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Abstract 
 
The potential for carbon storage and enhanced gas recovery in the Middle Devonian Marcellus and Upper Ordovician Utica organic-rich shales 
in the Appalachian Basin is being investigated using methods developed during investigation of the Upper Devonian Ohio Shale. Laboratory 
analysis of core and well cuttings provides baseline data for modeling TOC content in shale. In general, continuous resource plays exhibit 
relationships between measured TOC and wireline log data. TOC is in turn related to gas content and storage capacity. Wireline-based 
petrophysical models for estimating TOC have been proposed by many authors, but choice and application of a model depends on data 
availability. Only those based on total gamma-ray and bulk-density log data were used in this study, because they are most regionally available.  
 
For the Marcellus, multiple models were analyzed to estimate TOC from log data. The simplest model for estimating TOC is a linear regression 
of a density and TOC cross plot based on laboratory data because TOC is generally regarded as the main control on density changes in an 
organic-rich shale. Gamma-ray- and density-based models use the slope of the gamma ray-density cross plot. A median TOC curve (P50) was 
calculated using multiple models to provide a probabilistic summary of TOC by well, which was used as input to geospatial modeling. 
 
The Utica Shale was deposited in a carbonate-dominated open-marine shelf setting, suggesting that organic matter types and their mode of 
preservation differ significantly from those of the Marcellus. Classic models to estimate TOC for organic-rich shale may not provide acceptable 
results. Laboratory TOC and digital well-log data were compiled by the Utica Shale Consortium. Leco TOC data were depth-matched with 
gamma-ray and bulk-density data from logs. Neutron-porosity and photoelectric effect data were collected, but limited digital data precluded 
their use. Gamma-ray and density data were used to assess existing TOC models and formulate new ones. Two new models for calculating 
TOC from well-log data are proposed based on best-fit correlations to the distribution of laboratory TOC data.  
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Revised Marcellus assessment area outlined in blue is >2,500 ft. 
deep and net thickness with TOC >1.5%.
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Marcellus

219
data points

Gridded net thickness of organic-rich Marcellus Shale 
with TOC >= 4 % (shale gas / liquids potential), 575 
wells.

Updated net thickness of organic-rich Marcellus Shale. 
Computed on net gamma ray greater than 180 API 
calculated in 1559 wells.

Red: 200’ plus; 
White: not present

Red: 250’ plus; 
White: not present

Method summary using gridded data developed 
by processing LAS files:

• TOC=f(GR) or f(RhoB)
• ScfCO2=f(TOC)
• Tonsshale=Area * thickness * RhoB
• Storage=Tonsshale * ScfCO2 * efficiency

Basic idea is the TOC increases with increasing gamma 
ray intensity and is inversely proportional to density. 

Models for determining TOC from wireline data 

(Modified Schmoker using linear solver to minimize 
RMSE between calculated and laboratory TOC.)

𝑻𝑻𝑻𝑻𝑻𝑻𝑺𝑺𝑺𝑺𝑺𝑺 = 𝟓𝟓𝟓𝟓.𝟖𝟖𝟖𝟖𝟖𝟖 ∗
𝑹𝑹𝑺𝑺𝑹𝑹𝒎𝒎𝒎𝒎𝒎𝒎
𝑹𝑹𝑺𝑺𝑹𝑹𝑹𝑹

− 𝟏𝟏

𝑻𝑻𝑻𝑻𝑻𝑻𝒎𝒎𝑹𝑹𝒎𝒎 = 𝟖𝟖𝟖𝟖.𝟓𝟓𝟓𝟓 ∗
𝑹𝑹𝑺𝑺𝑹𝑹𝒎𝒎𝒎𝒎𝒎𝒎
𝑹𝑹𝑺𝑺𝑹𝑹𝑹𝑹

− 𝟏𝟏

𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑶𝑶𝑺𝑺 = −𝟑𝟑𝟓𝟓.𝟖𝟖𝟏𝟏 ∗ 𝑹𝑹𝑺𝑺𝑹𝑹𝑹𝑹 + 𝟗𝟗𝟗𝟗.𝟏𝟏𝟗𝟗

𝑻𝑻𝑻𝑻𝑻𝑻𝑮𝑮𝑹𝑹 =
𝑮𝑮𝑹𝑹𝒎𝒎𝒎𝒎𝒎𝒎 − 𝑮𝑮𝑹𝑹
𝟏𝟏.𝟑𝟑𝟗𝟗𝟖𝟖 ∗ 𝑨𝑨

(Schmoker, 1979 & 1993)

(Schmoker, 1981)
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(Ordinary least squared regression of laboratory 
TOC and density data from the Pennsylvania 
shale data workbook.)

