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Abstract 
 
 
Shale resource plays are either shale-gas or shale-oil. Better evaluation procedures considering more number of parameters are 
needed to estimated resource potential. Successful shale-gas and shale-oil plays in the United States are variable in geological 
age, depositional sequence, organic richness, thermal maturity, kerogen type, and mineralogy among a few key parameters. 
 
The Upper Devonian Woodford Shale ranges from a thickness of 0 ft to 300 ft and is found at depths of 7,000 ft to 18,000 ft in 
the Delaware Basin. The Woodford is thermally mature over its entire extent in New Mexico: In the deeper parts of the 
Delaware Basin, it is in the thermogenic gas and condensate window; on the Northwest Shelf and where present on the Central 
Basin Platform, it is in the oil window (Broadhead 2010). Southeastern New Mexico is subdivided into Regions I, II and III 
based on the intensity of the fracture networks, thermal maturity and Total Organic Carbon (TOC) (Comer 2005). Each of the 
regions (Regions I, II and III) were ranked for the prospects of shale Bas using Miller's (2010) ranking scorecard and assigned 
a score of 68, 66 and 48 respectively. The results showed that Region I and II have better chances of finding shale Bas. Finally 
an assessment was made to quantify the volumes of oil and Bas in-place using Comer's (2005) Hydrogen mass balance 
method. The estimated volumes were 36 billion barrels of original oil in-place and 44.5 trillion cubic feet of original Bas in-
place in comparison to 119 billion barrels of original oil in-place and 230 trillion cubic feet of Bas in-place in the Woodford 
for the entire Permian Basin (Texas and New Mexico). The assessment confirms that Woodford shale is a major 
unconventional source of both oil & Bas in New Mexico. 
 
The work described in this paper was performed in conjunction with a contract from the U.S, Bureau of Land Management, 
Pecos District to help estimate oil and gas development in southeastern New Mexico for the next 20 years. 
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“ Estimating the Resource Potential of 

the Woodford Shale”

Main Objective of Today’s Talk
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Study 

Area

Study Area

Source: Modified from USGS data
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Stratigraphic Unit

Reference : Broadhead 2010
Note: 

Famennian Stage – 359 Ma to374 Ma

Frasnian Stage – 374 Ma to 385 Ma  

Overlies Wristen(Silurian) and Thirtyone (Lower Devonian) 

Carbonates



Paleogeography

Reference : Comer 2008



Reference : Comer 2008

Paleogeography
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Source Rock data used

Data Source

1. 19 cored wells from Broadhead (2005)

2. 4 cored wells from Comer (2008)

3. 4 Outcrops samples from Comer (2008)

Evaluated Parameters

1. Total Organic Carbon (TOC)

2. Thermal Maturity ( TMax)

3. Vitrinite Reflectance (Ro)

4. Organic Fraction of Carbon (Corg ) & Hydrogen 

(Horg)

5. Density of the rock

6. Fraction of Immature rock

7. % of Clay & Quartz content



Characteristics of Source Rock 
(Broadhead 2010)

1. Black organic-rich shales - Hydrocarbon source 

facies

2. Present day TOC range 1.7 to 4.9 wt.%

3. Original, pre-maturation TOC range 1.8 to 6.8 wt%

4. Kerogen fraction is dominated by amorphous and 

herbaceous type shales

5. Woody & inertinitic types are prevalent to the north, 

closer to the pinch out.

6. Thermal Maturity is greatest in southwestern Lea 

and Southeastern Eddy Counties – Thermogenic gas 

& Condensate Window

7. Thermal Maturity is lower to the north and west –

Oil Window



Classification into Regions

Note: Regions Divided Based on Work from Broadhead 2010 and Comer 2005

Region I (thermal maturity (early oil to oil generation window), 

high TOC and high fracture intensity); - Blue



Region II (thermal maturity (dry gas generation), moderate 

TOC and sparely fractured); - Red and

Classification into Regions

Note: Regions Divided Based on Work from Broadhead 2010 and Comer 2005



Region III (thermal maturity (oil window), reasonable TOC 

and local fractures) - Green

Classification into Regions

Note: Regions Divided Based on Work from Broadhead 2010 and Comer 2005



Note: Regions Divided Based on Work from Broadhead 2010 and Comer 2005

0-300ft thick in southeastern New Mexico. 



