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OIL AND GAS FIELDS OF OHIO

LAESOURCES SION OF GEOLOGICAL SURVEY
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* Total Oil Production: 1.13 BBO

Total Gas Production: 8.40 TCF

Total # Wells: > 274,000

OILFIELD GASFIELD COALEEDM

e R Active # Wells: > 64,000




PRODUCTIVE INTERVALS IN OHIO
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NORTH AMERICA SHALE PLAYS

e i North American shale plays
— (as of May 2011)
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HYDRAULIC FRACTURING or FRACKING

 INDUSTRY DEFINITION: A completion process
wherein water, sand, and chemical
compounds are pumped under high pressure
to fracture a producing formation in order to
stimulate production.

e COMMON DEFINITION: Just about anything to
do with shale production or unconventional
drilling




UTICA DRILLING SITE
CARROLL COUNTY, OHIO




UNCONVENTIONAL DRILLING

Roughly 200 tanker A pumper truck injects a Natural gas flows out of well
trucks deliver water for mix of sand, water and

a4 al riaa e
Storage Natural gas is piped
the fracturing process chemicals into the well 5 by :

tanks to market

Recovered water is stored in open
"% pits, then taken 1o a treatment
i plant

l  pit |

Water table Well —

Sand keeps
Hydraulic Fracturing flasures opan
Hydraulic fracturing, or ﬂN::lra'l gas
“fracing,” involves the injection s from
of more than a million gallons fissures Mixture of

of water, sand and chemicals into well m'h::\”zal
at high pressure down and
across into horizontally drilled
wells as far as 10,000 feet
below the surface. The
pressurized mixture causes
the rock layer, In this case the
Marcellus Shale, to crack.
These fissures are held open
by the sand particles so that
natural gas from the shale can
flow up the well.

Well turns
horizontal

The shale is fractured
by the pressure inside
the well.

Graphic by Al Granberg




CONVENTIONAL VS
UNCONVENTIONAL DRILLING
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TYPICAL FRAC JOB




DRILLING IS WATER USE INTENSIVE
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TYPICAL CASING STRING

Casing Design for Typical
DeSoto Parish, Louisiana, Haynesville Shale Well

E] = Cement
90 feet

20" Conductor Casing []I = Casing

Cemented to Surface

B = WaterTable
200 - 600 feet average depth 100 - 600 feer
16" Casing
Cemented to Surface

1,900 feet
10-3/4" Casing
Cemented to Surface

10,200 feet
7-5/8" Casing
Cemented to inside 10-3/4"

16,500 feet*
5-1/2 /4-1/2 " Casing
Cemented to inside 7-5/8"

¥ ,
g
~ . p

*Represents total measured depth
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UTICA — PT. PLEASANT ELEVATION
"l al ‘ ot \ : :

_ Approx. Depth
#. 5500 ft




HORIZONTAL UTICA-POINT PLEASANT WELL ACTIVITY INOHIO

o EASTERN OHIO
AESREE . re UTICA FAIRWAY

MARCH. 30, 2013

* 23 OPERATORS

* 20 COUNTIES

* 588 PERMITS

* 32 WELLS DRILLING

e 280 WELLS DRILLED

* 80 WELLS PRODUCING

Sources: ODNR Geology Division, 2013; RigData, 2013



UTICA-POINT. PLEASANT SHALE
DRILLING IN OHIO

[

80 PRODUCING
10 PLUGGED

190 DRILLED //}

280 Total /




THERMAL MATURITY PRODUCTION PROJECTION

Calculated *oR, Average per Well of the Upper Ordovician Shale Interval® in Ollio//l
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UTICA DRILLING ACTIVITY
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ODNR Geological Survey, 2012

Permit

County

Status

Well Name & Number

Comments

11/14/2011

Jefferson

Dnlling

Asuncion 15-11-3 6H

11/14/2011

Jefferson

Permitted

Asuncion 15-11-3 8H

9/20/2011

Jefferson

Dnlled

Asuncion 15-11-3-1H

Waiting to frac v

8/11/2011

Jefferson

Dniled

Asuncion 15-11-3H

Waiting to frac w

11/21/2011

Columbiana

Permitted

Aymew Acres 27-16-5

11/18/2011

Columbiana

Dnlled

Aymew Acres 27-16-5

Waiting to frac

11/21/2011

Columbiana

Dnlling

Aymew Acres 27-16-5 5H

Dnlling lateral

1/20/2012

Carroll

Permitted

Bucey 21-144 1H

12/6/2011

Carroll

Dniled

Bucey 21-144 5H

12/6/2011

Carroll

Dniled

Bucey 21-144 6H

Waiting to frac well

3/9/2011

Carroll

Producing

Bucey 3H

Finished Fracing well

IDEAL SPACING (DRILLING UNIT)
IS ONE PAD PER TWO SQUARE MILES

TYPICAL ORIENTATION

OF HORIZONTAL

UTICA WELLS IN OHIO




USEFUL DEFINITIONS

* PRODUCTION FLUIDS
— OIL, NATURAL GAS, NATURAL GAS LIQUIDS

— BRINE: NATURALLY OCCURING HIGH TDS
(>100,000 mg/L) PRODUCED WATER

— FLOWBACK: HYDRAULIC FRACTURING FLUID THAT
FLOWS FROM THE WELL DURING INITIAL
PRODUCTION TESTING



MIDSTREAM ACTIVITY

GATHERING SYSTEM PIPELINES
COMPRESSION STATIONS
PROCESSING PLANTS

CRYOGENIC NGL SEPARATION PLANTS
RAIL AND TRUCK FACILITIES



CRYOGENIC NATURAL GAS LIQUIDS
PROCESSING PLANT

MARKWEST PLANT NEAR HOUSTON, PA

Current Facilities and Projects under Construction

Houston Dewpoint Plant yston | le“ ol
30 MMcf/d Refrigeration 30 MMctid
Cryogenic Plant
(Oct 2008) and ——
Depropanizer || Houston Il Pla
(1008) 120 MMefid
MarkWest Stand alone Cryogenic
G

Plant and
Depropanizer
pressure gathering pipeline (4aos)

* 12 - 14 central delivery
compressor stations

+ 50,000 — 75,000 horsepower
of compression

“~Area to be served
N, by MarkWest
| gathering and

' MARKWEST

Energy Partners, L.P.

