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Agenda For Today

Appalachian Basin Shale History
Assessing Black Shale as Gas Pay

The Current Focus on Marcellus Shale
How Operators Frac the Marcellus Shale
Future of the Marcellus Shale

Questions
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Historical Perspective of “Black
Shale” in Northeast

' Chautauqua County, NY

— Shallow shale gas south shore of Lake Erie In
1820s and 1830s

— Some produced gas for 100 years
' Big Sandy Field, KY
— Drilling began in 1920s
— Wells produce 50 years or more
I Scarcity of natural gas in the 1970’'s

renewed interest in Appalachian Black
Shales



NYSERDA Report 85-17
December 1983

8 Marcellus Wells; 28-114 feet thickness
50-80 K sand foam fracs
Emphasis on pressure/production analysis

Results:

— Wide range of reserves due to v.low K

— Production controlled by natural fractures

— Stimulation = marginal increase in some wells
— Liquid loading prevention important



“Porosity and Permeability of
Eastern Devonian Gas Shale”

¥ SPE Formation Evaluation, March 1988

F Conclusion

— Gas productivity potential influenced by
1. Organic content
2. Thermal maturity
3. Natural fracture spacing

4, Stratigraphic relationships between black and
grey shales

— Marcellus K strongly stress dependent;
doubling the stress = K decrease of 70%

— Presence of liquid hydrocarbon lowers gas K



1980's Lineament Map

FRINTING

Lodlours and wosdland symbnla emithes

SPECIL

iR e

AReema

ROAT O AGSIZCAT OGN

Hesavy duly i el maty

FElL T Ul e L7

OVERLAY # 4
LINEAR FEZTURES MAP ot

ELLENBORD, W WA

FREPARED BY
ENVIRONMENTAL EX PLORATION, INC.

Geological Consultants



Nitrogen Gas and Sand: A New
Technique for Stimulation of

Devonian Shale

TC. Crirsehiling, SPE, T Tolwa Serrices
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What's Black Shale?
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Marcellus Shale Log - 2006
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Marcellus Interval
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Devonian shale assessment units, showing
net thickness of radioactive shale
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USGS Open File Report 2005 — 1268, Milici, Robert F., 2005
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I\/Iarcellus Shale
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Undiscovered Resources
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USGS Open File Report 2005 — 1268, Milici, Robert F., 2005
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-
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—
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Gas: 1.93 TCFG
NGL: 11.55 MMBHNGL



US Geological Survey
Open File Report 82-474
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Estimates of Unconventional Natural Gas
Resources of the Devonian Shale of the
Appalachian Basin - USGS 82-474

¥ Pittsburgh Basin
— Rhinestreet, Geneseo, and Marcellus present
— Gas shales from 5,000 — 7,500 feet
— Total thickness from 300 — 500 feet
— TOC ranging from 4 — 6 % by weight of shale
— CAl — moderate to moderately high at 2.0
— Fracturing not wide scale
— USGS said this basin had poor potential
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Filled Vertical
Fracture in
Monongahela
County, WV core
@ 7,460 feet



Ingredients for Commercial
Shale Gas Play

v Organic content cooked to temperature

v Permeability in the form of nature fractures
v Thick net pay

v Pressure Is always a plus

v Sealed off above and below

v ' Widespread distribution of shale



T.0.C. —What is 1t?

Distribution of Organic Matter in Rock Sample (low maturity)

Dispersed
Organic
Matter:

the “source”
of
oil + assoc. gas

Rock Sample

TOC

Total Organic Carbon (T.0O.C.)
Live Carbon Dead Carbon

Organic Matter (Kerogen) Dead Carbon

Jarvie, 1991 Special BEG/ PTTC Presentation 16



Thermal Maturation

Various TAl Standards

Amoco Core Lab NPL Robertson Humble
TAl HC TAI HC TAl HC TAI HC TAI HC
1 (Immature <1+ |Immature 1 |Immature 1 (Immature 1 (Immature
2 |Immature 1+/2 Immature 2 oil 2  immature 1+ |Immature
3 |Immature 2 (Immature oil 3  [Immature 2 |Immature
3+ |Immature 212+  Qil 4 4 oil 2+ Qil
Gas
4 oil 2+ | Ol 5 oil 3 Qil
5 Over
4+ | oil 2+/3| OIl | S atiora 6 oil 3+ oil
5 Qil 3 | oil 7 Cas 4 Qil
5+ | Cond. a3+ Ol 8 G 4+ | Gas
& Gas 3+ Qil 5 Gas
= Over
i
6+ | Gas 3+/4 10 | Mature 54 | Over
7 Over 4 | cond. | Mature
Mature W|
5 Mature

Note the variability in the hydrocarbon window detail

and the numbering system (i.e. Amoco 5 = Oil; Core Lab 5 = Over Mature).