Caveats
1. Maximum bulk density, Rhomax , varies across region
2. Does not directly account for relationship between 

porosity and maturity

CO2 Storage Marcellus Shale
(million tons)

State 3% Efficiency 
Factor

10% Efficiency 
Factor

Kentucky 0.88 2.92
Maryland 19.02 63.40
New York 124.31 414.36

Ohio 23.73 79.09
Pennsylvania 444.16 1,480.55

Virginia 0.35 1.17
West Virginia 274.07 913.55

Total 886.51 2,955.04

Assessment 
parameters

Total 
Area 

(Million 
Acres)

Assessment 
Area 

(Million 
Acres)

Average 
Thickness 

(Feet)

Volume 
(Million 
Acre-
Feet)

TOC >= 2% 
Shale

Source Rock 
Potential

36.45 36.41 90.44 3,292.9

TOC >= 4% 
Shale 

Gas/Liquids 
Potential

36.45 36.41 75.99 2,766.9

3% Efficiency

10% Efficiency

Assessment acres 

Storage distribution

(only 5 datapoints in Marcellus interval)

TOC is proportional to GR and 
inversely proportional to density

Leco TOC and laboratory density

Leco TOC compared to modeled TOC

Sample variation of calculated TOC logs 
and Leco TOC from samples 

• “One size fit all” –
3D distribution of 
TOC not considered

• Digital well log data 
not incorporated

• Total Devonian 
Shale (including 
Marcellus)

Original storage 
estimate

The potential for carbon storage and enhanced gas recovery in the Middle Devonian Marcellus and 
Upper Ordovician Utica organic-rich shales in the Appalachian Basin is being investigated using methods 
developed during investigation of the Upper Devonian Ohio Shale. Laboratory analysis of core and well cuttings 
provides baseline data for modeling TOC content in shale. In general, continuous resource plays 
exhibit relationships between measured TOC and wireline log data. TOC is in turn related to gas content and 
storage capacity. Wireline-based petrophysical models for estimating TOC have been proposed by many 
authors, but choice and application of a model depends on data availability. Only those based on total gamma-ray 
and bulk-density log data were used in this study, because they are most regionally available.

For the Marcellus, multiple models were analyzed to estimate TOC from log data. The simplest model for 
estimating TOC is a linear regression of a density and TOC cross plot based on laboratory data because TOC is 
generally regarded as the main control on density changes in an organic-rich shale. Gamma-ray- and density-
based models use the slope of the gamma ray–density cross plot. A median TOC curve (P50) was calculated 
using multiple models to provide a probabilistic summary of TOC by well, which was used as input to geospatial 
modeling.

The Utica Shale was deposited in a carbonate-dominated open-marine shelf setting, suggesting that organic 
matter types and their mode of preservation differ significantly from those of the Marcellus. Classic models to 
estimate TOC for organic-rich shale may not provide acceptable results. Laboratory TOC and digital well-log data 
were compiled by the Utica Shale Consortium. Leco TOC data were depth-matched with gamma-ray and bulk-
density data from logs. Neutron-porosity and photoelectric effect data were collected, but limited digital data 
precluded their use. Gamma-ray and density data were used to assess existing TOC models and formulate 
new ones. Two new models for calculating TOC from well-log data are proposed based on best-fit correlations to 
the distribution of laboratory TOC data.

ABSTRACT

Correlation chart of the Middle and Upper Devonian. 
Black organic-rich shales are shaded gray. The 
Marcellus Shale is highlighted in yellow. Adapted from 
Patchen and others (1985), de Witt and others (1993), 
and Milici (1996).
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Residuals:
Train-test split optimization for 
TOCMV Updated models

Challenges

1. Density (RHOB) and gamma ray 
cross plots show little correlation.

2. Relationships of TOC to density 
(RHOB) are weak to moderate.

3. With classic models, distribution of 
residuals of Leco TOC to modeled 
TOC suggest they might not be 
optimum.

1.

2. 3. Ideally symmetric 
around 0

Model Notes r2 RMSE

TOCOLS
From 

Marcellus
-15.86 3.39

𝑻𝑻𝑻𝑻𝑻𝑻𝑾𝑾𝒎𝒎𝒎𝒎𝑾𝑾 =
𝟖𝟖𝟑𝟑𝟖𝟖.𝟏𝟏
𝑹𝑹𝑺𝑺𝑹𝑹𝑹𝑹

− 𝟖𝟖𝟗𝟗.𝟏𝟏
Wang and 

others (2016)
-4.32 1.90

TOCSch
From 

Marcellus
-1.21 1.23

𝑻𝑻𝑻𝑻𝑻𝑻𝑮𝑮𝑹𝑹𝒎𝒎𝑮𝑮𝑺𝑺 =
𝑹𝑹𝑺𝑺𝑹𝑹𝑹𝑹 − 𝟖𝟖.𝟗𝟗𝟑𝟑

−𝟎𝟎.𝟎𝟎𝟓𝟓
Godec (2013) -0.98 1.16

𝑻𝑻𝑻𝑻𝑻𝑻𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝒎𝒎𝑺𝑺𝒎𝒎 = 𝟑𝟑𝟖𝟖.𝟓𝟓 ∗
𝟖𝟖.𝟗𝟗𝟑𝟑
𝑹𝑹𝑺𝑺𝑹𝑹𝑹𝑹

