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Abstract 
 
To evaluate the carbon storage potential of the Midwest Regional Carbon Sequestration Partnership (MRCSP) region, petrophysical analyses of 
Cambrian-Ordovician strata were conducted, resulting in new estimates of the reservoir targets for carbon storage and the effectiveness of 
overlying units to serve as seals. The carbon storage resource estimates (SRE) were evaluated using a hierarchy of methods that resulted in 
different SRE values based on a series of increasingly complex portrayals of the pore system. The simplest analysis follows the United States 
Department of Energy (USDOE) methodology, whereby a SRE is calculated using a single ‘best estimate’ of the average porosity of the 
assessed formations. Additional estimates employ variable porosity models based on a depth-based diagenesis function and effective porosity 
values derived from geophysical logs. Results from this approach not only illuminate the magnitude of uncertainty that should be expected in 
SREs as a function of data availability, but also suggest a high potential for storage in deeper Cambrian-Ordovician units.  
 
Capillary pressure data from mercury porosimetry (MICP) were used to evaluate the seal capacity of the Upper Ordovician Maquoketa Group 
and equivalent units. Geophysical logs (gamma-ray, density, and neutron porosity logs) from multiple well locations in the MRCSP region 
were used to develop a lithofacies model consisting of five units, revealing a high degree of regional variability within the Maquoketa Group. 
The distribution of clay-rich lithofacies defines areas having higher potential for effective confinement. Further characterization of porosity, 
permeability, and the micro- and meso-pore size distribution from MICP suggest high sealing and capillary trapping potential of the Maquoketa 
Group.  
 
The research was performed under the MRCSP program led by Battelle and funded under USDOE/NETL Cooperative Agreement # DE-FC26-
0NT42589.  
 



References Cited 
 
DOE Carbon Storage Atlas, 2015, Fifth Edition, 114 p.  
https://www.netl.doe.gov/sites/default/files/2018-10/ATLAS-V-2015.pdf. Website accessed May 2019. 
 
DOE-NETL Carbon Sequestration Atlas of the United States and Canada, 2010, Third Edition, 162 p.   
https://edx.netl.doe.gov/dataset/2010-carbon-atlas-of-the-united-states-and-canada. Website accessed May 2019. 
 
Greb, S.F., T.N. Sparks, M. Solis, J. Harper, K. Carter, P. Dinterman, E. Lewis, and C. Medina, 2018, Subsurface Geology for Carbon Storage 
Along the Ohio River in part of the Midwest Regional Carbon Sequestration Partnership Region: 2018 AAPG 47th Annual AAPG-SPE Eastern 
Section Joint Meeting, Pittsburgh, Pennsylvania, October 7-11, 2018. 
 
Medina, C.R., M. Mastalerz, and J.A. Rupp, 2018, Pore System Characterization of Cambrian-Ordovician Carbonates Using a New Mercury 
Porosimetry-Based Petrofacies Classification System: Application to Carbon Sequestration Reservoirs: Greenhouse Gases: Science and 
Technology, v. 8/5, p. 932-953.  doi.org/10.1002/ghg.1806 
 
NATCARB, 2014, National Carbon Sequestration Database and Geographic Information System (NATCARB) Sources spatial database of 
stationary sources of atmospheric carbon dioxide (CO2) emissions:  
https://databasin.org/datasets/8f9de65926ab4e32bbe763df100a1398. Website accessed May 2019. 
 

https://www.netl.doe.gov/sites/default/files/2018-10/ATLAS-V-2015.pdf
https://edx.netl.doe.gov/dataset/2010-carbon-atlas-of-the-united-states-and-canada
https://databasin.org/datasets/8f9de65926ab4e32bbe763df100a1398


Storage Resource Estimates  
and  

Seal Evaluation  
of Cambrian-Ordovician Units  

in the MRCSP Region 

Eastern Section, American Association of Petroleum Geologist (ES-AAPG) 
Pittsburgh, Pennsylvania, October 2018 

Cristian R. Medina1*; John A. Rupp1; Kevin Ellett1; Patrick McLaughlin1; 
Steve F. Greb2; William Harrison, III3; David Barnes3; Christopher Waid4; 

and Brian J. Dunst5 

1Indiana Geological and Water Survey, Indiana University, Bloomington, Indiana 
2Kentucky Geological Survey, University of Kentucky, Lexington, Kentucky 

3Department of Geosciences, Western Michigan University, Kalamazoo, Michigan 
4Ohio Geological Survey, Department of Natural Resources, Columbus, Ohio 

5Pennsylvania Dept. of Conservation and Natural Resources, Pittsburgh, Pennsylvania 
*GeologistMedina@gmail.com 

 
https://geologistmedina.com/ 

mailto:*GeologistMedina@gmail.com
mailto:*GeologistMedina@gmail.com
https://geologistmedina.com/


Acknowledgements 

Thanks to all 
colleagues from 

Battelle, geological 
surveys, labs, and 

universities. 
 



