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The ability to accurately predict the CO2 storage resource in saline formations is important to make high-level,
energy-related government policy and business decisions. CO2-SCREEN (Storage prospeCtive Resource
Estimation Excel aNalysis) is a tool developed by the United States Department of Energy − National Energy
Technology Laboratory (US-DOE-NETL) to screen saline formations for prospective CO2 storage resources. CO2SCREEN uses DOE methods and equations to serve as a consistent mechanism for calculating prospective CO2
storage resources. CO2-SCREEN is comprised of two ﬁles: an Excel ﬁle used for inputs and outputs and a GoldSim
Player ﬁle used to run Monte Carlo simulations. CO2-SCREEN requires input of physical geologic parameters (i.e.
thickness, porosity) as well as eﬃciency factor ranges (i.e. net-to-gross thickness) to calculate a mass storage
estimate. An application of CO2-SCREEN is demonstrated here using well log data from the Oriskany Sandstone
portion in Pennsylvania. The Oriskany Sandstone is divided into 20 km x 20 km grid cells in which 151 cells
contain well log data. CO2-SCREEN calculates prospective CO2 storage resource for each grid cell based on the
well log data and uses lithology and depositional environment information for eﬃciency factor ranges. The
Oriskany Sandstone CO2 storage resource estimate for Pennsylvania, calculated by CO2-SCREEN, ranges from
0.07 to 1.28 gigatons (Gt) with a P50 value of 0.32 Gt. This resource assessment analysis is done to demonstrate
the use of CO2-SCREEN and results are comparable to previous studies which encourages the application of CO2SCREEN to other saline formations and warrants exploring the expansion of this tool to assess the CO2 storage
resource in other formations such as shale and depleted oil and gas reservoirs.

1. Introduction
The United States Department of Energy − National Energy
Technology Laboratory (US-DOE-NETL) Carbon Storage Program and
Regional Carbon Sequestration Partnerships (RCSPs) have developed
methods to assess the prospective storage resource of carbon dioxide
(CO2) in the United States and Canada since 2007 (US-DOE-NETL,
2007, 2008, 2010, 2012, 2015; Goodman et al., 2011; Popova et al.,
2012; Goodman et al., 2013; Popova et al., 2014; Goodman et al., 2016;
Levine et al., 2016). The ability to accurately predict the CO2 storage
resource is important to make high-level, energy-related government
policy and business decisions. Prospective CO2 storage resource is a
mass estimate of CO2 that can be stored in a geologic formation at the
end of injection of a CO2 storage project, which is formally deﬁned as
part of the CO2 geologic storage classiﬁcation system (US-DOE-NETL,
2013). The CO2 geologic storage classiﬁcation system was adapted from
the petroleum industry classiﬁcation system (Oil and Gas Reserves
Committee, 2011) and provides guidelines for identifying and
⁎

characterizing potential CO2 storage locations at regional and site
scales.
Development of methods and tools to assess geologic formations for
CO2 storage potential is being conducted by numerous groups including
the United States Department of Energy (US-DOE), the United States
Geologic Survey (USGS), the Carbon Sequestration Leadership Forum
(CLSF), and many others (US-DOE-NETL, 2007, 2008, 2010, 2012,
2015; Bachu et al., 2007; Bradshaw et al., 2007; Bachu, 2008; Zhou
et al., 2008; Burruss et al., 2009; Lewis et al., 2009; Radoslaw et al.,
2009; Takahashi et al., 2009; Brennan et al., 2010; Szulczewski et al.,
2012; Blondes et al., 2013). The diversity of research eﬀorts including
governments, international organizations, and universities leads to
diﬀerent approaches for evaluating CO2 storage potential. This in turn,
makes it diﬃcult to compare results from multiple assessments even
when groups are using similar methods. Recently, several organizations
have evaluated basins and formations in China, Sweden, Norway, the
United States, and Canada using methods developed by the US-DOE and
the CSLF (Ellett et al., 2013; Calvo and Gvirtzman, 2013; Su et al.,
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Table 1
Deﬁnitions of eﬃciency factors.
Term

