calc
infill & @ 3002.3 ~ 3003,2
3008.2 Grey Xline sucrosic dol
4.8 Visible vugs 3003.5 - 3004. Churned
3004.8 Anhydrite W/Minor inclusions
30016.7 Xline dense dolomite clear/BN
. External core color is grey.
30016.7- Interbedded BN earthy/Xline dol
IST & Grey dol. Beds> lom to 2 om
Increasing in thickness to btm
Fracture @ & 60° to hole fram
17.8 - 19.4. Bedding displacement
2% ", Porous Bed @ 20.6 to
20.8
3021.7 Xline/Sucrosic dol LST visible
39.5 vugs 7 %+ % an scattered
throughout. Brach? @ 22.5 No
definite bedding churned
appearance possibly bored
Bedding Planes apparent @
3026.6 - 6.9, 28.1 - 28.3, 3030,
31.7 - 32
3039.5- Anhydrite slightly dol
42.5

* UNLESS OTHERWISE NOTED DEPTH 5 SAME AS RESISTIVITY LOG (eg. DIL OR DLL)

** RECOVERY CODE:

INCHES OF RECOVERY, or

MISF!RED
SHOT OFF
EMPTY
RUBBLE

APP. B~1
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11
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18

19

20

21

22

23

24

25

26

27

28

29

SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

Tvpe Sampler Logging Job No./Run No. Core #1 interval Well Narme
Yy TT— Sidewsll Gun Run No. 3888_ ];iig—?gfthmoiml
Recovery 60 ot 60" shou
. . HYDROCARBON SHOWS
Fluorescence Cut
Depth Rec. |% Ofl | H.C. Cotor | coe Show Lith. Description and Remarks
% Intens, Color COJ\ Eluor. Avg.
3042.5-~ Anhydrite & Doltc LST. Appears
45.4 to be churned zone. No distinct
bedding. LST Xline/Sucrosic Buff/
BN
3045.4~ Interbedded Grey Sucrosic/XLINE IST
48.6 Buff/BN XLINE/SUCR DOL LST. Bottcm
1' churmed Dol LST W/Anhydrite
Inclusions
3048.6~ Buff/BN Dol IST & DK BN Anhydrite
50 No apparent bedding. Increase in
Anhydrite towards base
3050~ Sucrosic LST Buff/BN minor
56.7 bedded anhydrite. Same porosity
apparent @ 3050 -~ 51, |
3054 - 3055, 3056 ~ 56.7
3056 .7- Churned anhydrite & dol LST
58.4 IST %age increases towards
Base
3058.4 Anhydrite W/Minor beds of
-60 Dol LST up to 1 om thick.

®* UNLESS OTHERWISE NOTED DEPTH !S5 SAME AS RESISTIVITY LOG (eg. DIL OR DLL)

** RECOVERY CODE:

MF
50

MT
RR

INCHES OF RECOVERY, or

MISFIRED
SHOT OFF
EMPTY
AUBBLE



C.P. 179

SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

Type Sampler Logaing Job No./Run No. COre #2 Interval [ Well Name
S p— Sidewail Gun Run No. 3958- Daly Gas No. 1
|~ ' Recovery 60 of 60 srou 7-18-10-27wl
- .e HYDROCARBON SHOWS
Depth Rec, |% Qi | H.C. Fuattsrence CD,;:M Show Lith. Description and Remarky
Swin 10dor | o Hatens.| Color of | Sut | avs.
Cut
, |- 3060~ Finely laminated Anhydrite
2 60.8 and dol. LST beds more dolamitic
3 towards base
| 3060.8- | Chalky dolamite Gy w/40% anhydrite
5 61.3 inclusions
s | 3061.3- Churned earthy limey dolamite (BN)
7 62.6 and anhydrite up to 60% anhydrite.
s | 3062.6- Dol IST sucrosic w/major anhydrite
9 67.1 . inclusions @ 64, 64.5, 65.2
‘o 65.5 - 66 and 66.3
w | 3067.1- - | Finely bedded dol LST earthy/
12 68 sucrosic %" Bed @ top has
4 same vuggy @
1q | 3068- 70 Yellowl N | N Dol sucrosic stained yellow fluor
15 70.7 No cut or CF minor anhydrite incl.
6 | 3070.7- AR |/ 60 sucrosic 40 earthy dol LST
- 73.6 Sucrosic LST stained & exhibits fluo
" as noted. Large cabbage strom
' : @ 72.75 - 73.2. BAppears churned
0 + 3073.6- 100 a |/ |/ sucrosic dol LST BN minor
2 74.5 anhydrite inclusions
.2 | 3074.5- Finely bedded sucrosic dolamite
23 76.3 90 AA IST Minor anhydrite interbeds
5a | 3076.3 Sucrosic/XLINE BN/GyGn Dolanite LST
25 77.6 _ finely bedded becaming churned
2 ] @ base ends a styolite @ 77.6
., [3077.5- Dol IST top 3" churned GyGn w/En
28 80.2 incl. No distinct bedding features
20 In Bn sucrosic IST. Scme P.P & on
, broken surface.

