OxkrLAarHomA CoorPeErRATIVE ExTENnS1oNn SERrviIce WREC-103

\

’ :
OKLAHOMA

STATE,

UNIVERSITY
)

‘

Hydraulic Fracturing
and Domestic Water Issues

3

Michael Langston
Assistant Director, Oklahoma Water Resources Center

Robert Puls

Director, Oklahoma Water Survey

Shannon Ferrell
Assistant Professor, Agricultural Law

Hailin Zhang
Regents Professor and Director
Soil, Water and Forage Analytical Laboratory

Introduction

Duringthe pastdecade, the U.S.has seenalargeincrease
in the use of an oil and gas extraction process known as hy-
draulic fracturing. During this same time, news reports and
movies showed tap water catchingfire. Citizens are concerned
about their drinking water wells and possible risks posed by
nearby hydraulic fracturing. What are these risks, and what
can be done about them? This Fact Sheet will address those
questions and will be updated periodically.

What is Hydraulic Fracturing?

Hydraulic fracturing is a technique used to release
difficult-to-access oil and gas. The process is also called well
stimulation. The slang terms “hydrofracking,” “fracking,” “frac-
ing,” and “fraccing” are used by the public and opponents, but
are usually considered derogatory by the industry. Hydraulic
fracturing was originally developed in the 1940s as a way to
get more oil and gas from wells that were no longer produc-
tive. Recently, fracturing has been combined with horizontal
drilling to produce oil and gas from new formations that would
not be economical otherwise.

In a typical hydraulic fracturing operation, a company
begins by drilling a vertical hole (called a wellbore) to reach
the shale layer. The first step is drilling and cementing in
place surface casing, which typically goes down 500 feet
and is intended to isolate the well from any potable ground-
water. The wellbore proper is then completed. The depth of
the well depends on the formation the well is trying to reach.
For example, Oklahoma’s Woodford Shale formation typically
runs between 6,000 and 12,000 feet in depth. However, it
is relatively thin. In many areas, the Woodford Shale is only
125 feet thick. This is why horizontal drilling is important.
Horizontal drilling allows the drilling bit to turn laterally and
drill horizontally through a layer of rock. If the formation is of
average thickness, a vertical well would only affect 125 feet of
the formation. Horizontal wells, on the other hand, can affect
several thousand feet of the formation. Once the horizontal
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Figure 1. Diagram of a hydraulic fracturing operation in
shale. Blue arrows indicate potential environmental ef-
fects. (Not to scale.)

portion of the well is drilled and well casing is in place, the
fracturing process can begin.

A tool called a “perforating gun” or “perf gun” is placed
down the well. The perf gun creates holes in the well casing
only in the region to be fractured. Hydraulic fracturing fluids
are then pumped down the well casing and through the holes
into the shale formation at very high pressures (up to 14,000
pounds per square inch). These pressures create fractures
in the shale.

The Hydraulic fracturing fluidis largely water, butincludes
small amounts of several other chemicals discussed below.
An important part of the fluid is its “proppant.” Proppants
are used to hold the fractures open. These proppants can
be processed sand, small ceramic spheres, aluminum oxide
beads, or other materials.

The next stepis to pump the hydraulic fracturing fluid back
to the surface. It is then stored in lined pits or tanks until it is
either reused on another hydraulic fracturing job or disposed.
In Oklahoma, the fluid is usually disposed by pumping it deep
underground into a licensed disposal well. After these steps,
the well is ready to produce oil and natural gas.

What Chemicals/Substances are Used in

the Process?

Chemical additives are used to optimize the fracturing
process; each chemical having a unique purpose. For ex-
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ample, biocides (germ killers) are added to prevent microbial
growth from clogging flow paths. Friction reducers minimize
friction between the fluid and the pipes. Weak acids dissolve
minerals and improve fracture formation. The types and
amount of chemicals added vary depending on the specific
characteristics of the formation and the well. Table 1 lists the
chemicals used in a fracturing operation in the Fayetteville
Shale as an example of the types and amounts of chemicals
used in a typical hydraulic fracturing operation. It should be
noted that all of these compounds, except for the corrosion
inhibitor, N,N-dimethylformamide, can be found in household
products.

Foryears, companies did notdisclose the chemicals used
in their hydraulic fracturing fluids, since they consider them a
trade secret. That trend is changing though. More and more
companies are voluntarily disclosing the chemicals used in
hydraulic fracturing. Companies are also trying to reduce
the amounts of chemicals used. A website (http://FracFocus.
org/) has been established where companies can report the
chemicals used in their fracturing fluids. The website is run
by the Ground Water Protection Council and the Interstate Oil
and Gas Compact Commission. Beginningin2013, Oklahoma
requires oil and gas companies to report their fracking fluid
composition for horizontal wells to the FracFocus site or to
the Oklahoma Corporation Commission. Beginning in 2014,
fluid composition for all wells must be reported.

