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Vertical Permeability from San Andres into Grayburg Zone
Simulation Model has 115 grid blocks in X direction and 300 grid blocks in Y.  Each grid block is 2 acres in size.

Only 99 grid blocks out of 34,500 have vertical permeability greater than zero, thus allowing 
water influx from San Andres.  Below shows a sample of the KZ of Layer 8.

Empire Cross Exhibit 1



Vertical Permeability Controls Fluid 
Flow From San Andres to Grayburg
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The vertical permeability (KZ) between the San Andres and Grayburg was modified on 
99 out of 34,500 grid blocks to allow for water to move from San Andres into Grayburg.  

Empire Cross Exhibit 2



We were provided a bottomhole pressure for the EME-20 SWD by Rice.
We asked Dr. Buchwalter to provide the pressures at this well location in 
his simulation model using the 1450 psi @ -250’ subsea original pressure 
Base Case Model.  Here are the results. 
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Rice’s EME-20 Bottomhole Pressure Survey
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Rice’s EME-20 Wellbore Diagram
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Pressure Depletion from EME-20 BHP in 
1959 to RFT Pressure Points in 1986
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Impact of Rock Facies on Oil Saturation

Empire Cross Exhibit 7 



Impact of Rock Facies on Oil Saturation
(Corrected Core Oil Saturations)
REMOVAL OF SUSPICIOUS DATA



Impact of Rock Facies on Oil Saturation
(Uncorrected Core Oil Saturations)

REMOVAL OF SUSPICIOUS DATA



EMSU-649

Grayburg Conventional Core Measurements
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EMSU-650

Grayburg Conventional Core Measurements



EMSU-653

Grayburg Conventional Core Measurements



EMSU-710

Grayburg Conventional Core Measurements
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Estimates of Potential CO2 Demand for CO2 EOR in Wyoming Basins 
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Abstract 
A database of Wyoming oil reservoirs is developed to identify candidate reservoirs suitable for miscible or immiscible CO2 
flooding, a method that has already proven to be a viable enhanced oil recovery process at Lost Soldier, Wertz, and Salt 
Creek fields in Wyoming. Based on the CO2 usage of existing CO2-EOR projects in Wyoming and other regions, the initial 
and total CO2 demands are estimated for the identified reservoirs and grouped by basins. The simple formulas presented in 
this paper provide a quick estimation of the required initial and total CO2 volumes with specified reservoir parameters. 
Wyoming has produced about seven billion barrels of oil from more than 1200 oil producing fields. 98% of the oil was 
produced from the top 400 fields, evaluated in this study, each with a cumulative production exceeding one million barrels of 
oil. More than 500 oil reservoirs, by passing either miscible or immiscible screening criteria, are identified as potential CO2-
EOR candidates. Large fields often have multiple oil producing reservoirs suitable for CO2 flooding. It is estimated that 1.2 to 
1.8 billion barrels of additional oil might be recovered by CO2 flooding and up to 20 trillion cubic feet of CO2 could be 
sequestrated after CO2 EOR in Wyoming's oil basins. 

Introduction 
CO2 flooding has already proven to be a viable enhanced oil recovery process in many geographic locations. Wyoming has 
significant natural sources of CO2 in several of its existing gas reservoirs that have relatively high CO2 concentration in their 
natural gases (De Bruin, 2001; Nummdeal et al., 2003). ExxonMobil operates one of the world's largest CO2-producing fields 
at the La Barge anticline in southwestern Wyoming. Five Wyoming fields are currently under CO2 flooding using the CO2
supplied by a CO2 pipeline network that originates at ExxonMobile's gas plant at Shute Creek (Figure 1). Amoco initiated 
Lost Soldier and Wertz CO2 miscible floods in late 1980s. The two fields were purchased by Merit Energy Company in 1999 
and are still under CO2 Injection. In 2003, Anadarko constructed a 125-mile pipeline to transport La Barge CO2 for its EOR 
project at the Salt Creek field in the Powder River basin and, in the same year, completed another 33-mile pipeline spur to 
supply CO2 to flood the Monell Unit at the Patrick Draw field in the Greater Green River basin. The Beaver Creek CO2 flood, 
operated by DevonEnergy Corp, is the newest addition to Wyoming's CO2-EOR portfolio. The field is located on the west 
flank of the Wind River basin and has been under CO2 injection since July 2008. A newly constructed 45-mile pipeline brings 
the CO2 from the Bairoil station near Jeffrey City to the Beaver Creek field. The increment oil produced from those CO2 
floods has been substantial. The cumulative oil by CO2 EOR from the Tensleep reservoir at Lost Soldier alone is more than 
22 million barrels of oil (MMBO), or 11% of the estimated original oil-in-place (OOIP). By May 2008, CO2 flooding has 
already produced 5.5 MMBO at Salt Creek and 3 MMBO at Monell Unit (Gaines, 2008). 