* UNLESS OTHERWISE NOTED DEPTH 15 SAME AS RESISTIVITY LOG (eg. DIL OR DLL)

** RECOVERY CODE: INCHES OF RECOVERY, or
MF « MISFIRED

SC - SHOT OFF
MT - EMPTY APP., B-3
AR - RUBBLE -

ettt e A o T e re



CP 179

SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

Type Sampler Logging Job No./Run No. interval Well Name
Dace Evarniner Sidews!l Gun Run No,
Recovery of shots
a . HYDROCARBON SHOWS
% oil | m.c. Fluorescence Cut Show ) o
Depth Ree. |00 | oaar ool coror °g',°' F%;L f‘%‘, Lith, Description and Remarks
Cut

1| 30BO.2- Yellow| N | N Gy Gn/Bn churned XLINE dol LST
2 81 PP g & small vugs apparent.
33081 - Nil /| / Fuff/Bn earthy/sucrosic dolomite LST
a 82.6 Tr Xul infilled vugs and PP & on
5 broken surface.
e | 3082.6- Earthy fossiliferous LST Many
7 85.4 crinoids on face broken @ 83.5
s | 3085.4~ Sucrosic Bn dol LST contains
o 86.4 mainly strom frag which
10 exhibit good vuggy &.
11 | 3086.4 Earthy/sucrosic LST minor
12 89 anhydrite laminar VF bedding
3 same vuggy porosity throughout.
.« | 3089 - Earthy/XLINE dol LST. Distinct
'S 91 bedding
e | 3091 - Earthy/sucrosic dolisT
17 96.6 Distinct bedding visible
18 | 3096.6~ o 1y sucrosic Bn Dol IST. No
. 99,9 : distinct bedding. Minor anhydrite
20 | ‘ inclusions. Mottled LT and DK BN
21 | 3099.9- Nil J J sucrosic dol IST Dk Bn @ top
22 | 3103.3 to alternate LT and Dk BEn. Minor
23 brachs
2a | 3103.3- . Sucrosic dolomite LST AA
28 04.5 '
26 | 3104.5- 60 Yellow | / |/ XLINE/sucrosic limey dol mottled
- 8.8 Gy Bn/Dk Bn Minor PPg and small
i vugs visible on broken surfaces
e | 3108.8- 70 %’é‘ﬂl&q 71y sucrosic/XLINE dol LST mottled
o 9.8 No porosity visible.

* WUNLESS OTHERWISE NDTED DEPTH IS SAME AS RESISTIVITY LOG (eg. DIL OR DLL)
** RECOVERY CODE: INCHES OF RECOVERY, or

MF - MISFIRED
SO . SHOT OFF
MT . EMPTY APP. B-4

RR - RUBBLE




CP 179

SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

Type Sampier Logging Job No./Run No. tnterval Well Namae

Sidewsll Gun Run No,

Date Examiner

Recovery of . shots

. ,e HYDPROCARBON SHOWS

Fluo
“ Ol He. yorescence Cut Show
Stain | Odor Color Cut No.

% Intens, Ceolor of £)
Cut uor,

Depth Rec. Lith. Description and Remarks

Avyg.

1| 3109.8- Nil N N Earthy dol LST 40% Earthy/sucrosic

2 11.9 dcl LST 60%. Latter Dk Bn

a | 3111.9- S J 1/ earthy/sucrosic dol LST.

a 16.5

5 { 3116.5- Banded Lt grey and Dk Gy Gn XLINE

6 31.20 LST.

