
NOTICE: This report was prepared as an account of work sponsored by an agency of the United States Government.  Neither 
the United States Government nor any agency thereof, nor any of their employees, nor any of their contractors, subcontractors 
or their employees, makes any warranty, expressed or implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or any third party’s use or the results of such use of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights. Reference herein to any specifi c commercial product, process, 
or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof or its contractors or subcontractors. The 
views and opinions of authors expressed herein do not necessarily state or refl ect those of the United States Government or any 
agency thereof.

907 N. Poplar, Suite 150      Casper, WY  82601
www.rmotc.doe.gov      (888) 599-2200
RMOTC operates Teapot Dome Oil Field and is part 
of the U.S. Department of Energy, Offi ce of Fossil Energy

WHITE PAPER, JULY 2010

Oil & gas reservoirs 
in U.S. like the producing 
formations at NPR-3
Tom Anderson, RMOTC





RMOTC 1

INTRODUCTION
RMOTC’s operations at the Teapot Dome Oil Field 

(NPR-3) in Wyoming provide an excellent natural labo-
ratory in which to conduct research in Enhanced Oil 
Recovery (EOR) and carbon sequestration in geologic 
reservoirs. In addition, RMOTC provides a testing cen-
ter environment ideal for testing and/or demonstrating 
new technologies for EOR and sequestration. Several 
oil-producing formations at NPR-3 have characteristics 
similar and analogous to nationwide CO2-EOR and se-
questration target reservoirs (see Figure 1), including:

• Tensleep Sandstone
• Second Wall Creek Sandstone
• Muddy Sandstone
• Dakota Sandstone

 The Shannon Sandstone is also productive at NPR-
3, but it is too shallow and has too low a reservoir pres-
sure to be a candidate for CO2-EOR, so it isn’t included 
in this review. However, it may still be useful for seques-
tration research for evaluation of  leakage, containment, 
and monitoring technologies.

  The National Energy Technology Laboratory (NETL) 
categorizes geologic sequestration into these classes:

1. Oil and Gas Reservoirs
2. Unmineable Coal Seams
3. Deep Saline Formations
4. Basalt Formations
5. Organic Rich Shales

This summary will only address #1 and #3 for the 
NPR-3 site. Two other identifi ed geologic sequestra-
tion targets, #2 coals and #4 basalts, are out of  scope 
for this summary, as those are not present at Teapot 
Dome. Fractured organic-rich shales (#5), including the 
Niobrara Formation, are productive at NPR-3, and al-
though these are seen as future potential sequestration 
targets, the sequestration science for these targets is im-
mature and they exhibit very low permeabilities, so they 
are also not included.

NPR-3 does have two key deep saline formations 
(#3 in above list), conducive to research as sequestra-
tion targets, which are also analogous to similar saline 
reservoirs nationwide:

• Crow Mountain Sandstone
• Madison Limestone

These are not EOR targets at NPR-3, but they do 
relate to nationwide sequestration capacity numbers 

discussed in a later 
section. The screen-
ing criteria for oil and 
gas reservoirs used to 
establish suitability for 
CO2-EOR include res-
ervoir depth, oil grav-
ity, reservoir pressure, 
reservoir temperature, 
and oil composition. 
For the Rocky Moun-
tain Basins in Colorado, 
Utah, and Wyoming, 
ARI (2006) positively 
screened 86 fi eld and 
reservoir combina-
tions as “amenable to 
CO2-EOR”; of  these 
55 were direct equiva-Figure 1. States with similar geology to Teapot Dome in Wyoming (NETL/ARI, 2008).
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lents or stratigraphic analogs of  the reservoirs at NPR-3 
listed above, and 7 were equivalent to the saline reser-
voirs at NPR-3. 

