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Chapter D. Carbon Dioxide Enhanced 0il Recovery
Performance According to the Literature

By Ricardo A. Olea’

Introduction

The need to increase the efficiency of oil recovery and
environmental concerns are bringing to prominence the use of
carbon dioxide (CO,) as a tertiary recovery agent. Assessment
of the impact of flooding with CO, all eligible reservoirs in the
United States not yet undergoing enhanced oil recovery (EOR)
requires making the best possible use of the experience gained
in 40 years of applications. Review of the publicly available
literature has located relevant CO,-EOR information for 53
units (fields, reservoirs, pilot areas) in the United States and 17
abroad.

As the world simultaneously faces an increasing con-
centration of CO, in the atmosphere and a higher demand for
fossil fuels, the CO,-EOR process continues to gain popularity
for its efficiency as a tertiary recovery agent and for the poten-
tial for having some CO, trapped in the subsurface as an unin-
tended consequence of the enhanced production (Advanced
Resources International and Melzer Consulting, 2009). More
extensive application of CO-EOR worldwide, however, is
not making it significantly easier to predict the exact outcome
of the CO, flooding in new reservoirs. The standard approach
to examine and manage risks is to analyze the intended target
by conducting laboratory work, running simulation mod-
els, and, finally, gaining field experience with a pilot test.

This approach, though, is not always possible. For example,
assessment of the potential of CO,-EOR at the national level
in a vast country such as the United States requires making
forecasts based on information already available.

Although many studies are proprietary, the published
literature has provided reviews of CO,-EOR projects. Yet,
there is always interest in updating reports and analyzing
the information under new perspectives. Brock and Bryan
(1989) described results obtained during the earlier days of
CO,-EOR from 1972 to 1987. Most of the recovery predic-
tions, however, were based on intended injections of 30
percent the size of the reservoir’s hydrocarbon pore volume
(HCPV), and the predictions in most cases badly missed the
actual recoveries because of the embryonic state of tertiary
recovery in general and CO, flooding in particular at the time.

'U.S. Geological Survey.

Brock and Bryan (1989), for example, reported for the Weber
Sandstone in the Rangely oil field in Colorado, an expected
recovery of 7.5 percent of the original oil in place (OOIP)
after injecting a volume of CO, equivalent to 30 percent of
the HCPV, but Clark (2012) reported that after injecting a
volume of CO, equivalent to 46 percent of the HCPV, the
actual recovery was 4.8 percent of the OOIP. Decades later,
the numbers by Brock and Bryan (1989) continue to be cited
as part of expanded reviews, such as the one by Kuuskraa
and Koperna (2006). Other comprehensive reviews including
recovery factors are those of Christensen and others (2001)
and Lake and Walsh (2008). The Oil and Gas Journal (O&GJ)
periodically reports on active CO,-EOR operations world-
wide, but those releases do not include recovery factors. The
monograph by Jarrell and others (2002) remains the most
technically comprehensive publication on CO, flooding, but it
does not cover recovery factors either.

This chapter is a review of the literature found in a search
for information about CO,-EOR. It has been prepared as part
of a project by the U.S. Geological Survey (USGS) to assess
the incremental oil production that would be technically
feasible by CO, flooding of all suitable oil reservoirs in the
country not yet undergoing tertiary recovery.

Data Acquisition and Normalization

The method of choice for predicting the effectiveness of
CO,-EOR has been to assess the tertiary recovery, EOR, as
the product of the recovery factor (RF') and the original oil in
place (OOIP) in each reservoir:

EOR = RF -OOIP (D1)
Although equation D1 is simple in form, the dependence of
both variables on several other factors leads to complexity
and makes the modeling and displaying of results difficult. In
order to obtain more accurate predictions, it is customary to
differentiate recovery factors by lithology and prepare two-
dimensional graphs as a function of cumulative CO, injected.
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To express RF in percent, convert equation D1 by dividing
EOR by OOIP (that is, normalize EOR) and multiply by 100:
RF =100- LEOR
OOIP
The CO, injected is also normalized as a fraction of the OOIP,
except that here the conversion is more elaborate because we
are dealing with two different fluids, which in the U.S. system
of units are measured in different units (Olea, 2015). The nor-
malized variable is HCPV, which is measured as a percentage
of the OOIP:

(D2)

Moy
e-O0IP
€= 48156 ’ Ba : IOCOZres

HCPV =100+
(D3)

where
inj.,, 1is the cumulative injected CO,, in
standard cubic feet (SCF);
OOIP is the original oil in place, in stock tank

barrels (STB);
B is the oil formation volume factor, in
reservoir barrel per stock tank barrel;
is the density of CO, at reservoir conditions,
in pounds per cubic foot (1b/cf); and
e is the conversion factor from OOIP to CO,
volume.

/0 CO2res

The literature search was done primarily with three
engines: OnePetro, Google Search, and Scopus. The results
are summarized in table D1 (which follows the “References
Cited” for this chapter). The table has 70 entries, of which 76
percent are for operations in the United States. Of the flood-
ings, 73 percent have been clearly identified as operating
under miscible conditions, 16 percent operated under immis-
cible conditions, and the remainder operated in unspecified
conditions. Uneven reports of facts were a general problem in
the research; it was impossible to collect 100 percent of the
information of interest for any of the 70 units.

The minimum requirement for a unit to be included in the
table was to have information on recovery after undergoing
CO, flooding. As much as possible, entries were restricted to
actual results from field operations. The table was completed
with information about other variables commonly associated
with CO, flooding recovery.

It was considered convenient to have two entries for
recovery: latest reported figure and ultimate recovery. Because
most CO, floods are still in operation, most of the ultimate
recovery values are extrapolated predictions. Field values for
ultimate recoveries and associated injection volumes are noto-
riously scarce. Conversely, most of the other values are actual
results. Some of the “last reports” are from several years ago
because analysts commonly stop publishing about a reser-
voir after the initial excitement is over. Numerous fields have

never been the subject of a publication, making their inclusion
impossible in any review.

The table was completed starting backwards from the
most recent reference. When older references did not contrib-
ute with information already reported in newer ones, the older
references were ignored. For example, eight publications have
information on the Lost Soldier Tensleep field in Wyoming,
but information relevant to table D1 was covered by only three
of the most recent five publications. The Lockhart Crossing
field in Louisiana, on the contrary, was only mentioned in the
presentation by Wood (2010). As a result, 45 percent of the
consulted references are not cited in the table because they
have been superseded by more recent data, they are not the
original source, or they did not contain information valuable
for this compilation.

Analysis of the Information about
CO,-EOR Recovery

An analysis of the values in table D1 allows detecting
outliers and providing some perspective. Figures D1 and D2
cover the variations of recovery with HCPV injected for the
two main lithologies: clastic and carbonate. For convenience
in the display, volumes of CO, injections were limited to 150
percent of the HCPV despite availability of three larger values
at 320 percent, 242 percent, and 160 percent. The values
at 150 percent were interpolated from the original curves.
Recoveries for the North Coles Levee field in California were
ignored systematically in all figures because they are signifi-
cantly different from the rest of the reported values.

Instead of mathematically fitting a curve to the cloud of
points, actual recovery curves (among the few in the literature)
were included to summarize general trends. For the miscible
operations in clastic reservoirs (fig. D1), such a curve was a
composite of two curves from two fields in Wyoming (Eves
and Nevarez, 2009): Wertz Tensleep from 0 to 45 percent of
the HCPV and Lost Soldier Tensleep from 50 percent of the
HCPV and up. In the immiscible case, the selected curves are
from Trinidad and Tobago (Mohammed-Singh and Singhal,
2005): from Forrest Reserve pilot EOR 26 up to 70 percent
of the HCPV and from Forrest Reserve pilot EOR 33 above
95 percent of the HCPV. For miscible flooding in carbonate
reservoirs (fig. D2), the summary recovery curve is an average
between the recoveries for two fields in the Permian Basin of
Texas: the Seminole field and the Denver unit of the Wasson
field (Stell, 2005). Information was insufficient to investigate a
trend in immiscible flooding in carbonate reservoirs.

For clastic reservoirs (fig. D1), except for the abnormal
values for the Quarantine Bay pilot in Louisiana and the
Oropouche pilot in Trinidad and Tobago (about 14 percent),
reported values are roughly within 4 percentage points from
the summary recovery curve. Dispersion of data for the car-
bonate reservoirs follows a different style (fig. D2). Except
for four data points with deviations larger than 4 percentage
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Figure D1. Graph showing recovery factors versus cumulative
injected carbon dioxide for clastic reservoirs. Dots denote
reported point values summarized in table D1, and the continuous
curves are regarded as representative summaries of the general
trends. The sources of the composite curves of actual data
(Tensleep and Forrest 26/33) are explained in the text. CO,-EOR,
carbon dioxide enhanced oil recovery; HCPV, hydrocarbon pore
volume; O0IP, original oil in place.
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Figure D2. Graph showing recovery factors versus cumulative
injected carbon dioxide for carbonate reservoirs. Dots denote
reported point values summarized in table D1, and the continuous
curve is regarded as a representative summary of the general
trend; see details in the text. C0,-EOR, carbon dioxide enhanced
oil recovery; HCPV, hydrocarbon pore volume; 00IP, original oil in
place.

points, the remaining points are closer to the type curve. The
two most anomalous points, closest to the lower right corner
of figure D2, are for the Beaver Creek field in Wyoming. They
follow a different trend, which most likely is the result of the
highly fractured nature of the reservoir (Peterson and others,
2012).

According to this compilation, there is little difference
in recovery below 20 percent of HCPV for CO, injection.
Above that value, however, the greater the injection, the larger
the margin in favor of the carbonate reservoirs. For example,
on average, a volume of CO, equivalent to 90 percent of the
HCPV recovers 16 percent of the original oil in place (OOIP)
when injected in a carbonate reservoir, but only 11.5 percent
of the OOIP when injected into a clastic reservoir; these
results are in close agreement with the 12 percent for clastic
reservoirs and 17 percent for carbonate reservoirs reported by
van’t Veld and Phillips (2010) as ultimate recoveries based on
115 CO, floods worldwide.

Analysis of Other Attributes of Interest

Oil density determines to a large extent the feasibility
of a reservoir being a candidate for miscible CO, flooding.

It is often reported in terms of American Petroleum Institute
(API) gravity, a dimensionless number comparing the rela-
tive density of oil to water, which has a gravity of 10 degrees
API (°API). API gravity is loosely and inversely related to
viscosity. Unlike geologic characteristics, such as porosity,
oil density at standard conditions is a fluid property without
significant spatial variation across a reservoir. Consequently,
one number is sufficient to characterize exactly a reservoir. In
addition, because it is easy to measure, it is one of the vari-
ables related to CO,-EOR most widely reported in the litera-
ture, often as degrees of API gravity. The findings are sum-
marized in table D1 and figure D3. There has been a tendency
to CO,-flood reservoirs containing light oils. The average API
gravity for clastic and carbonate reservoirs differs by a frac-
tion of one percentage point, not a significant difference. Each
histogram in figures D3—D7 includes a list of statistics. For
definitions of these terms, see, for example, Olea (2010).

As we have seen, the number of immiscible CO, flood-
ings reported in the literature is small. Miscibility is prevented
mainly by two factors: (1) oil gravity is too low to have a mis-
cible flood, say, below 25 °API, and (2) gravity is medium to
high, but miscibility of CO, in oil is not possible because the
reservoir is too shallow. The literature reports five reservoirs in
the first category, all clastic reservoirs, and three in the second
category, with two being carbonate reservoirs.

