


Haynesville Overview

Overview Study Area

Bossier Shale Prospective Area = ~1.0 Million Acres
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Haynesville Overview

Haynesville Shale Characteristics

Depth TVD

MD (horizontals)

Thickness (net)

Total Organic Carbon (TOC)
Ave. Porosity (log)

Gradient (Psi/Ft)

Water Saturation

Gas in place/bcfe/section
Anticipated recover factor
Estimated Ultimate Recovery
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Haynesville Shale

Bossier Shale

10,500’ - 13,500’
14,500 — 18,000’
150" - 350’

2% - 5%

8% - 10%

0.84

15% - 20%

150 - 250

25% - 30%

500’ — 800’ shallower than Haynesville

175" - 325’
2% - 5%
8% - 10%
0.84

15% - 20%
150 - 200
25% - 30%

3 to 12 Bcf per well

3/15

WGS



Haynesville Overview

Haynesville — Bossier Shale Deposmonal Map
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Bureau of Economic Geology, University of Texas, Austin.
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Haynesville Overview

Top Haynesville Fields
in Louisiana
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Top LA Haynesville Fields e
Colored By Field, Bubbled By Prac IP {Mcf)

361 found
Results not sorted.
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Haynesville Overview

Haynesville - Bossmr Shale Thickness Map
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Horizental

Trity Vertical K
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Haynesville Overview

Geochemical Composition

Haynesville / Bossier

DRY Rock Elementals Mineral Analysis Fluid Analysis TOC Analysis Shale XRD Data
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Bossier
Haynesuville

0.8

0.6 0.8

Calcite

University of Utah, Energy & Geoscience Institute Study, 2015

WGS

0.2 0.4

Quartz



Haynesville Overview

Key “Sweet Spot” Factors *

1) Micro-Fracturing

2) >3% Total Organic Content
3) 50% Silica Content

4) 10% Carbonate Content

5) Porosity

Grain Size
Haynesville Sweet Spot

Lithology

Clay Mud
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[ Dolomite
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Pyrite

0.4
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TOC3.2%
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Correlation

Depth

Porosity

Slowness Curves
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Haynesville Overview

k Beneficial Properties to Map Thermal Transformation of Kerogen
Thermal maturity | 1 7 'A-;;mw” — 85°F(29.4°C)
Total organic content 3 ; g
Clay content percentage (and type) . £ §
Bedding thickness i 220 °F (104.4 °C)
Porosity f 5 g |
Concentration of natural fractures (and orientation) :i 318 5
Brittleness factor : Wet gas 302 °F (150 °C)
Fracture initiation pressure (lower the better) - % \

Water saturation %; § Dry gas
o - h””?’”gr — 356 °F (180 °C)

WGS
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Haynesville Overview

Haynesville Shale “Sweet Spot” Comparison

Texas and Louisiana
. IP MMecfd
1> 1§
North Texas g :;m
EOG 0 Wells -
Industry 90 Wells
Avg IP SOMMCId | U AR N\ .
EUR 4-6 Bef
BHP 8,100 Psig
TOC 2.3%
y
g
Louisiana “Sweet Spot”
EOG 13 Wells
| Industry 164 Wells
; -~ Avg IP 15.6 MMcfd
Texas “Sweet Spot” | EUR 612 Bef
- g BHP 10,000 Psig
EOG 6 Wells . ;S . & . to
Industry 12 Wells
Avg IP 16.0 MMcfd
EUR 6-12 Bef
BHP 11,900 Psig
TOC 3.6% =
1 —

DrillingInfo, 2010
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Haynesville Overview

Geomodeled Porosity, Thickness Map
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Bureau of Economic Geology, University of Texas, Austin.
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Haynesville Overview

Haynesville Bossier Shales - Depth and Thickness Cross-section
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Haynesville Overview

Geomodeled Estimated Ultimate Recovery (EUR)
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Haynesville Overview

Haynesville Shale, Players Lease Comparison
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Anadarko Petroleum
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Comstock Resources
EOG Resources
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EXCO Resources
El Paso Menderson
Forest Oil

Goodrich Petroleum Corp
Penn Virginia

QEP Energy

Sabine Oil & Gas

Shell

Southwestern Energy

St. Mary Land & Exploration Anderson

: § F tone

MNacogdoches

o508 . ol
- ,-_I? - .‘..‘
! . .
S ™) .

»

Angelina

/

January, 2018 Presentation — Chris Williams 14/15

Shale Expert, 2010
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