Symbol

Deﬁnition

Saline Eﬃciency
Net-to-Total Area
Net-to-Gross Thickness
Eﬀective-to-Total Porosity
Volumetric Displacement

Esaline
EA
Eh
Eφ
Ev

Microscopic Displacement

Ed

CO2 storage eﬃciency factor that reﬂects a fraction of the total pore volume that is ﬁlled by CO2
Fraction of the total area (map view) available for CO2 storage
Fraction of the gross thickness available for CO2 storage
Fraction of the total pore space that can store CO2
The combined fraction of immediate volume surrounding an injection well that can be contacted by CO2 and the fraction of net thickness
that is contacted by CO2 as a consequence of the density diﬀerence between CO2 and in-situ water
The fraction of pore space unavailable due to immobile in-situ ﬂuids

reasonably well characterized subsurface geology. The basin/formation
and site scale method uses Eq. (2),

2013; Wei et al., 2013; Bachu et al., 2014; Liu et al., 2014; Wallace
et al., 2014; Mortensen et al., 2015; Senger et al., 2015; Zhao et al.,
2016). These groups have performed robust CO2 resource assessments
at the basin-scale using large data sets, however, because the choices for
storage eﬃciency factors are limited, their volumetric estimates are
reduced by applying a generic storage eﬃciency factor or by using a
broad eﬃciency factor designed for high-level national scale assessments. Future assessments would beneﬁt by applying the reﬁned
methodology described by Goodman et al. (2016) for saline formations
when the region of interest is better deﬁned and storage eﬃciency
factors can be better constrained at the basin/formation scale.
The aim of this paper is to introduce and describe CO2-SCREEN
(Storage prospeCtive Resource Estimation Excel aNalysis), a tool developed by the US-DOE-NETL to screen saline formations for prospective CO2 storage resources. CO2-SCREEN was developed to be a
substantive, user-friendly tool for applying DOE methods and equations. It also serves as a consistent mechanism for calculating prospective CO2 storage resources that allows comparison of results between diﬀerent research eﬀorts, such as the RCSPs. In this paper, a realworld application of CO2-SCREEN to the Oriskany Sandstone is presented to provide a working example of how users might apply CO2SCREEN for calculating prospective CO2 storage resources of other
saline formations.

G = Ad hsϕ sρ s Esaline s
and Eq. (3),

Esaline s = EA sEh sEϕ sEV sEd s,

(3)

and diﬀers from the US-DOE national or regional scale method in
that (1) hs, ϕs, and ρs are treated stochastically due to increased data
availability and (2) each of the ﬁve terms making up Esalines are treated
as separate stochastic functions. These ﬁve terms are tied to inherent
geologic processes for the formation being accessed (see Table 1) and
are explained in detail in Goodman et al. (2016). EAs,Ehs, and Eϕs are
geologic terms that deﬁne the region’s pore volume at all scales while
EVs and Eds are displacement terms that deﬁne the pore volume immediately surrounding an injector well. Goodman et al. (2013) showed
that uncertainties of geologic data have the greatest impact on storage
estimate results when compared to the choice of the method applied.
Thus, determination of geologic properties and storage eﬃciency factor
ranges for speciﬁc geologic parameters is vital for improving or reﬁning
storage estimates. Goodman et al. (2016) provides further explanation
of the diﬀerences between these methods and how and why each term
is handled stochastically or deterministically. These equations and
methods are incorporated into the tool, CO2-SCREEN, to oﬀer a consistent means of estimating CO2 storage resource for saline formations.