The success of the CO2 floods has drawn a special interest in Wyoming. Many CO2-EOR projects are currently 
under evaluation or in planning. However, the biggest challenge for many small producers is access to CO2 at an affordable 
price. With Wyoming's vast coal reserves and an increasing concern over climate change, new coal-fired power plants and 
coal-to-liquids plants are being designed to have CO2 capture capability. The captured CO2 will provide Wyoming oil 
producers additional CO2 sources for their CO2-EOR projects. The purpose of this study is two-fold: first, to screen for 
Wyoming oil reservoirs that are technically suitable for CO2 flooding and second, to provide a method that quickly estimates 
the potential CO2 demand for CO2-EOR candidate reservoirs. The resulting database and CO2 demand estimation should be 
useful for CO2 suppliers to foresee the market volume for CO2 EOR in Wyoming basins. 

CO2 EOR has been tested and developed for more than four decades. It becomes a mature technology as 
demonstrated by more than 80 projects worldwide. Sequestration of CO2 in partially depleted oil reservoirs is an attractive 
option, not only because of the economic benefit from EOR, but also because of the availability of reservoir data and 
infrastructure that can be utilized to facilitate CO2 storage projects. 
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2 SPE 122921 

Screening of CO2-EOR Candidate Reservoirs 
The primary objective of CO2 EOR is to remobilize and dramatically reduce the post waterflooding residual oil saturation in 
reservoir pore space. Miscibility between reservoir oils and injected CO2 usually develops through a dynamic process of 
mixing, with component exchange controlled by phase equilibria and local compositional variation along the path of 
displacement. CO2 is not miscible on the first contact with reservoir oils. However, with a sufficient high pressure, CO2 could 
achieve dynamic miscibility with reservoir oils in a multiple contact process. During this multiple contact process, CO2 will 
vaporize the lighter oil fractions into the injected CO2 phase and CO2 will condense into the reservoir's oil phase. This leads 
to two reservoir fluids that become miscible (mixing in all parts), with favorable properties of low viscosity, a mobile fluid 
and low interfacial tension (Stalk, 1984). As long as a minimum miscibility pressure (MMP) can be achieved in a reservoir, 
CO2 flooding should result in an oil recovery greater than 90% OOIP in the swept region (Taber et al., 1997). The slim tube 
test has been used for decades as a common method for determining MMP. Where no measured MMP is available, MMP is 
often estimated from empirical correlations, such as the Cronquist correlation, based on reservoir temperature and the 
molecular weight (MW) of the pentanes and heavier fractions of the reservoir oil. 

When reservoir pressure is insufficient or reservoir oil composition is less favorable (heavier), the injected CO2 is 
immiscible with reservoir oil. However, the interactions between injected CO2 and reservoir oil can still remobilize some of 
the residual oil from waterflooding. The main mechanisms involved in immiscible CO2 flooding are: (1) oil phase swelling, 
as the oil becomes saturated with CO2; (2) viscosity reduction of the swollen oil and CO2 mixture; (3) extraction of lighter 
hydrocarbon into the CO2 phase; and, (4) fluid drive plus pressure (Mungan, 1981; Jarrel, 2002). This combination of 
mechanisms enables a portion of the reservoir's remaining oil to be mobilized and produced. In general, immiscible CO2
EOR is less efficient than miscible CO2 EOR in recovering the remaining oil after waterflooding. 

By the end of 2008, Wyoming had produced more than 7.1 billion barrels of oil from 1,237 oil producing fields. 
However, production from many of the fields is small with a few oil producing wells. About 98% of the total oil was 
produced from the top 400 fields that have a cumulative production exceeding one million barrels of oil (MMBO). For 
identifying candidate reservoirs suitable for miscible or immiscible CO 2 flooding, a database of Wyoming oil reservoirs was 
developed, which includes the production data from Wyoming Oil and Gas Conservation Commission (WOGCC), 
measurements of 901 Wyoming oil samples from the DOE_coa database and other reservoir parameters digitized from the 
Wyoming Geological Association (WGA) publications. 