An additional criteria, not included by ARI for EOR 
or NETL Regional Partnerships for sequestration capac-
ity estimates, is water cut in the producing oil reservoirs. 
Water cut is less of  an issue in CO2-EOR screening 
than is remaining oil saturation. Water cut can some-
times be modifi ed with well workovers, and at NPR-3, 
RMOTC has attempted to limit water production in the 
Tensleep and in the Second Wall Creek in some wells. 
CO2 fl oods have proven to be effective even in high 
water cut wells.

TENSLEEP SANDSTONE
RMOTC has done the most work at NPR-3 on the 

Tensleep. In terms of  reserves, the Tensleep and its ana-
logs represent the largest reservoir in Wyoming. Per the 
University of  Wyoming, Enhanced Oil Recovery Insti-
tute, 2/3 of  Wyoming oil production comes from the 
Tensleep or equivalent reservoirs (Minnelusa, Leo, and 
Weber). The very large, 30-year-plus Rangely CO2 proj-
ect in Colorado is in the Weber Sandstone, a Tensleep 
equivalent. There are also signifi cant volumes elsewhere 
in Colorado and Utah. A CO2 storage capacity estimate 
for the Tensleep at Teapot Dome has not been gener-
ated, but UW/EORI estimates (SPE paper 122921, 
2009) that 20 trillion cubic feet (TCF) of  CO2 could 
be sequestered after CO2-EOR in Wyoming basins. If  
Tensleep analogs represent even a fraction of  that tar-
get, the potential is enormous.

The Tensleep project would provide results of  val-
ue to potential storage projects in geologic formations 
throughout the U.S. One of  the principal benefi ts from 
a project at Teapot Dome would be the contributions to 
risk assessment and risk mitigation through open shar-

ing of  research and project results. Additional detail on 
specifi c geologic targets would require more investiga-
tion with geologists with broader knowledge of  basins 
throughout the U.S., and comparisons with specifi c res-
ervoirs at Teapot (Tensleep, Crow Mountain, Second 
Wall Creek, for example).

HOW ARE RESERVOIRS 
SIMILAR (NATIONWIDE)?

Most oil and gas reservoirs nationwide, by a wide 
margin, are in sandstones, with secondary amounts in 
“carbonates” (limestones and dolomites). Very rare are 
oil reservoirs in volcanic rocks, such as those in Nevada, 
which is the reason Nevada is not included in this re-
view. All the oil reservoirs at NPR-3 are in sandstones 
(excluding the fractured shales as already discussed). 
The Madison Limestone at Teapot Dome is an example 
of  a carbonate reservoir, and it is oil-productive else-
where, but not at NPR-3, where it is a deep saline res-
ervoir instead.

Sandstone reservoirs can be further classifi ed by their 
environment of  deposition. For example, the Tensleep 
is primarily an eolian sand, originating as windblown 
sand dunes near an ancient shoreline. A secondary li-
thology within the Tensleep is dolomite and dolomitic 
sandstone, created in near-shore lagoons where the sand 
dunes were re-worked by waves and tides.

The Wall Creek (Frontier) sandstones represent 
shoreface sands derived from beaches, bars, and bar-
rier islands. The inter-fi ngered shales within the over-
all Frontier Formation sequence derive from adjacent 
mudfl ats behind the barrier islands, and slightly deeper 
offshore mud and silt. The Muddy Sandstone is a clas-
sic fl uvial sequence, originating in river systems, where 
the good sandstones represent point-bar deposits on 
the inside curves of  meandering streams. The Dakota 

Table 1. Comparison of NPR-3 formations with other similar formations in other basins.
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Sandstone has some areas of  similar fl uvial origin, but 
in other areas it exhibits delta-front sandbars originating 
where the river systems entered the ocean.

Producing oil and gas reservoirs in other U.S. basins 
nationwide are found in all of  these types of  sandstone 
facies (environments of  deposition), therefore the sand-
stone reservoirs at Teapot Dome are directly analogous 
to the same types of  rocks throughout all other signifi -
cant producing sedimentary basins (and states) of  the 
U.S. Table 1 compares the formations at NPR-3 with 
a sampling of  similar formations from other basins 
(which are also EOR and sequestration candidates).