All other factors being the same, the larger the remain-
ing (or residual) oil saturation of a reservoir, the higher is
its CO,-EOR recovery factor. Oil saturation monotonically
declines during production. Thus, the oil saturation at the
start of CO, flooding will be different depending on the initial
conditions and the production history. In the modeling of
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CO,-EOR recovery factors, it is customary to assume that the
CO, flooding is always preceded by waterflooding. One of

the attributes of critical importance in reservoir simulations

is the remaining oil saturation in those portions of the reser-
voir thoroughly flushed by the waterflooding, often denoted

as Sorw (Verma and others, 1994). In table D1, the similar
variable ResSo refers to the oil saturation before CO, flooding
whether or not it was preceded by waterflooding. In other parts
of the reservoir, the saturation is higher, closer to the initial oil
saturation. Values of Sorw imply nothing about the reservoir’s
volumetric extension. Reported values of Sorw are few despite
its importance in CO,-EOR simulation. They are even scarcer
when the analysis requires additional evidence that the CO,
flooding was preceded by waterflooding. The values behind
figures D4 and DS are those listed in table D1. The mean val-
ues follow closely the default values of 25 percent for clastic
reservoirs and 38 percent for carbonate reservoirs used by the
National Petroleum Council (NPC, 1984) and are within the
interval of 20 to 35 percent postulated by Tzimas and others
(2005). Neither of the numbers published in those two sources,
however, is supported with data or references.

Biennially, the Oil and Gas Journal reports results of
EOR operations after contacting operators, the latest one
being that of Koottungal (2014). The saturation information
requested by the journal has been done in terms of “Satur.
start” and “Satur. end.” Although not reported in the journal
version, the saturations are clearly specified as oil saturations
in the form distributed by the O&GJ to the operators (Lake
and others, 2014). Less clear is the process to which the satu-
rations apply, for which there are discrepancies even among

0.25 |~ Number of data 27
L Mean 37.5
- Std. dev. 4.2 i —
B Coef. of var. 0.1
020 - Maximum 47.0
- 95th percentile 43.6
- Upper quartile 40.0
Py 0.15 - Median 38.0
S N Lower quartile 35.0
=] | 5th percentile 31.0
3 L Minimum 25.0
T L
0.10 [~
0.05 |-
L Il Il 1 1 1 1 1 1 1 1 1 l 1
20 30 40 50
Oil gravity, in degrees API
Figure D3.

the O&GJ staff (Jacqueline Roueche, Lynxnet LLC, written
communications, 2015). Are the data for the start and end of
the present recovery process or of the previous one? Even
though the most valuable information to have is the starting oil
saturation for the current EOR process at those places previ-
ously reached by waterflooding (Sorw), some of the reported
values are so high that they seem to be starting oil saturations
before waterflooding. Given this state of confusion, table D1
and the histograms for Sorw in figure D4 were prepared by
ignoring all the values reported by the O&GJ as well as those
from Jarrell and others (2002), who do not disclose sources
and also report starting and ending saturations with some quite
high values most likely taken from the O&GJ. Nonetheless,

it is interesting to note that selected values of “Satur. end”
from Koottungal (2014) can produce similar values to those
in figure D4, suggesting that some operators interpret “Satur.
end” as Sorw regardless of the intent of the O&GJ question-
naires. For example, for clastic reservoirs, when four values
from Koottungal (2014) are considered in addition to those in
figure D4, the mean is 26.8 percent. For carbonate reservoirs,
the sample size can significantly increase to 21 by taking 13
of the values from Koottungal (2014) for a mean Sorw of 33.5
percent for the sample of size 21.

Bootstrapping is a method to numerically model uncer-
tainty in the calculation of a sample parameter, say, the mean.
The method is quite straightforward; it is based on resampling
the data, with replacement, multiple times. Given a sample, the
bootstrap method allows numerical modeling of any statistics
(Efron and Tibshirani, 1993; Pyrcz and Deutsch, 2014), such as
the mean. Figure D5 shows the results for the data in figure D4.

0.3 [~
Number of data 20

Mean 37.3

Std. dev. 4.9
- Coef. of var. 0.1

L Maximum 43.5
95th percentile 43.5
Upper quartile 41.4
L Median 39.3
Lower quartile 33.0
5th percentile 29.0
- Minimum 29.0

o
o

Frequency

©
I

0
20 30 40 50
Oil gravity, in degrees API

Histograms showing frequency of oil gravity at standard conditions for units under miscible CO, flooding for (A) clastic

reservoirs and (B) carbonate reservoirs. Data are from table D1. API, American Petroleum Institute; Coef. of var., coefficient of variation;

Std. dev., standard deviation.
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Figure D4. Histograms showng the frequency of residual oil saturation at the beginning of carbon dioxide enhanced oil recovery
(CO,-EOR) when preceded by waterflooding (Sorw) for (A) clastic reservoirs and (B) carbonate reservoirs. Data are from table D1. Coef.
of var., coefficient of variation; Std. dev., standard deviation.
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Figure D5. Histograms showing the distribution of the mean value of residual oil saturation (Sorw) for the data in figure D4 for
(A) clastic reservoirs and (B) carbonate reservoirs. The distribution shows the proportion of data in each class (frequency).
CO,-EOR, carbon dioxide enhanced oil recovery, Coef. of var,, coefficient of variation; No., number; Std. dev., standard deviation.
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In reservoir simulation, the value of Sorw used ought to
be the average value over the field or reservoir. However, the
Seminole San Andres unit is the only unit with enough disag-
gregated information (table D2) to attempt inferring a field
average value (fig. D6). It is worth noting that the levels of
uncertainty in the national averages and the Seminole average
as measured by the interval from the 5th percentile to the 95th
percentile are within 1 percentage point (4.5-5.5).

Another variable of the highest importance in CO,-EOR
simulation is the Dykstra-Parsons coefficient (Tiab and Don-
aldson, 2012). Unfortunately, the information in the literature
is minimal and primarily for miscible processes in clastic
reservoirs. As reported in table D1, no values were found
for the Dykstra-Parsons coefficient of vertical permeability
variation (V) for any form of CO,-EOR in carbonates; all
the 11 values were for clastic reservoirs, of which 1 was for
the immiscible category, and the remaining 10 were for the
miscible category. Figure D7 summarizes the findings for
clastic reservoirs under miscible CO,-EOR; the three values
for the Katz Strawn unit were averaged so that figure D7 could
show one value for each of eight reservoirs. The values closely
follow those graphically summarized by Willhite (1986).

95th percentile 40.0
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Lower quartile 35.0
5th percentile 25.0
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04 |-
: Number of data 10
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0.3 |- Coef. o.f var. 0.2
I Maximum 40.0

Frequency
o
N

0.1

23 33 43 53
Residual oil saturation between waterflooding and CO»-EOR, in percent

0

Table D2. Residual oil saturation values for flow units within the
Seminole San Andres unit, Texas.

[Source: Wang and others (1998). Sorw, residual oil saturation after water-
flooding; %, percent]

. Sorw
Flow unit (%)
Wackestone 40
Packstone I 35
Packstone II 35
Packstone 111 35
Moldic grainstone I 40
Moldic grainstone II 40
Highly moldic grainstone 40
Grainstone I 35
Grainstone 11 25
Grainstone II1 25

No. of iterations 5000

Mean 35.0
Std. dev. 1.7
Coef. of var. 0.0

Maximum 39.5
95th percentile 37.5
Upper quartile 36.0
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Figure D6. Histograms for residual oil saturation after waterflooding (Sorw) for the Seminole San Andres (carbonate) unit showing
(A) frequency distribution of the data and (B) distribution of the mean. CO,-EOR, carbon dioxide enhanced oil recovery; Coef. of var,,

coefficient of variation; No., number; Std. dev., standard deviation.
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Figure D7. Histograms summarizing reported values for the Dykstra-Parsons coefficient in miscible carbon dioxide (CO,) flooding of
clastic reservoirs and showing (A) frequency of 8 values found in the literature (table D1) and (B) distribution for the mean obtained by
bootstrapping. Coef. of var.,, coefficient of variation; No., number; Std. dev., standard deviation.

Conclusions

A search of the literature has provided CO,-EOR data
for 70 units (table D1). Recovery-factor values in the dataset
and additional values that may be obtained from decline curve
analysis should allow calibration against ground truth of hypo-
thetical oil recoveries generated by computer modeling.

Analysis beyond the mere collection of recovery values
has provided some results that have been used to formulate
generalizations for the national assessment. Lack of complete
records reduced the number of units possible to consider in
the analyses, compromising the significance of the findings
because of the small sample sizes. The main findings are sum-
marized below:

* On average, for large injected CO, volumes under
miscible conditions, the recovery factors for carbonate
reservoirs are larger than those for clastic reservoirs.

* In general, immiscible flooding is significantly less
efficient than miscible flooding.

* Despite the dependence of the CO,-EOR recovery
factor on several other attributes than injected volume,
there is a general trend in the dependence to injected
volume that roughly can be captured by summary
recovery curves.

Of 60 units with both gravity and miscibility informa-
tion in table D1, 49 are miscible, of which 26 units are
clastic reservoirs (ss, sandstone) and 18 are carbonate
reservoirs (dl, dolomite; Is, limestone; f.ls, fractured
limestone). Independent of the lithology, in the case of
miscible flooding, the tendency has been to use CO, to
flood reservoirs producing light oils that have an aver-
age gravity of about 37 °API.

The mean value of residual oil saturation after water-
flooding (Sorw) is 27.1 percent for clastic reservoirs
and 34.0 percent for carbonate reservoirs. The con-
fidence interval from the 5th to 95th percent for the
Seminole San Andres unit in Texas is 5.5 percent,
while the same confidence interval from the 5th to 95th
percent is remarkably similar for all clastic reservoirs
in the literature (4.5 percent) and for all carbonate
reservoirs (5.1 percent).

For the Dykstra-Parsons coefficient of vertical perme-
ability variation, there was enough information to
summarize values related to miscible floods in clastic
reservoirs. The values are in the range of 0.50-0.90
and have a mean of 0.71.



D8 Three Approaches for Estimating Recovery Factors in Carbon Dioxide Enhanced Qil Recovery

References Cited

Advanced Resources International (ARI), 2006, Basin oriented
strategies for CO, enhanced oil recovery; Rocky Mountain
region [of Colorado, Utah, and Wyoming]: Prepared for
U.S. Department of Energy, Office of Fossil Energy—Office
of Oil and Natural Gas, 98 p., accessed October 6, 2016, at
http://www.adv-res.com/pdf/Basin%200riented%20Strate-
2ies%20-%20Rocky Mountain Basin.pdf.

Advanced Resources International and Melzer Consulting,
2009, CO, storage in depleted oilfields; Global application
criteria for carbon dioxide enhanced oil recovery: Report
to the International Energy Agency (IAE) Greenhouse
Gas R&D Programme, Technical Report 2009—-12, 154 p.,
accessed October 6, 2016, at http://www.icaghg.org/docs/
General_Docs/Reports/2009-12.pdf.

Andrei, Maria, De Simoni, Michela, Delbianco, Alberto,
Cazzani, Piero, and Zanibelli, Laura, 2010, Enhanced oil
recovery with CO, capture and sequestration, in World
Energy Congress 2010 (WEC Montreal 2010), Montreal,
Quebec, Canada, 12—16 September 2010: London, World
Energy Council, v. 3, p. 2015-2034. [Also available at
http://www.proceedings.com/08705.html.]