A number of screening criteria to identify candidate reservoirs for CO2 EOR can be found in publications such as 
Stalkup (1984), Diaz et al. (1996) and Taber et al. (1997). Oil viscosity and API gravity as well as reservoir depth and 
temperature are commonly used as the key screening parameters. In addition, a good waterflood response, and sufficient 
porosity (> 7%) and permeability (> 10 md) are also required for a successful CO2 flood. Because the purpose of this study is 
to assess the potential CO2 demand for reservoirs that are technically suitable for CO2 flooding, economic factors such as oil 
price and distance to CO2 source are not included in the screening. Only the top 400 fields were evaluated in this study to 
exclude fields with a cumulative oil production less than one MMBO. There are 1,368 reservoirs from the top 400 fields 
generated as the initial pool for screening. 528 reservoirs pass the minimum depth cut off (>1,800 ft), oil gravity cut off (>13 
°API), and cumulative production cut off (> 1 MMBO) as CO2-EOR candidate reservoirs. Figure 2 shows the number of 
candidate reservoirs, in the inserted table, and their cumulative oil productions grouped by basins. Lost Soldier and Wertz 
fields are already in their fmal phase of CO2 flooding operation and, therefore, are not included in the screening. The 
candidate reservoirs are further screened into two groups: miscible and immiscible, based on the following screening criteria. 

Screening criteria for miscible CO2 flooding 

• Sandstone or carbonate reservoir only 
• Porosity porosity > 7% and permeability > 10 md 
• Oil gravity > 22 °API 
• Reservoir depth > 2,500 ft
• Oil viscosity < 10 cp, at reservoir condition 
• Cumulative oil production > 1 MMBO 

Screening criteria for immiscible CO2 flooding 

• Sandstone or carbonate reservoir only 
• Porosity porosity > 7% and permeability > 10 md 
• 13 °API < oil gravity < 22 °API 
• 1,800 ft < reservoir depth < 2,500 ft
• 10 cp < oil viscosity < 600 cp, at reservoir condition 
• Cumulative oil production > 1 MMBO 
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The miscibility between reservoir oil and injected CO2 is a complex process as discussed above. Because of higher reservoir 
temperature or unfavorable oil composition, a miscible flooding may not be achieved in a reservoir even thought it passes the 
miscible flooding criteria. Thus, the proposed criteria for miscible CO2 flooding should be regarded as potentially miscible 
criteria. As shown in Figures 2 and 3, most of the candidate reservoirs are located within Wyoming's four large oil producing 
basins: Power River, Bighorn, Wind River and Greater Green River basins. More than half of the total candidate reservoirs 
are in the Power River basin, which consists of 124 relatively small Minnelusa reservoirs. Large candidate reservoirs are 
more concentrated in the Bighorn basin, mostly Tensleep, Phosphoria and Madison reservoirs. Tables 1 and 2 list the major 
reservoirs identified from screening as potentially miscible and immiscible CO2-EOR candidates, respectively. 

Estimation of Total and Initial CO2 Demand 
In many CO2 flooding projects, CO2 is injected alternately with water, such as the Lost Soldier and Wertz CO2 miscible 
floods in Wyoming. The concept of using CO2-WAG (water alternating gas) injection technique is to improve injection 
profile and reduce gas channeling. The performance of CO2-WAG floods from a similar formation may likely be scaled into 
one dimensionless curve of incremental oil, as a percentage of hydrocarbon pore volume (HCPV), versus injected WAG 
volume in HCPV. The dimensionless curve obtained from the CO2-WAG flood in the Tensleep reservoir of Lost Soldier is 
shown in Figure 4 and is compared with the typical dimensionless curve from the CO2-WAG floods in the San Andres 
reservoirs of west Texas. For similar type of reservoirs using a same CO2 flood scheme, the dimensionless curve method 
could provide a quick assessment of potential oil recovery as well as required CO2 injection volume. In this study, estimation 
of CO2 demand is based on the performance of existing CO2-WAG floods. For reservoirs with large dip angles or high 
concentration of vertical fractures, gravity stable CO2 injection could be a more effective flood scheme, which is discussed in 
the next section. 

Estimation of total CO2 demand for a CO2-WAG flood 
The duration of a CO2 flood project usually lasts for a few decades and the majority of the injected CO2 is produced 

and re-injected. As given in Eq. 1, the estimated total CO2 demand only takes account of the net CO2 volume that needs to be 
purchased. 

TCO2 =

(1- C0CO2 )XC WAG xHWAG xBo xOOIP 

B CO2 (1) 

where Bo and BCO2 are the oil and CO2 formation factors, respectively. cJCO2 represents the average fraction of the injected 
CO2 that is produced and re-injected. The CO2 volume fraction in WAG, CwAG, is calculated at reservoir condition. HWAG is 
the injected total WAG volume in HCPV and TCO2 is the estimated total CO2 volume in MCF. For the CO2-EOR candidate 
reservoirs in Wyoming basins, a 70% CO2 re-injection rate, 1:1 WAG ratio and a total WAG injection of 2.5 HCPV are 
assumed in this evaluation. Consequently, Eq. 1 is further simplified as 

TCO2 
B CO2 

0.3x0.5x2.5x Bo xOOIP 
(2) 

Trustworthy OOIP data of Wyoming oil reservoirs are rarely available. Traditionally, volumetric calculation or 
decline curve analysis is used in the estimation of OOIP but it is difficult to verify the consistency of the methods used in 
previous estimations, especially if a large number of reservoirs are concerned. In this evaluation, OOIP is estimated from 
reservoir cumulative production and recovery factor. Most of Wyoming oil reservoirs have been under water-drive 
production for decades. Many of the reservoirs are naturally fractured and their recovery efficiency can vary substantially 
depending on reservoir properties and engineering practice. Therefore, instead of assuming one average recovery factor, a 
low recovery factor of 30% and a high recovery factor of 45% are both used to provide a range of estimated OOIP. 