2. CO2 prospective storage method

3. CO2-SCREEN

The US-DOE method for estimating CO2 storage resources for saline
formations at the national and regional scale is described by Goodman
et al. (2011) and was designed to assess potential CO2 storage resource
when subsurface geological data are limited. A simple volumetric
equation (Eq. (1)) is used to estimate prospective CO2 storage:

G = Ad hdϕdρd Esaline s ,

(2)

CO2-SCREEN is comprised of two ﬁles: an Excel ﬁle used for inputs
and outputs and a GoldSim Player ﬁle used to run Monte Carlo simulations. The Excel ﬁle, NETL-CO2-SCREEN.xlsx, allows a user to input
subsurface geological physical parameter values, establish ranges for
storage eﬃciency factor terms, and set various formation-related
parameters such as the lithology and depositional environment. The
GoldSim Player ﬁle, NETL-CO2-SCREEN.gsp, accesses the saved input
data in the Excel ﬁle, uses Monte Carlo simulation with DOE equations
to calculate probability estimates for CO2 storage, and outputs these
values back into the Excel ﬁle. CO2-SCREEN is available for download
on the Energy Data eXchange (EDX). See Sanguinito et al. (2017) for
further details.
CO2-SCREEN requires input for ﬁve storage eﬃciency factor terms
(Table 1) and ﬁve physical parameters (Table 2). The eﬃciency factor
terms reduce the estimated pore space accessible for CO2 storage in a
given formation volume and represent diﬀerent processes. A P10 and
P90 probability range between 0 and 1 is entered for each eﬃciency
factor term (Goodman et al., 2011). The ranges for the storage eﬃciency factors can be based on values for three lithologies and ten depositional environments provided by the International Energy Agency
(IEA) (GHG, 2009) or they can be manually entered by the user based
upon geologic properties (see Sanguinito et al. (2017) Appendix A for
more detail). It is recommended to use region speciﬁc data if available
to calculate eﬃciency factor terms as this will provide better constraints
on uncertainty than using the broad depositional environment eﬃciency factor terms. Eﬃciency factor terms may also be removed by

(1)

where G is the mass estimate of the saline formation for prospective
CO2 storage resource, Ad is the total area (map view) that deﬁnes the
formation being assessed for CO2 storage, hd is the gross thickness of the
formation for which CO2 storage is assessed as deﬁned by Ad, ϕd is the
total porosity or volume of void space per volume of rock, ρd is the
density of CO2 evaluated at the pressure and temperature that represents storage conditions deﬁned by Ad and hd, and Esalines is the CO2
storage eﬃciency factor that reﬂects a fraction of the total pore volume
that is ﬁlled by CO2. Superscripts (d) and (s) indicate whether a variable
is treated deterministically (d) or stochastically (s). Average, deterministic values are applied for Ad, hd, ϕd, and ρd because data are limited at
the national or regional scale. A national/regional scale storage eﬃciency (Esalines) is used to identify the pore volume available for CO2
storage after accounting for practical or physical limitations. Storage
eﬃciency factors were determined through stochastic methods by
Goodman et al. (2011) for three lithologic classes: clastics, dolomites,
and limestones and range between 0.4 and 5.5%.
The US-DOE has developed a reﬁned approach for estimating prospective CO2 storage resource at the basin/formation and site scale,
where more geophysical data are available (Goodman et al., 2016). This
method is intended to be applied to regions of interest that have
181
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Table 2
Deﬁnitions of physical parameters.
Term

Symbol

Units

Deﬁnition

CO2 Storage Resource
Area
Thickness
Porosity
Pressure
Temperature

G
A
h
ϕ

Mt
km2
m
%
MPa
°C

Mass estimate of CO2 storage resource
Area (map view) that deﬁnes the formation being assessed for CO2 storage
Thickness of the formation for which CO2 storage is assessed as deﬁned by A
The volume of void space per volume of rock deﬁned by h
The pressure of the formation deﬁned by A and h at storage conditions
The temperature of the formation deﬁned by A and h at storage conditions