Max. thickness in the South Central Lea County (Depths of 

18,000ft)
Note: Regions Divided Based on Work from Broadhead 2010 and Comer 2005



Pinches out to the North and northwest in Roosvelt and 

Chaves counties (Depth less than 7000ft)
Note: Regions Divided Based on Work from Broadhead 2010 and Comer 2005



Absent from the highest parts of the central basin 

platform in southeastern Lea County.
Note: Regions Divided Based on Work from Broadhead 2010 and Comer 2005
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Summary of Ranking

Parameters

Ranking on the Shale Scale

Region I Region II Region III

Total Organic Carbon (TOC) – wt % 8 6 4

Vitrinite Reflectance (Ro) - % 6 8 4

Shale Thickness  - ft 8 6 4

Gas-Filled porosity (Ave) 6 8 4

Clay content (wt %) 4 4 4

Quartz content (wt %) 6 6 6

Fluid compatibility (Fresh Water; CST 

ratio)
4 4 4

Natural Fracture Intensity (per 10 feet) 8 6 6

Tectonic stress (σ2 versus σ3) 10 10 6
Reservoir pressure gradient (psi/ft) 8 8 6

Total Score 68 66 48
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Estimated Resource Potential
Assumptions based on Observations:(Comer 2005)

1. Oil & Gas in the Woodford Shale are indigenous.

2. Because it is indigenous conventional source rock data can 

be used for in-place oil & gas estimation. 

Are Very Negligible

So, hydrogen available for HC generation is equivalent to the 

amount of organic hydrogen present at the onset of the main 

stage of oil generation



Methodology:

With all of Comer’s assumptions and observations, the 

volume of evolved HCs is estimated using 

Mass balance of organic hydrogen (Horg)

The units being used are Metric Tons (MT), kilometers (km), 

weight fraction (wt fraction), barrels (bbl), and cubic feet 

(ft3).

Estimation of Resource Potential 

(Cont.)



Estimation Procedure

1. Reservoir Mass Determination:

Reservoir Mass (MT) = Thickness (km) x Area (km2) x Density (MT/km3)

Woodford 

Shale of New 

Mexico

Thickness 

(km)

Area

(km2)

Volume

(km3)

Density

(MT/km3 x 

109)

Mass 

(MT x 109)

Region I 0.030 3331.12 99.93 2.4 239.84

Region II 0.043 5806.55 252.20 2.4 605.28

Region III 0.015 22200.21 341.04 2.4 818.49

(Oklahoma Woodford analogous to New Mexico Woodford Shale)

Woodford 

Shale of 

New 

Mexico

Present

Corg (%)

Immature

Corg (%)

Present

Horg (%)

Immature

Horg (%)

Present

Ro (%)

Immature

Ro (%)

Region I 82.00 82.20 7.72 7.74 0.55 0.39

Region II 90.50 82.20 4.38 7.74 2.02 0.39

Region III 85.60 82.20 6.08 7.74 1.09 0.39

2. Core Samples Data used



Estimation Procedure (Cont.)

Woodford Shale of 

New Mexico

Present

Corg (%)

Immature

Corg (%)

Present 

Horg (%)

Immature 

Horg (%)

Region I 7.80 8.00 0.73 0.75

Region II 4.20 5.80 0.20 0.55

Region III 3.60 4.00 0.26 0.38

4. Calculating the Total hydrocarbon mass Horg (MT) using wt 

fraction of the whole rock:

Total Organic Hydrogen Horg (MT) = Immature Horg – Residual Horg 

Immature Horg Mass (MT)=Reservoir Mass (MT) x Immature Horg(wt 

fraction)

Residual Horg Mass (MT) =Reservoir Mass (MT) x Present Horg (wt 

fraction)

3. Converting the organic fraction from core sample to Whole 

rock:   (Corg/Horg) kerogen = (Corg/Horg) whole rock 



Estimation Procedure (Cont.)

