
Issue  
What steps should be taken that will protect the

country’s valuable groundwater and drinking water
supplies as a result of addressing the nation’s energy
needs through increased oil and gas development
using hydraulic fracturing?

Background
As the need for energy security becomes an 

increasingly critical issue, focus has been placed 
on development of unconventional oil and gas 
resources through the use of hydraulic fracturing
techniques. Hydraulic fracturing of oil and gas wells
was first used in the United States in 1947. Hydrau-
lic fracturing is a method where fluids are injected

under very high pressures to create fractures 
that extend from a borehole hundreds of feet into 
surrounding rock formations. The fractures are typi-
cally maintained by a proppant, which is a rigid ma-
terial such as grains of sand or other inert substance
that keeps the fractures open. Fractures held open
by proppants are more permeable than the surround-
ing rock and allow oil, gas, and formation fluids to
flow more readily into the well for extraction. More
recently, technological advances that combine hy-
draulic fracturing and horizontal drilling capable of
creating extensive (e.g., thousands of feet) lateral
collection wells have been used in unconventional
(i.e., low-permeability) reservoirs where oil and gas
resources were previously uneconomic to develop. 
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For the first time in nearly two decades, the
United States in October 2013 produced more crude
oil than it imported.3 Since 2008, U.S. petroleum
production has increased 7 quadrillion Btu. Natural
gas production has increased by 3 quadrillion Btu
over the same period, with much of this growth
coming from the eastern United States. Russia and
Saudi Arabia each increased their combined hydro-
carbon output by about 1 quadrillion Btu over the
past five years (2008-2013).4 The greater use of hor-
izontal wells and hydraulic fracturing technology
has expanded natural gas and oil supplies;5 how-
ever, concomitant with this enhanced production is
concern about the increased possibility for ground-
water contamination and other impacts to drinking
water supplies if best practices and proper proce-
dures are not used, and if appropriate regulations
are not in place. Possible pathways to potential
groundwater and drinking water contamination or
impacts that have been raised include: 
● Improper well construction, both water well and
oil or gas well

● Accidents during the transport or storage and use
of oil and gas well development chemicals

● Improper wastewater management and disposal
● Abandoned water, oil or gas wells, which have
not been properly filled and sealed that could
provide a preferential pathway for contaminants
to enter shallower formations, or migrate from
surface spills

● Upward migration along geologic features such
as faults6,7

● Increased use of freshwater, including ground-
water, in oil and gas operations, especially in
areas with water constraints.
Concurrent with the need for increasing the na-

tion’s energy supplies is the need to ensure adequate
freshwater for drinking; utility, industrial, and man-
ufacturing activity; food production; and ecosystem
support. Thirty-six state water managers have re-
ported that they expect statewide, regional or local-
ized water supply shortages even under normal
precipitation conditions.8,9 Groundwater is a 
critical component of the nation’s water resources.
Because groundwater is hidden from view, its value
as a resource is often forgotten or misunderstood.

Groundwater is, in fact, vital to public health, the
environment, and the economy of the United States.
Approximately 77% of community water systems
are groundwater supplied.10 Nearly all of rural
America’s self-supplied systems use groundwater.
In total, nearly 44% of the U.S. population relies 
on groundwater for their drinking water supply.11
Groundwater feeds streams and rivers, especially
during periods of drought or low flow. The percent-
age of total irrigation withdrawals from ground-
water increased from 23% in 1950 to 42% in 2005.12
At the direction of Congress, U.S. EPA is cur-

rently studying the potential for hydraulic fracturing
to adversely impact groundwater and drinking water
resources. The study will focus largely on natural
gas development using hydraulic fracturing in shale
formations, but other oil and gas-producing forma-
tions, including tight sands and coalbeds, are in-
cluded. The scope of the research includes the full
lifespan of the hydraulic fracturing process, from
water acquisition, through chemical mixing and 
actual fracturing, to the post-fracturing stage, in-
cluding the management of flowback and produced
water. U.S. EPA issued a progress report on the
study in December 2012. The report described the
18 research projects underway but no conclusions
were presented.13 The agency anticipates releasing 
a draft report on research results in 2014.14

Position
The National Ground Water Association

(NGWA) is the largest association of groundwater
professionals in the world. Our members include
leading public and private sector groundwater scien-
tists, engineers, water well contractors, manufactur-
ers, and suppliers of groundwater-related products
and services. NGWA provides guidance to mem-
bers, government representatives, and the public re-
garding sound scientific, economic, and beneficial
development, protection, and management of the
world’s groundwater resources. 
NGWA recognizes that hydraulic fracturing of

oil and gas wells is a mature technology and has
been a widespread practice for many decades. No
widespread water quality or quantity issues have
been definitively documented that are attributable 
to the hydraulic fracturing process itself. However,
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there have been several  cases related to oil and gas
activities such as faulty casing installations (includ-
ing poor cement bonds), unsealed abandoned wells,
or poor management of materials/chemicals at the
surface that are suspected to have or have nega-
tively impacted groundwater, surface water, or
water wells.15,16,17,18,19,20 NGWA believes that addi-
tional studies, field-based research, and ground-
water monitoring to characterize the potential for
groundwater contamination from the installation,
hydraulic fracturing, production from and mainte-
nance of oil and gas wells are needed, given the
growing use of horizontal wells and hydraulic frac-
turing. Therefore, NGWA supports U.S. EPA’s hy-
draulic fracturing study, and thinks if adequately
funded, implemented, and peer reviewed, this study
will result in valuable data upon which to build.   
Existing federal, state, and local laws currently

address various aspects of gas development.21,22
In addition, some states and federal agencies have
or are reviewing their current requirements and en-
forcement capabilities to ensure continued public
health and environmental protection.23,24,25 Industry
has also developed best suggested practices.26,27 As
we await the completion of the U.S. EPA study and
other research reports, NGWA offers the following
principles as a foundation for policymaking focused
on groundwater and drinking water protection:  
● Control of potential and active sources of con-
tamination should be a national objective;
thereby, reducing the need for remediation of

groundwater. The goal of groundwater quality
protection programs should be protection of 
the resource for existing or potential beneficial
uses.28