10

11

12

14

15

16

18

19

20 ¢

21

22

22

24

25

27

28

29

* UNLESS OTHERWISE NOTED DEPTH IS SAME AS RESISTIVITY LOG (eg. DIL OR DLL})
** RECOVERY CODE: INCHES OF RECOVERY, or

MF - MISFIRED
50 - SHOT OFF
MT - EMPTY APP B-S

RR - RUBBLE

SRR o e o g fppotm e o ot +
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SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

Tvpe Sampier Logging Job No./Run No.  Core #3 interval | Well Name
Y PP Sigewall Gun Run No, 3472- Daly Gas No. 1
Recovery 60  of §0' shous 3532 7-18-10-27wlm
. .e HYDROCARBON SHOWS
% oil H.C. Fluorescence Cut Show L
Depth Rec. |0 [odor e, cotor °2‘f°’ Ffu";f' r‘z Lith. Description and Remarks
Cut
3472 - Dk green slightly dolamitic anhydrit
72.7
3742.7- Anhydrite brownish translucent
78.7
3478.7- Churned intermixed anhydrite
79.9 and XLTNE dolomite
3479.9- Anhydrite Bn Translucent
80.6 L
3480.6- 84 | 10% |Bitumen! No Hluor Dolamitic limestone Buff/Dk Bn
85.6 Qut jor Cht F | Laminar beds @ top massive beds for
most part. Large ripple @ 82.7 - 2.
1 o Blark Shale Bed|@ 83.73 XLINE/F sucrosic to 82.7 Dolamitic
Sacrosic| LST jexhibits Tr Wuggy ¢ | F sucrosic 82.7 - 85.6 Limestones
3485.6- Grey green argillacecus dolanitic
3500.1 limestone. Anhydritic. Increasing
dolamitic anhydr towards base. Shale
beds @ 98.8-98.85 & 99.85-500.1
Shale Dk Grey waxy
3500.1- Anhydrite gnish bn Massive
01.5
3501.5- Dolomitic limestone bedded XLINE
02.05 Stylolitic, anhydrite inclusicns
3502.05- Anhydrite brown massive
03
3503 - Dolamitic limestone XLINE bedded
04.9 apparent vugs near top campletely
Anhydrite infilled., Anhydrite
filled fracture (Vert) 03.6 - 06.3
3504.9- Dolamite XLINE green anhydritic ?
10.4

®* UNLESS OTHERWISE NOTED DEPTH IS SAME AS RESISTIVITY LOG {eg. DIL CR DLL}

** RECOVERY CODE:

INCHES OF RECOVERY, or
- MISFIRED
SHOT OFF
EMPTY
RUBBLE

APP. B-6
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SIDEWALL SAMPLES AND

CORES

HYDROCARBON SHOWS

Type Sampier Logging Job No./Run No.  Or€ #3 '%‘i":‘* wall B'a'j‘_'y Gas No. 1
. .o HYDROCARBON SHOWS
Depih Rec, |% Ol § H.C. . t:motr:ut Sﬂ?,w Lith. Description and Remarks
Stain 1090 {0 lintens.]  color o g | Ave.
3510.4~ Interbedded Gn XLINE dol & tan earth
11.7 dol IST 10.4-10.8, 10.8-11.1 Earthy
dol IST finely bedded, 11.1~11.7
Churned Dol LST AA Dk Bn w/Gn dol
inclusions.
3511.7- Dolamite Gn XLINE V. argillaceous
16
3516 =~ 16-17 earthy/XLINE dol LST buff/Bn
19.8 Minor anhydrite. Incl 17-18.7
Heavily worked dol LST earthy/sucr
Many stram fragm. Anhydrite incl
18.7-19.8 laminar bedded sucr dol
IST and anhydrite.
3519.8- "Anhydrite Bn Translucent.
22.9
3522.9- Dol IST BUFF/TAN sucrosic vugs visib;
29 from 25.8-28 on  20% of core face.