OIL POTENTIAL FROM 
CO2-EOR (NATIONWIDE)

A better comparison of  analogs is not by state, which 
are political entities, but by sedimentary basin – a geo-
logic categorization. Figure 2 shows U.S. basin outlines 
for comparison to the state map in Figure 1. 

NETL contracted with Advanced Resources Interna-
tional (ARI) to do a series of  11 “basin reports” nation-
wide, to cover what is the total EOR target using CO2. 
A 2008 follow-up report compiled and updated those 
results, and fi nally, a March 2010 report for the NRDC 
further updated the results. The following summaries 
are drawn from these reports.

The total target of  oil left in place in the U.S. is 400 
billion barrels as shown in Figure 3. 

 Historical trends of  CO2-EOR are shown in Figure 
4 from the 2010 report.

Table 2 summarizes their fi ndings on the future po-
tential of  what incremental oil can be recovered out of  
the 400 billion barrels left in the ground, based fi rst on 
“technically recoverable”, and secondly, on “economi-
cally recoverable” (using a $70 per barrel price), and with 
current technology & methods (“Best Practices”), with 
additional columns for “Next Generation” technol-
ogy. These tabular results are listed by basin or regional 
group of  basins, with the states covered by each region 
shown as well. Bottom-line, the potential resource target 
economically recoverable with current CO2-EOR prac-
tices, that is directly analogous to what RMOTC could 
do at NPR-3, is close to 50 billion barrels. 

Figure 2. Basin boundaries of the U.S.

Figure 3. Large volumes of domestic oil remain 
“stranded” after traditional primary/secondary oil 
recovery. Excludes deep-water GOM. (Source: Advanced 
Resources International, 2008)

Figure 4. Growth of CO2-EOR production in the U.S. 
(1986-2008). 
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SEQUESTRATION POTENTIAL AFTER 
EOR IS COMPLETE (NATIONWIDE)

Basically, the same oil and gas reservoirs targeted 
for EOR are excellent candidates for carbon 
sequestration. Therefore, the same R&D activities 
that could be conducted at NPR-3 related to EOR 
are applicable for sequestration. These reservoirs 
have contained hydrocarbon fl uids and gases for 
millions of  years, and so they will also be able to store 
and contain CO2 well into the future. NETL has 
compiled the total carbon sequestration capacity 
data for the U.S. and Canada, drawn from the Regional 
Carbon Sequestration Partnerships (RCSPs), and to 
quote,

“The RCSPs have documented the location of  138 billion 
metric tons (152 billion tons) of  geologic CO2 storage potential 
in more than 10,000 oil and gas reservoirs distributed over 27 

states and 3 provinces.”
The state-by-state 

data is shown Table 
3. 

For Deep Saline 
Formations, there is 
greater uncertainty 
than for oil and gas 
reservoirs, due to 
the relative lack of  
cha r ac t e r i z a t ion . 
Nevertheless, “The 
RCSPs have document-
ed the locations of  sa-
line formations with an 
estimated CO2 seques-
tration potential ranging 
from 3,300 to more than 
12,000 billion metric 
tons (from 3,600 to more 
than 13,000 billion 
tons).” State-by state 
details are in Table 
4.

 At Teapot Dome, 
however, the two candidates for deep saline reservoirs, 
the Madison and the Crow Mountain, are much bet-
ter characterized due to their presence in an existing 
oil fi eld. The Madison provides a carbonate (limestone) 
reservoir and the Crow Mountain is a sandstone, so 
NPR-3 can offer a more comprehensive test-bed for 
R&D-related to deep saline reservoirs than at many 
other sites.