CO2 formation factor, BCO2, is determined by reservoir pressure and temperature according to the data table provided 
by Jarrell et al. (2002). For reservoir pressure or temperature that is not included in the table, Bco2 is estimated by linear 
interpolation from the four nearest formation factors that are available in the table. The estimated CO2 demands for miscible 
and immiscible CO2 FOR in Wyoming basins are summarized in Figures 5 and 6, respectively. In combination, the estimated 
total CO2 demand ranges from 6.1 to 9.2 TCF in Power River, 4.8 to 7.2 TCF in Bighorn, 1.2 to 1.8 TCF in Wind River, 1 to 
1.4 TCF in Greater Green River, 0.68 to 1.02 TCF in Overthrust Belt, 0.09 to 0.13 TCF in Laramie, and 0.08 to 0.12 TCF in 
Denver-Cheyenne basins. 

Estimation of initial CO2 demand for a CO2-WAG flood 
Reservoir injectivity is another key factor for a successful CO2 flood. An annual WAG injection between 5% and 

10% HCPV is typically required in the design of a field flood project. Higher volume injections, 10-15% HCPV per year, 
have been observed in projects with good flooding performance. A CO2 flood project may be economically unviable under 

D
ow

nloaded from
 http://onepetro.org/S

P
E

R
M

P
T

C
/proceedings-pdf/09R

M
P

C
/A

ll-09R
M

P
C

/S
P

E
-122921-M

S
/2719749/spe-122921-m

s.pdf/1 by K
im

berly G
ordon on 06 A

ugust 2024 

Goodnight-Lake_000074 

ysandoval
Highlight



4 SPE 122921 

very low annual injection volume, i.e. less than 4% HCPV per year. In the initial phase of a WAG flood, no CO2 will be 
produced until the breakthrough of CO2 at the production wells and the injected CO2 needs to be fully supplied from external 
sources. The initial CO2 demand can be estimated from Eq. 3. 

_C„,x „, x Bo x OOIP 
CO2 - 

365 x Bco, 
(3) 

where IWAG is the annual WAG injection volume in HCPV and ICO2 is the estimated daily CO2 injection rate in MCF/day. In 
this evaluation, a 1:1 WAG ratio and an annual WAG injection of 10% HCPV are used in the estimation of initial CO2
demand (Eq. 4). 

0.5x 0• lxB xOOIP 
CO2 - 365 x (4) 

The estimated CO2 demand for the top 100 reservoirs identified as miscible CO2-EOR candidates is given in Table 1, along 
with reservoir depth and oil API gravity. A similar table of the top 20 reservoirs of immiscible CO2-EOR candidates is given 
in Table 2. 

Results and Discussion 
Large fields usually have multiple oil producing reservoirs that are suitable for CO2 flooding. Because the CO2 demand is 
ranked by reservoir, not by field, the estimated volumes in Tables 1 and 2 may not reflect the total CO2 demand of a field if 
some of its small reservoirs are not included in the tables. Many existing CO2-EOR projects have been developed by phases, 
often starting with small scale patterns of pilot flooding. Notice that the estimation of initial CO2 demand in this study is 
calculated under the assumption of a full reservoir flooding. 

As indicated from the dimensionless curves (Figure 4), the miscible CO2 flooding has recovered about 11% of OOIP 
from the Tensleep reservoir at the Lost Soldier field and much higher recoverys have been observed from the CO2 floods in 
the San Andres reservoirs of west Texas. The recovery factor from immiscible CO2 floods is generally lower than miscible 
floods depending on actual oil and reservoir conditions. By assuming an average recovery factor of 10% OOIP for miscible 
CO2 floods and 6.5% for immiscible CO2 floods, it is estimated that 1.21 to 1.81 billion barrels of additional oil might be 
recovered from CO2 EOR in Wyoming, in which the recovery from miscible floods accounts for 79% of the total incremental 
oil. 