Bailey, Alan, 2010, CO, triple win at Salt Creek oil field;
Injected carbon dioxide acts as a cleaning solvent in wells,
forcing out oil: Greening of Oil Web page, accessed May
14, 2015, at http://www.greeningofoil.com/post/CO2-triple-
win-at-Salt-Creek-oil-field.aspx.

Beliveau, Dennis, Payne, D.A., and Mundry, Martin, 1993,
Waterflood and CO, flood of the fractured Midale field:
Journal of Petroleum Technology, v. 45, no. 9, p. 881-887,
paper SPE-22946-PA.

Bellavance, J.F.R., 1996, Dollarhide Devonian CO, flood;
Project performance review 10 years later: Paper presented
at the SPE Permian Basin Oil & Gas Recovery Conference,
Midland, Texas, March 27-29, 1996, p. 395403, paper
SPE-35190-MS.

Birarda, G.S., Dilger, C.W., and Mclntosh, Ian, 1990, Re-
evaluation of the miscible WAG flood in the Caroline field,
Alberta: SPE Reservoir Engineering, v. 5, no. 4, p. 453-458,
paper SPE-18066—PA.

Bishop, D.L., Williams, M.E., Gardner, S.E., Smith, D.P., and
Cochrane, T.D., 2004, Vertical conformance in a mature
carbonate CO, flood; Salt Creek field unit, Texas: Paper pre-
sented at the Abu Dhabi International Petroleum Exhibition
and Conference, paper SPE-88720-MS, 9 p.

Brinkman, F.P., Kane, T.V., McCullough, R.R., and

Miertschin, J.W., 1998, Use of full-field simulation to
design a miscible CO, flood: Paper presented at the 11th
SPE/DOE Improved Oil Recovery Symposium, Tulsa,
Oklahoma, April 19-22, 1998, p. 265-276, paper SPE—
39629-MS.

Brock, W.R., and Bryan, L.A., 1989, Summary results of CO,

EOR field tests, 19721987, in Proceedings; SPE Joint
Rocky Mountain Regional/Low Permeability Reservoirs
Symposium and Exhibition, March 6-8, 1989, Denver,
Colorado: [Richardson, Texas,] Society of Petroleum Engi-
neers, p. 499-508, paper SPE-18977-MS.

Brownlee, M.H., and Sugg, L.A., 1987, East Vacuum Gray-

burg-San Andres unit CO, injection project; Development
and results to date, in Proceedings; 1987 SPE Annual Tech-
nical Conference and Exhibition, September 27-30, 1987,
Dallas, Texas: [Richardson, Texas,] Society of Petroleum
Engineers, p. 241-254, paper SPE-16721-MS.

Chen, T., Kazemi, H., and Davis, T.L., 2014, Integration of

reservoir simulation and time-lapse seismic in Delhi field;
A continuous CO, injection EOR project: Paper presented
at the 19th SPE Improved Oil Recovery Symposium, Tulsa,
Oklahoma, April 12-16, 2014, paper SPE-169049-MS,

10 p.

Chidsey, T.C., Jr., Allis, R.G., Malkewicz, S.E., Groen, Wil-

son, McPherson, Brian, and Heath, Jason, 2006, Aneth oil
field, southeastern Utah; Demonstration site for geologic
sequestration of carbon dioxide: Poster presentation at the
5th Annual Conference on Carbon Capture & Sequestration,
Alexandria, Virginia, May 8—11, 20006, 3 panels, accessed
October 6, 2016, at
http://geology.utah.gov/emp/co2sequest/pdf/
poster0506_a.pdf,
http://geology.utah.gov/emp/co2sequest/pdf/
poster0506_b.pdf,
http://geology.utah.gov/emp/co2sequest/pdf/
poster0506_c.pdf.

Christensen, J.P., Stenby, E.H., and Skauge, A., 2001, Review

of WAG field experience: SPE Reservoir Evaluation and
Engineering, v. 4, no. 2, p. 97-106, paper SPE-71203—PA.

Clark, Rory, 2012, Rangely Weber Sand unit case history:

Presentation at the 6th Annual Wyoming CO, Conference,
Casper, Wyoming, July 12,2012, 31 slides, accessed Octo-
ber 6, 2016, at http://www.uwyo.edu/eori/_files/co2confer-
encel2/rory_rangelycasehistory.pdf.


http://www.adv-res.com/pdf/Basin%20Oriented%20Strategies%20-%20Rocky_Mountain_Basin.pdf
http://www.adv-res.com/pdf/Basin%20Oriented%20Strategies%20-%20Rocky_Mountain_Basin.pdf
http://www.ieaghg.org/docs/General_Docs/Reports/2009-12.pdf
http://www.ieaghg.org/docs/General_Docs/Reports/2009-12.pdf
http://www.proceedings.com/08705.html
http://geology.utah.gov/emp/co2sequest/pdf/poster0506_a.pdf
http://geology.utah.gov/emp/co2sequest/pdf/poster0506_a.pdf
http://geology.utah.gov/emp/co2sequest/pdf/poster0506_b.pdf
http://geology.utah.gov/emp/co2sequest/pdf/poster0506_b.pdf
http://geology.utah.gov/emp/co2sequest/pdf/poster0506_c.pdf
http://geology.utah.gov/emp/co2sequest/pdf/poster0506_c.pdf
http://www.uwyo.edu/eori/_files/co2conference12/rory_rangelycasehistory.pdf
http://www.uwyo.edu/eori/_files/co2conference12/rory_rangelycasehistory.pdf

Chapter D. Carbon Dioxide Enhanced Oil Recovery Performance According to the Literature D9

Cook, B.R., 2012, Wyoming’s miscible CO, enhanced oil
recovery potential from main pay zones; An economic
scoping study: Laramie, Wyo., University of Wyoming,
Department of Economics and Finance, 78 p., accessed
October 6, 2016, at http://www.uwyo.edu/eori/_files/docs/
wyomings%?20miscible%20co2-eor%20potential %20-%20
benjamin%20r.%20cook.pdf.

Davis, D.W., 1994, Project design of a CO, miscible flood in a
waterflooded sandstone reservoir, in Proceedings; SPE/DOE
Ninth Symposium on Improved Oil Recovery, 17-20 April
1994, Tulsa, Oklahoma: [Richardson, Texas,] Society of
Petroleum Engineers, p. 239-252, paper SPE-27758-MS.

Denbury Resources, 2012, All oil companies are not alike:
Presentation at the 2012 CO, Conference, 31 slides,
accessed October 6, 2016, at http://www.co2conference.
net/wp-content/uploads/2012/12/1445-Schneider-Den-
bury-CO2-EOR-Strategies-12-4-12.pdf.

Desch, J.B., Larsen, W.K., Lindsay, R.F., and Nettle, R.L.,
1984, Enhanced oil recovery by CO, miscible displacement
in the Little Knife field, Billings County, North Dakota:
Journal of Petroleum Technology, v. 36, no. 9, p. 1592—
1602, paper SPE-10696—PA.

Dutton, S.P., Flanders, W.A., and Barton, M.D., 2003, Reser-
voir characterization of a Permian deep-water sandstone,
East Ford field, Delaware basin, Texas: AAPG Bulletin,

v. 87, no. 4, p. 609-627.

Efron, Bradley, and Tibshirani, R.J., 1993, An introduction to
the bootstrap: Dordrecht, The Netherlands, Springer Science
+ Business Media, 436 p.

Electric Power Research Institute, 1999, Enhanced oil
recovery scoping study: Electric Power Research Insti-
tute [report] TR—113836, prepared for EPRI by Advanced
Resources International, variously paged [137 p.], accessed
October 6, 2016, at http://www.energy.ca.gov/process/pubs/
electrotech_opps_tr113836.pdf.

Estublier, Audrey, Dino, Rodolfo, Schinelli, M.C., Barroux,
Claire, and Munoz Beltran, Alvaro, 2011, CO, injec-
tion in Buracica; Long-term performance assessment:
Energy Procedia, v. 4, p. 4028—4035, accessed October 6,
2016, at http://www.sciencedirect.com/science/article/pii/
S1876610211006230.

Eves, K.E., and Nevarez, J.J., 2009, Update of Lost Soldier/
Wertz floods; Living in a constrained CO, environment:
Presentation at the 15th Annual CO, Flooding Conference,
Midland, Texas, December 10-11, 2009, 21 slides, accessed
October 6, 2016, at http://www.co2conference.net/wp-con-
tent/uploads/2012/12/2009CO2FloodingConference Mer-
itEnergyBaroilPresentation Nevarez-Eves.pdf.

Evolution Petroleum Corporation, 2013, Delhi field EOR proj-
ect: Evolution Petroleum Corporation Web site, accessed

October 6, 2016, at http://www.evolutionpetroleum.com/
delhi.html.

Flanders, W.A., and DePauw, R.M., 1993, Update case his-
tory; Performance of the Twofreds tertiary CO, project, in
Proceedings; 68th SPE Annual Technical Conference and
Exhibition, Houston, Texas, October 3—6, 1993: [Rich-
ardson, Texas,] Society of Petroleum Engineers, p. 41-50,
paper SPE-26614-MS.

Flanders, W.A., Stanberry, W.A., and Martinez, Manuel, 1990,
CO, injection increases Hansford Marmaton production:
Journal of Petroleum Technology, v. 42, no. 1, p. 6873,
paper SPE-17327-PA.

Folger, L.K., and Guillot, S.N., 1996, A case study of the
development of the Sundown Slaughter unit CO, flood,
Hockley County, Texas, in Proceedings; [SPE] Permian
Basin Oil and Gas Recovery Conference, Midland, Texas,
March 27-29, 1996: [Richardson, Texas,] Society of Petro-
leum Engineers, p. 381-393, paper SPE-35189-MS.

Fox, M.J., Simlote, V.N., Stark, K.L., and Brinlee, L.D., 1988,
Review of CO, flood, Springer “A” sand, Northeast Purdy
unit, Garvin County, Oklahoma: SPE Reservoir Engineer-
ing, v. 3, no. 4, p. 1161-1167, paper SPE-14938-PA.

Gaines, Jason, 2008, Monell unit CO, flood, Patrick Draw
field, Sweetwater County, Wyoming: Presentation at the 2d
Annual Wyoming CO, Conference, Casper, Wyoming, May
29-30, 2008, 33 slides, accessed May 14, 2015, at http://
www.uwyo.edu/eori/_files/co2conference08/jason%20
gaines_anadarko eori_c02%?20casper%20may%02029%20
2008.pdf.

Garcia Quijada, Marylena, 2005, Optimization of a CO, flood
design, Wasson field, West Texas: College Station, Texas,
Texas A&M University, master’s thesis, 92 p., accessed
October 6, 2016, at http://oaktrust.library.tamu.edu/bit-
stream/handle/1969.1/4138/etd-tamu-2005B-PETE-Garcia.
pdf?sequence=1&isAllowed=y.

Harpole, K.J., and Hallenbeck, L.D., 1996, East Vacuum
Grayburg San Andres unit CO, flood ten year performance
review; Evolution of a reservoir management strategy and
results of WAG optimization, in Proceedings; 1996 SPE
Annual Technical Conference and Exhibition, Denver, Col-
orado, October 6-9, 1996: [Richardson, Texas,] Society of
Petroleum Engineers, p. 309-318, paper SPE-36710-MS.

