Emerging Solutions for Heavy Oil Production from Carbonates

A discussion paper prepared for TAMM Oil and Gas Corp.
by Don W. Hryhor - October 1, 2008

Introduction

It has become increasingly attractive for the oil industry to turn its attention to developing
effective exploitation and production techniques for known heavy oil deposits, due to the current
decline of conventional oil reserves and strong commodity prices.

Advances in heavy oil recovery technology and production methods in Western Canada have
been targeted towards Basal Cretaceous sand reservoirs, due to the enormity of these deposits,
which are estimated to contain 1.7 trillion barrels Original Qil in Place (OOIP). (ref: 1 & 2)

Carbonate Triangle

Considerable attention is currently
focused on the large heavy oil
deposits in the "Carbonate Triangle"
of northeastern Alberta as displayed
on the map to the right.

The Upper Devonian aged Grosmont
formation has been the main focus of
interest because of its enormous
heavy oil reserves, estimated in the
range of 300+ billion barrels OOIP.

It is anticipated the Grosmont will be
a particularly challenging reservoir
because of its complex heterogeneity,
caused by faulting and karstification.

Extensive research is being directed
towards new solutions to recover
heavy oil and bitumen from carbonate
rocks, which has shown considerable
promise in similar reservoirs through
other parts of the world.

Effective new solutions are rapidly
emerging at a markedly accelerated
pace, as compared to efforts in oil
sands recovery technology developed
over the last two decades.
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Figure 1. Worldwide Distribution of Alberta is destined to become the

Conventional Crude Oil and Heavy Hydrocarbons largest heavy oil pr'oduction and
development center in the world.

http://www.megawestenergy.com/tech/index.html

In global markets of high energy pricing and demands, industry is focused on innovative
solutions to address effective exploitation of heavy oil from carbonate reservoirs, as was
successfully accomplished with heavy oil sands. Recently developed in situ bitumen extraction
techniques will allow industry to leap-frog through this challenge.

Numerous oil companies are now aggressively focused on land acquisition and project
assessment of the northern Alberta Grosmont formation heavy oil accumulations. In early 2006,
Shell E&P Company paid $465,000,000 for a total 88,576 hectares of leases (ref: 3) considered
to be prospective for Grosmont heavy oil. Husky (ref: 4) recently began evaluation drilling and
production testing on their Saleski Grosmont heavy oil properties. Laricina Energy made
application to drill two horizontal wells in the Grosmont for a SAGD pilot project at Saleski this
coming winter. (ref: 5 & 6)

Carbonate Heavy Oil Production in the Global Arena

In the late 1990’s, Scimitar Hydrocarbons began efforts to develop the Issaran Heavy Oil
Carbonates in Egypt by in-situ application of heat and steam. This project was initially viewed
with considerable cynicism, but was ultimately a highly successful venture for Scimitar’s
successor Rally Energy (ref: 7) who sold their interest in the field back to the Egyptian
Government last year for $900,000,000.

Heavy oil is being produced from Carbonates in the Bashkir Romashkino oil field in Tatarstan
using a microbial improved oil recovery (ref: 8) from fractured porous carbonate reservoirs by
the application of molasses and bacteria. This application appears to be more effective in
carbonates than with sand reservoirs since carbonates neutralize generated organic acids, which
intensifies the formation of microbial bacteria, and therefore increasing permeability.

In May 2007, Petroleum Development Oman awarded two major engineering, procurement and
construction contracts for the Qarn Alam (16 API) steam-injection project. (ref: 9) This project



includes drilling some 150 wells and installing facilities to treat water and generate around
18,000 tonnes per day of steam. The EOR recovery process being applied TAGOGD (thermally
assisted gas/oil gravity drainage) is based on injecting steam into the formation's fractures to heat
the low-permeability oil-bearing rock. It is expected this technology will result in an increase of
recoverability from 4% to approximately 30%. Petroleum Development Oman is owned by the
Government of Oman (60%), the Shell Group (34%), Total (4%) and Partex (2%).

Horizontal drilling in the Rospo Mare carbonate heavy oil field in the Italian Adriatic has been
successful in significantly increasing heavy oil production up to ten times that of vertical wells.
Recent drilling in the nearby Ombrina Mare carbonate heavy oil field has been encouraging and
plans are underway to develop heavy oil production from the Ombrina Mare Field at a projected
8,000 — 13,500 BOPD. (ref: 10, 11, 12)

Stream Oil and Gas is currently working to revive the Albanian Gorischt-Kocul carbonate heavy
oil field (15 API) field with a staged rehabilitation program on 13 producing wells in the field
and has taken over another 14 for reactivation. Gorischt-Kocul production is around 925 BOPD.
Stream is also actively rehabilitating the Ballsh-Hekaj heavy oil field (11 API), a carbonate field
currently producing 550 BOPD. (ref: 13)

The Kuwait Oil Company (“KOC”) and ChevronTexaco have recently drilled numerous new
wells to evaluate the Tayarat carbonate heavy oil reservoir. (ref: 14)

KOC has initiated a comprehensive data acquisition program to further evaluate this reservoir as
part of their long term resource assessment. Analysis of core and log data and information from
other regional oil reservoirs in this formation have demonstrated that primary oil production is
possible in some locations.

