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Enhanced Oil Recovery: Going Beyond Conventional
Extraction

By Benjamin R. Cook and Charles F. Mason*

In 1978, amid growing concerns over exposure to foreign oil producers — particularly OPEC — the
U.S. Congress instructed the Office of Technology Assessment to assess the state of U.S. oilfield produc-
tion. The resulting report indicated that hundreds of billions of barrels of known oil in the United States
remained unproduced because it was not economically attainable by conventional methods. The report
evaluated the potential for a range of enhanced oil recovery (EOR) techniques to recover significant
amounts of this ‘stranded’ oil; a specific focus was on the use of Carbon Dioxide (CO,), and its potential
for recovering a significant fraction of this oil.

Increased production from existing fields by adopting unconventional techniques such as EOR is
comparable to resource growth associated with successful exploration. Indeed, in mature oil provinces,
better knowledge of known fields can facilitate more rapid reserve expansion than exploration for new
fields. The potential for EOR to increase expected production from existing oil fields has been realized
in a number of mature oil fields, particularly those located in the Permian Basin of West Texas, Wyoming
and Saskatchewan. Estimates have suggested that recovery rates for existing reserves could be approxi-
mately doubled, while the application of EOR on a broad scale could raise domestic recoverable oil re-
serves in the United States by over 80 billion barrels (Advance Resources International, 2006). Similarly,
roughly half of the known oil reservoirs in Alberta may be amenable to CO, injection for enhanced oil
recovery, which could translate in an additional 165 billion barrels of oil recovered (Babadagli, 2006;
Shaw and Bachu, 2003).

At sufficiently high pressures, CO, mixes with oil (i.e., it is miscible). This causes the oil to swell,
which lowers the oil’s viscosity significantly, thereby allowing it to flow more easily to the wellbore. In
addition, injecting CO, reduces the interfacial forces that cause oil to stick to the surrounding reservoir
rock. It also increases reservoir pressure, again facilitating production.

There are several important challenges that must be overcome if EOR is to reach its full potential
in any particular field-reservoir. First, starting a CO,~EOR operation entails substantial initial capital
costs: wells must be made ready to accept CO,, which is corrosive; injection, separation and recycling'
capital must be put in place; and pipeline infrastructure must be available. In addition, there must be a
ready supply of CO,. It is useful to compare these challenges against those associated with petroleum
exploration. Exploration can be quite risky: there is the concern of drilling a dry hole, but beyond that
there is the concern that a successful venture may locate insuf-
ficient resources to allow profitable production, as may be the Wonihl Of Producton
case with the Niobrara Shale formation. There is the additional Lo Commn et
concern of delivering the resource to market, as with the Bak-
ken play; this is less likely to be a concern with EOR, as it is
generally undertaken in mature fields which are more likely to
be connected into existing pipelines.

The potential for EOR to generate a significant increase in
production is illustrated in Figure 1, which shows the month-
ly production levels over a 20 year period at the Lost Soldier
field near Bairoil, Wyoming. By 1989 the field had gone into
decline, with production levels falling sharply; CO, injections
into the field commenced in May of 1989.2 Shortly thereafter
production levels increased dramatically as a result of the CO,  Figure
injection; through 2011, the field has produced an estimated ~Lost Soldier CO, Units (Bairoil, WY)
44.5 million barrels of incremental oil.? Monthly Oil & Pre-CO, Decline Path

While CO,-EOR projects are becoming increasingly popular
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ments in new drilling and well workover; ultimately, the cost was projected to be See foornotes at end of text.

450 6,000

I | 5000

w
&
3

Incremental Oil = { 4,000
2011 =1.3 Mmbo 1

Total = 44.5 Mmbo

@
1]
3

N
&
3

3,000

0Oil Production (1,000 Bbls)

(JOWW) uonoslu| seo 1eN/z09

1,000




22|

Fourth Quarter 2012

$200 million. When Rancher announced its plan in 2008, the spot price of oil was over $90/barrel; but
after the spot price collapsed several months later, Rancher was unable to service its debt and declared
bankruptcy.

This experience highlights the importance of conducting a thoughtful analysis of the economic vi-
ability for a candidate oil field for EOR. In particular, it is paramount that the feasible range of produc-
tion and oil price outcomes be considered to identify the likely profitability of the project. In general,
suitable reserves have oil gravities between 22° — 48° API, proven waterflood performance, and depths
in excess of 2,000 feet. Moreover, given the large capital outlays and associated risks of implementing
EOR, an internal rate of return at or above 20% is in order to ensure economic viability.® In retrospect,
it seems that Rancher was overly optimistic about the profitability of the Muddy Creek venture.®

One final point seems germane. In the event that the country of origin has in place a carbon policy
that either implicitly or explicitly places a price on carbon, CO,-based EOR projects have the potential to
generate an additional revenue stream. To the extent the injected CO, is obtained from an anthropogenic
source, as in the examples we discussed above, the adoption of EOR facilitates carbon sequestration
(Leach et al, 2011).