Hervey, J.R., and Takovakis, A.C., 1991, Performance review
of a miscible CO, tertiary project; Rangely Weber Sand
unit, Colorado: SPE Reservoir Engineering, v. 6, no. 2 (May
1991), p. 163—168, paper SPE-19653—PA.


http://www.uwyo.edu/eori/_files/docs/wyomings%20miscible%20co2-eor%20potential%20-%20benjamin%20r.%20cook.pdf
http://www.uwyo.edu/eori/_files/docs/wyomings%20miscible%20co2-eor%20potential%20-%20benjamin%20r.%20cook.pdf
http://www.uwyo.edu/eori/_files/docs/wyomings%20miscible%20co2-eor%20potential%20-%20benjamin%20r.%20cook.pdf
http://www.co2conference.net/wp-content/uploads/2012/12/1445-Schneider-Denbury-CO2-EOR-Strategies-12-4-12.pdf
http://www.co2conference.net/wp-content/uploads/2012/12/1445-Schneider-Denbury-CO2-EOR-Strategies-12-4-12.pdf
http://www.co2conference.net/wp-content/uploads/2012/12/1445-Schneider-Denbury-CO2-EOR-Strategies-12-4-12.pdf
http://www.energy.ca.gov/process/pubs/electrotech_opps_tr113836.pdf
http://www.energy.ca.gov/process/pubs/electrotech_opps_tr113836.pdf
http://www.sciencedirect.com/science/article/pii/S1876610211006230
http://www.sciencedirect.com/science/article/pii/S1876610211006230
http://www.co2conference.net/wp-content/uploads/2012/12/2009CO2FloodingConference_MeritEnergyBaroilPresentation_Nevarez-Eves.pdf
http://www.co2conference.net/wp-content/uploads/2012/12/2009CO2FloodingConference_MeritEnergyBaroilPresentation_Nevarez-Eves.pdf
http://www.co2conference.net/wp-content/uploads/2012/12/2009CO2FloodingConference_MeritEnergyBaroilPresentation_Nevarez-Eves.pdf
http://www.evolutionpetroleum.com/delhi.html
http://www.evolutionpetroleum.com/delhi.html
http://www.uwyo.edu/eori/_files/co2conference08/jason%20gaines_anadarko_eori_co2%20casper%20may%2029%202008.pdf
http://www.uwyo.edu/eori/_files/co2conference08/jason%20gaines_anadarko_eori_co2%20casper%20may%2029%202008.pdf
http://www.uwyo.edu/eori/_files/co2conference08/jason%20gaines_anadarko_eori_co2%20casper%20may%2029%202008.pdf
http://www.uwyo.edu/eori/_files/co2conference08/jason%20gaines_anadarko_eori_co2%20casper%20may%2029%202008.pdf
http://oaktrust.library.tamu.edu/bitstream/handle/1969.1/4138/etd-tamu-2005B-PETE-Garcia.pdf?sequence=1&isAllowed=y
http://oaktrust.library.tamu.edu/bitstream/handle/1969.1/4138/etd-tamu-2005B-PETE-Garcia.pdf?sequence=1&isAllowed=y
http://oaktrust.library.tamu.edu/bitstream/handle/1969.1/4138/etd-tamu-2005B-PETE-Garcia.pdf?sequence=1&isAllowed=y

D10

Hill, W.J., Tinney, T.J., Young, L.C., and Stark, K.L., 1994,
CO, operating plan, South Welch unit, Dawson County,
Texas, in Overcoming today’s challenges through shared
technology, teamwork, and innovation—Proceedings; Perm-
ian Basin Oil and Gas Recovery Conference, March 16-18,
1994, Midland, Texas: [Richardson, Texas,] Society of
Petroleum Engineers, p. 493—504, paper SPE-27676-MS.

Hoiland, R.C., Joyner, H.D., and Stalder, J.L., 1986, Case
history of a successful Rocky Mountain pilot CO, flood,
in Proceedings; SPE/DOE Fifth Symposium on Enhanced
Oil Recovery, April 20-23, 1986, Tulsa, Oklahoma: [Tulsa,
Oklahoma,] Society of Petroleum Engineers, p. 199-208,
paper SPE-14939-MS.

Holtz, M.H., 2009, Gulf Coast CO, enhanced oil recovery case
studies: University of Texas, class notes, 46 slides, accessed
May 14, 2015, at http://www.beg.utexas.edu/pttc/archive/
reservegrowth1205/holtz-casestudies.pdf.

Howard, Bruce, 2013, Wellman field case history: Presenta-
tion at the 19th Annual CO, Flooding Conference, Midland,
Texas, December 11-13, 2013, 24 slides, accessed Octo-
ber 6, 2016, at http://www.co2conference.net/wp-content/
uploads/2013/12/9-Wellman_Case-History-2013 _CO2
Conference.pdf.

Hsie, J.C., and Moore, J.S., 1988, The Quarantine Bay 4RC
CO, WAG pilot project; A postflood evaluation: SPE
Reservoir Engineering, v. 3, no. 3, p. 809—814, paper
SPE-15498-PA.

Hunt, R.D., and Hearn, C.L., 1982, Reservoir management of
the Hartzog Draw field: Journal of Petroleum Technology,
v. 34, no. 7, p. 1575-1582, paper SPE-10195-PA.

Imai, Nobuo, and Reeves, Scott, 2004, Feasibility study on
CO, EOR of White Tiger field in Vietnam (CO, capture
from Phu-My power plant): Presentation at the Third
Annual DOE Conference on Carbon Capture and Seques-
tration, Alexandria, Virginia, May 3-6, 2004, 16 slides,
accessed October 6, 2016, at http://www.netl.doe.gov/publi-
cations/proceedings/04/carbon-seq/08 1.pdf.

Jarrell, PM., Fox, C.E., Stein, M.H., Webb, S.L., Johns, R.T.,
and Day, L.A., 2002, Practical aspects of CO, flooding:
Society of Petroleum Engineers Monograph Series, v. 22,
220 p.

Jingcun, Zhang; Shangxian, Xie; Peihui, Han; Jiabao, Chen;
Zhenghua, Zhang; and Encang, Guo, 1997, Field test of
immiscible CO, drive in Daqing oil field: SPE Advanced
Technology Series, v. 5, no. 1, p. 4955, paper SPE
30847-PA.

Three Approaches for Estimating Recovery Factors in Carbon Dioxide Enhanced Qil Recovery

Keeling, R.J., 1984, CO, miscible flooding evaluation of the
South Welch unit, Welch San Andres field, in Proceed-
ings; SPE/DOE Fourth Symposium on Enhanced Oil
Recovery, April 16-18, 1984, Tulsa, Oklahoma: [Dallas,
Texas,] Society of Petroleum Engineers, p. 335-346, paper
SPE-12664-MS.

Kinder Morgan, 2013, North Cross Devonian unit: Kinder
Morgan Web page, accessed May 14, 2015, at http://www.
kindermorgan.com/business/co2/success_north_cross.cfm.

Kirkpatrick, R.K., Flanders, W.A., and DePauw, R.M., 1985,
Performance of the Twofreds CO, injection project: Paper
presented at the 60th SPE Annual Technical Conference and
Exhibition of SPE, paper SPE-14439-MS, 12 p.

Kleinstelber, S.W., 1990, The Wertz Tensleep CO, flood,;
Design and initial performance: Journal of Petroleum Tech-
nology, v. 42, no. 5, p. 630-636, paper SPE-18067-PA.

Knight, William, Schechter, David, Long, Roy, and Fergu-
son, Daniel, 2004, Advanced reservoir characterization
and evaluation of carbon dioxide gravity drainage in the
naturally fractured Spraberry reservoir—Research discov-
ers how to waterflood the Spraberry: U.S. Department of
Energy, National Energy Technology Laboratory, Project
Facts [Factsheet], 2 p., accessed October 6, 2016, at http://
www.netl.doe.gov/KMD/cds/disk22/D-Reservoirs%20
-%20Characterization%20with%20C02%20Component/
BC14942%20project%?20facts.pdf.

Koottungal, Leena, ed., 2014, 2014 worldwide EOR survey:
Oil and Gas Journal, v. 112, no. 4 (April 7, 2014), p. 79-84,
accessed October 6, 2016, at http://www.ogj.com/articles/
print/volume-112/issue-4/special-report-eor-heavy-oil-
survey/2014-worldwide-eor-survey.html.

Kumar, Rajeshwar, and Eibeck, J.N., 1984, CO, flooding a
waterflooded shallow Pennsylvanian sand in Oklahoma;
A case history, in Proceedings; SPE/DOE Fourth Sympo-
sium on Enhanced Oil Recovery, April 16-18, 1984, Tulsa,
Oklahoma: [Dallas, Texas,] Society of Petroleum Engineers,
p. 367-376, paper SPE-12668—-MS.

Kuuskraa, V.A., 2008, Maximizing oil recovery efficiency
and sequestration of CO, with “next generation” CO,-EOR
technology: Presentation at the 2d Petrobras International
Seminar on CO, Capture and Geological Storage, Septem-
ber 9-12, 2008, Salvador, Bahia, Brazil, 19 slides, accessed
October 6, 2016, at http://www.adv-res.com/pdf/V_Kuusk-
raa%20Petrobras%20C02%20SEP%2008.pdf.

Kuuskraa, V.A., 2012, CO, utilization with enhanced oil
recovery; The new paradigm for CO, capture and stor-
age: Presentation at the 10th Annual Carbon Management
Workshop, Midland, Texas, December 4, 2012, 31 slides,
accessed October 6, 2016, at http://www.co2conference.net/
wp-content/uploads/2012/12/0815-Kuuskraa-ARI-EOR-
Size-of-the-Prize-ROZ-12-4-12.pdf.


http://www.co2conference.net/wp-content/uploads/2013/12/9-Wellman_Case-History-2013_CO2_Conference.pdf
http://www.co2conference.net/wp-content/uploads/2013/12/9-Wellman_Case-History-2013_CO2_Conference.pdf
http://www.co2conference.net/wp-content/uploads/2013/12/9-Wellman_Case-History-2013_CO2_Conference.pdf
http://www.netl.doe.gov/publications/proceedings/04/carbon-seq/081.pdf
http://www.netl.doe.gov/publications/proceedings/04/carbon-seq/081.pdf
http://www.kindermorgan.com/business/co2/success_north_cross.cfm
http://www.kindermorgan.com/business/co2/success_north_cross.cfm
http://www.netl.doe.gov/KMD/cds/disk22/D-Reservoirs%20-%20Characterization%20with%20CO2%20Component/BC14942%20project%20facts.pdf
http://www.netl.doe.gov/KMD/cds/disk22/D-Reservoirs%20-%20Characterization%20with%20CO2%20Component/BC14942%20project%20facts.pdf
http://www.netl.doe.gov/KMD/cds/disk22/D-Reservoirs%20-%20Characterization%20with%20CO2%20Component/BC14942%20project%20facts.pdf
http://www.netl.doe.gov/KMD/cds/disk22/D-Reservoirs%20-%20Characterization%20with%20CO2%20Component/BC14942%20project%20facts.pdf
http://www.ogj.com/articles/print/volume-112/issue-4/special-report-eor-heavy-oil-survey/2014-worldwide-eor-survey.html
http://www.ogj.com/articles/print/volume-112/issue-4/special-report-eor-heavy-oil-survey/2014-worldwide-eor-survey.html
http://www.ogj.com/articles/print/volume-112/issue-4/special-report-eor-heavy-oil-survey/2014-worldwide-eor-survey.html
http://www.adv-res.com/pdf/V_Kuuskraa%20Petrobras%20CO2%20SEP%2008.pdf
http://www.adv-res.com/pdf/V_Kuuskraa%20Petrobras%20CO2%20SEP%2008.pdf
http://www.co2conference.net/wp-content/uploads/2012/12/0815-Kuuskraa-ARI-EOR-Size-of-the-Prize-ROZ-12-4-12.pdf
http://www.co2conference.net/wp-content/uploads/2012/12/0815-Kuuskraa-ARI-EOR-Size-of-the-Prize-ROZ-12-4-12.pdf
http://www.co2conference.net/wp-content/uploads/2012/12/0815-Kuuskraa-ARI-EOR-Size-of-the-Prize-ROZ-12-4-12.pdf

Chapter D. Carbon Dioxide Enhanced Qil Recovery Performance According to the Literature D11

Kuuskraa, V.A., and Koperna, G.J., 2006, Evaluating the
potential for “game changer” improvements in oil recovery
efficiency from CO, enhanced oil recovery: Report to the
U.S. Department of Energy, 120 p., accessed May 14, 2015,
at http://www.adv-res.com/pdf/Game_Changer Document.
pdf.

