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SCOPE OF TALK

North Arkansas Gas Production
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Well Injection
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Water Acquisition Wastewater Treatment and Waste Disposal

Figure ES-2. The stages of the hydraulic fracturing water cycle.

Shown here is a generalized landscape depicting the activities of the hydraulic fracturing water cycle
and their relationship to each other, as well as their relationship to drinking water resources. Arrows
depict the movement of water and chemicals. Specific activities in the “Wastewater Treatment and
Waste Disposal” inset are (a)underground injection control (UIC) well disposal, (b) wastewater
treatment and reuse, and (c) wastewater treatment and discharge at a centralized waste treatment
(CWT) facility. Note: Figure not to scale.

US. EPA 2015*
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(A)(1) — CAUSE POLLUTION TO WATERS OF
THE STATE

*  (A)(2) — PLACE WASTE WHERE LIKELY TO
CAUSE POLLUTION TO WATERS OF THE STATE

« APC&EC REG. NO. 2
*  REG. 2.503 - TURBIDITY
* SPECIFIC STANDARDS

* “SHALL BE NO DISTINCTLY VISIBLE
INCREASE"

Entrekin et al. 2011
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SHORT TERM ACTIVITY AUTHORIZATION
(STAA)

* REG. 2.305 - AUTHORIZES SHORT TERM (24 - 96 HOURS) ACTIVITIES WHICH
MIGHT CAUSE A VIOLATION OF THE ARKANSAS WATER QUALITY STANDARDS

« CONDITIONS
e LIMIT CONSTRUCTION TO LOW=-FLOW CONDITIONS (AS MUCH AS POSSIBLE)

* TAKE ALL REASONABLE MEASURES TO LIMIT EQUIPMENT & MACHINE USAGE IN
WETTED AREA OF STREAM

¢ UmLize BEST MANAGEMENT PRACTICES (BMPS) TO MINIMIZE IMPACTS OF
SEDIMENTATION AND TURBIDITY IN STREAMS IMPACTED BY PROJECT

* TAKE ALL REASONABLE MEASURES TO PREVENT CHEMICALS, OIL, GREASE,
GASOLINE, DIESEL, OR OTHER FUELS FROM ENTERING WATERBODY

*NO CONSTRUCTION ACTIVITY IS AUTHORIZED IN ANY STREAM DESIGNATED AS
EXTRAORDINARY RESOURCE WATERS (ERW), ECOLOGICALLY SENSITIVE
WATERBODIES (ESW), OR NATIONAL & SCENIC WATERWAYS (NSW)
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WATER QUALITY RISKS

Table 1. Categories of chemicals used in hydraulic fracturing, their purposes, and example(s) of a commonly used chemical®

Functional category

Diluted acids

Biocide

Breaker
Clay stabilizer
Corrosion inhibitor

Crosslinker
Defoamer
Foamer

Friction reducer
Gel/gellant
Iron control

Oxygen scavenger

pH adjusting agent/buffer

Proppant
Scale control
Solvents

Surfactant

Purpose

Improve injection and penetration; dissolve minerals and
clays to minimize clogging, open pores, and aid gas flow

Minimizes bacterial contamination of hydrocarbons, reduces
bacterial production of corrosive by-products to maintain
wellbore integrity and prevent breakdown of gellants

Added near end of sequence to assist flowback from
wellbore, breaks down gel polymers

Establishes fluid barrier to prevent clays in formation from
swelling, keeps pores open, creates a brine carrier fluid

Maintains integrity of steel casing of wellbore by preventing
corrosion of pipes and casings

Thickens fluid to hold proppant

Lowers surface tension and allows gas escape

Reduces fluid volume and improves proppant carrying
capacity

Improves fluid flow efficiency through wellbore by reducing
friction between fluid and pipe, alleviates friction caused
by high-pressure conditions

Thickens fluid (water) to suspend proppant

Prevents materials from hardening and clogging wellbore,
prevents metal oxide precipitation

Maintains integrity of steel casing of wellbore, protects pipes
from corrosion by removing oxygen from fluid

Controls pH of solution, protects pH-dependent
effectiveness of other chemicals (e.g., crosslinkers)

Holds open (props) fractures to allow gas to escape from
shale

Prevents mineral scale formation which can clog wellbore
and block fluid or gas flow

Improve fluid wettability or ability to maintain contact
between the fluid and the pipes

Improves fluid flow through wellbore by reducing surface
tension

Example(s) of chemical
Hydrochloric acid

Glutaraldehyde

Ammonium persulfate
Potassium chloride
N,N-Dimethylformamide

Borate salts
Polyglycol

Acetic acid (with NH, and
NaNO3)

Polyacrylamide

Guar gum

Citric acid

Ammonium bisulfate

Sodium carbonate, potassium
carbonate

Silica, sometimes glass beads

Ethylene glycol

Stoddard solvent

Isopropanol

Burton et al. 2014
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WATER WITHDRAWAL

~ 4 MILLION GALLONS/WELL

POTENTIAL TO REDUCE GROUNDWATER AND
STREAMFLOW
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* LAND APPLICATION
* WASTE WATER TREATMENT
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ADEQ INSPECTIONS AT A GLANCE
INSPECTIONS VS. VIOLATIONS

1600 -
1400 -
1200 A

1000 A
B Inspections
m Spill

600 - ® Violations

800 -

400 -

200 -

O .
2010 2011 2012 2013 2014 2015

Note: Information presented from October 2010 to November 2015.



WATER QUALITY RISKS
CONTINUED RESEARCH

SEPA

ynited States

« USEPA AND DRINKING WATER
RESOURCES — DRAFT REPORT

* BEFORE AND AFTER STUDIES

* INFORMATION ON FRACKING
CHEMICALS i I —

a
mmunity Development Corporation, and

e U.>. r Resources ngnm
e STATE O F A R KA NSAS Shallow Groundwater Quality and Geochemistry in the
Fayetteville Shale Gas-Production Area, Noh-CentraI

G R O U N DWATE R ) rkansas. 201

¢ USGS 2011 — NO INDICATION
IN WATER QUALITY
DEGRADATION RELATED TO
NATURAL GAS DEVELOPMENT

7= |

Scientific Investigations Report 2012-5273

U.S. Department of the Interior

USS. Geological Survey
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