Relationship of TOC and Porosity to
Formation Density

EMPIRICAT RELATIONSHIP
BETWEEN TOC AND DENSITY
FOR LOW POROSITY DEVONILAN-
MISSISSIPPIAN SHALES

E
S
S
F

CALCULATED RELATIONSHIP
BETWEEN POROSITY AMD
FORMATION DENSITY FOR
3 DIFFERENT TOC VALUES

POROSITY (%)

FORMATION DENSITY (g/cm3)

Special BEG / PTTC Presentation 23

Humble Geochemical Services — www.humble-inc.com



TABLE 1
RELATIVE SOURCE ROCK RATING OF DEVONIAN SHALES

THERMAL ALTERATION INDEX
1+ to 2 2to 3 3-— 4 4 — 5

0-1 0 0 0 0
Drgan ic n 1 ) 0
Carbon £ ]
Content

3—4 2 4 7 0

a4+ 2 6 10 ]

0 - Little Potential
1 - Good Gas Potential only if organic matter is Tasmanites or Marine

2 - Excellent Gas Potential if OM is Tasmanites or Marine; Good
Gas Potential if OM is Terrestrial

4 - Good Qil and Gas Potential if OM is Tasmanites or Marine;
Good Gas Potential if OM is Terrestrial

6-7 - Excellent Qil and Gas Potential if OM is Tasmanites or Marine;
Good Qil and Gas Potential if OM is Terrestrial

10 - Exceptional Oil and Gas Potential

Resource and Exploration Assessment of the Oil and Gas Potential in The
Devonian Gas Shales of the Appalachian Basin, DOE/DP/0053-1125
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Resource and Exploration Assessment of the Oil and Gas Potential in The
Devonian Gas Shales of the Appalachian Basin, DOE/DP/0053-1125



OIL AND GAS SOURCE ROCK POTENTIAL

GODD GAS POTENTIAL /
GO0 OIL AND GAS POTEMTLAL
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Resource and Exploration Assessment of the Oil and Gas Potential in The
Devonian Gas Shales of the Appalachian Basin, DOE/DP/0053-1125




il
FRACTURE ORIENTATION

[ ]
| . AND
| PENSITY 7 DENSITY 7
5 im ¢
-

e / i — |
| N h Lé’\ggﬁ_ﬁ\ OS5 |
[T e PR s
| 3 D> eI 2% N

OHAS o ) 1 _:?11_ 1 ,j I
;ﬂf\ onse _,TJV 6 ‘l\ L] "E:'” L}_, \LKL
/fw ‘—u—hﬁ:T/L:;:lm ~J d__ £ —e f ?
e Yo xl JT TN S oo /N Ty
N jf' e 4 ]
o __/’G- - ___\3 f}j___,ﬂ' E:‘-w,.
& TEMNA ,fl - —
e o C e e
MARCELLUS TIME
Dl Uiifla 7 13 AMILTON GROUP/POST MARCELLUS TIME
FIGURE 192 Map Unit 3
260 ﬁ&, FIGURE 193
S Py f= ]
Frepand by Mound Faciity 2H1

Resource and Exploration Assessment of the Oil and Gas Potential in The
Devonian Gas Shales of the Appalachian Basin, DOE/DP/0053-1125




Black Shale (CBM)

Production Mechanisms
" Production occurs via pressure depletion,

free gas in natural fractures first (easiest)
' Primary flow through fracture system
I Matrix supplies fracture

Gas Transportation Mechanisms in Coal
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Production Incline Suggests
Adsorbed Gas

Cum: 379 MMcf
40 years
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SPE 106070
“Stimulation of Gas Shales:
They're All the Same — Right?”