Lake, L.W., and Walsh, M.P., 2008, Enhanced oil recovery
(EOR) field data literature search: Technical report prepared
for Danish North Sea Partner, Danish Energy Agency, and
Meersk Olie og Gas AS, 112 p., accessed May 14, 2015, at
http://www.ens.dk/sites/ens.dk/files/undergrund-forsyning/
olie-gas/felter-produktion-danmark/foroeget-indvinding-
eor/EOR Report Final.pdf.

Lake, L.W., Yang, Andrew, and Pan, Zhong, 2014, Listening
to the data; An analysis of the Oil and Gas Journal database:
Paper presented at the 19th SPE Improved Oil Recovery
Symposium, Tulsa, Oklahoma, April 12—16, 2014, paper
SPE-169056-MS, 11 p.

Lee, K.H., and El-Saleh, M.M., 1990, A full-field numeri-
cal modeling study for the Ford Geraldine unit CO, flood:
Paper presented at SPE/DOE Seventh Symposium on
Enhanced Oil Recovery, April 22-25, 1990, Tulsa, Okla-
homa, p. 517-528, paper SPE-20227-MS.

Lin, E.C., and Poole, E.S., 1991, Numerical evaluation of
single-slug, WAG, and hybrid CO, injection processes,
Dollarhide Devonian unit, Andrews County, Texas: SPE
Reservoir Engineering, v. 6, no. 4, p. 415420, paper
SPE-20098-PA.

Lino, U.R.A., 2005, Case history of breaking a paradigm;
Improvement of an immiscible gas-injection project in
Buracica field by water injection at the gas-oil contact:
Paper presented at the SPE Latin American and Caribbean
Petroleum Engineering Conference, Rio de Janeiro, Brazil,
June 20-23, 2005, paper SPE-94978-MS, 8 p.

MacAllister, D.J., 1989, Evaluation of a CO, flood per-
formance; North Coles Levee CO, pilot, Kern County,
California: Journal of Petroleum Technology, v. 41, no. 2,
p. 185-194, paper SPE-15499-PA.

Magruder, J.B., Stiles, L.H., and Yelverton, T.D., 1990,
Review of the Means San Andres unit CO, tertiary project:
Journal of Petroleum Technology, v. 42, no. 5, p. 638—644,
paper SPE-17349-PA.

Martin, F.D., Stevens, J.E., and Harpole, K.J., 1995, CO -foam
field test at the East Vacuum Grayburg/San Andres unit:
SPE Reservoir Engineering, v. 10, no. 4, p. 266-272, paper
SPE-27786-PA.

Martin, F.D., and Taber, J.J., 1992, Carbon dioxide flooding:
Journal of Petroleum Technology, v. 44, no. 4, p. 396400,
paper SPE-23564-PA.

Masoner, L.O., and Wackowski, R.K., 1995, Rangely Weber
Sand unit CO, project update: SPE Reservoir Engineering,
v. 10, no. 3, p. 203-207, paper SPE-27755-PA.

Mathiassen, O.M., 2003, CO, as injection gas for enhanced oil
recovery and estimation of the potential on the Norwegian
continental shelf: Trondheim, Norwegian University of
Science and Technology, Department of Petroleum Engi-
neering and Applied Geophysics, thesis, part 1 of 2, 96 p.,
accessed October 6, 2016, at http://www.co2.no/download.
asp?DAFID=28&DAAID=6.

Merchant, D.H., 2010, Life beyond 80; A look at conventional
WAG recovery beyond 80% HCPV injected in CO, tertiary
floods: Paper presented at the SPE International Conference
on CO, Capture, Storage, and Utilization, New Orleans,
Louisiana, November 10-12, 2010, paper SPE-139516—
MS, 14 p.

Merritt, M.B., and Groce, J.F., 1992, A case history of the
Hanford San Andres miscible CO, project: Journal of
Petroleum Technology, v. 44, no. 8, p. 924-929, paper
SPE-20229-PA.

Meyer, J.P. [, 2010], Summary of carbon dioxide enhanced oil
recovery (CO,EOR) injection well technology: American
Petroleum Institute, 54 p., accessed October 6, 2016, at
http://www.api.org/~/media/files/ehs/climate-change/sum-
mary-carbon-dioxide-enhanced-oil-recovery-well-tech.pdf.

Mizenko, G.J., 1992, North Cross (Devonian) unit CO, flood,;
Status report: Paper presented at the SPE/DOE Eighth
Symposium on Enhanced Oil Recovery, April 22-24, 1992,
Tulsa, Oklahoma, p. 537546, paper SPE-24210-MS.

Moffitt, P.D., and Zornes, D.R., 1992, Postmortem analysis;
Lick Creek Meakin Sand unit immiscible CO, waterflood
project: Paper presented at the 67th SPE Annual Technical
Conference and Exhibition, Washington, D.C., October 4-7,
1992, p. 813826, paper SPE-24933-MS.

Mohammed-Singh, L.J., and Singhal, A.K., 2005, Lessons
from Trinidad’s CO, immiscible pilot projects: SPE Reser-
voir Evaluation and Engineering, v. 8, no. 5, p. 397403,
paper SPE-89364-PA.

Moore, J.S., 1986, Design, installation, and early operation of
the Timbalier Bay S—2B(RA)SU gravity-stable, miscible
CO,-injection project: SPE Production Engineering, v. 1,
no. 5, p. 369-378, paper SPE-14287—PA.

Moore, J.S., and Clark, G.C., 1988, History match of the
Maljamar CO, pilot performance, in Proceedings; SPE/DOE
Sixth Symposium on Enhanced Oil Recovery, April 17-20,
1988, Tulsa, Oklahoma: [Tulsa, Oklahoma,] Society of
Petroleum Engineers, p. 3547, paper SPE-17323-MS.


http://www.adv-res.com/pdf/Game_Changer_Document.pdf
http://www.adv-res.com/pdf/Game_Changer_Document.pdf
http://www.ens.dk/sites/ens.dk/files/undergrund-forsyning/olie-gas/felter-produktion-danmark/foroeget-indvinding-eor/EOR_Report_Final.pdf
http://www.ens.dk/sites/ens.dk/files/undergrund-forsyning/olie-gas/felter-produktion-danmark/foroeget-indvinding-eor/EOR_Report_Final.pdf
http://www.ens.dk/sites/ens.dk/files/undergrund-forsyning/olie-gas/felter-produktion-danmark/foroeget-indvinding-eor/EOR_Report_Final.pdf
http://www.api.org/~/media/files/ehs/climate-change/summary-carbon-dioxide-enhanced-oil-recovery-well-tech.pdf
http://www.api.org/~/media/files/ehs/climate-change/summary-carbon-dioxide-enhanced-oil-recovery-well-tech.pdf

D12

Mukherjee, J., Norris, S.0., Nguyen, Q.P., Scherlin, J.M.,
Vanderwal, P.G., and Abbas, S., 2014, CO, foam pilot in
Salt Creek field, Natrona County, WY; Phase I, Laboratory
work, reservoir simulation, and initial design: Paper pre-
sented at the 19th SPE Improved Oil Recovery Symposium
(IOR 2014), Tulsa, Oklahoma, USA, 12—16 April 2014,
paper SPE-169166-MS, 21 p.

Nagai, R.B., and Redmond, G.W., 1983, Numerical simulation
of a gravity stable, miscible CO, injection project in a West
Texas carbonate reef: Paper presented at the Middle East
Oil Technical Conference of SPE, Manama, Bahrain, 14—17
March 1983, p. 29-41, paper SPE-11129-MS.

National Petroleum Council (NPC), 1984, Enhanced oil recov-
ery: Washington, D.C., National Petroleum Council, vari-
ously paged [285 p.], accessed October 6, 2016, at http://
www.npc.org/reports/rd1984-Enhanced Oil Recovery.pdf.

Oil & Gas Journal, 2004, Cogdell unit CO, flood yields posi-
tive results: Oil & Gas Journal digital article from April 12,
2004, accessed October 6, 2016, at http://www.ogj.com/
articles/print/volume-102/issue-14/special-report/cogdell-
unit-cosub2-sub-flood-yields-positive-results.html.

Olea, R.A., 2010, Basic statistical concepts and methods for
earth scientists (revised February 2010): U.S. Geologi-
cal Survey Open-File Report 2008-1017, 191 p., accessed
October 6, 2016, at http://pubs.usgs.gov/of/2008/1017/.

Olea, R.A., 2015, CO, retention values in enhanced oil recov-
ery: Journal of Petroleum Science and Engineering, v. 129
(May 2015), p. 23-28.

Page, James, 2009, Salt Creek field; CO, flood performance:
Presentation at the 3d Annual Wyoming CO, Conference,
Casper, Wyoming, June 23-24, 2009, 21 slides, accessed
October 6, 2016, at http://www.uwyo.edu/eori/ files/
co2conference09/james%20page%20eori%202009.pdf.

Peterson, C.A., Pearson, E.J., Chodur, V.T., and Periera[sic],
Carlos, 2012, Beaver Creek Madison CO, enhanced [oil]
recovery project case history; Riverton, Wyoming: Paper
presented at the 18th SPE Improved Oil Recovery Sympo-
sium, Tulsa, Oklahoma, April 14-18, 2012, paper SPE—
152862-MS, 18 p.

Pittaway, K.R., Albright, J.C., Hoover, J.W., and Moore, J.S.,
1987, The Maljamar CO, pilot; Review and results: Journal
of Petroleum Technology, v. 39, no. 10, p. 12561260, paper
SPE-14940-PA.

Pittaway, K.R., and Rosato, R.J., 1991, The Ford Geraldine
unit CO, flood—Update 1990: SPE Reservoir Engineering,
v. 6, no. 4, p. 410414, paper SPE-20118-PA.

Three Approaches for Estimating Recovery Factors in Carbon Dioxide Enhanced Qil Recovery

Plumb, L.B., and Ferrell, H.H., 1989, An evaluation of the
CO, pilot Maljamar field, Lea County, New Mexico: U.S.
Department of Energy report DOE/BC/10830-12, 24 p.,
accessed October 6, 2016, at http://www.netl.doe.gov/kmd/
cds/disk44/D-C0O2%20Injection/BC10830 12.pdf.

