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The Weyburn CC, Miscible Flood Project — a $1.1-billion invest-
ment — represents the single largest commitment of capital in Pan-
Canadian Petrole am’s history. The enhanced oil recovery project
will extend the life of the Weyburn oil field by more than 25 years
and help stimulatc long-term economic development and growth in
Saskatchewan. At the peak of project activity, around the year
2010, an estimated 1,400 direct and indirect jobs will have been
created.
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PanCanadian has been investigating the potential of enhanced oil
recovery (EOR) techniques at the Weyburn oil field, or Weyburn
Unit, for several ’ears. During the past six years the company has
been discussing tl e potential of using CO, flood at the oil field with
the other working -interest owners of the Weyburn Unit.

The Weyburn Unit covers 21,044 hectares situated 16 kilometres
southeast of Weyburn and 125 kilometres southeast of Regina. Dis-
covered in December 1954, the Weyburn Unit was established in
1962 when 50 companies and individuals producing from the field
pooled their interests into one unit. They initiated a waterflood
project to increase the reservoir pressure and boost oil production.
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Sour Crude: 25-34 API|
Low GOR: 2% H2S

Discovered: 1954
Area: 21,044 hectares
Current Oil Rate: 22,000 bopd Depth: 4,655 ft.
Number of Wells: 963 total 0OIP: 1,280 MMbbls
534 vert. oil wells  Cum. p¢ . MMbbls
115 hz.oil wells Total Recovery to Date: 25%
171 inj. system Ultimate Waterflood Recovery: 38%
146 susp./abn.

Since the initial waterflood project began, the Weyburn Unit has
maximized oil recovery through waterflood technology and innova-
tive techniques such as horizontal drilling. Under this current sys-
tem of recovery, however, production levels have been slowly de-
clining. Atthe end of 1996, approximately 322 million barrels of oil
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were produced from the Weyburn Unit, or approximately 25 per
cent of the 1.28 bi lion barrels of oil originally in place. Over the 44-
year life of the eahanced oil recovery project, the CO, miscible
flood will extract at least another 122 million barrels of oil.

Weyburn Unit
Property Perform: nce

Production History and ~orecast

50000
~.45000 1
2 40000 1
835000'
:30000'
_.925000'
320000

15000
& 10000

5000

o
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
Date

Dincremental Miscible Flood Production (75
e

mF2STE hal Horizontal Produetion

Oincremental Vertical Production

B Base Waterflood Production

The Weyburn CO. Miscible Flood Project will generate additional
benefits to the reg-on and the province, including direct and indirect
employment, busiess and procurement opportunities, an increased
municipal tax basc, oil sales revenues and provincial royalties. Cur-
rently in PanCanadian’s Weyburn-area operations, about 65 per
cent of the company’s payment for contracting, materials and ser-
vices are going to Weyburn-region suppliers.

What 1s CO, MiszisLE FLoopING?

The use of carbor dioxide (CO,) miscible flood techniques in en-
hanced oil recove 'y is not new. In fact, similar miscible floods are
operating throughbut the United States and this technique has been
applied at Midale, Saskatchewan, located 45 kilometres to the south-
east, and at Harmattan East and Joffre in Alberta.

The process was first tried in 1972 and since then has become a
strong choice among petroleum producers to enhance oil recovery.
CO, injection is an attractive process as it takes enhanced oil re-
covery methods, such as waterflood, one step further and can in-
crease oil production greatly.

Carbon Dioxide Flooding
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CO, does not normally mix with oil so in order to create miscibility
(the mixing of two fluids) with the oil, the CO, must be injected at
high pressures and make many contacts with the trapped oil. When
CO, is injected into the reservoir, it mixes with the oil and the two
compounds dissolve into one another. The CO, acts as a solvent to
overcome forces that trap oil in tiny rock pores, helping to sweep
the previously immobile oil that has been left behind after the effec-
tiveness of waterflood injection has diminished. Carbon dioxide also
increases the volume of the oil and lowers its viscosity, making it
more mobile. This then allows the oil to be moved to the producing
wells.
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Ideal conditions for a CO, miscible flood include a reservoir depth
of at least 762 n etres to allow for the high pressures needed to
ensure miscibilit; of oil and CO,, and an oil gravity of at least 25
degrees API* Th: Weyburn Unit — with average reservoir depths
of 1,420 metres ¢nd oil gravity ranges from 25 degrees API to 34
degrees API (medium weight oil) — is an ideal candidate for mis-
cible flooding.

* American Petroleun Institute crude oil gravity scale

DescripTioN oF T4€ Weysurn CO, FLoob ProJecT

Construction of the Weyburn CO, Miscible Flood Project — cur-
rently at the preliminary design stage — will take five years with
initial CO, inject on in 17 patterns of nine wells each, which repre-
sents approximat:ly 25 per cent of the total project area. This will
expand to 36 patterns within two years and ultimately grow to 75
patterns with an estimated incremental oil recovery of at least 122
million barrels. Tt e production phase of the project will last 44 years.

Weyburn Unit
Project Descripi on

Phase 1- 36 Pattems|

75 Patterns in EOR Area
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The project will consist of a central receiving terminal (CRT) to be
located at the south end of the Weyburn Unit. The CRT will re-
ceive the CO, from the Great Plains Synfuels Plant in Beulah,
North Dakota — the only commercial-scale coal gasification plant
in the United States.

CO, Pipeline to Canada

The Synfuels plant currently produces about 200 million cubic feet
of CO, per day as a by-product of its natural gas manufacturing
process. The Weyburn miscible flood will use about half of this
CO,, which is presently being vented into the atmosphere.