In addition to the chemicals used to create the fracking
fluid, minerals in the underground formations can also become

dissolved in the fluid that returns to the surface. Common
dissolved elements include sodium, calcium, and chloride.
Naturally occurring contaminants, such as arsenic, may also
be mobilized from the formation.

How Could this Affect Your Well or
Drinking Water?

Since the total volume of water used to fracture a well
can range from 2 million to 4 million gallons, with up to 30
wells on a drilling pad and wells fracked repeatedly, the total
amount of chemicals can be large. However, the chemicals
in fracturing fluid are a small portion of the total volume. For
an example, look at the fluid in Table 1. Water and sand are
99.51 percent of the fluid by volume. Other chemicals make
up only 0.49 percent of the fluid volume.

One study identified 944 chemicals used in hydraulic
fracturing. Although these chemicals are a small portion of
the fluid and would be further diluted by contact with any
groundwater, some are known to pose health risks, depend-
ing on their concentrations and a person’s exposure. More
research is needed to determine whether these chemicals
used in hydraulic fracturing pose a substantial risk to human
health or the environment.

While there may be a risk to drinking water wells from
sub-surface activities, there are also significant risks of water
contamination from the handling of drilling fluids on the sur-
face, including storing, moving, and disposing of the fluids.

Table 1. An example of the volumetric composition of hydraulic fracturing fluid.

Percent Volume of

Component/ Composition ~ Chemical
Additive Type Example Compounds Purpose (by Volume) (Gallons)?
Water Deliver proppant 920 2,700,000
Proppant Silica, quartz sand Keep fractures open to allow

gas flow out 9.51 285,300
Acid Hydrochloric acid Dissolve minerals, initiate cracks

in the rock 0.123 3,690
Friction reducer Polyacrylamide, mineral oil Minimize friction between fluid

and the pipe 0.088 2,640
Surfactant Isopropanol Increase the viscosity of the fluid 0.085 2,550
Potassium chloride Create a brine carrier fluid 0.06 1,800
Gelling agent Guar gum, hydroxyethyl cellulose Thicken the fluid to suspend

the proppant 0.056 1,680
Scale inhibitor Ethylene glycol Prevent scale deposits in the pipe 0.043 1,290
pH adjusting agent Sodium or potassium carbonate Maintain the effectiveness of other

components 0.011 330
Breaker Ammonium persulfate Allow delayed breakdown of the gel 0.01 300
Crosslinker Borate salts Maintain fluid viscosity as

temperature increases 0.007 210
Iron control Citric acid Prevent precipitation of metal oxides 0.004 120
Corrosion inhibitor N,N-dimethylformamide Prevent pipe corrosion 0.002 60
Biocide Glutaraldehyde Eliminate bacteria 0.001 30

Data are from GWPC and ALL Consulting, 2009, and API, 2010.

2 Based on 3 million gallons of fluid used.

The chemicals listed above are an example of one operation. The chemicals in HF fluid vary widely from company to company,
place to place, and year to year.
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These activities are riskier because they take place much
closer to the fresh groundwater. Groundwater in Oklahoma
is often located within 500 feet of the surface. Fracturing
takes place well below the groundwater with thousands of
feet of rock between the groundwater and the fracturing zone.
However, there are risks that connections between the well
bore, the deep formations being fractured, and the fresh water
near the surface may exist. These connections can include
abandoned wellbores or failure of the well’s surface casing
within groundwater zones.

In Oklahoma, used fracturing fluid is either disposed of
through deep well injection or recycled for use in other jobs.
Deep well injection is the injection of the fluid thousands
of feet below the surface. This practice is used by several
industries in Oklahoma. Recycling fracturing fluid is a new
process that is becoming more popular. It can reduce the
risks of fluid disposal, and can also reduce the amount of
fresh water needed for oil and gas production.

What Does Industry do to Protect the

Groundwater?

Oklahoma has rules that apply to the oil and gas industry
for the protection of surface water and groundwater, includ-
ing how to build, operate, and close wells and disposal pits.
These requirementsinclude lining the well bore with steel pipe
(casing) and reinforcing it with cement. These reinforcements
must go down to a depth 50 feet below the bottom of the fresh
groundwater zone or 90 feet from the surface, whichever is
greater. There are also rules that address the location and
lining of waste pits and cleanup of spills'.

Concerned about Your Groundwater
Well?