Pyo, K., Damian-Diaz, N., Powell, M., and Van Nieuwkerk, J.,
2003, CO, flooding in Joffre Viking pool: Paper presented
at the Petroleum Society of Canada’s Canadian International
Petroleum Conference, Calgary, Alberta, June 10—12, 2003,
paper PETSOC-2003-109, 30 p.

Pyrcz, M.J., and Deutsch, C.V., 2014, Geostatistical reservoir
modeling (2d ed.): New York, Oxford University Press,
433 p.

Resolute Energy Corporation, 2012, An update on the Greater
Aneth field: Presentation at the 18th Annual CO, Flooding
Conference, Midland, Texas, December 7, 2012, 31 slides,
accessed October 6, 2016, at http://www.co2conference.net/
wp-content/uploads/2012/12/02-HoppeMidland CO2_con-
ference Greater Aneth Field 12-7-12.pdf.

Resolute Energy Corporation, 2013, An update on the Greater
Aneth field: Presentation at the 7th Annual Wyoming CO,
Conference, Casper, Wyoming, July 10—11, 2013, 32 slides,
accessed October 6, 2016, at http://www.uwyo.edu/eori/
conferences/c02/2013%?20presentations/hoppe.pdf.

Ring, J.N., and Smith, D.J., 1995, An overview of the North
Ward Estes CO, flood: Paper presented at the SPE Annual
Technical Conference & Exhibition, Dallas, Texas, October
22-25, 1995, p. 115-122, paper SPE-30729-MS.

Rocha, P.S.; Dino, Rodolfo; Sanches, Christovam; and
Le Thiez, Pierre, 2007, Assessing the CO, storage as a
by-product of EOR activities in the Buracica oil field—
Reconcavo Basin, NE Brazil: Paper presented at the 6th
Annual Conference on Carbon Capture & Sequestration,
Pittsburgh, Pennsylvania, May 7-10, 2007, 33 slides,
accessed October 6, 2016, at http://www.netl.doe.gov/publi-
cations/proceedings/07/carbon-seq/data/papers/tue_046.pdf.

Rojas, J.H., 2002, Design and history matching of a water-
flood/miscible CO, flood model of a mature field; The Well-
man unit, West Texas: College Station, Texas, Texas A&M
University, master’s thesis, 188 p.

Sahin, Secaeddin; Kalfa, Ulker; and Celebioglu, Demet, 2008,
Bati Raman field immiscible CO, application—Status quo
and future plans: SPE Reservoir Evaluation and Engineer-
ing, v. 11, no. 4, p. 778-791, paper SPE-106575-PA.

Sahin, Secaeddin; Kalfa, Ulker; Celebioglu, Demet; Duygu,
Ersan; and Lahna, Hakki, 2012, A quarter century of prog-
ress in the application of CO, immiscible EOR project in
Bati Raman heavy oil field in Turkey: Paper presented at the
SPE Heavy Oil Conference Canada, Calgary, Alberta, June
12—-14, 2012, paper SPE-157865-MS, 14 p.


http://www.npc.org/reports/rd1984-Enhanced_Oil_Recovery.pdf
http://www.npc.org/reports/rd1984-Enhanced_Oil_Recovery.pdf
http://www.ogj.com/articles/print/volume-102/issue-14/special-report/cogdell-unit-cosub2-sub-flood-yields-positive-results.html
http://www.ogj.com/articles/print/volume-102/issue-14/special-report/cogdell-unit-cosub2-sub-flood-yields-positive-results.html
http://www.ogj.com/articles/print/volume-102/issue-14/special-report/cogdell-unit-cosub2-sub-flood-yields-positive-results.html
http://pubs.usgs.gov/of/2008/1017/
http://www.uwyo.edu/eori/_files/co2conference09/james%20page%20eori%202009.pdf
http://www.uwyo.edu/eori/_files/co2conference09/james%20page%20eori%202009.pdf
http://www.netl.doe.gov/kmd/cds/disk44/D-CO2%20Injection/BC10830_12.pdf
http://www.netl.doe.gov/kmd/cds/disk44/D-CO2%20Injection/BC10830_12.pdf
http://www.uwyo.edu/eori/conferences/co2/2013%20presentations/hoppe.pdf
http://www.uwyo.edu/eori/conferences/co2/2013%20presentations/hoppe.pdf
http://www.netl.doe.gov/publications/proceedings/07/carbon-seq/data/papers/tue_046.pdf
http://www.netl.doe.gov/publications/proceedings/07/carbon-seq/data/papers/tue_046.pdf

Chapter D. Carbon Dioxide Enhanced Oil Recovery Performance According to the Literature D13

Sahin, Secaeddin; Kalfa, Ulker; Uysal, Serkan; Kilic, Harun;
and Lahna, Hakki, 2014, Design, implementation and early
operating results of steam injection pilot in already CO,
flooded deep-heavy oil fractured carbonate reservoir of
Bati Raman field, Turkey: Paper presented at the 19th SPE
Improved Oil Recovery Symposium, Tulsa, Oklahoma,
April 12-16, 2014, paper SPE-169035-MS, 14 p.

Saller, A.H.; Walden, Skip; Robertson, Steve; Nims, Rob-
ert; Schwab, Joe; Hagiwara, Hiroshi; and Mizohata,
Shigeharu, 2006, Three-dimensional seismic imaging
and reservoir modeling of an upper Paleozoic “reefal”

buildup, Reinecke field, West Texas, United States: [AAPG]

Search and Discovery Article 20044, 19 p., accessed
October 6, 2016, at http://www.searchanddiscovery.com/
documents/2006/06144saller/images/saller.

Schechter, D.S., Grigg, Reid, Guo, Boyun, and Schneider,
Barry, 1998, Wellman unit CO, flood; Reservoir pressure
reduction and flooding the water/oil transition zone: Paper
presented at the SPE Annual Technical Conference and
Exhibition, New Orleans, Louisiana, September 27-30,
1998, p. 39-50, paper SPE-48948-MS.

Schlumberger Excellence in Education Development, 2014,
The Weyburn oil field; Enhanced oil recovery: Schlum-
berger Excellence in Education Development Web page,
accessed October 6, 2016, at http://web.archive.org/
web/20151231132914/http://www.planetseed.com/related-
article/weyburn-oil-field-enhanced-oil-recovery.

Senocak, Didem, 2008, Evaluation of sweep efficiency of a
mature CO, flood in Little Creek field, Mississippi: Baton
Rouge, Louisiana State University, master’s thesis, 178 p.,
accessed October 6, 2016, at http://etd.Isu.edu/docs/avail-
able/etd-10302008-040624/unrestricted/Senocak Thesis.
pdf.

Senocak, Didem, Pennell, S.P., Gibson, C.E., and Hughes,
R.G., 2008, Effective use of heterogeneity measures in the
evaluation of a mature CO, flood: Paper presented at SPE/
DOE Symposium on Improved Oil Recovery, Tulsa, Okla-
homa, April 20-23, 2008, paper SPE-113977-MS, 9 p.

Smith, D.J., Kelly, T.R., Schmidt, D.L., and Bowden, C.E.,
2012, Katz (Strawn) unit miscible CO, project; Design,
implementation, and early performance: Paper presented at

the 18th SPE Symposium on Improved Oil Recovery, Tulsa,

Oklahoma, April 14-18, 2012, paper SPE-154023-MS,
19 p.

SPE International, 2013, CO, miscible flooding case stud-
ies: PetroWiki page, accessed October 6, 2016, at http://
petrowiki.spe.org/CO2_miscible flooding case studies.

Spivak, Allan, Garrison, W.H., and Nguyen, J.P., 1990,
Review of an immiscible CO, project, tar zone, fault block
V, Wilmington field, California: SPE Reservoir Engineer-
ing, v. 5, no. 2, p. 155-162, paper SPE-17407—PA.

Stein, M.H., Frey, D.D., Walker, R.D., and Parlani, G.J., 1992,
Slaughter Estate unit CO, flood; Comparison between pilot
and field-scale performance: Journal of Petroleum Technol-
ogy, v. 44, no. 9, p. 1026-1032, paper SPE-19375—-PA.

Stell, Mike, 2005, Reserve booking guidelines for CO, floods;
A practical approach from a reserve auditor: Presentation at
the 11th Annual CO, Flooding Conference, Midland, Texas,
December 7-8, 2005, 51 slides, accessed October 6, 2016,
at https://www.ryderscott.com/wp-content/uploads/CO2-05-
Slide-Stell.pdf.

Tanner, C.S., Baxley, P.T., Crump, J.G., III, and Miller, W.C.,
1992, Production performance of the Wasson Denver unit
CO, flood: Paper presented at the 8th SPE/DOE Symposium
on Enhanced Oil Recovery, Tulsa, Oklahoma, April 22-24,
1992, p. 11-22, paper SPE-24156-MS.

Thakur, G.C., Lin, C.J., and Patel, Y.R., 1984, CO, minitest,
Little Knife field, ND; A case history: Paper presented at
the 4th SPE Symposium on Enhanced Oil Recovery, Tulsa,
Oklahoma, April 15-18, 1984, p. 331-346, paper SPE—
12704-MS.

Tiab, Djebbar, and Donaldson, E.C., 2012, Petrophysics;
Theory and practice of measuring reservoir rock and fluid
transport properties (3d ed.): Waltham, Mass., Gulf Profes-
sional Publishing, 950 p.

Tzimas, E., Geogakaki, A., Garcia Cortes, C., and Peteves,
S.D., 2005, Enhanced oil recovery using carbon dioxide in
the European energy system: European Commission Report
EUR 21895 EN, 119 p., accessed October 6, 2016, at http://
science.uwaterloo.ca/~mauriced/earth691-duss/CO2_Gen-
eral%20C02%20Sequestration%20materilas/CO2 _EOR
Misciblein%20Europe2 1895EN.pdf.

Uj, Istvan, and Fekete, Tibor, 2011, CO, gas + WAG + water
injection in the same oil reservoir—Case study: Paper
presented at the SPE Enhanced Oil Recovery Conference,
Kuala Lumpur, Malaysia, July 19-21, 2011, paper SPE—
143833-MS, 10 p.

van’t Veld, Klaas, and Phillips, O.R., 2010, The economics of
enhanced oil recovery: Estimating incremental oil supply
and CO, demand in the Powder River Basin: Energy Jour-
nal, v. 31, no. 4, p. 31-55.

Verma, M K., Boucherit, Michael, and Bouvier, Lucienne,
1994, Evaluation of residual oil saturation after waterflood
in a carbonate reservoir: SPE Reservoir Engineering, v. 9,
no. 4, p. 247-253, paper SPE-21371-PA.