The estimation of total and initial CO2 demand, i.e. Eq. 1 and Eq. 3, is essentially based on the CO2 usage of existing 
CO2-WAG floods. However, for reservoirs with large dip angles or high concentration of vertical fractures, gravity 
segregation of injected CO2 and water might leave a large volume of remaining oil uncontacted with injected CO2 and, 
consequently, reduce the overall WAG flooding efficiency. For such reservoirs, continuous CO2 injection at the top of 
reservoir structure, i.e. gravity stable CO2 injection, could be more effective than WAG flooding, especially for projects 
designed for the dual-purpose of CO2 EOR and CO2 storage (Wood et al., 2006). Gravity stable CO2 injection usually 
requires considerably more CO2 than WAG injection. For example, the estimated total CO2 demand for a WAG flood in the 
Muddy reservoir of Grieve field is between 77 and 116 BCF of CO2. By comparison, the CO2 required for gravity stable CO2
flooding in the same reservoir is estimated to be in the 119 to 188 BCF range depending on the operation duration and CO2
injection rate (Wo et al., 2008). 

Conclusions 
Wyoming has a large number of oil reservoirs in the Powder River, Bighorn, Wind River, and Greater Green River basins 
where CO2-based EOR is technically feasible. The state is in a unique position to couple the environmental benefits of CO2
sequestration in mature oil reservoirs with the economic offset through enhanced oil recovery. The main outcomes from this 
study are listed below: 

1. A database of Wyoming oil reservoirs is developed to screen candidate reservoirs suitable for miscible or 
immiscible CO 2 flooding. 379 reservoirs pass the screening criteria for miscible CO2 flooding, while 138 reservoirs 
are identified as potential candidates for immiscible CO2 flooding. 

2. Based on the CO2 usage of existing CO2-EOR projects in Wyoming and other regions, simple formulas are provided 
for allowing a quick estimation of the required initial and total CO2 volumes for a candidate reservoir. 

3. The estimated total CO2 demand for CO2 EOR ranges from 6.1 to 9.2 TCF in Power River, 4.8 to 7.2 TCF in 
Bighorn, 1.2 to 1.8 TCF in Wind River, 1 to 1.4 TCF in Greater Green River, 0.68 to 1.02 TCF in Overthrust Belt, 
0.09 to 0.13 TCF in Laramie, and 0.08 to 0.12 TCF in Denver-Cheyenne basins. 

4. It is estimated that 1.2 to1.8 billion barrels of additional oil could be recovered by CO2 flooding and up to 20 trillion 
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cubic feet of CO2 could be sequestrated after CO2 EOR in Wyoming's oil basins. 
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Nomenclature 
Bco2 = CO2 formation factor 
BO = barrel of oil 
Bo = oil formation factor 
CwAG = fraction of CO2 volume in total WAG volume 
BCF = billion standard cubic feet 
EOR = enhance oil recovery 
HCPV = hydrocarbon pore volume 
HWAG = total WAG injection volume, HCPV 
'CO2 = initial daily CO2 demand, MCF/day 
'WAG = annual WAG injection volume, HCPV/year 
MMP = minimum miscibility pressure 
MMBO = million barrels of oil 
MCF = thousand standard cubic feet 
OOIP = original oil in place 
TCF = trillion standard cubic feet 
TcO2 = total CO2 demand, MCF 
WAG = water alternating gas 
WGA = Wyoming Geological Association 
WOGCC = Wyoming Oil and Gas Conservation Commission 
coco2 = fraction of recycled CO2 in total injected CO2 
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Figure 1. Wyoming basin map with existing CO2 pipelines and CO2 flooding fields 
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D
ow

nloaded from
 http://onepetro.org/S

P
E

 R
M

P
T

C
/proceed ings-pdf/09R

M
 P

C
/A

l I-09R
M

P
C

/S
 P

E
-122921-M

S
/2719749/spe-122921-m

s.pdf/1 by K
im

berly G
ordon on 06 A

ugust 2024 

Goodnight-Lake_000079 



SPE 122921 9 

Table 1. Top 100 ranked reservoires for potentially miscible CO2 flooding in Wyoming 