manually setting the term equal to 1 (100% eﬃciency) if the user determines the eﬃciency factor term is not needed.
The ﬁve physical parameters are area, thickness, porosity, pressure,
and temperature. CO2-SCREEN requires mean values for each parameter, with the option to account for uncertainty by using a standard
deviation value. There is no standard deviation option for area because
it is assumed the area of the target formation is well constrained at this
scale. CO2-SCREEN automatically calculates density from the temperature and pressure inputs at storage conditions. CO2-SCREEN is
capable of estimating the CO2 storage resource for a gridded formation.
Data from multiple wells can be entered for the physical parameters
into separate spatially divided grid cells to account for geologic heterogeneity within a single formation. Ranges for storage eﬃciency
factor terms can be set on a grid cell by grid cell basis providing better
constraint on formation heterogeneity.
4. Oriskany sandstone case study
4.1. Geologic background
The Midwest Regional Carbon Sequestration Partnership (MRCSP)
ﬁrst recognized the Oriskany Sandstone as a potential deep-saline storage reservoir for CO2 based on several geologic characteristics including depth, porosity, permeability, reservoir pressure, and brine
chemistry (Wickstrom et al., 2005). The Oriskany Sandstone meets the
CO2 storage criteria for deep saline formations outlined by Goodman
et al. (2011) by being at suﬃcient depth for CO2 to be stored as a liquid
or supercritical state and having a suﬃcient seal system (i.e. caprocks).
The Oriskany Sandstone was ﬁrst described by Vanuxem (1839) and
named for a thin sandstone formation at Oriskany Falls, NY. This type
section is composed of fossiliferous quartz arenites but the lithology of
the Oriskany Sandstone has been expanded to include calcareous
sandstones, minor carbonate, and sandy limestones (Basan et al., 1980).
The Oriskany Sandstone is geographically extensive, covering several
states including, Ohio, Kentucky, Tennessee, West Virginia, Virginia,
Pennsylvania, New York and New Jersey. It is Devonian in age, overlies
the Helderberg Group (Fig. 1), and is overlain by various formations
including the Bois Blanc Formation, the Huntersville Chert, and the
Needmore Shale (Basan et al., 1980).
These formations are, in turn, overlain by the Onondaga limestone
which would act as a seal to maintain CO2 permeance within the
Oriskany Sandstone. The depositional environment of the Oriskany
Sandstone varies spatially and includes environments such as high-energy beach-faces (Swartz et al., 1913), shallow waters (Stow, 1938),
tidal ridges (Basan et al., 1980), and marine shelf bars (Welsh, 1984).
However, the consensus in the literature is that the Oriskany Sandstone
was deposited in a shallow shelf marine depositional environment.

Fig. 1. Middle Silurian to Middle Devonian stratigraphic column in
Pennsylvania illustrating relevant formations to the Oriskany Sandstone
(Modiﬁed from Kostelnik and Carter, 2009).

(BTGS). The initial step in applying CO2-SCREEN to any geologic formation is entering input parameters into the Excel ﬁle (NETL-CO2SCREEN.xlsx) in the “Saline (Inputs)” tab (Fig. 2).
The ﬁrst inputs required are ranges for the storage eﬃciency factor
terms which are deﬁned in Table 1 and are entered as a P10 and P90
range for each term. These ranges can be manually entered by the user
or auto-populated based on a selected lithology and depositional environment. Here, a clastics lithology and shallow shelf depositional

4.2. CO2-SCREEN application
An application of CO2-SCREEN is demonstrated here using well log
data from the Oriskany Sandstone portion in Pennsylvania. The well log
data set was based on the work by Popova (2014) and includes depth,
thickness, porosity, temperature, and pressure data from 5744 wells
provided by Pennsylvania Bureau of Topographic & Geologic Survey
182
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Fig. 2. CO2-SCREEN Saline (Inputs) Table.