Wang, F.P., Lucia, F.J., and Kerans, Charles, 1998, Integrated
reservoir characterization study of a carbonate ramp res-
ervoir; Seminole San Andres unit, Gaines County, Texas:
SPE Reservoir Evaluation and Engineering, v. 1, no. 2,

p. 105-113, paper SPE-36515-PA.


http://www.searchanddiscovery.com/documents/2006/06144saller/images/saller
http://www.searchanddiscovery.com/documents/2006/06144saller/images/saller
http://web.archive.org/web/20151231132914/http://www.planetseed.com/relatedarticle/weyburn-oil-field-enhanced-oil-recovery
http://web.archive.org/web/20151231132914/http://www.planetseed.com/relatedarticle/weyburn-oil-field-enhanced-oil-recovery
http://web.archive.org/web/20151231132914/http://www.planetseed.com/relatedarticle/weyburn-oil-field-enhanced-oil-recovery
http://etd.lsu.edu/docs/available/etd-10302008-040624/unrestricted/Senocak_Thesis.pdf
http://etd.lsu.edu/docs/available/etd-10302008-040624/unrestricted/Senocak_Thesis.pdf
http://etd.lsu.edu/docs/available/etd-10302008-040624/unrestricted/Senocak_Thesis.pdf
http://petrowiki.spe.org/CO2_miscible_flooding_case_studies
http://petrowiki.spe.org/CO2_miscible_flooding_case_studies
https://www.ryderscott.com/wp-content/uploads/CO2-05-Slide-Stell.pdf
https://www.ryderscott.com/wp-content/uploads/CO2-05-Slide-Stell.pdf
http://science.uwaterloo.ca/~mauriced/earth691-duss/CO2_General%20CO2%20Sequestration%20materilas/CO2_EOR_Misciblein%20Europe21895EN.pdf
http://science.uwaterloo.ca/~mauriced/earth691-duss/CO2_General%20CO2%20Sequestration%20materilas/CO2_EOR_Misciblein%20Europe21895EN.pdf
http://science.uwaterloo.ca/~mauriced/earth691-duss/CO2_General%20CO2%20Sequestration%20materilas/CO2_EOR_Misciblein%20Europe21895EN.pdf
http://science.uwaterloo.ca/~mauriced/earth691-duss/CO2_General%20CO2%20Sequestration%20materilas/CO2_EOR_Misciblein%20Europe21895EN.pdf

D14

Wehner, S.C., 2009, A CO, EOR update from “no man’s
land”; Challenges & successes, Postle field, Texas Co[unty],
Oklahoma: Presentation at the 15th Annual CO, Flooding
Conference, Midland, Texas, December 10-11, 2009, 29
slides, accessed October 6, 2016, at http://www.co2confer-
ence.net/wp-content/uploads/2012/12/2009CO2FloodingCo
nferenceWhiting Wehner.pdf.

Wilkinson, J.R., Genetti, D.B., Henning, G.T., Broombhall,
R.W., and Lawrence, J.J., 2004, Lessons learned from
mature carbonates for application to Middle East fields:
Paper presented at the 11th Abu Dhabi International Petro-
leum Exhibition and Conference, Abu Dhabi, UAE, October
10-13, 2004, paper SPE-88770-MS, 12 p.

Willhite, G.P., 1986, Waterflooding: Society of Petroleum
Engineers Textbook Series, v. 3, 326 p.

Wilson, M., and Monea, M., eds., 2004, [EA GHG Wey-
burn CO, monitoring & storage project; Summary report
2000-2004: Regina, Saskatchewan, Canada, Petroleum
Technology Research Centre, 273 p., accessed October
6, 2016, at http://ptrc.ca/+pub/document/Summary
Report_2000 2004.pdf.

Winzinger, Rudi, Brink, J.L., Patel, K.S., Davenport, C.B.,
Patel, Y.R., and Thakur, G.C., 1991, Design of a major
CO, flood, North Ward Estes field, Ward County, Texas:
SPE Reservoir Engineering, v. 6, no. 1, p. 11-16, paper
SPE-19654—PA.

Wo, Shaochang, 2007, CO, demand estimates for major oil
fields in Wyoming basins: Presentation at the Wyoming
Enhanced Oil Recovery Institute (EORI) Joint Produc-
ers Meeting, Wyoming, June 26, 2007, 26 slides, accessed
October 6, 2016, at http://www.uwyo.edu/eori/ files/
co2conference07/shaochang co2 demand estimates
v2.pdf.

Three Approaches for Estimating Recovery Factors in Carbon Dioxide Enhanced Qil Recovery

Wood, Nik, 2010, Lockhart Crossing; Economically efficient
reservoir operations: Presentation at the 16th Annual CO,
Flooding Conference, Midland, Texas, December 10, 2010,
43 slides, accessed October 6, 2016, at http://www.co2con-
ference.net/wp-content/uploads/2012/12/3-2_Wood_Den-
bury LockhartCrossing.pdf.

Xiao, Chongwei, Harris, M.L., Wang, F.P., and Grigg, R.B.,
2011, Field testing and numerical simulation of combined
CO, enhanced oil recovery and storage in the SACROC
field: Paper presented at the Canadian Unconventional
Resources Conference, Calgary, Alberta, Canada, Novem-
ber 15-17, 2011, paper SPE-147544-MS, 17 p.

Yuan, M., Mosley, J., and Hyer, N., 2001, Mineral scale
control in a CO, flooded oilfield: Paper presented at the SPE
International Symposium on Oilfield Chemistry, Houston,
Texas, February 13—16, 2001, paper SPE-65029-MS, 7 p.

Zhou, Dengen, Yan, Meisong, and Calvin, W.M., 2012, Opti-
mization of a mature CO, flood—From continuous injec-
tion to WAG: Paper presented at the 18th SPE Improved
Oil Recovery Symposium, Tulsa, Oklahoma, April 14-18,
2012, paper SPE-154181-MS, 9 p.


http://www.co2conference.net/wp-content/uploads/2012/12/2009CO2FloodingConference_Whiting_Wehner.pdf
http://www.co2conference.net/wp-content/uploads/2012/12/2009CO2FloodingConference_Whiting_Wehner.pdf
http://www.co2conference.net/wp-content/uploads/2012/12/2009CO2FloodingConference_Whiting_Wehner.pdf
http://ptrc.ca/+pub/document/Summary_Report_2000_2004.pdf
http://ptrc.ca/+pub/document/Summary_Report_2000_2004.pdf
http://www.uwyo.edu/eori/_files/co2conference07/shaochang_co2_demand_estimates_v2.pdf
http://www.uwyo.edu/eori/_files/co2conference07/shaochang_co2_demand_estimates_v2.pdf
http://www.uwyo.edu/eori/_files/co2conference07/shaochang_co2_demand_estimates_v2.pdf
http://www.co2conference.net/wp-content/uploads/2012/12/3-2_Wood_Denbury_LockhartCrossing.pdf
http://www.co2conference.net/wp-content/uploads/2012/12/3-2_Wood_Denbury_LockhartCrossing.pdf
http://www.co2conference.net/wp-content/uploads/2012/12/3-2_Wood_Denbury_LockhartCrossing.pdf

Table D1. Carbon dioxide (CO,) recovery
factors and other related information for
petroleum-producing units in the United States,
Canada, and countries outside North America

Definitions of terms in table D1 are given below by column from left to right.
Column 1: Petroleum-producing units in column 1 include fields, reservoirs, and pilot areas.

Column 2: Loc.=location by ISO (International Organization for Standardization) 3166 code; data for

U.S. States come first and their codes have omitted the prefix “US” (AR, Arkansas; CA, California; CO,
Colorado; LA, Louisiana; MS, Mississippi; ND, North Dakota; NM, New Mexico; OK, Oklahoma; TX, Texas;
UT, Utah; WY, Wyoming); data for Canada follow, and their codes have omitted the prefix “CA” (AB,
Alberta; SK, Saskatchewan); and data for countries outside North America complete the table (BR, Brazil;
CN, China; HU, Hungary; IT, Italy; NO, Norway; TR, Turkey; TT, Trinidad and Tobago; UK, United Kingdom;
VN, Vietnam).

Column 3: Grav.=American Petroleum Institute oil gravity, in degrees (°API).
Column 4: Conditions: M=miscible or I=immiscible or M/I=miscible and immiscible.

Column 5: Injection method: c—WAG=continuous followed by water alternating with gas;
Contin.=continuous; TWAG=tapered water alternating with gas; WAG=water alternating with gas.

Column 6: Lithology (Lith.) terms: chalk, cht=chert, dl=dolomite, f.=fractured, grn=granite, Is=limestone,
ss=sandstone.

Column 7: V,=Dykstra-Parsons coefficient of vertical permeability variation.
Column 8: 00/P=original oil in place, in millions of stock tank barrels (MMstb).

Column 9: Pr. + Sec.=primary plus secondary recovery, in percent (%); a single number denotes an
aggregated value.

Column 10: ResSo=residual oil saturation before starting the CO, flooding, in percent.

Column 11: CO, start=initial year of CO, flooding.

Columns 12, 13, and 14: Last report=last mention in the literature of CO, flooding results.

Column 12: fifcoZ=recovery factor for CO, flooding (in percent of O0IP) at the date specified in column 13.
Column 13: Year=date reported in the literature.

Column 14: HCPV =hydrocarbon injected, in percent of pore volume. An asterisk (*) denotes a value
estimated for this report using equation D3.

Columns 15 and 16: Ultimate recov.=predicted results at the end of the CO, injection.
Column 15: U/t RF =final recovery factor for the CO,-EOR, in percent of OOIP.

Column 16: HCPV =CO, volume necessary to inject to obtain the ultimate recovery, in percent of pore
volume.
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Table D1. Carbon dioxide (CO,) recovery factors and other related information for petroleum-producing units in the United States,

Canada, and countries outside North America.

[—, no data. Other terms are defined on p. D15]

General information

Unit Loc. (E:;,"I') MI  Method Lith.  V,, (wfn%fb) Pr. (’;/Sec' ”;Zf" s‘ig;t
United States
Lick Creek pilot AR 17 I WAG ss — 15.8 319+ 11.1 — 1976
North Coles Levee pilot CA 36 M TWAG ss — — — 34 1981
CLA 487.
North Coles Levee pilot CA 36 M TWAG ss — — — 34 1981
CLA 488.
North Coles Levee pilot 5 spot CA 36 M TWAG ss — — — 34 1981
Wilmington field CA 14 I WAG ss — 69.5 — — 1982
Rangely Weber field CcO 34 M TWAG ss — 1,810 21 +21 25 1986
Delhi field LA — M WAG ss — 357 57 — —
Lockhart Crossing field LA 42 M — ss — 56 12+20 — 2007
Paradis pilot LA 39 M Contin. ss — — — 20 1984
Quarantine Bay pilot LA 32 M WAG ss — — — 38 1981
Timbalier Bay pilot RS-1BSU LA 39 M Contin. ss — 20.6 44 + none 29 1984
Weeks Island B reservoir LA 32 M Contin. Ss — 33 24 + 54 22 1978
Little Creek field MS 39 M — ss 0.5-0.89 102 25+22 21 1985
West Mallalieu MS 38 M — ss — — — 15 1986
Little Knife field, minitest ND 41 M WAG dl — 195 — 40 1980
East Vacuum NM 38 M WAG ss/dl — 296 25+15 30 1985
Maljamar 6th Zone pilot NM 36 M Contin. dl — 107 21+23 30 1981
Maljamar 9th Zone pilot NM 36 M Contin. dl — 26 21+23 40 1981
Garber field pilot OK 47 M Contin. ss — — — 253 1981
Northeast Purdy unit OK 349 M WAG ss — 225 16 +22 — 1983
Postle Morrow unit OK 42 M TWAG ss — 300 34.7 — 1995
Sho-Vel-Tum OK 25 M — ss — 210 — 59 1982
Cogdell Canyon Reef unit X 40 M WAG Is — 117 — — 2001
Dollarhide X 40 M WAG cht — 145.6 13.4+29.6 25 1985
East Ford X 40 M — ss 0.52 18.4 16 + none 49 1995
Ford Geraldine unit X 40 M Contin. ss — 99 18 +4.5 31 1981
Hanford San Andres field X 32 M WAG dl — 17 179+ 14.2 — 1986
Hansford Marmaton field X 38 I WAG ss 0.92 12.5 13 + none 43 1980
Katz Strawn unit X 38 M c—>WAG  ss 0.82 206 14+19 — 2010
0.67