Anhydrite infilled fractures (two

vert) 26.9-28.8

3529 - Anhydrite Bn/Gn
30 '

.3530 - Crystalline dolamitic limestone
32 Grey Bn/Grey Green No porosity

visible

$ 3522.9 - 29

¢ UNLESS OTHERWISE NOTED DEPTH IS SAME AS RESISTIVITY LOG (eg. D!L OR DLL)

** RECOVERY CODE:

MF
50

MT
RRA

INCHES OF RECOVERY, or

MISFIRED
SHOT OFF
EMPTY
RUBBLE

APP., B-7
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SIDEWALL SAMPLES AND

10

11

12

3

14

15

16

17

18

19

20+«

21

22

23

24

25

26

27

28

29

30

CCORES
HYDROCARBON SHOWS
Frrrrr— e L E
Dare Examiner Recovery 00 of 60'  shots 3592 7-18-10-27wlm
- e HYDROCARBON SHOWS
Deoth Aec. |% Oi | H.C. usrarence Cot:m Shaw Lith. Description and Remarks
Stin fOdor | o lintens.| cotor | o S | Avg.
Cut
3532 - Interbedded anhydrite & earthy dol
32.8 LST XF
3532.8- Anhydrite Bn translucent
34.3
3534.4- Interbedded VF sucrosic/earthy
35.3 dol IST and anhydrite
3535.3- Dolamnitic limestone sucrosic
39.3 VF brown minor beds earthy
Dol IST @ 3536.8-37. Minor anly incl
3539.3- Anhydrite brown translucent
41.8 1 cn bed earthy/XLINE dol IST
@39.9 0.4' Gy Gn earthy dol
LST @ 40.8-41.1
3541.8- Dol ILST XFXLINE/sucrosic Buff/lt bn
43.3 41.8-42.7 Bedded w/Gn anhydritic
Dol and anhydrite inclusions becanin
more massive ILST @ base
3543,3~ No Shows Dark Bn/Blk Bituminous? Dolamite
44.
3544 - 30%] Lt ¥Yell or Fluor NC NCFYF] Sucrosic/XLINE dol IST Bn PPg. Scame
45.4 laminar bedding apparent
3545.4~ Dolamitic limestone sucrosic/XLINE
46.9 | Tr stain| Tr Straw|yelllow fluor NJQ NCF PPg 5% small vugs on chip sample vug
68% |yellow oy Fluor became apparent on core surface
46.5 5% of sample
3546.9- . XLINE/sucrosic dol LST gy/bn good
47.4 vuggy 4 20%
3547.4- XLINE dol LST bn Tr sucrosic same
48,1 vuggy @ @ top. Bituminous shale @
47,5,

* UNLESS OTHERWISE NOTED DEPTH IS SAME AS RESISTIVITY LOG (eg. Bt OR DLL)

** RECOVERY CODE:

INCHES OF RECOVERY, or

MF - MISFIRED
SO - SHOT OFF
uT EMPTY
RR RUBBLE

© e e e s < b o o o

APP, B-8
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SIDEWiALL SAMPLES AND CORES
HYDROCARBON SHOWS

Type Sampier Logging Job No./Run No. __Core #4 3EgyY | WeNyme

Sidewall Gun Run No, Daly Gas No. 1
E“ Examiner Recovery 00 of 60"  shous 3592 7-18-10-2%lm
L} e HYDROCARBON SHOWS
won | He. Fluorescence Cut Show _ o
Depth Rec. |20 | odor % locen]  cotor Color cur e Lith, Description and Remarks
Cut :
. | 3548.1- Sucrosic/XLINE dol LST Tr PPg rare
2 48.5 vugs Bn anhydrite infills scme
3 large vugs and a small ver fracture.
o | 3548.5- Mottled Bn and Buff Dolamitic
5 54 limestone VF Gr sucrosic buff
e F Gr sucrosic Bn No large vugs
; apparent. Abundant small vugs & PPg
on chip faces. Same small dolamite
s replaced corals. Dolamite rharbs
10 abundant.
11 | 3554 - Gy bn XLINE & bn sucrosic dol LST
12 61.4 extremely vuggy fran lam to 3 or 4
13 in size. XLINE mat'l less visible &
'a than sucrosic 5 & 20% respectively
15 becanes increasingly more sucrosic
'8 towards base & anhyd. Infilled large
- vugs increase w/depth. '
e | 3561.4- Mottled Bn XLINE/sucrosic & buff
19 75.2 sucrosic del limestone. XLINE/sucr
2 | mat'l exhibits rare PPg & 5% vuggy
2 ¢ (small vugs) sucrosic mat'l
22 exhibit 10-15% small vuggy & &
e abundant PPg., Many large anhydrite.
»e Infilled vugs throughout.
25 | 3575.2- . Gy Bn XLINE/sucrosic dolamitic lime-
2% | 80.3 stone verv rare vugqgy ¢ on chip face:
27 very rare PPg.
2a | 3580.3~ Gy gn dense dol 1S5T/limey dol. Scme
29 92 bedding & churned appearance
30 apparent € 80.3-8l. Min anhvd incl
¢ UNLESS OTHERWISE NOTED DEPTH IS SAME AS RESISTIVITY LOG (¢ DIL OR DLL) throughout.
** RECOVERY CODE: INCE‘ES O.F E‘ESEFE\RIOEEFY, or
MT - EMPTY