While the value associated with this revenue stream is likely to be small in comparison to oil rev-
enues, it can nevertheless be substantial. For example, in the Lost Soldier field case discussed above, the
average monthly purchase was slightly larger than 1 million cubic feet CO,, which translates into about
33 thousand cubic feet (Mcf) per day. If we assume a carbon price of $20/ton, which is roughly on par
with the recent European history, this would correspond to a price of $1.16 per Mcf, suggesting potential
carbon sequestration revenues on the order of $38.28 per day. To compare this value to the revenues as-
sociated with oil production, we note that the gross utilization ratio of injected CO, to oil produced was
on the order of 11 thousand feet per barrel.”

Footnotes

' Because the CO, mixes with the oil in the reservoir, the output stream also contains a mixture of oil and CO,,.
Thus, before the oil can be delivered to market the CO, must be separated from the oil. In principle, the CO, could
then be vented, but at historic prices and recycling costs it has generally been economic to re-inject the CO,. The
fraction of injected CO, that reflects recycled gas varies over the life of the project, but is commonly on the order
of 55%.

* The source of the CO, is the Exxon natural gas / helium plan, in southwest Wyoming. The gas processed at
this plant contains relatively large levels of CO,, which must be removed before the gas can be marketed; this gas is
captured and delivered via pipeline to the Bairoil field.

*In 2011 alone CO,-EOR projects in Wyoming produced an estimated 6.6 million barrels of incremental
oil, which represents 12.1% of oil production in the state (Cook, 2012).

4 See van ‘t Veld & Phillips (2010) for discussion.

5 See Cook (2011) for a Monte Carlo analysis that suggests these criteria.

¢ One could argue that Rancher was simply unlucky, inasmuch as it was hard to envision the dramatic drop in
crude prices that sealed its fate. That point noted, Rancher bet a very large amount of money on the venture, paying
$74 million for that field as well as two others, and that it may have underestimated the expense associated with
shoring up the existing well infrastructure and overestimated the likely productivity of EOR in the field (Mullen,
2011).

7 Of course, the oil produced from EOR will ultimately generate CO, emissions, e.g., from burned
gasoline. Aycaguer et al. (2001) find that this indirect effect is roughly of the same order of magnitude
as the sequestered CO,.
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Member-Get-A-Member Campaign

IAEE’s Member-Get-A-Member campaign continues in 2012-2013. IAEE believes you know quite well the value of
membership in our organization. Furthermore, membership growth is one of the Association’s top strategic initiatives. With
your knowledge of our organization’s products/services, publications and conferences, we know that you are in the ideal
position to help us grow. The process to win rewards for your self is quick and easy!

Here’s How the Program Works:

* For each new IAEE member you recruit, you receive THREE months of membership free of charge.

* New Members must complete the online JAEE membership application form at https://www.iace.org/en/membership/
application.aspx Make sure the member(s) you refer mentions your name in the “Referred By” box located on the
online membership application form.

» The more new members you recruit the more free months of membership you will receive. There is no limit to the
number of new members you may refer.

Membership Recruitment Period and Additional Incentive:

* This special program will run from September 1, 2012 — February 1, 2013.

* The Member that refers the most new members to IAEE during this timeframe will receive a complimentary registra-
tion to attend the 4" ELAEE Conference in Montevideo, Uruguay (this prize may be assigned by the winner to another
member, yet must be used for complimentary registration to attend the Montevideo conference only).

IAEE Tips for Success:

» Promote the benefits of JAEE membership - Share your IAEE passion with others! Visit https://www.iaee.org/en/in-
side/index.aspx for a brief overview of IAEE.

» Connect with colleagues — Invite your co-workers, colleagues and friends to IAEE conferences.

+ Keep IAEE membership applications at your fingertips - Please contact David Williams at iace@iaee.org and request
that membership applications are mailed to your attention. Feel free to hand these out on your travels.

» Let IAEE do the work for you — Send us an email at iace@iaee.org letting us know who should be invited to join IAEE
(we need full name and email address) and we will contact who you refer to see if they have an interest in joining IAEE.
If the member joins during the timeframe above you will be given three months of membership free per member you
recruit!

We encourage all members to help our organization grow. At the same time, you will be rewarded with free membership
months and an opportunity to have your conference registration fee waived at a coming IAEE conference.
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