0.64
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Table D1. Carbon dioxide (CO,) recovery factors and other related information for petroleum-producing units in the United States,
Canada, and countries outside North America.—Continued

[—, no data. Other terms are defined on p. D15]

Last report Ultimate recov.
RFco2 Year HePy, UIt.RF HePy, References
(%) (%) (%) (%)
United States—Continued
11.1 1990 242 — — Moffitt and Zornes (1992); Jarrell and others (2002).
25.8 1984 38 — — MacAllister (1989): Jarrell and others (2002).
21.8 1984 61 — — MacAllister (1989); Jarrell and others (2002).
15.6 1984 38 — — MacAllister (1989): Jarrell and others (2002).
0.7 1986 22% — — Spivak and others (1990); Merchant (2010).
4.8 2011 46 — — Hervey and lakovakis (1991); Masoner and Wackowski (1995); Advanced
Resources International (2006); Clark (2012).
— — — 17 — Evolution Petroleum Corporation (2013); Chen and others (2014).
2.7 2010 38 — — Wood (2010).
14.5 1985 — — — Holtz (2009).
16.9 1987 18.9 — — Hsie and Moore (1988); Holtz (2009).
— — 30 23 — Moore (1986); Kuuskraa and Koperna (2006); Holtz (2009).
8.7 1987 24 — — Jarrell and others (2002); Kuuskraa and Koperna (2006); Holtz (2009).
18.4 2007 — — — Jarrell and others (2002); Senocak (2008); Senocak and others (2008).
— — — 18.5 — Martin and Taber (1992); Jarrell and others (2002).
— 1981 — 8 — Desch and others (1984); Thakur and others (1984).
2 1996 16 10 — Brownlee and Sugg (1987); Martin and others (1995); Harpole and Hal-
lenbeck (1996); Jarrell and others (2002).
16.8 1986 30.6 — — Pittaway and others (1987); Moore and Clark (1988); Plumb and Ferrell
(1989).
10.1 1986 30.1 — — Pittaway and others (1987); Moore and Clark (1988); Plumb and Ferrell
(1989).
11 1984 35 14 — Kumar and Eibeck (1984).
2.8 1985 18 7.5 — Fox and others (1988); Electric Power Research Institute (1999); Jarrell
and others (2002).
6.7 2009 59 10.1 101 Jarrell and others (2002); Wehner (2009).
— — — 4.8 — Electric Power Research Institute (1999); Jarrell and others (2002).
11 — — 17 — Oil & Gas Journal (12 April 2004); Meyer (2010).
11 1996 11.2 14 — Lin and Poole (1991); Bellavance (1996).
1 2002 — — — Jarrell and others (2002); Dutton and others (2003).
3.5 1989 24 13 — Lee and El-Saleh (1990); Pittaway and Rosato (1991); Dutton and others
(2003).
14 1989 — — — Merrit and Groce (1992); Jarrell and others (2002).
9 1988 — — — Flanders and others (1990); Jarrell and others (2002).

0.3 2011 18 15.8 120 Smith and others (2012).
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Table D1. Carbon dioxide (CO,) recovery factors and other related information for petroleum-producing units in the United States,
Canada, and countries outside North America.—Continued

[—, no data. Other terms are defined on p. D15]

General information

. Grav. . ooip Pr. + Sec. ResSo  CO,
Unit Loc. (°API) M/ Method Lith. V,p (MMsth) (%) (%) start
United States—Continued
Means San Andres unit X 29 M TWAG dl — 230 35 34 1983
North Cross unit TX 44 M Contin. cht — 53 13 + none 49 1972
North Ward Estes X 37 M WAG Ss 0.85 1,100 13+28.5 25 1989
Port Neches pilot X 35 M WAG ss 0.7 10.4 40+ 14 30 1993
Reinecke field X 42 M c—>WAG Is — 180 50 32 1998
SACROC modern pilot X 418 M — Is — 144 — 26.1 2008
Salt Creek field TX 39 M WAG Is — 700 48 — 1993
Seminole field, San Andres unit TX 35 M WAG dl — 1,100 13+22.3 35 1983
Sharon Ridge Canyon unit X 43 M WAG Is — 398 50 — 1999
Slaughter Estate unit TX 33 M Contin. dl — 646 50.5 26 1984
South Welch unit TX 344 M WAG el — 67 — 50 1993
Spraberry pilot X — — — f.ss — 10,000 10+ 15 — 2001
Twofreds X 364 M WAG ss 0.5 51 129 +4 — 1974
Wasson field, Denver unit TX 33 M WAG dl — 2,000 17.2 +30.1 40 1983
Wellman unit X 43.5 M Contin. Is — 127 33+ 11 35 1983
Aneth unit UT 41 — WAG Is — 534 — — 1998
McEImo Creek unit uT 40 — WAG Is — 487 — — 1985
Beaver Creek WY 395 M c—>WAG  Is/dl — 109 43.6 — 2008
Hartzog Draw field WY 36 — — ss — 370 34 — 2016
Lost Soldier Tensleep WY 34 M WAG ss — 240 19.9+24.4 — 1989
Monell unit WY 43 — — Ss — 115 20+ 14 — 2003
Salt Creek WY 39 M WAG Ss — 1,700 40 — 2004
Wertz Tensleep WYy 35 M — Ss 0.8 172 45.1 — 1986
West Sussex pilot wY 39 M Contin. Ss 0.9 33.2 18.1 +24.1 28 1982
Canada

Caroline field AB 42 M WAG Ss — 34.6 8.7 + none — 1984
Joffre Viking pool AB 405 M WAG ss — 30 42 35 1984
Midale field pilot SK 29 M — f.ls — 500 — 50 1986
Weyburn field SK 30 M c—WAG dl/1s — 1,400 24 — 2000
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Carbon dioxide (CO,) recovery factors and other related information for petroleum-producing units in the United States,

[—, no data. Other terms are defined on p. D15]

Last report Ultimate recov.
RFco2 Year HCPY, UItRF HCPY, References
(%) (%) (%) (%)
United States—Continued
15 2012 55 — — Magruder and others (1990); Kuuskraa (2008); SPE International (2013).
23 1994 84 — — Mizenko (1992); Jarrell and others (2002); Kinder Morgan (2013).
4.3 1995 21 — — Winzinger and others (1991); Ring and Smith (1995).
— — — 9-15 150 Davis (1994); Holtz (2009).
4 2012 — — — Jarrell and others (2002); Saller and others (2006); Zhou and others
(2012).
— — — 9 42 Xiao and others (2011).
6 2004 35 9.5 100 Bishop and others (2004); Wilkinson and others (2004); Kuuskraa (2008).
13.7 1998 58 16.5 90 Wang and others (1998); Stell (2005); Meyer (2010).
— — — 13 70 Brinkman and others (1998); Yuan and others (2001).
11.5 2005 88 — — Stein and others (1992); Folger and Guillot (1996); Stell (2005).
— — — 13.2 50 Keeling (1984); Hill and others (1994); Jarrell and others (2002).
— — — 6.5 — Knight and others (2004); Kuuskraa and Koperna (20006).
5 1985 27* 12 — Kirkpatrick and others (1985); Flanders and DePauw (1993); Dutton and
others (2003).
11.3 2003 63 19.5 — Tanner and others (1992); Garcia Quijada (2005); Stell (2005); Kuuskraa
(2012).
5.7 1998 — 16.7 — Nagai and Redmond (1983); Schechter and others (1998); Rojas (2002);
Kuuskraa and Koperna (2006); Howard (2013).
3 2012 20 — — Jarrell and others (2002); Chidsey and others (2006); Resolute Energy
Corporation (2012).
8 — 45 11.9 — Jarrell and others (2002); Stell (2005); Resolute Energy Corporation
(2013).
2.4 2011 55 12 320 Peterson and others (2012).
— — — 7 — Hunt and Hearn (1982); Wo (2007); van’t Veld and Phillips (2010); Den-
bury Resources (2012).
11.5 2004 84 — — Wo (2007); Lake and Walsh (2008); Cook (2012).
2.6 2008 14 — — Gaines (2008).
0.3 2008 6 10 — Gaines (2008); Page (2009); Bailey (2010); Meyer (2010); Mukherjee and
others (2014).
9.5 2004 65 — — Kleinstelber (1990); Lake and Walsh (2008); Eves and Nevarez (2009).
9.5 1985 40 — — Hoiland and others (1986); Lake and Walsh (2008).
Canada—Continued
53 1987 — — — Birarda and others (1990).
11.8 2003 63 16.3 — Pyo and others (2003).
14 1988 — 17 — Beliveau and others (1993); Jarrell and others (2002).
2 2004 15 9 — Wilson and Monea (2004); Schlumberger Excellence in Education Devel-

opment (2014).
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Table D1. Carbon dioxide (CO,) recovery factors and other related information for petroleum-producing units in the United States,
Canada, and countries outside North America.—Continued

[—, no data. Other terms are defined on p. D15]

General information

Unit Loc. (E:;,"I') MI  Method Lith.  V,, (an%fb) Pr. (’;/3”' ”;Zf” s‘ig;t
Countries Outside North America

Buracica field BR 35 I Contin. ss — 60.4 36.8 — 1991
Dagqing pilot CN — I WAG Ss — — — — 1991
PF-A-I reservoir HU 302 M/ c—>WAG ss — — 27.6+4.6 — 1973
Armatella IT 104 1 WAG dl/ls — 82 — — 2015
Giaurone IT — — — — — — — — 2015
Ekofisk field NO 37 M WAG chalk — 6,600 — — —
Bati Raman TR 12 1 c—>WAG f.ls — 1,850 2 + none — 1986
Forrest Reserve pilot EOR 4 TT 25 I Contin. ss — 36.4 41.7 — 1986
Forrest Reserve pilot EOR 26  TT 17 I Contin. ss — 1.9 4.9 + none — 1974
Forrest Reserve pilot EOR 33 TT 19 I Contin. ss — 16.2 17.4 — 1976
Oropouche, pilot EOR 44 TT 29 I Contin. ss — 8.7 17.9 + none 53 1990
Forties field UK 37 — WAG ss — 4,200 59 27 —
White Tiger field VN — M — f.grn — 3,300 — — —
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Canada, and countries outside North America.—Continued

[—, no data. Other terms are defined on p. D15]
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Carbon dioxide (CO,) recovery factors and other related information for petroleum-producing units in the United States,

Last report Ultimate recov.
RFco2 Year HePy, UIt.RF HePy, References
(%) (%) (%) (%)
Countries Outside North America—Continued

— — — 4.4 — Lino (2005); Rocha and others (2007); Estublier and others (2011).
4.7 1993 — — — Jingcun and others (1997).

6.5 2010 50 — — Uj and Fekete (2011).

— — — 5.4 — Andrei and others (2010).

— — — 4 — Andrei and others (2010).

— — — 5.6 — Mathiassen (2003).

6 2011 20 10 — Sahin and others (2008, 2012, 2014).

2.2 2003 40 4.7 — Mohammed-Singh and Singhal (2005).

1.5 — 50 7.6 270 Mohammed-Singh and Singhal (2005).

5.8 2003 150 9.0 — Mohammed-Singh and Singhal (2005).

3.1 2003 160 3.9 — Jarrell and others (2002); Mohammed-Singh and Singhal (2005).
— — — 4.7 — Mathiassen (2003).

— — — 20 — Imai and Reeves (2004); Kuuskraa and Koperna (2006).
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