AA - RUBBLE AFP, B-9

T - [~ - fr A3 - - e e
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DRILL STEM TEST REPORT

WELL NAME: Daly Gas No. 1 DATE : Nov. 2, 1976

LOCATION: 7-18-10-27wlm ' TEST NO.: 1
TESTING COMPANY: Johnston OPERATOR:
FORMATION: Duperow INTERVAL: 3050-3090
TYPE TEST: Straddle SIZE OF PACKERS: NO. OF PACKERS: 4
HOLE SIZE: 8'2" TOTAL DEPTH DRTLLER: 3625 TOTAL DEPTH IOG: 3625
MUD WEIGHT: 10.0 VISCOSITY: 50 WATER I0SS: ~ °  ° 92p
JARS: Yes SAFETY JOINT: Yes PUMPOUT SUB: Yog
TIMES (MINUTES) : PREFLOW: 5 INITIAL SHUT IN: ' ' 60
VALVE OPEN: 60 FINAL SHUT IN: 120
RECCVERY (FEET) DESCPIPTION ] GAS RATE MINUTES
- MCF /DAY
________ OIL
__ 360 _ _ _waTER = Mud Cut
120 _wmD
480 TOTAL FLUID
SAMPLE CHAMBER REQOVERY INFORMATION: Salt Water
GAS MEASUREMENT: BRLOW ON PREFLOW Faint

GAS/FLUID TO SURFACE N/A
BLCOW DURING FLOW PERIOD Faint

TIME PRESSURE ‘ PLATE SIZE RATE DESCRIPTION OF FLOW

1

N

PRESSURES: (P.S.I.G.)

I.H.P. 1574 I.F.P. 90 __ I.S.I.P. 11369
F.H.P, 1574 F.F.P. 192 F.S.I.P. 1318
BOTTOM HOLE TEMPERATURE NA GRAVITY OF RECOVERED OIL: NA
PREFLOW: 130 P.P.M. CHLORIDES IN RECOVERED WATER 64,300 NaCl

MISCELIANPOUS INFORMATION: Four fluid samples taken @ 480' 28,600 ppm @ 240"
44,600 ppm @ Top tool 60,7000 ppm  Froam MFE sampler 64,300 ppm NaCl.

APP. C-1




DRILL STEM TEST REPORT

WELL NAME: bPaly Gas No. 1 DATE: Nov. 3, 1974
LOCATION: 7-18-10~17wlm TEST NO, : 2
TESTING QOMPANY : Johnston OPERATOR:
FORMATION: Souris River INTERVAL 3545-3625
TYPE TEST: Bottam SIZE OF PACKERS: NO. OF PACKERS: 2
3
HOLE SIZE: 87 TOTAL DEPTH DRILIER: 13625 TOTAL DEPTH 10G: 3625
MUD WEIGHT': 10.0 VISCOSITY: 50 WATER LOSS: 20
JARS: SAFETY JOINT: PUMPCUT SUB:
TIMES (MINUTES) : PREFLOW: 5 INITIAL SHUT IN: = = en
VALVE OPEN: 60 FINAL SHUT IN: 120
RECOVERY (FEET) DESCPIPTION GAS RATE _ MINUTES
- MCF /DAY
________ OIL B
__ 2620  WATER
_..__180' _ mp
TOTAL FLUID
SAMPLE CHAMBER RECOVERY INFORMATION: Shipped to Corelab for analysis
GAS MEASUREMENT: BLOW ON PREFLOW Gocod
GAS/FLUID TO SURFACE None
BIOW DURING FLOW PERIOD Good
TIME PRESSURE  PLATE SIZE RATE DESCRIPTION OF FLOW
PRESSURES: (P.S.I.G.)
I.H.P. 1800 I.F.P, 745 I.S.I.P. 1522
F.H.P. 1860 F.F.P. 1471 F.S.I.P. 1595

BOTTOM HOLE TEMPERATURE

GRAVITY OF RECOVERED OIL:

PREFLCW:

MISCELLANFOUS INFORMATION:
midpoint recovery, #2 @ 1000' ablove tool, #3 60' above tool.