Chevron (ref: 15) is conducting an initial testing program in Saudi Arabia involving one steam-
injection well, and four producing wells with one observation well to collect data about the
interaction of the oil and steam. Though declining to give a timetable, Chevron is committed to
expanding to a larger second phase that will include 16 injection wells and 25 producing wells in
addition to the installation of water-treatment facilities and steam-generation facilities. The total
estimated cost of their project is $300 million.

Tanganyika Oil Company (acquired by Sinopec) is producing heavy oil from the Tishrine field,
averaging between 17° and 19° API. (ref: 16) There are currently 114 wells operating in three
fractured limestone reservoirs: the Chilou, Jaddala and Shiranish. Horizontal wells have been
used successfully to produce the Chilou and Jaddala reservoirs since 1998.

The Tishrine field is separated into two lobes that produced over 6,300 BOPD on average, for
most of 2005. Tishrine West consists of 247 wells, of which 111 were producing 5,273 BOPD
of 17 °API oil from the Chilou and Jaddala carbonate heavy oil reservoirs as of December 2005.

The giant Cantarell heavy oil field in the Mexican Yucatan (ref: 17) produces from a fractured
carbonate reservoir at a present rate of 1,500,000 BOPD. Chicontepec, an undeveloped heavy
oil field north east of Mexico City, is actually larger than Cantarell. Its original oil in place is



greater than 139 Billion barrels, of which 7% to 10% (10-13Gb) are currently recoverable using
existing available technology.

Productive heavy oil carbonate fields have been be grouped into two categories: 1) low matrix
permeability, fracture dependent and 2) matrix permeability dependent production. Fracture
enhanced, low matrix permeability production is dominant and occurs in Oman, Iran, Iraq, Syria,
Turkey and Egypt and includes producing fields such as Qarn Alam in Oman and Issaran and
Bakr-Amer in Egypt. (ref: 18)

In Iran, several fractured carbonate fields have successfully cold tested oil qualities on the order
of 10 degree API. Wafra, located in the Divided Zone of Kuwait and Saudi Arabia, is the most
notable example of an accumulation that has ample matrix permeability to allow economic cold
production without significant fracture enhancement.

Schlumberger (ref: 19) has become a recognized world leader in assisting industry to develop
and implement innovative, cost effective heavy oil and bitumen production from various
carbonate reservoirs around the world. Schlumberger has recognized the importance of heavy
oil carbonates and has recently set up dedicated offices to provide their expertise in this area.

It is also reported that Halliburton is involved in testing new recovery and production techniques,
and is conducting significant research in varied enhanced recovery solutions, to help industry
capture these important carbonate heavy oil reserves throughout the world.

Carbonate Heavy Oil Production in Western Canada

Little attention has been focused on developing recovery techniques for heavy oil carbonates in
Western Canada during the last two decades. A few pilot projects to evaluate the Grosmont were
undertaken primarily by Unocal, Chevron and Husky during the 1970’s and 1980’s. (ref: 20)

Initial single well cyclic steam injection testing yielded positive results, but it was not considered
worthwhile pursuing considering the volatile oil price declines during the early 1980°s, which
eventually culminated in the oil price crash in 1986.

In the past 3 years, considerable new investment has been directed at bitumen bearing Grosmont
targets in Alberta. Large amounts of capital have been spent on land acquisition, exploratory
drilling and production research and testing. Several companies have announced plans to further
evaluate and begin new pilot production testing programs in the Grosmont. (ref: 21)

New heavy oil production is currently being established from Mississippian carbonates in the
Peace River region at Chipmunk, Seal and Cadotte/Carmon Creek. Several companies have
become aggressively involved in the emerging Peace River Mississippian carbonate heavy oil
play in new lease acquisition, seismic, exploratory and delineation drilling, reservoir stimulation
testing, and heavy oil production.



Substantial heavy oil production has been developed in the Peace River area from the Cretaceous
Bluesky and Gething sands, in contact with underlying oil bearing Mississippian source rocks.

Alberta Crown Heavy Oil Leases in the Peace River area generally cover all zones from the Base
of the Cretaceous Peace River Formation (above the Bluesky/Gething) to the base of the
Mississippian Pekisko Formation; hence the leaseholder has the right to produce from any and
all zones held under the Lease.

As of July 2008, the Bluesky/Gething zones in the Peace River region have produced a total
cumulative 95,000,000 barrels of oil and 1.78 TCF of gas with 308,000,000 barrels of water
from a historical well count of 2,906 wells. During June/July 2008 the Bluesky/Gething
produced an average 42,200 BOPD and 212 MMCF/D with 60,000 BWPD from 1,280

producing wells.

Peace River — Mississippian Carbonate Heavy Oil Belt
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The Mississippian carbonates (Debolt, Elkton, Shunda and Pekisko formations) in the Peace
River area are estimated to contain approximately 65 billion barrels OOIP. (ref: 10 & 21)



Alberta Oil Sand Lease Sales have become active in the Peace River area during recent years,
with specific attention being targeted towards the Mississippian Carbonate Heavy QOil potential.
The following table lists Alberta Crown Oil Sands Leases sold from 2000 — 2008.