HP Pipelines (4009) 55 miles Houston | (1009) 35 MMefld
HP Pipeline (4012) 150 =175 miles A Houston Il (4003) 120 MMcfld
LP Pipelines (4009) 25 miles a Houston IH{1H11) 200 MMct/d
LP Pipeline (4012) 70 =80 miles y 3 Houston IV (TBD) 200 MMetid
Compressor stations (4009) 10

Compressor stations(4012) 28-34

Compression (4009) 27.000 Hp Depropanizer (1009} 7,000 Bbliday

Range Resources m

Compression (4Q12) 90,000 Hp Depropanizer (4008) 4,000 Bbliday
4 Full Fracticnation (2011) 60,000 Bbl/day

/ Y Butane isomerization (3011) 10,000 Ebliday

Rail Loading (1011} 200 Rail Cars
Majorsville | {3Q10) 120 MMctid Truck Loading (1210} 8 Bays
Majorsville Il (3Q11) 150 MMetid C3 Pipeline (1210) TEPPCO Deliveries
MGL Pipeline to Houston (3Q10) NGL Storage 1.3MBbls

120 MMcfid
lle (TED)




MARKWEST UTICA

MarkWest Utica Overview

» Joint venture with The Energy & Minerals Group
(EMG)

Long tl m partne r-shlp to {:Ir“.rr'lnp '-:lqnlhr"ant natural gas

Partners one of the best midstream companies with a
strong financial partner that share a common view towards
the value of the Utica

Allows MarkWest to meet the significant gathenng and
needs of its producer customers while
sig ntl\r reducing MWE’s up-front capital

« Competitive advantages

Extensive gathering, processing, transportation,
fractionation, storage, and marketing infrastructure
throughout the Appalachian region

Extensive NGL marketing experience in the Northeast

« Announced midstream development
200 MMcifd cryogenic processing complex in Harrson

complex in 2013

100,000 Bbl/d fractionation, storage, and marketing
complex in Harrison County in 2013

MARKWEST ENERGY PARTNERS. L.P.

200 MMetd TEPPCO
Harrison Fipaline
processing plant

100,000 Bbi'd
Tractionation and
markeling
facilities

Monroe
processing plani




PRODUCTION FLUID ISSUES
(BRINE AND FLOWBACK)

DISPOSAL AND RECYCLING ARE CRITICAL TO UTICA
SUCCESS IN OHIO

PA AND WV MARCELLUS PRODUCTION

— LIMITED DISPOSAL CAPACITY

— US EPA CONTROL & GEOLOGICAL ISSUES

BRINE PRODUCTION FOR THE LIFE OF A WELL

— REMAINS CONSTANT (4 — 6 Bbls/day, 84 — 252 gpd: Marcellus)

— GEOMETRIC PROGRESSION WITH INCREASING NUMBER
OF WELLS

INTIAL MARCELLUS FLOW BACK: 10 - 20 %

— RECYCLING AND RE-USE MEASURES ARE EFFECTIVE AS
LONG AS WELLS ARE BEING DRILLED AT A STEADY RATE




DEPARTMIINT OF N2

CLASS II BRINE INJECTION WELLS OF OHIO

Ohio’s Class I
Injection Wells

Brine and frac flow-back
water disposal

Put the fluids back from
where they came and
isolated from surface
and ground water

> 65,000 oil & gas wells
Operating in Ohio

Primacy est. 1983
196 Permitted



POTENTIAL SOURCES OF
WATER CONTAMINATION

Production fluid
Production fluid

Drilling fluid spi

spills/negligent handling
transport
Is/mud pit reclamation

~ailed tubing well-head flanges

Pipeline rupture or corrosion

nsufficient production fluid storage
Production fluid disposal — Class 2 Injection

Bad casing cement job (well casing seal)
Casing failure — traditional wells




SPILLAGE POTENTIAL




BASELINE TESTING

* IMPORTANT TO TEST GROUND WATER AND
SURFACE WATER QUALITY PRIOR TO DRILLING
AND INJECTION ACTIVITIES

* TESTING IS PARTICULARLY IMPORTANT FOR
MUNICIPALITIES WITH PUBLIC DRINKING
WATER SOURCES

* OHIO EPA, ODNR and COUNTY HEALTH
DEPARTMENTS RECOMMEND A “3-TIER” SET
OF TESTING PARAMETERS



Total Dissolved Solids (mg/L) Reporting Limit 10 mg/L

e o0-10 @@ 141-500 [l A Uticawells
@ 10-140 . 501 - 2400 A Oiland Gas Wells D Inner Protection Zone
® Permitted Wells ¥ Production Wells D Outer Protection Zone




THANK YOU

Jeffrey C. Dick, Ph.D.

Professor and Chair

Geological and Environmental Sciences

Director, Natural Gas and Water Resources Institute
Youngstown State University

Youngstown, Ohio 44555

jedick@ysu.edu

330.941.1756