Rank Field name Reservoir Name 
Reservoir Depth 

tt 
Oil Gravity 

API 
Est. Total CO2 

BCF 
Est. Initial CO2 

M MC F/D Basin Name 

1 H ARTZOG DRAW SHANNON 9485 36 564-846 206 - 309 POWDER RIVER 

2 ELK BASIN MADISON 5156 27.3 520 - 780 190 - 285 BIGHORN 

3 ELK BASIN EMBAR-TENSLEEP 4490 30 403 - 605 147 - 221 BIGHORN 

4 
PAINTER RESERVOIR 
EAST NUGGET 10774 55 269 - 404 98 - 147 OVERTHRUST BELT 

5 HILIGHT MUDDY 9680 41.3 248-373  90-136 POWDER RIVER 

6 BYRON TENSLEEP 5425 25.2 244 - 366 89 - 133 BIGHORN 

7 HAMILTON DOME TENSLEEP 2863 23.8 233 - 350 85 - 128 BIGHORN 

8 LANCE CREEK LEO 5557 44.1 226-339  82-124 POWDER RIVER 

9 STEAMBOAT BUTTE TENSLEEP 6830 28.7 219-329  80-120 WIND RIVER 

10 FRANNIE 
PHOSPHORIA-
TENSLEEP 2574 28.3 209-314  76-115 BIGHORN 

11 GRASS CREEK 
PHOSPHORIA-
TENSLEEP 3632 24.5 192 - 288 70 - 105 BIGHORN 

12 ARCH ALMOND 5067 43.4 168 - 252 61 - 92 
GREATER GREEN 
RIVER 

13 OREGON BASIN TENSLEEP 3850 23 159 - 238 58 - 87 BIGHORN 

14 BRADY WEBER 12082 54.7 155 - 232 56 - 85 
GREATER GREEN 
RIVER 

15 COTTONWOOD CREEK PHOSPHORIA 7270 28.6 152 - 228 55 - 83 BIGHORN 

16 PAINTER RESERVOIR NUGGET 9958 46 147 - 221 53 - 80 OVERTHRUST BELT 

17 GLENROCK SOUTH DAKOTA 6090 34.4 136 - 204 49 - 74 POWDER RIVER 

18 HOUSE CREEK SUSSEX 8238 48.8 123 - 185 45 - 67 POWDER RIVER 

19 BRADY NUGGET 9876 50.5 122 - 183 44 - 67 
GREATER GREEN 
RIVER 

20 SUSSEX TENSLEEP-AMSDEN 5894 33 120 - 181 44- 66 POWDER RIVER 

21 BEAVER CREEK MADISON 10666 40.5 117 - 176 42 - 64 WIND RIVER 

22 BIG SAND DRAW TENSLEEP 6606 33.6 116 - 174 42 - 63 WIND RIVER 

23 SALT CREEK TENSLEEP 3908 28.2 100- 150 36- 54 POWDER RIVER 

24 WELL DRAW TEAPOT 7048 42.5 91 - 137 33 - 50 POWDER RIVER 

25 STEAMBOAT BUTTE 
PHOSPHORIA-
TENSLEEP 6000 28.2 91 - 136 33 - 49 WIND RIVER 

26 WINKLEMAN TENSLEEP 2915 25  83-124 30-45 WIND RIVER 

27 POWELL FRONTIER 11943 48.2 79 - 119 29 - 43 POWDER RIVER 

28 BYRON EMBAR-TENSLEEP 5238 24.5 79 - 119 29 - 43 BIGHORN 

29 GRIEVE MUDDY 6723 38.2  77-116 28-42 WIND RIVER 

30 WINKLEMAN PHOSPHORIA 2600 25.7  74-111 27-40 WIND RIVER 

31 GAS DRAW MUDDY 7191 37.39 71 - 107 26 - 39 POWDER RIVER 

32 BIG MUDDY DAKOTA 4298 36.8  70-106 25-38 POWDER RIVER 

33 GRASS CREEK PHOSPHORIA 3632 24.5 68 - 102 24 - 37 BIGHORN 

34 KITTY MUDDY 9201 42 68 - 102 24- 37 POWDER RIVER 

35 GRASS CREEK CURTIS 3717 24.3 66 - 100 24 - 36 BIGHORN 
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Table 1 (continued). Top 100 ranked reservoires for potentially miscible CO2 flooding in Wyoming 