In addition to the central receiving terminal, a 330-kilometre pipe-
line to ship about 95 million cubic feet of carbon dioxide a day from
Beulah. N.D. will be constructed by Dakota Gasification Company,
a subsidiary of Basin Electric Power Cooperative of Bismark, N.D.
The portion of the pipeline located in Canada will be owned and
operated by Souris Valley Pipeline Limited, a subsidiary of Dakota
Gasification. The pipeline will run 270 kilometres in the U.S. and 60
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kilometres in Cznada and will cross the international border about
25 kilometres scuthwest of Estevan, Saskatchewan. As purchased
CO, feeds into tae CRT, it will be metered and fed into a network
of pipelines, which will be built to carry the CO, to new injection
satellites and, finally, to the CO, injection wells. Fluids produced
from these wells will contain CO,, oil, water and solution gas. New
flowlines will be needed to bring this production to new production
satellites where the solution gas and CO, will be separated from
the oil and wate .

A network of medium pressure gas gathering lines will also be built
to transport solut.on gas and CO, mixture from the production satel-
lites to a new recycle Central Compression Station (CCS). Here it
will be compreised and dehydrated. The recycled CO, and re-
maining solution gas will then be blended with the purchased COo,
and re-injected tarough the new CO, injection distribution network.
The new CCS viill be located immediately south of the existing
Central Treating Plant (CTP).

The emulsion frcm the production satellites will be pumped through
a network of medium pressure pipelines (new and existing) to the
CTP where the vsater and oil will be separated and stored for sales
in the existing system. The produced water will be re-injected
through the exist ng injection plant facilities and distribution system.

Construction of 'he pipeline and new surface facilities at Weyburn
will start in mid- 1998 with CO, injection to begin in late 1999. In-
cremental oil prcduction will start flowing in 2000.

WEYBURN CO2 MisciBLE FLoob ProJecT — CORPORATE PROFILE

The Weyburn CO, Miscible Flood Project is a joint effort between
PanCanadian Petroleum Limited and a small number of working
interest owners in the Weyburn Unit. PanCanadian is the operator
of the unit and currently holds a 69 per cent interest.

PanCanadian Petroleum Limited is a major Canadian-owned en-
ergy company that explores for, develops, produces and markets
crude oil, natural gas and natural gas liquids. Based in Calgary,
Alberta, the company has more than 2.9 million hectares of unde-
veloped land situated mainly in southern Alberta.

PanCanadian is among the top three producers of oil and gas in
Canada, with daily production of more than 130,000 barrels of con-
ventional crude oil and more than 725 million cubic feet of natural
gas. PanCanadian is continually expanding its business focus to
include cogeneration and direct sales to natural gas customers
throughout North America. The company’s extensive exploration
and production activities stretch from coast-to-coast in Canada and
include a variety of international interests in the United Kingdom,
Australia, South Africa and Venezuela.

CommunITY

PanCanadian recognizes the need to integrate socio-economic con-
siderations into the planning process in order to ensure the project
is compatible with community and land use objectives.
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PanCanadian is committed to the communities in which it operates.
A key corporate zo0al is to be welcome in any community. This is
achieved by gaining the trust of local citizens and building solid,
long-term relatioships that benefit both the company and nearby
residents.

PanCanadian has conducted socio-economic studies throughout the
CO, miscible flood area. The results of these studies. in conjunc-
tion with environ nental studies and with public and regulatory in-
put, will provide 4 basis for responsible pipeline/facility design and
mitigation plannirg.

Information exctange and consultation with regulators, such as
Saskatchewan Environmental Resource Management (SERM), and
the public will be bn-going throughout development of the project to
ensure community issues continue to be effectively addressed.

Issues to be addressed include, but are not necessarily limited to,
the following:

Employment opportunities

Business opportunities

Infrastructure

Environment and public safety

* & ¢ o

Agriculture and ranching

LAND AND LANDOWNERS

PanCanadian is committed to:

o Undertake all negotiations with landowners,
whether for easements, land rights, restoration of
lands or compensation for damages, in a manner
that is fair, equitable, courteous and respectful.

o Work cooperatively and proactively with
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stakel.olders to ensure the pipeline facilities are
safely and effectively integrated with land use
development plans.
¢ Unde take reclamation of the right-of-way in
consultation with the affected landowner.
¢ Resto e the land as close to its original condition
as possible and compensate for possible
damages in a timely manner.
PanCanadian is ct rrently undertaking consultation with potentially-
affected landowrers, to notify them of the project and to solicit
their input to project development (surveying and routing). This early
identification of i;sues will enable PanCanadian to construct a bet-
ter pipeline for everyone.

ENVIRONMENT AND SAFETY

PanCanadian is committed to protecting the environment and safe-
guarding the public and its employees throughout all phases of the
Weyburn CO, Miscible Flood Project’s operations.

During and after construction, a variety of monitoring programs
will be conducted to verify that environmental protection measures
are effective and b eing implemented properly. Issues to be addressed
include things such as :

o soil conservation and land reclamation

o wildli‘e and habitat management

e protection of endangered species

o erosion and sedimentation control
e preservation of water quality and fisheries
e preservation of heritage sites
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The selected routing of the pipelines and facilities will be deter-
mined by environmental studies, land use and residential set-back
distances, and through landowner discussions. Ensuring the safety
and well-being of both the public and employees is an important
part of PanCanadian’s work. All facets of the project will be de-
signed and carried out in accordance with the health, safety and
environmental standards required to meet and exceed all regula-
tions and expected operating conditions.

Early in the history of miscible flood projects, concerns were ex-
pressed about the combination of carbon dioxide (CO,) and sour
gas (H,S). At one time, it was believed the combination could ac-
celerate the corrosion of pipes and other downhole equipment which
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