Fig. 3. Storage eﬃciency factor ranges auto-populated based on a clastics lithology and shallow shelf depositional environment.

multiple rows of physical parameter data to be input simultaneously to
calculate CO2 storage resource on a grid cell by grid cell basis. The
Oriskany Sandstone was divided into 415 20 km × 20 km grid cells
(Fig. 6). Grid cells that contain data for at least one physical parameter
(i.e. thickness, porosity) were selected to be used in CO2-SCREEN.
Missing physical parameter data for these selected grid cells were ﬁlled
in using the average value of all combined well data for the Oriskany
portion in Pennsylvania. This is a simplistic interpolation method but is
suﬃcient here as the purpose of this paper is to introduce and demonstrate CO2-SCREEN and not calculate a robust CO2 storage resource
for the Oriskany, which would require a more extensive geostatistical
analysis. Grid cells with no data were not applied in this example.
After interpolation, 151 grid cells across the Oriskany portion in
Pennsylvania contained data for each of CO2-SCREEN’s required storage parameters. These values were entered in the Physical Parameter
section in CO2-SCREEN as shown in Fig. 5. After all the inputs were
entered, the spreadsheet was saved in a local directory and then closed.
Next, the GoldSim player ﬁle (NETL-CO2-SCREEN.gsp) was opened and
the simulation was run. The GoldSim model uses DOE-NETL CO2 storage resource estimation methods and equations outlined in Goodman
et al. (2016). Speciﬁcally, Monte Carlo simulations were performed
using Eqs. (2) and (3) in this paper to calculate probability estimates of
mass CO2 resource. In this example, uncertainty for gross thickness and
total porosity are represented by a lognormal distribution, density is
represented by a normal distribution with temperature and pressure

environment were chosen based on a thorough literature review
(Swartz et al.., 1913; Stow, 1938; Basan et al., 1980; Welsh, 1984;
Kostelnik and Carter, 2009). Choosing the clastics lithology and shallow
shelf depositional environment auto-populates P10 and P90 storage efﬁciency factor terms (Fig. 3) which are sourced from a report compiled
by the IEA GHG (2009). CO2-SCREEN also has the capability of setting
grid cell speciﬁc storage eﬃciency factor terms (Fig. 4). These can be
used to further reﬁne a data set based on data availability and geologic
variability. For the purposes of this demonstration of CO2-SCREEN, all
grid cells contain the storage eﬃciency ranges auto-populated based on
a clastics lithology and shallow shelf depositional environment. Again,
if available, it is recommended to use region speciﬁc data to calculate
eﬃciency factor terms as this will provide better constraints on uncertainty than using the broad depositional environment eﬃciency
factor terms.
The next required inputs for CO2-SCREEN are physical parameters
(i.e. geologic and reservoir data). Well log data for the Oriskany
Sandstone physical parameter inputs were provided by the
Pennsylvania BTGS. The dataset was analyzed by Popova (2014) and
comprised of thickness measurements from 2207 development wells,
neutron porosity log readings from 52 wells, bottom-hole temperature
measurements from 468 wells, and bottom-hole pressure measurements
from 1498 wells.
To account for spatial geologic heterogeneity, we take advantage of
the gridding system in CO2-SCREEN (Fig. 5). This system allows
183
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Fig. 4. Grid cells speciﬁc eﬃciency factor’s section in CO2-SCREEN.

demonstration used eﬃciency based on the Oriskany’s depositional
environment (shallow shelf) where the eﬃciency factor was treated
with a log-odds statistical approach. The overall storage eﬃciency
(Esaline) had a P10 to P90 range of 0.76–8.90%. The prospective storage
for the entire Oriskany Sandstone was estimated to be 19.43 Gt (Midwest Regional Carbon Sequestration Partnership [MRCSP], phase I
study; Wickstrom et al., 2005) and the storage capacity for only the
portion of the Oriskany in Pennsylvania has been estimated to be 1.17
Gt (MRCSP, phase II study; Ball and Rodosta, 2011).
ArcMap™ (Environmental Systems Research Institute, ESRI) is used
here (Fig. 8) to spatially visualize the numerical results output by CO2SCREEN. The gridding feature of CO2-SCREEN provides the ability to
spatially represent the geologic heterogeneity inherent in the Oriskany
Sandstone. Fig. 8 illustrates the spatial distribution of the CO2 storage
resource for the portion of the Oriskany Sandstone in Pennsylvania via
400 km2 grid cells. The CO2 storage resource is represented as the P50
probability in metric tons partitioned using standard deviation intervals. The Atlas of Major Appalachian Gas Plays (Roen and Walker,