Rank Field name Reservoir Name 
Reservoir Depth 

tt 
Oil Gravity 

API 
Est. Total CO2 

BCF 
Est. Initial CO2 

M MC F/D Basin Name 

36 SAND DUNES MUDDY 12600 42 65 - 97 23 - 35 POWDER RIVER 

37 STEAMBOAT BUTTE NUGGET 4164 38.5 61 - 92 22 - 33 WIND RIVER 

38 DRY PINEY NUGGET 10988 52 59 - 89 21 - 32 OVERTHRUST BELT 

39 BEAVER CREEK TENSLEEP 10442 45 59 - 89 21 - 32 WIND RIVER 

40 
WHITNEY CANYON-
CARTER CREEK MADISON 11790 49.4 59 - 88 21 - 32 OVERTHRUST BELT 

41 COYOTE CREEK DAKOTA 6400 41 55 - 83 20 - 30 POWDER RIVER 

42 GARLAND TENSLEEP 4267 23 54 - 81 19 - 29 BIGHORN 

43 RYCKMAN CREEK NUGGET 5800 47.2 52 - 78 19 - 28 OVERTHRUST BELT 

44 ROZET MINNELUSA 8156 34 50 - 75 18 - 27 POWDER RIVER 

45 SALT CREEK SUNDANCE-3 3000 35 49 - 73 17 - 26 POWDER RIVER 

46 STEAMBOAT BUTTE PHOSPHORIA 6732 31.1 48 - 72 17 - 26 WIND RIVER 

47 RENO MINNELUSA 15006 36.5 48 - 72 17 - 26 POWDER RIVER 

48 TIMBER CREEK MINNELUSA 9360 25 47 - 71 17 - 25 POWDER RIVER 

49 MEADOW CREEK TENSLEEP 9060 29.7 46 - 70 17 - 25 POWDER RIVER 

50 BIRCH CREEK BEAR RIVER 7500 7512 46 44 - 67 16 - 24 
GREATER GREEN 
RIVER 

51 SCOTT PARKMAN 6102 37 44 - 66 16 - 24 POWDER RIVER 

52 LANCE CREEK CONVERSE 4394 41.5 42 - 64 15 - 23 POWDER RIVER 

53 DILLINGER RANCH MINNELUSA 9132 37 42 - 63 15 - 23 POWDER RIVER 

54 SUSSEX WEST SHANNON 2914 39.6 41 - 61 15 - 22 POWDER RIVER 

55 LUCKEY DITCH DAKOTA 14400 43 41 - 61 14 - 22 
GREATER GREEN 
RIVER 

56 BLACK MOUNTAIN TENSLEEP 3125 24.9 39 - 59 14 - 21 BIGHORN 

57 RAVEN CREEK MINNELUSA 8354 33.4 39 - 58 14 - 21 POWDER RIVER 

58 BIG MUDDY WALL CREEK 3069 35.6 39 - 58 14 - 21 POWDER RIVER 

59 COLE CREEK DAKOTA 7947 37 37 - 56 13 - 20 POWDER RIVER 

60 MIKES DRAW TEAPOT 7264 39 37 - 56 13 - 20 POWDER RIVER 

61 
WHITNEY CANYON-
CARTER CREEK MISSION CANYON 14226 49.4 35 - 53 13 - 19 OVERTHRUST BELT 

62 HALVERSON MINNELUSA 8489 24 35 - 53 12 - 19 POWDER RIVER 

63 FINN-SHURLEY TURNER 4886 38 35 - 52 12 - 19 POWDER RIVER 

64 RECLUSE MUDDY 7530 42.1 35 - 52 12 - 19 POWDER RIVER 

65 STEWART MINNELUSA 8024 22.5 34 - 52 12 - 19 POWDER RIVER 

66 GEBO EMBAR-TENSLEEP 4735 24.9 34 - 51 12 - 18 BIGHORN 

67 SAGE SPRING CREEK DAKOTA 7590 39.4 34 - 51 12 - 18 POWDER RIVER 

68 ELK BASIN SOUTH EMBAR-TENSLEEP 6846 28 33 - 50 12 - 18 BIGHORN 

69 GARLAND PHOSPHORIA 3060 24.3 33 - 49 12 - 18 BIGHORN 

70 COLE CREEK SOUTH DAKOTA 8309 35.4 32 - 49 11 - 17 POWDER RIVER 
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Table 1 (continued). Top 100 ranked reservoires for potentially miscible CO2 flooding in Wyoming 

