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Evaluation of Shale Gas Reservolirs
Focus on Haynesville
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Gas Shales

* What are they?
— Organic-rich shales
— Source rocks
= and gas
— Ultra-low permealbility
® Common traits of gas shale reservoirs
— Abundant gas (20 to 500 BCF/section)
— Low recovery efficiency (8 to 12%)
— Large developments (economies of scale)
— Fracture stimulation required
— Horizontal wells
— Long well life
— Variable reservoir quality within any shale
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Gas Shales of the United States

Niobrara Gammon Excello/Mulky
& Baxter Bakken New Albany
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Shale In Perspective:

Permeabillity
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Shale Gas Evaluation Needs

Delineation of shale gas beds
Quantify mineralogy

— Accurate log evaluation

— Completion design

2
Quantify gas s
— Adsorbed S
— Free BT §
Producibility AT e ]
— Matrix permeability | i e

— Amount and type of fractures
— System permeability
— Pressure * 5

Production prediction
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Eorehole Deviatio
| Borehole drift

NP HI {Ls)

Triple Combo Log

* Gamma ray activity > 150 gAPI

— May not be valid for Cretaceous and
Tertiary shales

® Resistivity > 15 ohm-m
— Thermal maturity, swelling clays
® Density porosity > 8 pu (Ls matrix)
— Bulk density < 2.57 g/cm3
— Presence of kerogen and/or porosity

* Neutron reflects clay content, type

[y
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Kerogen

* Methane adsorbs to kerogen
— Insoluble organic matter
— Equivalent to TOC

* Kerogen
— Deposited in anoxic environments

— Mississippian and Devonian best
(Jurassic ?)

[enuapyuo

* Kerogen petrophysical properties
— Low density (1.1to 1.4 g/cm?)
— Very high GR activity (350 to 6000 gAPI)
— Low P, (0.28)
— High neutron porosity (30 to 60 pu)



Clay Quantification

* Necessary for shale gas
evaluation
— Kerogen volume
- SW

®* Geochemical log is key
to evaluation

—SI, Ca, Fe, S, K
— SpectroLith lithology

— Independent of
measurements affected by
kerogen
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ELAN to Calculate Kerogen Volume
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ECS RHOM
ELAN RHOM

Kerogen
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Adsorbed Gas Log

ELAN TOC (Wt%) Adssoé?:?d Gas
0 xx 0 ton) v00

® Kerogen converted to TOC
— Function of thermal maturity
* |[sotherm used to calculate
adsorbed gas

® Calculated in SCF/ton
(industry standard)
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GIP - Importance of Gas Location

Delaware Barnett &

Ft. Worth Barnett

Woodford Shales _, .-
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Free Gas Log

® Accurate measure of gas within shale
microporosity
— Effective Phi
_Sgas
®* Requires knowledge of
—Clay content
—Matrix density
—Corrected NPHI
_RW’ wa

__ Chilorite_




Total Gas Log

Cum Gas
(BCF/section)
0] X0

Adsorbed & Free Gas
TOC (Wt%) . (SCF/ton) yoo

® All gas in SCF/ton

Cum Total Gas @ Sglves for cumulative gas

(BCF/section)
Cum Adsorbed Gas

* |dentify and quantify
resource not visible with
conventional logs
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ELA Pay

Reservoir and Pay

®* Reservoir
> 2% Gas-filled porosity

* Pay
> 4 pu effective porosity
< 45% Sw
> 2% TOC
> 100 nD permeability




Matrix Permeability

*Range 0.001 mD to 0.0000001 mD —
(1000 nD to 0.1 nD) — —
*Function of = i SRS
— Porosity - = SR
— Gas saturation
— Oil saturation

S .. e e

*Specialized core preparation and analysis

e e e e——

—_— —




Schlumberger Confidential

Haynesville

Sclllmllm

A e ) 1)V et 1 i s 212 I e o et v v, i S

e

h7h
QS RS P

Barnett

Woodford

Typical

(e

(@) =
(@ — = o
ot W e
me EEET S g5 | Qo
an mUmD .meﬁe.w
O > o A= 2

o .= S 822558 E 3
SM duLo=o0oo0o0o0oo0ooa >
[ O [ } [ ) [ ) e O



Gas Shale Advisor

TOC Gas
in Place

Sw
Porosity

RHOB
RHOM

Perm

Pay

ELAN

ECS/XRD

Porosity

Resistivity

(€133

ineralogy

Y

e Ph
Ph

Ive

Effect

* TOC
* GIP and Cum

() SW
° Kint

GAS

— SCF and

BCF/mi?

— Frac design
— Production

® [nputs for

simulator



Recommended Logging Program

Platform Express and ECS

— Petrophysical—total and effective porosity, Sw,
perm

— Mineralogic

— Pay and reservoir ID

— Resource quantification
Sonic Scanner

— Stress orientation

— Mechanical properties

— Fracture mapping

Modular Dynamics Tester (MDT)

— Frac closure stress
— Pore pressure and mobility
Imaging Log (FMI, OBMI, UBI)
— Natural fracture identification, classification, and
orientation
— Dirilling-induced fractures
— Fault identification and orientation
— Bed orientation

Nuclear Magnetic Resonance
— Oil saturation
Sidewall Coring Tool
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Thank You
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