ATHABASCA & GROSMONT AREA PEACE RIVER AREA
Year Bonuses Hectares  Avg$/Ha Bonuses Hectares Avg$/Ha
2008 $233,918,062 1,105,134 $211.66 $7,108,300 142,820 $49.77
2007 $622,134,141 1,034,642 $601.30  $20,099,280 89,856 $223.68
2006 $1,921,470,846 1,329,677 $1,445.07 $35,088,400 196,741 $178.35
2005 $421,879,187 188,464 $2,238.51 $9,996,968 158,908 $62.91
2004 $71,659,253 170,624 $419.98 $9,227,873 110,260 $83.69
2003 $3,709,066 8,704 $426.13 $8,759,220 42,240  $207.37
2002 $17,383,031 126,592 $137.32 $6,815,818 39,360 $173.20
2001 $79,714,228 199,069 $400.43 $1,538,837 27,840 $55.30
2000 $135,131,595 147,952 $913.35 $769,583 24,320 $31.60

Black Rock Ventures (acquired by Shell) and
Talisman’s recent discoveries at Chipmunk
show good promise for further exploration and
development of Peace River Mississippian
carbonate heavy oil deposits. (ref: 2)
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Black Rock announced their first 3 successful
Pekisko wells in March 2005, reporting the
three wells were capable of producing 960
BOPD of 11 degree API heavy oil. These
reservoirs are described as reef-like features.
Black Rock had identified 78 similar seismic
features on their 65,000 acre holdings.

In September 2007, Strata Oil & Gas Inc.
announced a new “Major Bitumen Resource”
on their Cadotte Block near Peace River. An
independent analysis of the 29 section block
held by Strata indicated a “Best Estimate” of
discovered resources to be 1.5 billion barrels
OOIP in the Mississippian Debolt formation,
and estimated 490 million barrels OOIP in the
Mississippian Elkton formation. (ref: 3)

[ Pouce River

In May 2008, Blacksteel Oil Sands Inc. (ref: 4) released a “Resource Estimate” of their
Whitemud properties, to the north of Peace River reporting a combined 1.13 billion barrels
OOQIP, primarily within the Mississippian Debolt and Elkton formations.



Conclusion

Shell, ExxonMobil, ChevronTexaco and others have been achieving successful production and
yield from carbonate heavy oil reservoirs globally and have declared the intent to substantially
acquire, grow and develop carbonate heavy oil assets in the near future. The technology for
recovering heavy oil in carbonates is rapidly advancing, and large E&P companies have been
assertively positioning themselves to exploit these reservaoirs.

Ivanhoe Energy has recently made great advances in innovative proprietary heavy oil production
technology, and is firmly dedicated to become a significant new player in the research and
development of increased efficiency in the exploitation of heavy oil carbonates.

In the past, oilfields containing “easily recoverable reserves” were relatively easy to find, hence
making heavy oil pools or challenging reservoirs unappealing. Today the oil industry is focussed
on developing technical exploitation solutions in already known oil reservoirs. This trend will
undoubtedly continue for decades to come.

Industry players have been aggressively acquiring large land positions, and started evaluation
drilling, development drilling, and producing heavy oil from Mississippian carbonates in the
Peace River region and this activity is rapidly moving towards the Manning area.

The TAMM heavy oil properties at Manning, Alberta in the Peace River region are considered to
be favourable for the exploitation of heavy oil hosted in Cretaceous sands and Mississippian
carbonate formations. An independent evaluation of TAMM’s Manning properties resulted in a
determination of a total 2.33 billion barrels of original heavy oil in place.

TAMM’s strategic land program resulted in the successful acquisition of this key position at
Manning during the last year and will directly benefit from competitors’ activities in future
exploration drilling and development on adjoining lands.

The prospective heavy oil reserves at Manning, and indications of deeper conventional oil
potential justifies an aggressive, continued lease acquisition, coupled with seismic studies and
exploration drilling programs by TAMM.

The reader is encouraged to view the following links related to this discussion. These web sites
are current as of printing of this discussion paper; the author takes no responsibility for the links
after this date.



DISCLAIMER

This discussion paper contains forward-looking statements. The words or phrases "would be," "will"
"intends to," "will likely result," "are expected to," "will continue,” "is anticipated,” "estimate," or similar
expressions are intended to identify "forward-looking statements.” Actual results could differ materially
from those projected in the Corporation's proposed oil and gas related business. This discussion paper and
its findings are not necessarily prepared in conformity with SEC disclosure principals or guidelines. The
Corporation's business is subject to various risks, which are discussed in the Corporation’s filings with the
US Securities and Exchange Commission. The Corporation's filings may be accessed at www.sec.gov.

Statements made herein are as of the date of this discussion paper and should not be relied upon as of any
subsequent date. The Corporation cautions readers not to place reliance on such statements. Unless
otherwise required by applicable law, we do not undertake, and we specifically disclaim any obligation,
to update any forward-looking statements to reflect occurrences, developments, unanticipated events or
circumstances after the date of such a statement.
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