inputs, and storage eﬃciency is represented by a log-odds distribution
(Sanguinito et al., 2017). It is important to note, that if a user has access
to detailed data, it is recommended to use region speciﬁc data for assigning the distribution that best deﬁnes the data set, as this will provide better constraints on uncertainty. Once the simulation was complete, the Excel ﬁle was re-opened and CO2 storage results were
populated in the “Saline (Outputs)” tab (Fig. 7) as P10, P50, and P90
probability estimates in million metric tons.

5. Results and discussion
The Oriskany Sandstone CO2 storage resource estimate for
Pennsylvania, calculated by CO2-SCREEN and shown in Fig. 7, has a P10
to P90 range of 0.07–1.28 gigatons (Gt) with a P50 value of 0.32 Gt. This
matches closely with a geostatistical stochastic modeling eﬀort by
Popova et al. (2014) which calculated a P10 to P90 range of 0.15–1.01 Gt
and a mean value of 0.52 Gt. Popova et al. (2014) applied a single
eﬃciency factor (Esaline) of 5% in their model while this CO2-SCREEN

Fig. 5. Physical Parameter section of CO2-SCREEN. Data for the Oriskany Sandstone are entered as multiple rows which represent diﬀerent grid cells. Twelve grid
cells are shown as an example, in practice the Oriskany was divided into 151 grids.
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Fig. 6. Oriskany Sandstone portion in Pennsylvania divided into 415 20 × 20 km grid cells.

Fig. 7. Saline (Outputs) tab in CO2-SCREEN displaying CO2 storage resource results.

storage would be in the Dop play and the least likely area would be the
Dho play. Their ﬁndings diﬀer than those here due to two main reasons,
data availability and ranking criteria for identifying favorable target
areas for carbon storage. The data used by Kostelnik and Carter (2009)
include samples from ten wells, only two of which were from Pennsylvania, and log data from seventy-three wells, only eighteen of which
were from Pennsylvania. The ranking criteria used by Kostelnik and
Carter (2009) focused on porosity only at depths greater than 762 m
and includes cap-rock availability in determining storage favorability.
The porosity data used here and incorporated in the CO2-SCREEN calculations are not limited by depth or the presence of a cap-rock. It
should be made clear that the results presented here are only for demonstration purposes and a robust CO2 storage resource assessment
must limit geologic data inputs to regions that are at suﬃcient depths
for CO2 to be in the supercritical state and be overlain by a sealing
formation to prevent vertical migration of stored CO2.
The gridding capability of CO2-SCREEN combined with ArcMap™
provides a visual way (Fig. 9) to examine the sensitivity of diﬀerent

1996) classiﬁes the Oriskany Sandstone into four natural gas plays
based on lithology, depositional environment, trap types, and other
geologic and reservoir properties that may control gas production.
These plays, outlined in Fig. 8, include: 1) Dop: Lower Devonian Oriskany Sandstone updip permeability pinch-out; 2) Doc: Lower Devonian Oriskany Sandstone; 3) Dho: fractured Middle Devonian Huntersville Chert and Lower Devonian Oriskany Sandstone; and 4) Dos:
Lower Devonian structural play.
The region with the highest CO2 storage resource potential is in the
southcentral region of the portion of the Oriskany Sandstone in
Pennsylvania and falls within the Dho and Dos plays. Ignoring areas
with little-to-no data, the northwestern region or the Dop play has the
lowest CO2 storage resource potential. More data speciﬁcally from areas
of the Oriskany not located in Pennsylvania are necessary to determine
correlations between potential CO2 storage and the gas play boundaries. Kostelnik and Carter (2009) evaluated the Oriskany Sandstone for
carbon storage potential in relation to the four gas plays outlined by
Roen and Walker (1996). They found the most likely region for carbon
185
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Fig. 8. Gridded results from CO2-SCREEN showing the P50 CO2 (Mt).