It is recommended that owners of private water wells
near oil and gas operations have their water tested. These
tests should be done within 6 months prior to any oil and
gas activities near the water wells. In some cases, drilling
companies are now doing this testing for homeowners free of
charge. If in the future, itis suspected that hydraulic fracturing
has polluted the groundwater, the well may be tested again
to determine if any of the chemicals in the fracturing fluid are
present or if the general water chemistry has changed.

For more information on testing your well water, see the
OCES Fact Sheet AGEC-878, Drinking Water Testing. The
Oklahoma Department of Environmental Quality (ODEQ) of-
fersinformation about well testing (http://www.deq.state.ok.us/
csdnew/sel.htm). It also keeps a list of certified laboratories
that can provide drinking water tests.

If a well is tested because of concerns about hydraulic
fracturing, itis recommended that the analysis include at least
those parameters shown in Table 2.

1 Oklahomaregulations regarding non-commercial pits, casing, and
spills can be found in Okla. Admin. Code § 165:10. The Oklahoma
Corporation Commission administrates these regulations.

Agencies Responsible for Regulating the

Process of Hydraulic Fracturing

The Oklahoma Corporation Commission regulates oil
and gas extraction in the state. Their mission is “to provide
information, permitting, investigation, and compliance services
to the oil and gas industry, mineral interests, landowners,
and the general public so together we can develop the oil
and gas resources of the state in a fair and orderly manner
while protecting the environment and ensuring public safety.”
Information on their activities in the state can be found at http://
www.occeweb.com/og/oghome.htm.

Table 2. Recommended water quality oil and gas pre-
drilling and post construction parameters.

Estimated Cost
Parameter* Commercial Lab osu*
General
Alkalinity $25 X
Specific Conductance $15 X
pH $15 X
Total Dissolved Solids $20 X
Inorganics/Metals
Arsenic $25
Barium $25
Boron $25
Bromide $25
Calcium $25 X
Chloride $25 X
Iron $25 X
Lead $25
Manganese $25 X
Magnesium $25 X
Nitrate/Nitrite $25 X
Potassium $25 X
Sodium $25 X
Strontium $25
Sulfate $25 X
Organics
Oil & Grease $65
Methane, Ethane, Propane $150
Bacteria***
Total coliform/E. Coli $25
Total all tests**** $665 $15

*  Formore information on specific results, see Fact Sheets
Understanding your Irrigation Water Test Report (L-323)
and Understanding Your Household Water Test Report
(-296), or contact the testing lab.

** OSU's Soil, Water and Forage Analytical Laboratory
provides tests mainly for agricultural purposes and it is
not an EPA or DEQ certified facility for drinking water
analysis.

*** Hydraulicfracturingis not considered a source of bacteria,
but drinking water wells should be tested regularly.

**** Approximate costs. Actual prices will vary by laboratory.
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The Oklahoma Water Resources Board issues permits
for water used in oil and gas exploration including hydraulic
fracturing. Typically, these are provisional temporary permits
issued to the company for 90 days. However, a land owner can
also obtain a permit for the use of water on his land that will
be sold to an exploration company. Permits can be obtained
online at https://www.owrb.ok.gov/apps/PT/login.aspx.

How Much Water does Hydraulic

Fracturing Use?

Several factors affect the volume of water needed to
hydraulically fracture a well. Wells to deeper formations and/
or longer horizontal legs require more water. Many horizontal
legs are one mile in length and well depths range from less
than 1,000 feet to more than 12,000 feet. Some well sites
have multiple wellbores that also require more water. Typi-
cal volumes for horizontal wells in different shale formations
range from 2 to 5 million gallons of water per well. While this
is a large amount of water, it is less than the amount of water
used annually to irrigate one quarter-section of most crops in
a dry environment.

Further Information and Resources

FracFocus: Chemical Disclosure Registry (http://FracFocus.
org/)

GroundWater Protection Council (http://www.gwpc.org/home/
GWPC Home.dwt)

The Oklahoma Water Survey, Oil and Gas Operations and
Protecting Water Resources (http:/oklahomawatersur-
vey.org/?p=214)

The Oklahoma Department of Environmental Quality (re-
sponsible for water quality) http://www.deq.state.ok.us/

The Oklahoma Corporation Commission (regulates oil and
gas operations) (http://www.occ.state.ok.us)

Modern Gas Shale Development in the United States: A
Primer from the US Dept. of Energy’s National Energy
Technology Laboratory

EPA’s Study of Hydraulic Fracturing and lts Potential Impact
on Drinking Water Resources (http://www.epa.gov/
hydraulic fracturingstudy/)

Energy Information Administration, U.S. Department of Energy
(http://www.eia.gov/)

National Agricultural & Rural Development Policy Center.
Natural Gas Extraction: Issues and Policy Options. http://
ncrcrd.msu.edu/ncrcrd/national agricultural rural de-
velopment policy center
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