P.P.M. CHLORIDES IN RECOVERED WATER

3 samples of fluid rec'd for lab analysis. #1

NaCl count

stabilized at approx. 250,000 ppm over bottam 1000 ft,

APP,
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DRILL STEM TEST REPORT

WELL NAME: Daly Gas No. 1 DATE : Nov. 3, 1976
LOCATION: 7-18-10-27wim ' TEST NO.: 3
TESTING COMPANY: Johnston OPERATOR:
FORMATTION: Souris River INTERVAL: 3515-3540
TYPE TEST: Straddle SIZE OF PACKERS: 73/ " NO. OF PACKERS: 4
HOLE SIZE: 33/4 TOTAL DEPTH DRILILER: 3625 TOTAL DEPTH LOG: 3625
MUD WEIGHT: 10.0 VISQOSITY: 50 WATER LOSS: 20
JARS: Y SAFETY JOINT: Y PUMPOUT SURB: Y
TIMES (MINUTES) : PREFLOMW: 5 INITIAL SHUT IN: ' " 60
VALVE OPEN: 90 FINAIL, SHUT IN: 180
REQOVERY (FEET) DESCRIPTION GAS RATE MINUTES
MCF /DAY
________ OIL
Approx 10  ~ WATER _ Clean, sli saline 6730 mcf/d _
________ MUD
TOTAL FLUID

SAMPLE CHAMBER RECOVERY INFORMATION:  Sent to Core lLab for analysis

GAS MEASUREMENT: BLOW ON PREFLOW Strong

GAS/FLUID TO SURFACE Gas to surface in 1 min.

BLOW DURING FLOW PERICD 6.37 incr. to 6.73 in 35' - steady

TIME PRESSURE ‘ PLATE SIZE RATE DESCRIPTION OF FLOW
3
5:45 PM 1424 1 /8 6.37 mm | Strong
3
7:00 PM 150% 1 /8 6.73 mm | Strong, sli hint of water in blow

PRESSURES: (P.S.I.G.)

1.H.P. 1829 1.F.P. 1011 . 1.s.1.P. 1523
F.H-P. 1829 : F.F-P. 1113 F.S-I -Pl 1523
BOTTOM HOLE TEMPERATURE 92°%F GRAVITY OF RECOVERED OIL:
PREFLOW: 1011 P.P.M. CHLORIDES IN RECOVERED WATER

MISCFLIANPOUS INFORMATION: Rec'd 10' clear water. Tested w/Refractcmeter @

55400 ppm NaCl.

APP. C-3
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DALY GAS STORAGE LTD.

STUDY OF CUSHION GAS REQUIREMENTS
METHODOLOGY AND RESULTS

A preliminary study has been made of the feasibility of using the Daly Field
for the purpose of gas storage. This study consisted of a review of the geo-
logical data and the production test data in order to provide a reservoir
model description which can be used to study the effects of the in-situ mixing
of the native gas with the storage gas, the cushion gas requirements and the

optimum reservoir pressure level at which to start injecting the storage gas.

For the reservoir simulation study, it was postulated that the study could

be done on one zone and the results interpreted and applied to the other
zones. Therefore, only the upper zone was modelled to determine the effects
of mixing native and storage gases. Due to the shape and structure of the
reservoir and to minimize cost an element of symmetry consisting of % of the
reservoir was simulated. In this way maximum resolution of the mixing effects
could be achieved with fewer grid cells. It was assumed that the total res-
ervolr would contain 14 BSCF of nitrogen originally-in-place and that this re-
servoir would cycle 8.900 BSCF of gas per year at injection and production

rates of 50 MMSCF per day.

Three different operating schemes were investigated. The first two schemes
assumed injection and production would take place only in the central portion
of the reservoir with initial blow-éown of 56.5% and 76.2% of the original
gas-in-place respectively. The third scheme assumed that injection and pro~

duction would take place on larger well spacing in the reservoir and that in=-
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itial blow-down would be 56.5% of the original gas-in-place (as in the first

scheme).