Woodford Shale 

of New Mexico

Corg

MT x 109

Gas

MT x 109

Hgas

MT  x 109

Hoil

MT x 109

Region I 19.71 0.0020 0.00049 0.047

Region II 35.11 4.45 1.48295 0.635

Region III 32.74 0.33 0.00085 0.981

5. Corg Mass Determination:
Corg Mass (MT) = Reservoir Mass (MT) x Immature Corg (wt fraction)

6. Total Natural Gas Co-Generated (Gas MT):
(Oil Window) Gas (MT) = Gas (MT/MT Corg) x Corg (MT)
For thermal maturities the saturated light hydrocarbons content is in the range of 1x 10-4

MT/MT Corg to 1 x 10-2 MT/MT Corg (Schaefer and Leythaeuser, 1983; Comer 2005).

7. Total mass of organic hydrogen that exits as natural gas (Hgas)
Hgas (MT) = Gas (MT) x Horg (wt fraction) 

8. Total mass of hydrogen contained in Crude Oil (Hoil)

Hoil = (Total Hydrocarbon Horg – Oil Expelled) x 2 x 10-2



Generated Expelled Original In-Place

Woodford 

Shale of New 

Mexico

Oil

MMbbl

Gas

Bft3
Oil

MMbbl

Gas

Bft3
Oil

MMbbl

Gas

Bft3

Region I 2398 98 719 78 1678 19

Region II 105924 222441 31777 177953 0 44488

Region III 49109 2 14732 2 34376 0.51

Note: Original Oil In-place for Region II is assumed to be zero

because the thermal maturity indicates Gas Window (Comer 2005) 

Estimation Procedure (Cont.)

Volumes of Oil & Gas Generated and Expelled

Oil Volume (bbl) = Hydrocarbon Horg (MT)/ 2.0 X10-2 (MT/bbl) 

Gas Volume (ft3) = Oil Volume (bbl) x 3000 (ft3/bbl)
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Conclusions
Original In-Place

(Woodford Shale - Study Area)

Original In-Place

(Woodford Shale - Total 

Permian basin)

Oil

Billion bbl

Gas

Trillion ft3
Oil

Billion bbl

Gas

Trillion ft3

Region I 1.68 0.019 35 .11

Region II 0 44.49 0 220

Region III 34.38 0.00051 84 9.0

Total 36 45 119 229

The Woodford shale in New Mexico is found at great depths 

which contribute to its lack of production.

However, 30% of the total Permian Basin Resource is in New 

Mexico.

This assessment strongly indicates that the Woodford Shale 

has high potential future potential as an unconventional oil & 

gas resource in New Mexico.



Petroleum Recovery Research Center, A Division 
of the New Mexico Institute of Mining and 

Technology

The difference between TOCo (Original) and TOCpd (Present Day) multiplied by thickness of the 

Woodford will be an indication of the relative volumes of hydrocarbons generated. (Broadhead 

2010).

Recommended Resource Development



4 Horizontal Wells per section

Each well has

1MMbbls(approx) of Oil as available resource in the 

Green Region (High Potential Oil Region).

4.65 BCF of Gas in the Red Region &

0.94 MMbbls of Wet Gas for the Blue Region

Economics & Completion Technologies will be the game 

changers. 

Recommended Resource Development 

(Cont.)



Existing 1100 Wells (Approx) have an Up-hole Potential

(Wristen, Fusselman, Simpson & Ellenburger) 



Existing 108 Mississippian Wells Have a Down-Hole Potential



Work in Progress



 

Buy SmartDraw!- purchased copies print this 

document without a watermark .

Visit www.smartdraw.com or call 1-800-768-3729.

