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Topics

> Hydraulic Fracturing
— Brief History

> Fracturing and Water
>  Water Required
>  Fluids Injected
> Fluid Flow Back

> Hydraulic Fracturing Research
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Hydraulic Fracturing
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* Multiple Wells

* Tilt meters

Hydraulic Fracturing Research

* Inclinometers

Staged Field Experiments » Coring of Created
1y Fractures

* Modeling

* Microseismic

* Full Geologic
Characterization

* Multiple Fracture
Treatments

» Seismic
» Colored Proppants
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Atoka Shale Stage 11
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Atoka Shale Stage 15
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Multiple Fractures Created

25
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75 +

“Field experiences indicate injections interrupted by shut-
in periods do not result in a single fracture, but may result o
in multiple fractures around the point of injection.” 200
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M-Site Hydraulic Fracturing Research Experiment — Piceance Basin

Benefits of Fracture Diagnostics _
Optimize Hydraulic Fracturing * Multiple Wells
Confined Fracture Growth

I

Increasing Treatment Size

* Tilt meters
* Inclinometers
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Hydraulic Fracturing Issues




Issues — Why Now?

> Significant Activity in New and Populated Areas

> Complex Process

> Enuviraonmental Cancerns

The Science of Human Behavior as Much as
the Science of Fluid Rheology

> Press — Good News is not News

> |nternet

> Solution = Good Science, Transparency and Information that is
Easy to Understand
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Water and
Hydraulic Fracturing

Water Required

Fluids Injected




Barnett Shale Area — North Texas
Stages of Exploration

@ 1998 - 2001
J 2002 - 2003
@ 2003 - 2005
— 2005 - 2006 Montague
= 2007 gl
+ 14,000 Wells
Young
Palo Pinto Parker Tarrant Dallas
\ Licod Johnson Ellis
Eastland ; - L
' Erath omervel
Comanc he N\ N = o Al
S N\ Bosque
Hamilton
d

gti




s
(@)

bulua
1louJeyg

Buluin

}901S9AIT

Buting
oejnuen

Natural Gas Development

uolyebiil

2141993
weals

rediouniy

!
o
)
o
i

}Joo4-913V S,000T
3sN Jarep\ renuuy




Marcellus - Susquehanna River Basin

Millions Gallons/Day




Hydraulic Fracturing
What Goes In?

Acid, 0.11%

Breaker, 0.01%

Bactericide/Biocide, 0.001%

Clay Stabilizer/Controler,
2 0.05%

e / ____—Corrosion Inhibitor, 0.001%

Water = 90.6% o il —Crosslinker, 0.01%

Other, 0.44% Friction Reducer, 0.08%

Gelling Agent, 0.05%

~——————Iron Control, 0.004%

Proppant, 8.96% - ——Scale Inhibitor, 0.04%

T T Surfactant, 0.08%

T pH Adjusting Agent, 0.01%
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Hydrochloric or Muriatic
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Iron Control Citric Acid Food Additive
Gelling Agent Guar Gum Biscuits
Scale Inhibitor Ethylene Glycol Antifreeze
Surfactant Isopropanol Glass Cleaner
Friction Reducer Polyacrylamide Water and Soil
Treatment
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>Mercury > | ead

> Arsenic > Selenium
>Boron > Cobalt
>Trivalent Chromium >ron
>Hexavalent Chromium >Manganese
> Copper > Lithium

> Nickel >Tin

>Zinc
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Selected Metals in Flow Back Water - Samples from Two

Locations

ﬁ Location A H Location B L e———

m
Chromium

(Cr**)

Copper ND 0.023
Nickel ND 0.033

Zinc 0.06 0.18

Lead ND ND
Cadmium ND 0.002
Mercury 0.000049 0.000027
Arsenic 0.05 0.017

* mg/l; ND=Non Detect
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als in Flow Back Water - Samples from Two

Locations

# Location A H Location B POTW Sludges** b
| Metal ** | 14-d FB_ | 14-d FB m

Chromium

(Cr3*)

Copper ND 0.023 511 1,382

Nickel ND 0.033 22.6 84.5

Zinc 0.06 0.18 705 1,985

Lead ND ND 65 202

Cadmium ND 0.002 2.3 7.4

Mercury 0.000049 0.000027 1.5 6.0

Arsenic 0.05 0.017 3.6 18.7
* mg/l;  ND=Non Detect ** Penn State, 2000
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pH 5.89
is Consistent with Sodium, mg/ | 54629 |
bserved with Calcium, mg/l 15,200
Produced Water. _
Magnesium, mg/l 4,730
Barium, mg/l 98
Iron, mg/l 92
Manganese, mg/l 1.8
Bicarbonate, mg/l 195
Sulfate, mg/l 60
Chloride, mg/l | 125,000 |
Sulfide, mg/l na
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Technology Development - RPSEA Hydraulic
Fracturing Research

> Re-Fracturing of Wells.
> Gel Clean-up within Created Fracture.

> Water Processing and Re-use.

> Documenting Past, Comprehensive Research
Experiments for EPA Study.




RPSEA Research Program
Integrated Approach to Beneficial Use

Drought Relief

Beneficial Use
Water Quality

Water Water Water
Beneficial Regulations | Stakeholders Handling Quality Treatment
Uses Techniques Issues Processes
Municipal State and Federal | Public Trucking Oil and Grease lon Exchange
Habitat NPDES Permit Landowners Pipelines Soluble Organics | Electrodialysis
Restoration Clean Water Act BLM Surface Discharge | Hardness and Reverse Osmosis
Irrigation (CWA) States Reinjection Scale Formation | Freeze Thaw
Livestock Underground Producers Storage Dissolved Solids | Evaporation
Production Injection Control | Local Government | ReUse Metals Artificial Wetlands
Groundwater (UIC) CWA (e.g. municipal) Inorganic Capacitive
Recharge Resource Federal Agencies Content Desalinization
Industrial Conservation Indian Nations High Efficiency
Utilization Recovery Act Ranchers and Evaporation/
Aquaculture (RCRA) Farmers Condensation
Chemicals State and Land Application
Recovery Industrial Microfiltration &
New Uses Specifications for Nanofiltration

Biotreatment
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Beneficial Use

Deep under the flatlands of Midland, Michigan, lie
salt-rich rocks, rich in magnesium, chlorine, calcium,

sodium and bromine. Inside these rocks, Herbert
Dow found the raw materials of creative chemistry
(1897).

Road Salt — $56 per ton
Road Brine—  $.63 per gallon
Bromine - $1,128 per ton

Fresh Water $?
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http://www.geo.msu.edu/geogmich/saltminingM.html

What's Next

> % of Present Recoverable Reserves Attributable to Fracturing
will Grow

> The Future Will see an Acceleration of Fracturing.
> Research Currently Underway will allow Better Flow Capacity.
> A Wider Range of Formations will be Treated.

> Expansion of Fracturing in Foreign Countries can be Expected.

[ sPe g0t 1964, Ft. worth, 7]
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Summary

= Hydraulic Fracturing is a “Honed Science” not a Black Art.

> Hydraulic Fracturing Science is Challenging for the Public to
Understand.

> Hydraulic Fracturing has been Demonstrated to be Safe...But
Confusion and Questions Persist.

“With intelligent, good-fai
environmental and natural gas
perceived gap to thoughtful
developmen
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Thank You

kent.perry@gastechnolgy.org
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