What is the quality
of the frack and
flowback water?



Typical Components of Frack Fluid

For a 1.5 million frack job, the 0.5 percent
IS equivalent to 7,500 gallons of “chemistry”.

Scale pH Adjusting

Gelling Inhil.)it(:lr-I Agent

Agent - 0.04% | 0.01%

KCL  0.05% )

0.05% \ | Breaker
Sand / / 0.009%
8.95%
Surfactant A Crosslinker

0.08% : /" 0.006%

_"Other N ~__Iron Control

.#“-__9-449"0 0.004%
h ~ Corrosion
- Inhibitor

Friction / |\ 0.001%

Reducer Biocide

0.08% Acid | 0.001%
0.11%

(Arthur, Bohn, Layne, 2008, ALL Consulting)
http://www.all-llc.com/shale/GWPCMarcellusFinal.pdf



http://www.all-llc.com/shale/GWPCMarcellusFinal.pdf

What do we do with the flow-back water after the hydrofrac process is
complete, and the formation water as gas is produced from the well?




Frack Water Return —
by total volume injected
(1.5 M gal), returned over a

2-week period of time.
(From a well in SW Pennsylvania.)
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Mercury, Total <0.0002 [<0.0002 |<0.0002 |MG/L
Molybdenum,
Total 0.16 0.72 1.08MG/L

Nickel, Total 0.03 0.07/<0.01 MG/L

Selenium, Total [<0.02 <0.02 <0.02 MG/L




EXPLANATION =

DISPOSAL OF FRACK WATER
BY DEEP WELL INJECTION
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DISPOSAL OF FRAC WATER BY
MUNICIPAL WASTEWATER TREATMENT PLANTS
AND DISCHARGE TO SURFACE WATER




Proposed “Black box”
pretreatment systems
to remove ‘constituents
of concern’ prior to
other treatment and
discharge
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Marcellus Fairway

Areas under development

Existing

M aj or Columbia Gas Transmission/Columbia Gulf |

Texas Eastern Transmission

P | p e I | nes Tennessee Gas Pipeline

Dominion Transmission

Transcontinental Gas Pipeline.

Potential
new pipelines
in Pennsylvania

These are only

the major
. . Columbia Gas Transmission “Appalachian Expansion Project and 1711 Expansion " Volume and
transmission timing TBD i P : P

pipelines, not National Fuel “Appalachian Lateral Project’ 625 MMcfd by 1Q 2012
the gathering Texas Eastern Transmission “TEAM, TEMAX and Time IIl P.rojects" 300 MMcfd by 1Q 2012
or intermediate Tennessee Gas Pipeline "300 Line Expansion Project’ 200 MMcfd by Q1 2012
pipelines Dominion “Dominion Keystone Project” 500 MMcfd — 1 Befd by 1Q 2012

KM/Rockies Express Pipeline “REX-East Project” 250 MMcfd by 1Q 2012

Range Resources, 2009



Regional Water-Resource Concerns

« What are the regional characteristics of black shale bedrock formations
throughout the Marcellus, Utica, and other potential gas-bearing units?

» Geologic nature — thickness of units, fracture tendencies, faults, etc.?
» Geochemical nature — how variable are the mineral and water-
guality characteristics?
» Radiochemical nature — what radioisotopes are present and are they
mobile, or made-mobile during drilling and fracking?

* Where is the fresh water / brackish water interface within regional
groundwater aquifer systems (Unconsolidated and bedrock aquifers)

* What is the regional water-quality of streams where flowback/ formation
waters may be treated and discharged?

» Development of Wellhead-to-Market pipeline systems — how will the
layout of pipeline gathering systems be established to protect
ecosystem habitats as well as land and water resources?



Water-Resource Concerns with Gas Production Processes

» Protection of Surface -and Ground-water Resources during entire process —
 Drill pad construction, storm-water runoff, chemical storage and handling
 Drilling of well — cuttings and fluid handling
» Hydro-fracturing process
« Transportation of water/fluids to and away from site

» Source of water for drilling, hydro-fracturing — millions of gallons per well

Containment of drill cuttings and water — multiple wells per drilling site

Containment of return hydro-frack fluids (flowback) and formation water
2 different types of water-quality concerns

Disposal of frack fluids and formation water — consideration of zero
discharge (treatment and recycling of water)

Other fluids for fracturing (Ligquefied gases — nitrogen, carbon dioxide)

Site restoration and long-term maintenance
Closure of well(s)



Questions?