SPIN – Shale Potential Interpretation Network

TOC, HI, Thickness & Thermal Maturity

Porosity

Hydrocarbon Potential Maps



Agenda

 Objectives

 Study Area

 Depositional Environment

 Characteristics of Source Rock

 Ranking of the Woodford Shale

 Estimated Resource Potential

 Conclusions & Recommendations

 References



References

1. Broadhead, R.F, 2005, Regional aspects of the Wristen petroleum systems,

southeastern New Mexico; New Mexico Bureau of geology & mineral resources,

New Mexico Institute of Mining & Technology, Open-file report 485.

2. Broadhead, R.F, 2009, Mississippian Strata in Southeastern New Mexico,

Including the Barnett Shale: Thickness, Structure and Hydrocarbon Plays; New

Mexico Bureau of geology & mineral resources, Open-file report 497.

3. Broadhead, R.F, 2010, The Woodford shale in Southeastern New Mexico:

distribution and source rock characteristics; New Mexico Bureau of geology &

mineral resources, New Mexico Institute of Mining & Technology, Aug 2010,

Volume 32, Number 3.

4. Comer, J.B., 1991, Stratigraphic analysis of the Upper Devonian Woodford

Formation, Permian Basin, West Texas and Southeastern New Mexico; Bureau of

Economic Geology, Austin, Texas, Report of Investigations 201, 63 p.

5. Comer, J.B., 2005, Facies Distribution and Hydrocarbon production potential of

Woodford Shale in the Southern Midcontinent, in Cardott, B.J. (ed),

Unconventional energy resources in the southern Midcontinent, 2004 symposium:

Oklahoma Geological Survey Circular 110, p.51-62.



6. Comer, J.B., 2008, Woodford Shale in Southern Midcontinent, USA - Transgressive

System Tract Marine Source Rocks on an Arid Passive Continental Margin with

Persistent Oceanic Upwelling, Poster Apr 2008, Annual Convention and Exhibition

of the American Association of Petroleum Geologists (AAPG) in San Antonio, Texas

7. Jarvie, D., 2008, Geochemical Characteristics of Devonian Woodford Shale;

Worldwide Geochemistry, LLC

8. Kane, J., 2007, A Petrophysical comparison of the Barnett and Woodford Shales;

Bureau of Economic Geology, University of Texas at Austin; PBGSP Annual

Meeting, Feb 2007.

9. Landis, C.R., 1990, Organic Maturation, Primary Migration and Clay Mineralogy

of selected Permian Basin Shales; A dissertation in geosciences at Texas Tech

University.

10. Lee, Ming-kuo, and Williams, D.Daphane, 2000, Paleohydrology of the Delaware

Basin, Western Texas: Overpressure development, Hydrocarbon Migration, Ore

Genesis; Figure 2; AAPG Bulletin, V. 84, No. 7 (July 2000), P. 961–974.

11. Leiws, R., and et al, 2004, New Evaluation Techniques for gas shale reservoirs;

Reservoir Symposium.

References (Cont.)



References (Cont.)
12. Loucks, R., & Ruppel S.C., 2006, Preliminary comparison of the Barnett shale

lithofacies in the northern fort worth basin to the Woodford shale lithofacies in the

northern Permian basin; Bureau of Economic Geology, University of Texas at

Austin.

13. Miller, R. S., 2010, Critical Elements of gas shale evaluation; Core Laboratories,

Oct 2010, 60th Annual GCAGS Convention San Antonio, Texas.

14. Ruppel, S.C., 2006, the Devonian Woodford Formation: Source and Reservoir? ;

Bureau of Economic Geology, University of Texas at Austin; PBGSP Annual

Meeting.

15. Ruppel, S.C., 2007, Comparisons and contrasts among major palezoic mudrock

systems in Texas; Bureau of Economic Geology, University of Texas at Austin;

PBGSP Annual Meeting.

16. Vulgamore, T., Clawson, T., Pope, C., and et al. 2007, Applying Hydraulic Fracture

Diagnostics To Optimize Stimulations in the Woodford Shale. Paper SPE 110029

presented at the SPE Annual Technical Coneference and Exhibition, Anaheim,

California, USA, 11-14 Novermber. SPE 110029-MS



Thank You!

Any Questions

Contact: vidya.bammidi@gmail.com




