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Shale Gas Basins
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ydrofracturing

Roughly 200 tanker A pumper truck injects a Natural gas flows out of well.
trucks deliver water for mix of sand, water and e R T G L L T

the fracturing process. chemicals into the well. i~ Recovered wateris stored in open
{ % pits, then taken to a treatment

Storage Matural gas is piped
tanks to market.
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Sand keeps
Hydraulic Fracturing fissures open

Hydraulic fracturing, or Natural gas

“fracing,” involves the injection flows from .

of more than a million gallons fissures Mixture of

of water, sand and chemicals into well :r?:leghseﬁi?:al
at high pressure down and agents
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.
Fissures
Well turns
horizontal :
Marcellus Shale

The shale is fractured
by the pressure inside
the well.

Graphic by Al Granberg
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Permitted Gas Wells in PA
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Water Supply Issues

A Need 1 to 8 Million gallons of water perhydHdiacturing
A Surface Water Withdrawals

I Concerns about depletion of water resources, especially in drought years
I Impacts to aquatic life

I Negative publicity

I Ability to get withdrawals approved

i Donot really need high quality w

A Transportation of water
I 1 MG = 200 trucks
i Cost can be significant ($0.1/bbl to $2/bbl)

A Water storage on site
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Fracing Fluids
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ExXHIBIT 35: VOLUMETRIC COMPOSITION OF A

FRACTURE FLUID
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Fracture Fluid Composition

Diluted acid5%) Hydrochlorar Muriatic Dissolve mineralsd initiates
cracks in rock

Biocide Glutaraldehyde Bacterial control

Corrosion inhibitor N,rdimethyflormamide Preventsorrosion

Breaker Ammoniumpersulfate Delays breakdown of gel poly

Crosslinker Borate salts Maintains fluid viscosity at hig
temperature

FelyEeiEmi Minimize friction betwibenfluid

Friction reducers , _ )
Mineral oil and the pipe

Guar gum or Thickens water to suspend thi

i hydroxyethgellulose sand
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Fracture Fluid Composition

Additivetype Main Compound Purpose

Iron control Citric acid Prevent precipitation of metal
oxides

Oxygen scavenge Ammoniuimisulfite Remove oxygésrm fluitb
reduce pipe corrosion

pH adjustment Potassium or sodium Maintains effectiveness of oth
carbonate compounds (e.grosslinker

Proppant Silica quartz sand  Keeps fractures open

Scale inhibitor Ethylene glycol Reduce&leposition on pipe

Surfactant Isopropanol Increase viscosity of fluid
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Wastewater Issues

AFracFlowbackVater

I High flows for short duration
I 10 to 40% &facfluid recovered N
I Most recovered in first 1 to 2 weeks *

I TDS quickly climbs to 30,000 mg/L up to 200,000 mg/L

I Contains numerous chemical additives and naturally occul
constituents

AProduced Water

I Lower flows (2 to 30 bpd per well)
I Potentially very high TDS (100,000 to 300,000 mg/L)
I Continues to flow for the life of the well
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FlowbackQuantity vs. Time
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FlowbackQuantity vs. Time

Horizontal Shale Flowback Rates
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FlowbackWater Quality vs. Time
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Flowback Water Quality

14,100 31,300
52 134
1,630
5 7

2,100 6,830

Hardness (as
CaCoO,)

Radioactivity ND ND

49,400 90,337

175,600 248,000
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Flowback Water Management

A Evaporation in pits/ponds

A Injection/disposal wells

A Discharge to POTWSs

A Direct reuse for fracing

A Treatment for reuse or surface discharge
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Evaporation

ANatural pond evaporation not practical
I Precipitation < Evaporation
I Poor evaporation at high salinity
I Crusting over
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Disposal Wells

A Significant regulatory hurdles
I Impacts to water supply aquifers

| Potential for injected water to migrate to streams
A Limited capacities (1200 to 3000 bpd)

A Substantial capital investment with uncertain lift

span ($1M to $2M)
A Probably will only play a limited ro
A No new injection wells have been

e
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