• Methods and results of evaluation of the CO2 storage potential in saline 
aquifers of Cambrian-Ordovician strata underlying portions of the MRCSP states 

 
• We compared five different methodologies to independently generate 

storage resource estimates (SRE) 
 
• These methods differ fundamentally in how they estimate values for 

porosity (∅) 
 

• Petrophysical evaluation of the Maquoketa Group as a seal (work in progress) 
 

• Wireline logs used to create a lithofacies model 
 
• Mercury porosimetry (MICP) analyses in samples from Ohio, Indiana, 

Kentucky, And Pennsylvania. 

Talk Overview 



Stratigraphy / Units 
          MI     IN    OH     KY   WV    PA   MD    NY     NJ 

Seal                                    vs.      Reservoir  
(ie. Knox Supergroup) 



Source: Greb et al., 2018 



Part I:  
CO2 storage potential 

“The volumetric methods require the area of the target formation or horizon 
along with the formation’s thickness and porosity…” 
 

Source: DOE Carbon Storage Atlas, Fifth Edition (2015) 

Storage Resource Estimate (SRE): 
 

𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶𝐶𝐶2 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 ∗ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝑇𝑇𝑇𝑇 ∗ 𝑃𝑃𝑃𝑃𝐴𝐴𝑃𝑃𝑇𝑇𝑇𝑇𝑃𝑃𝑃𝑃 ∗ 𝐷𝐷𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶2 ∗ 𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

• The DOE methodology uses a single value for all basic parameters 



Depth Considerations (2500’ and 8000’) 

Unit II: Trenton Ls. Unit I: Maquoketa Group 

Unit III: St. Peter Ss. Unit IV: Knox Group 



Depth Considerations (2500’ and 8000’) 

Unit II: Trenton Ls. Unit I: Maquoketa Group 

Unit III: St. Peter Ss. Unit IV: Knox Group 



This Work’s Methodology 

Method I 
 

Average φ = 
10% 
 
Similar to 
DOE 
methodology 
 
Robust 
dataset 
 
 

Method II 
 
φ from 
core 
analysis 
 
 
 
 
Limited 
data 

Method III 
 
Uses φ from 
wireline logs 
 
Logs used include 
neutron, sonic, 
and density 
 

 
Robust 
dataset 
 

Method V 
 
Uses MICP 
data to define 
petrofacies 
 
 
 
 
 
Limited data 

Method IV 
 
Uses a diagenetic 
model that 
assumes an 
exponential 
decrease of 
porosity as a 
function of depth 
 
Robust dataset 

Increasing in sophistication/complexity of porosity data 

• To facilitate comparison of results among methods, the efficiency factor was held constant 
• Results are reported in tonnes of CO2 /km2 

• Number of data points depends on methodology. 

Method VI 
 
SCREEN 
(NETL) 
 
(Storage prospeCtive 
Resource Estimation 
Excel aNalysis) 

 
 
 
Limited data 



This Work’s Methodology 



Methods I, II, III 
• Method I: Assumes average porosity in all units (φtot= 10%) DOE Methodology 
• Method II: Uses average porosity from core analysis (φcore) 
• Method III: Consists of the processing of wireline-derived porosity (such as 

neutron, sonic, or density logs) in Petra Software to estimate SRE.  
 
 These methods follow a volumetric equation (ie, methodology 
 published in Atlas by DOE-NETL, 2010) 
 

𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶𝐶𝐶2 = 𝐴𝐴𝑡𝑡 ∗ 𝑇𝑔𝑔 ∗ ∅𝒕𝒕𝒕𝒕𝒕𝒕 ∗ 𝜌𝜌𝐶𝐶𝐶𝐶2 ∗ 𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  

Where: 
𝐴𝐴𝑡𝑡 is the area of a given county 
𝑇𝑔𝑔 is the average thickness, in the county, of unit under assessment 
∅𝑡𝑡𝑡𝑡𝑡𝑡 is the average porosity (10%) 
𝜌𝜌𝐶𝐶𝐶𝐶2 is CO2 density at reservoir conditions (0.73 tonnes/m3) 

𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is the efficiency factor (1% and 4% used, respectively) 



Method V 

• Uses data from Mercury Injection 
Capillary Pressure (MICP) to define 
characteristic pore size distribution curve. 
An average porosity is derived from each 
type petrofacies. 