The results of the model predictions indicate a high degree of mixing of the
native and storage gases in all cases. Even in the most optimistic case

(i.e., 76.2% initial blow-down), the produced gas stream is only 787 storage
gas at the end of the first cycle and 897 storage gas at the end of the fifth
producing cycle. Spreading of the production wells, investigated in case
three, results in a more gradual increase in the fraction of native gas pro-
duced (nitrogen) with a lower final fraction of native gas. It also results

in a smaller pressure gradient across the field which, by itself, would pro-
vide an operating advantage in well injectivity/deliverability and in maintain-

ing caprock integrity.

All results obtained indicate that the mixing of the gas will be important to
the success of the scheme. The degree to which the lower Btu content can be

tolerated will dictate the need to consider and optimize the blow-down level

of the native state gas. Associated with this is increased costs to replace

the native gas with cushion gas to ensure the scheme can be operated at a

reasonable pressure level.

— e e L AR b ekl b e g e st s 212+ e = ————————— . ——— 1k
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CONCLUSIONS

If the storage scheme is implemented without blowing down the nitrogen,
there will be substantial mixing of storage gas with any native gas re-
maining in the reservoir. This precludes the use of any significant
quantity of nitrogen as cushion gas unless either the nitrogen can be
economically separated at the surface, or the requirements for high Btu
content gas in the sales gas stream are not restrictive, or the Btu con-

tent of the gas can be supplemented by injection of hydrocarbon liquids.

Continued operation of the storage scheme will result in clean up of the
storage gas as a consequence of the extensive mixing of the native and
storage gases such that the produced gas composition will approach 1007

storage gas with an increasing number of operating cycles.

The cushion gas requirements and operating pressure levels must be deter-
mined consistent with the reservoir storage capacity, the flow capacity,
the well spacing and completion design, the compression facilities (for

both production and injection) and the projected production.

There is a high degree of uncertainty regarding the extent of each of the
three reservoirs. The uncertainty includes both the amount of gas

originally-in-place and the size of the associated aquifers,

Assuming a reservolr pressure cydle of 700 psia to 2200 psia, an original
gas-in-place of 14.0 BSCF of nitrogen and a volumetric reservolr, the
cushion gas requirements would be 7 BSCF of storage gas and the working

gas capacity would be 18 BSCF of storage gas. This working gas capacity




-

would allow an average deliverability of 190 MMSCFD over a 100 day period.
Either zones one or three would therefore provide sufficient storage ca-
pacity to meet the proposed 5 BSCF working gas requirement. It is import-
ant that the facilities be designed to meet peak demand towards the end
of winter when demand can still be very high but the reservoir pressure

has already been drawn down to meet early and mid-winter demand,

In the crestal injection cases investigated, the flow capacity of the
modelled reservoir is not high enough to allow production of the rates
imposed upon the model. This indicates that any storage scheme using zone
one and requiring high producing rates will require a combination of oper-
ating conditions involving a high volume of cushion gas (high end of sea-
son pressure) and a large number of wellg spread over a large area of the

pool.

If it is decided to blow down the original field as far as practical, the
required additional studies to design and optimize the storage system can
be done using a gas-water or dry gas model which would be less expensive

than using the compositional model. The choice of the model would depend
on the perceived influence of the aquifer system on the reservoir perform-

ance.

Zone three (well 15A-18) has the highest flow capacity. This higher flow
capacity may provide operatiomal advantages for any storage scheme imple-

mented if further testing confirms the potential of this zone for storage.
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RECOMMENDATIONS

At this point, further pursuit of the design of a gas storage facility in the
Souris River formation in the Daly Field requires obtaining additional infor-
mation in three areas., These are:

1. the tolerance of the producing stream to nitrogen content,

2. the caprock integrity,

3. the reservoir definition.

It is recommended that these areas be evaluated as follows:
A. Nitrogen Fraction in Producing Stream - ascertain the nitrogen
fraction that can be tolerated in the producing stream either
through direct acceptance by the pipeline or surface separation

to acceptable levels.,

B. Caprock Integrity - whole core permeability measurements on
samples of the caprock in order to establish safe upper reservoir

pressure operating limits.

C. Reservoir Definition - run production and buildup tests on zones
one and three only while monitoring the pressure in zone two.
These tests should be conducted in a manner which will allow de-
finite determination of the amount of aquifer influence on the

system and the effects of the draw-downs on zone two.

-~
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