Rank Field name Reservoir Name 
Reservoir Depth 

tt 
Oil Gravity 

API 
Est. Total CO2 

BCE 
Est. Initial CO2 

M MC ElD Basin Name 

71 PINE TREE SHANNON 11720 38 31 - 47 11- 17 POWDER RIVER 

72 SLATTERY MINNELUSA 6242 30 30-45 11-16 POWDER RIVER 

73 SPRINGEN RANCH MUDDY 7671 40.4 29-43 10-16 POWDER RIVER 

74 WORLAND TENSLEEP 9650 24.2 28 - 43 10 - 15 BIGHORN 

75 ELK BASIN BIG HORN 5460 23.3 28 - 42 10 - 15 BIGHORN 

76 PATRICK DRAW ALMOND 5067 43.4 27 - 41 10 - 15 
GREATER GREEN 
RIVER 

77 STANDARD DRAW MESAVERDE 8968 59 27 - 40 9 - 14 
GREATER GREEN 
RIVER 

78 SANDBAR EAST MINNELUSA 7034 23 27 - 40 9 - 14 POWDER RIVER 

79 REEL MINNELUSA 8429 33 26 - 40 9 - 14 POWDER RIVER 

80 NOTCHES TENSLEEP 2865 22.5 26- 39 9 - 14 WIND RIVER 

81 GARLAND EMBAR 3060 24 26 - 39 9 - 14 BIGHORN 

82 SILO NIOBRARA 8402 35 26-39 9-14 DENVER-CHEYENNE 

83 POWELL DAKOTA 12955 46 25 - 38 9 - 14 POWDER RIVER 

84 GOLDEN EAGLE PHOSPHORIA 8890 48.8 25 - 38 9 - 14 BIGHORN 

85 SKULL CREEK NEWCASTLE 3170 34 25 - 37 9 - 13 POWDER RIVER 

86 POWNALL RANCH MINNELUSA 6222 259 24 - 37 9 - 13 POWDER RIVER 

87 ROCK RIVER 
MUDDY-DAKOTA-
LAKOTA 2581 37 24 - 36 8 - 13 LARAMIE 

88 POISON SPIDER WEST CODY 10145 45 24 - 36 8 - 13 WIND RIVER 

89 LITTLE MITCHELL CREEK MINNELUSA 7330 26 24-36 8-13 POWDER RIVER 

90 UTE MUDDY 6382 41.1 23-35 8-13 POWDER RIVER 

91 HENRY DAKOTA 13393 52 23 - 35 8 - 12 
GREATER GREEN 
RIVER 

92 BONE PILE MINNELUSA 8528 31.5 22 - 34 8 - 12 POWDER RIVER 

93 ROZET MUDDY 6935 35.4 22 - 33 8 - 12 POWDER RIVER 

94 BIG SAND DRAW PHOSPHORIA 6850 62.1 22 - 33 8 - 12 WIND RIVER 

95 DONKEY CREEK MINNELUSA 7845 27.7 22 - 33 8 - 12 POWDER RIVER 

96 KAYE TEAPOT 5512 39 22 - 33 8 - 12 POWDER RIVER 

97 SUSSEX TENSLEEP 9140 30.2 22 - 33 8 - 12 POWDER RIVER 

98 GLENROCK SOUTH MUDDY 6300 38.6 22 - 33 8 - 12 POWDER RIVER 

99 GOOSEBERRY 
PHOSPHORIA-
TENSLEEP 5668 22.6 22 - 33 8 - 12 BIGHORN 

100 HELDT DRAW SHANNON 9400 35.6 22 - 33 8 - 12 POWDER RIVER 
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Table 2. Top 20 ranked reservoires for immiscible CO2 flooding in Wyoming 

Rank Field Name Reservoir Name 

Reservoir Depth 

ft 

Oil Gravity 
API 

Est. Total CO2 
BCE 

Est. Initial CO2 
MMCF/D Basin Name 

1 SALT CREEK WALL CREEK-2 2200 37 852 - 1278 311 - 467 POWDER RIVER 

2 OREGON BASIN EMBAR 3525 21.6 677 - 1016 247 - 371 BIGHORN 

3 GARLAND MADISON 4424 20.5 230 - 345 84 - 126 BIGHORN 

4 

LITTLE BUFFALO 

BASIN TENSLEEP 3348 19.6 137-206 50-75 BIGHORN 

5 

LITTLE BUFFALO 

BASIN EMBAR 4781 19.6 99 - 149 36 - 54 BIGHORN 

6 OREGON BASIN MADISON 4465 22 93 - 140 34 - 51 BIGHORN 

7 HAMILTON DOME PHOSPHORIA 2400 26 82 - 123 30 - 45 BIGHORN 

8 BYRON EMBAR 5252 19.5 64 - 96 23 - 35 BIGHORN 

9 PITCHFORK TENSLEEP 3463 18.2 57 - 86 20 - 31 BIGHORN 

10 NORTH FORK TENSLEEP 6484 21.5 48 - 72 17 - 26 POWDER RIVER 

11 BIRCH CREEK MESAVERDE-3 1874 46 46 - 69 16 - 25 

GREATER GREEN 

RIVER 

12 SALT CREEK WALL CREEK 1-2 2235 37 29 - 44 10 - 16 POWDER RIVER 

13 TORCHLIGHT MADISON 3550 20.5 28 - 42 10 - 15 BIGHORN 

14 SPRING CREEK SOUTH TENSLEEP 3796 15.3 27 - 40 9 - 14 BIGHORN 

15 

LITTLE BUFFALO 

BASIN EMBAR-TENSLEEP 4781 19.6 26 - 39 9 - 14 BIGHORN 

16 ROCKY POINT MINNELUSA 5592 16.8 25 - 38 9 - 13 POWDER RIVER 

17 FOURBEAR 

DINWOODY-PHOSPH-
TENSLEEP-DARWIN-

MADISON 2900 13.5 24 - 37 9 - 13 BIGHORN 

18 KUMMERFELD MINNELUSA 5962 19 22 - 33 8 - 12 POWDER RIVER 

19 ROZET WEST MINNELUSA 8692 21 20- 30 7 - 11 POWDER RIVER 

20 LABARGE MESAVERDE 1960 45.6 18 - 27 6 - 10 

GREATER GREEN 

RIVER 
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Goodnight Fluid Level Data Indicates San Andres Pressure is Increasing

Empire Cross Exhibit 10 



Empire Cross Exhibit 11