 

PF I PF II PF III PF IV 

Average 
Porosity 9.7 4.4 3.9 3.6 

# of samples 6 20 20 18 



Lithologies 



Source: Medina et al., 2018 



Method VI: SCREEN (DOE-NETL) 

• Units deeper than 2500’ 
• Units shallower than 10000’ 
• Output in Mt/km2 



Results                               
(Raw values, E=1) 



Results: GIS Workflow 

Source: Kevin Russell, IGWS 



Unit II (Trenton/Black River) E1 Results (E=0.01) 

*Method 2 (core analysis) has limited data to show in maps. 



Unit II (Trenton/Black River) E1 Results (E=0.01) 

*Method 2 (core analysis) has limited data to show in maps. 



Unit III (St. Peter SS) Reorder Think 
about order. 



Unit IV (Knox Supergroup) 

Total SRE estimated using method IV (E=1-4%): 14,935-59740 [MMTons] = 26-100 [yrs] [E=1-4%] 
 



How do these SREs compare with 
Emissions from Point Sources?  

Total CO2 emissions: 559 [MMTons/Year]*               *Source: NATCARB (2014) 

More than 
100 years 
worth of 

storage!** 



Part II: 
Sealing Efficiency of The Maquoketa Group 

Image: Spatial distribution of MICP samples, sample photographs, and MICP data 



Sealing Efficiency of The Maquoketa Group 
• We sampled the Maquoketa Group (and equivalent units) from wells in Indiana, 

Kentucky, Ohio, and  Pennsylvania. We used samples from cores and cuttings when 
available.  

• Analysis of 32 samples using a Micromeritics’ Autopore mercury porosimeter (MICP).  

• Studied pore size distribution, permeability, and capillary entry pressure of Maquoketa 
samples and related these values to a representative CO2 column. 

• We put these results in context of the CO2 column that the samples would be able to 
hold (density-gravity driven upward flow) . 



Maquoketa Group and equivalent Units 
Isopach and Samples Location  

Sample 
Location 

Example 
Wells to 
Show in 
this Talk 



MICP Analyses 

Assumptions: 
 
1. Hg to CO2 capillary Pressure 

conversion: factor of 12.4: 
 
 
 

2. Hydrostatic pressure gradient: 
0.49 (psi/ft) – 0.022 (MPa/m) 
 

3. CO2 density:  
 

ρco2(kg/m3) = 712.88 + 0.4427 * P(Mpa)  
 

4. CO2 column (h): 
  

∆𝑃𝑃 = 𝜌𝜌𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠 − 𝜌𝜌𝐶𝐶𝐶𝐶𝐶 𝑔𝑔𝑇: 
 

        𝑇0(𝑚𝑚) = 𝑃𝑃0
9.8 ∗1𝐶.4∗ 𝜌𝜌𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏−𝜌𝜌𝐶𝐶𝐶𝐶2

  

 



• Near 900 ft. thickness of 
the Maquoketa Group at 
this location.  

• High values of P20 are 
translated into 500-5000 
ft. of CO2 column (20% 
entry). 

 



CO2 Column at 5 Wells assuming 20% 
of Pore-Volume Saturation (P20) 
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CO2 Column (ft.) associated with P20 
invasion 



Conclusions 
• The MRCSP region exhibits sufficient geologic storage capacity in the 

Cambrian-Ordovician carbonate reservoirs in the Midwestern region. 
Considering CO2 emissions from stationary sources in the region result in 
+100 years of storage. 

• Methodologies suggest that using a single value for porosity of 10% 
(Method 1) results in overestimation of SRE.  

• This SRE assessment does not include local factors that should be included 
in site-scale analysis (i.e., details of the local geology). 

• This study is exploratory in nature and does not intend to determine which 
method is “better” or “worse than”, but rather, sets the stage for future 
consideration of integration of different methods based on robustness and 
availability.  

• The Maquoketa Group exhibit capillary pressure profiles from MICP analysis 
that, along with thickness of the sequence, suggest good sealing potential 
in the MRCSP region (work in progress). 



Storage Resource Estimates  
and  

Seal Evaluation  
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