pore volume is overestimated here due to no restrictions on depth or
presence of a caprock. Porosity is weakly correlated to potential CO2
storage in this case as it is highest within the Dop play boundaries and
lowest within the Dos play which is opposite potential CO2 storage.
Thickness appears to be most inﬂuential in the CO2 storage potential

geologic parameters used to calculate potential CO2 storage. Fig. 9
shows the spatial variability of porosity, thickness, temperature, and
pressure data and when compared to Fig. 8 demonstrates the correlation strength between these geologic parameters and potential CO2
storage. It should be noted that the thickness and porosity inﬂuenced

Fig. 9. Average grid cell by grid cell porosity, thickness, and bottom-hole temperature and pressure data used in CO2-SCREEN calculations.
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Disclaimer

for the Oriskany Sandstone for this demonstration even when combined
with a lower porosity. Temperature and pressure illustrate the depth
and dip of the Oriskany Sandstone with few outliers. These outliers can
be helpful in determining where and what type of data are needed to
reﬁne calculations.

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, makes
any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference therein to
any speciﬁc 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. The views and opinions of
authors expressed therein do not necessarily state or reﬂect those of the
United States Government or any agency thereof.

6. Implications
Estimating prospective CO2 storage resource is an important aspect
for future planning and validation of carbon storage sites. The method
by which this storage resource is estimated varies between research
groups. Diﬀerences between these methods include equations utilized,
treatment of data, software used for calculations, and most signiﬁcantly
how storage eﬃciency is estimated. CO2-SCREEN oﬀers a consistent
method for estimating prospective CO2 storage resource. This realworld application of CO2-SCREEN to the Oriskany Sandstone presents a
working example of how users might apply CO2-SCREEN for calculating
prospective CO2 storage resources of other saline formations. While the
version of CO2-SCREEN presented here is speciﬁc to saline formations,
modiﬁed versions are currently being developed to estimate prospective CO2 storage resource in shale formations and concomitant CO2
storage during enhanced oil recovery operations.
The CO2 storage eﬃciency calculation has the greatest impact on
storage resource results while also being the most diﬃcult piece to
properly quantify. Ellett et al. (2013) discuss this problem with representing uncertainty speciﬁcally as a function of data availability and
level of geologic characterization. One common challenge they found
was over discounting the CO2 storage resource by applying eﬃciency
factor values to storage results that have already been reduced from
gross to net values. Due to data availability and geologic heterogeneity,
it will be very common to have information regarding some but not all
of the terms used to calculate storage eﬃciency. Liu et al. (2014) provide an example where they used geologic data to determine the net-tototal area, net-to-total thickness, and eﬀective-to-total porosity eﬃciency terms and used saline storage eﬃciency values based on depositional environments for the volumetric and microscopic displacement eﬃciency terms. CO2-SCREEN can mitigate over discounting the
CO2 storage resource by allowing any or all of the ﬁve storage eﬃciency
terms to be modiﬁed. It can also auto-populate any of these storage
eﬃciency terms based on depositional environment.
Another common scenario when calculating prospective CO2 storage is to perform a detailed data analysis at the basin or formation
scale and then simply apply a national scale eﬃciency factor (i.e. Su
et al., 2013; Bachu et al., 2014; Wallace et al., 2014; Mortensen et al.,
2015). A national scale eﬃciency factor reduces prospective CO2 storage based on averaging regions of lower and higher CO2 storage potential across an entire nation. When performing a basin or formation
scale assessment, it is not appropriate to use a national scale eﬃciency
factor because the assessment area may be under or over discounted
(Wallace et al., 2014). CO2-SCREEN was speciﬁcally designed to allow
modiﬁcation of the ﬁve eﬃciency terms to correlate with a basin or
formation scale analysis.
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