I Shale reservoirs are a classic
example of one size does not fit all.

¥ Optimum fluid type and volume,
pump rate, proppant type and
amount can vary by field in the
same basin



Variability: Gas Content
pV = nRT
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In Appalachia We Have More
Than Marcellus

Late Rhinestreet

Early Rhinestreet
Sonyea/Middlesex

Genesee

Hamilton Group/Post-Marcellus
Late Marcellus

Early Marcellus



Current Focus on
Marcellus Shale

' Range Resources 2007 Press Release:

— “Our Appalachian shale project is progressing
with 410,000 net acres currently under
lease. In 2006, the Company drilled 12
vertical wells and three horizontal wells to test
commerciality of the play. In 2007, drilling
continues with 60 vertical and eight horizontal
wells planned. To support our shale
expansion effort, Range has opened an office
in Pittshurgh, Pennsylvania.”
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Current Frac Operations

F Two very different main design schemes

— Large to massive slickwater jobs with large
volumes of sand

— Normal to moderately larger straight nitrogen
(circz. 1980) or nitrogen foam jobs with
moderate amounts of sand
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Current Frac Concerns

F Equipment requirements/logistics

— Toward large slickwater jobs
I Rates: 30 — 100 bpm
¥ Sand: 2,000 — 5,000 sks
F HHP: 8,000 — 15,000

— Large foam jobs horizontal wells
¥ Nitrogen: 5 — 10 MMSCF
F Sand: 2,000 — 5,000 sks



Current Frac Concerns:
Containment or Frac Height Control

Barnett Shale
Atoka

| Marble Falls
| Limestone

upper Barnett

Furestburﬁﬁ\

lower Barnett

Viola/Simpson|

Figure 5. A zection of the siratigraphic column in the northern portion of the Fort Worth bazin.

Marcellus Shale

Imestone

Late Marcellus

Lower Marcellus

Huntersville Chert

Onondaga

Development of the Barnett Shale Play, Ft. Worth Basin, Bowker, Kent A., Search
and Discovery Article #10126, 2007



Current Frac Concerns

F True in-situ stresses in Marcellus, Onondaga,
and Tully

— Controls fracture height growth

— Determines horsepower requirements
I Rock properties, E and

— Determine fracture width

— Dictates maximum sand concentration and average
sand size

I Maximize Stimulated Reservoir Volume
— Hydraulic fracture fairway $ optimized
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PRT

Time (min)

— Replay Casing Pressure (ps1) — Replay Shurry Rate (bpm)
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Current Frac Concerns

I Horizontal wells

— Open hole completions
E Number of stages
¥ How to mechanically separate stages

— Cemented hole completions
¥ Acid soluble cement
¥ How to mechanically separate stages
¥ Overcoming fracture initiation problems



Current Frac Concerns

¥ Overcoming fracture initiation problems in
cemented horizontal wellbores

— Why problems in the first place
k Stress anisotropy common to layered shales

— Strategies to minimize fracture initiation psi
¥ 0°/180° or 60° phasing (SPE 103232)
F Sand notching
* HCl acid
¥ Viscous plugs
F Plugs with sand slugs
¥ Reperforate and try again



Future of Marcellus Shale

* More horizontal wells (2x $, 3x Q)
I Explore new areas WV, OH, PA, & NY

I Accelerated growth will stress current
infrastructure for services (short term)
' Real deal or big hype?
— Production data unavailable
— Some claiming 0.6 — 1.0 BCF per well



CO2: The Other Gas

Soluble in water, stays with flowback water
longer, enabling higher % recovery, if you
have low BHP

Demonstrated better IP in refrac test
following straight N2 frac in Wayne
County, WV

CO, showing good results in Conasauga
shale in Alabama

Infrastructure exists in NE where in past
20+ years it has not



Paired Simultaneous Fracturing
“Simo-Frac”

F Two HZ wells fraced simultaneously
— 2 wells 30’ apart on a pad

— Roughly parallel HZ trajectories +/- 1000’
apart @ toe

— Simultaneous fracs (4 stgs in one and 5 in the
other to prevent communication between
fairways

— Significantly higher MCFD than individually
fraced offsets — record MCF for Barnett HZ

— To date, 5 well pairs treated In this manner



Thank You — Questions?