− 𝟏𝟏 Minimize 
RMSE

-0.03 0.84

𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑺𝑺 = −𝟖𝟖.𝟏𝟏𝟑𝟑𝟗𝟗 ∗ 𝑹𝑹𝑺𝑺𝑹𝑹𝑹𝑹 + 𝟖𝟖𝟖𝟖.𝟗𝟗𝟕𝟕𝟕𝟕 Thiel-Sen 
regressor

0.25 0.71

𝑻𝑻𝑻𝑻𝑻𝑻𝑾𝑾𝒎𝒎𝒎𝒎𝑾𝑾𝑾𝑾𝑹𝑹𝒎𝒎 =
𝟕𝟕𝟗𝟗.𝟑𝟑𝟑𝟑𝟏𝟏
𝑹𝑹𝑺𝑺𝑹𝑹𝑹𝑹

− 𝟏𝟏𝟗𝟗.𝟑𝟑𝟖𝟖𝟗𝟗
Minimize 

RMSE
0.28 0.70

𝑻𝑻𝑻𝑻𝑻𝑻𝑾𝑾𝑴𝑴
= 𝟏𝟏𝟖𝟖.𝟕𝟕𝟏𝟏𝟓𝟓 − 𝟕𝟕.𝟕𝟕𝟕𝟕𝟕𝟕 ∗ 𝑹𝑹𝑺𝑺𝑹𝑹𝑹𝑹 − 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟕𝟕𝟗𝟗 ∗ 𝑮𝑮𝑹𝑹

Multi-variate
Train-test split

0.41 0.58

r2 is coefficient of determination (analogous to correlation coefficient)

TOC Models Tested, most significant are shaded

The train-test split method divides a data set into two 
parts for training and testing. Parameters of a predictive 
model are computed using the training set. The 
goodness of fit is then checked against the test data. By 
performing this operation multiple times, goodness of fit 
parameters (r2 or RMSE) can be optimized.

Distribution of Leco TOC (box plot) compared to 
calculated TOC (kernel density)

Leco TOC compared to calculated TOC from 
wireline data

Adsorbed CO2 associated with TOCAerial extent and distribution of TOC%

Boundaries
Blue – Utica Shale
Red – Point PleasantUpper Ordovician strata showing the position of the organic-rich Utica Shale (dark 

gray) and Point Pleasant Formation (dark gray with interbedded blue). Numbers 
indicate grouped unit names.

General Stratigraphy

1

2
3
4

5

Trenton–
Lexington 

undiff.

Overall mean
1.24%

Distributions of TOC for selected Upper Ordovician units

The Utica Research Consortium Play Book

Extent of Utica Shale and Point Pleasant Formation

Stratigraphy varies across basin

SW

NE

Boundaries
Blue – Utica Shale
Red – Point Pleasant

CO2matrix=CO2Density@depth * DPHI * (1-Sw) * 0.5 * ef
For each depth in the LAS file:

For each well:

𝑻𝑻𝑻𝑻𝟖𝟖𝑺𝑺𝑹𝑹𝒎𝒎𝒕𝒕/𝒎𝒎𝑺𝑺𝒂𝒂𝑺𝑺 =
∑𝑻𝑻𝑻𝑻𝟖𝟖𝒎𝒎𝒎𝒎𝑺𝑺𝒎𝒎𝒎𝒎𝒎𝒎
𝑺𝑺𝑺𝑺𝒎𝒎𝑺𝑺𝒕𝒕𝒎𝒎𝑮𝑮𝒕𝒕𝒕𝒕

For each formation:

CO2tons = CO2gridded * Thicknessnet * Acresgridcell

All CO2 storage calculations are variations of:
(illustration of storage in matrix porosity)

Free Gas Stored in Matrix Porosity

Overall, the Point Pleasant has a larger extent and 
greater porosity so will have a larger storage capacity.

r=0.49

r=0.26

r=-0.026

7,001 Observations

CO2 Storage at 3% Efficiency Factor (million tons)

State Utica Shale and Point Pleasant Combined
Adsorbed Matrix Total

Kentucky 0.56 22.93 23.48
Maryland 0.46 42.76 43.23
New York 0.71 45.95 46.66
Ohio 6.91 556.73 563.64
Pennsylvania 14.66 1,124.36 1,139.01
Virginia 0.01 0.49 0.49
West Virginia 6.72 524.35 531.07
Total 30.03 2,317.57 2,347.59

CO2 Storage at 10% Efficiency Factor (million tons)

State Utica Shale and Point Pleasant Combined
Adsorbed Matrix Total

Kentucky 1.87 76.42 78.28
Maryland 1.55 142.54 144.09
New York 2.35 153.18 155.53
Ohio 23.05 1,855.77 1,878.82
Pennsylvania 48.86 3,747.86 3,796.72
Virginia 0.02 1.62 1.64
West Virginia 22.40 1,747.84 1,770.24
Total 100.09 7,725.23 7,825.32

Example distribution of CO2 storage at 
10% efficiency factor

http://www.wvgs.wvnet.edu/utica
http://www.searchanddiscovery.com/pdfz/documents/2016/51283shahkarami/ndx_shahkarami.pdf.html
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