The Big Sky Carbon Sequestration Partnership 
(BSCSP) is looking at the Nugget Sandstone for  
deep saline sequestration, which is stratigraphically 
equivalent to the Crow Mountain at NPR-3, and 
facies equivalent to the Tensleep, and also the 
Madison, a direct equivalent to NPR-3’s Madison. The 
Plains CO2 Reduction Partnership (PCOR) is evaluating 
the Madison also, and the “Lower Cretaceous,” which 
is equivalent to the Muddy and Dakota Sandstones at 

Table 2. Economically recoverable domestic oil resources from CO2-EOR*.
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Table 3. CO2 storage resource estimate for oil and gas reservoirs by state*.
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NPR-3. Lastly, the Southwest Regional Partnership 
(SWP) is targeting the Permian White Rim sandstone 
(equivalent to the Tensleep a NPR-3) and the Jurassic-
Triassic Wingate sandstone (stratigraphically equivalent 
to the Crow Mountain at NPR-3). All three regional 
partnerships surrounding Wyoming are evaluating di-
rectly analogous formations as deep saline reservoirs for 
carbon sequestration.

WHAT COULD BE LEARNED 
FROM RMOTC DOING A CO2 
SEQUESTRATION PROJECT?

What is learned from a project at NPR-3 depends on 
the zones used, project size and duration, monitoring 
technologies employed, and the extent and type of  as-
sociated research conducted. Potential topics to be inves-
tigated include, but are not limited to: 

Table 4. CO2 storage resource estimates for Deep Saline Formations*.
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• groundwater effects (chemical changes to 
groundwater)

• geomechanical effects to the reservoir and 
caprock

• geochemical effects to the reservoir and cap-
rock

• monitoring for surface leakage/microseep-
age

• effect on faults and possible induced micro-
seismicity

• cement/wellbore integrity monitoring
• tuning of  reservoir models
• monitoring and modeling of  fl uid move-

ment in fractured reservoirs
• use and effectiveness of  gravity-stable injec-

tion
• saline aquifer monitoring (in our Crow 

Mountain Class II zone) 
• integration/comparison of  results from 

different monitoring technologies and ap-
proaches

WHY IS NPR-3 A GOOD 
CANDIDATE SITE?

Teapot, as a public, non-commercial site, has the fl ex-
ibility to host fi eld experiments and scientifi c investiga-
tions that commercial project operators may not support. 
More importantly, all of  the resulting data can be made 
public. CO2-EOR and storage are currently linked, at 
least in industry, since there is no direct fi nancial incentive 
for pure storage in the U.S. Project results and research 
fi ndings from industry EOR projects are typically in the 
full control of  the operator, and so are usually not made 
available to inform the public or DOE.

Teapot Dome is 100% federally owned and operated, 
and there is essentially unrestricted surface and subsur-
face access. RMOTC has in-house capability to facili-
tate the permitting steps required for research projects. 
A great deal of  the necessary site characterization data 
is already available, unlike many other possible project 
sites, and benefi ts transfer easily to industry, regulators, 
and the public, via research partnerships and publications. 

Additional benefi t is provided by incremental oil pro-
duction from CO2 injection into oil-producing zones at 
RMOTC; those revenues would benefi t the federal trea-
sury, offsetting at least a portion of  the DOE project cost.

A science-focused CO2 program at RMOTC is pos-
sible, free of  the commercial constraints that typically 
exist with an industry site. Teapot Dome can serve as 
fi eld-scale subsurface laboratory for CO2-EOR and car-
bon storage. There, researchers and industry can test and 
evaluate technologies at varying scales. Because RMOTC 
operations can emphasize testing and research over pure-
ly commercial production, it’s possible to host projects 
designed specifi cally to complement EOR and geologic 
storage projects in other locations. The knowledge gained 
at RMOTC can inform regulatory agencies that have di-
rect responsibilities related to CO2 injection (EPA, DEQ, 
DOE, etc). All of  the pure storage projects in the U.S. 
have so far been small pilot-scale experiments and dem-
onstrations, and none have been conducted yet in Wyo-
ming. RMOTC can build on those results, and provide 
research and demonstration opportunities not easily pro-
vided on commercial EOR operations.
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