● Proper construction and regular maintenance of
water wells, including in areas of oil and gas
well installation, are important to reducing risks
to groundwater and protecting public health and
should be followed.29 Water well construction
regulations developed and enforced by state and
local governments can address differences in the
geology and hydrogeology of the area. Currently,
forty-seven30 states have statewide water well
construction regulations, with additional local
water well ordinances in some areas. Relevant
NGWA Best Suggested Practices documents
offer technical guidance to industry members
and regulators on water well construction and
maintenance.  

● Proper construction and regular maintenance of
oil or gas production wells are critical to ensur-
ing the well’s integrity and preventing the migra-
tion of both natural and injected fluids that 
could endanger current or future drinking water
sources (for instance, through a damaged oil or
gas well casing or an improperly cemented oil or
gas well). Oil and gas well construction require-
ments such as casing depth, the number of casing
strings, and cementing requirements should be
implemented, among other factors, to protect
shallower, useable groundwater. 
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● All unused or abandoned wells and boreholes,
including water wells, oil and gas wells, which
penetrate aquifers or breach a zone that provides
a significant barrier to contaminant migration,
should be properly sealed.31 Prior to the installa-
tion of oil and gas wells, abandoned wells of 
all types within the area of operation should be
identified and properly filled and sealed.  

● Overall water withdrawals for oil and gas opera-
tions may be a small percentage of total water
withdrawals. In areas where water is scarce or
the potential for water use conflicts exists, water
management plans should be developed and 
implemented using best management practices.
Where feasible use of brackish water, water
reuse or other alternatives that minimize fresh-
water supply withdrawals should be encouraged.

● Surface spills and waste management practices
may potentially impact surface water or infiltrate
into the subsurface. Accidents or mishandling of
chemicals or waste at the surface may allow con-
taminants to reach groundwater through natural
infiltration, fractures or preferential pathways,
such as improperly sealed or abandoned wells.
Best management practices or appropriate regu-
lations should be in place and aggressively im-
plemented to address surface spills and waste
management.        

● All chemicals used in the oil or gas well hydrau-
lic fracturing process should be disclosed to the
appropriate governmental entity or through state-
mandated reporting protocols. This information
is needed to ensure proper monitoring as well as
to assess and respond to potential problems that
may arise.

● Some constituents related to oil and gas produc-
tion also occur naturally in the groundwater 
and may have varying concentrations over time,
based on temperature or other conditions, or can
be liberated from other manmade sources or op-
erations.32 Testing of water wells in proximity to
oil or gas development prior to and after drilling
and/or hydraulic fracturing would assist in deter-
mining the source of and liability for future con-
tamination complaints. Site specific geology and
hydrogeology will dictate which water wells in
proximity to oil and gas operations should be
tested and monitored. Testing should be per-
formed by qualified water well system profes-
sionals using certified laboratories. To assist
household and public water system owners who
are in proximity to oil and gas operations, state
agencies should develop a recommended list of
testing parameters and recommended sampling
protocols. The NGWA Information Brief Water
Wells in Proximity to Natural Gas or Oil Devel-
opment provides a list of constituents for consid-
eration.33 State agencies should also compile,
maintain, and use the data from baseline testing
of water wells in proximity to oil and gas opera-

tions to inform applicable policymaking or 
address specific contamination incidents.  

● Integrated groundwater studies using dedicated
wells at multiple levels at both the regional and
local scale should be developed to establish
baseline conditions, and to determine long-term
trends in both water quality and quantity in rep-
resentative active oil and gas producing areas.34
Unlike contaminant hydrogeology, monitoring
designs will be needed to assess upward contam-
inant migration as well as surface or near surface
sources.35 Groundwater, an NGWA scientific
journal, has carried articles discussing 
potential monitoring approaches, tools or con-
stituents.36,37,38,39,40 A review of past and evolving
scientific literature should be undertaken to 
inform and optimize monitoring plans. 

● Dependent on groundwater conditions and the
nature of the release, contaminant occurrence in
drinking water supplies may lag, by months or
years, oil and gas well installation and hydraulic
fracturing. Monitoring, financial responsibility,
and liability provisions related to oil and gas 
development should be cognizant of the actual
travel-times observed in natural hydrologic 
systems.  

Summary
NGWA recognizes that hydraulic fracturing of

oil and gas wells is a mature technology and has
been employed for many decades. No widespread
water quality or quantity issues have been defini-
tively documented that are attributable to the hy-
draulic fracturing process itself. However, there
have been cases related to oil and gas activities,
such as faulty casing installations (including 
poor cement bonds) or poor management of 
materials/chemicals at the surface, that are sus-
pected to have or have negatively impacted ground-
water, surface water, or water wells. NGWA 
believes that additional studies, field-based re-
search, and groundwater monitoring to characterize
the potential for groundwater contamination from
the installation, hydraulic fracturing, production
from and maintenance of oil and gas wells are
needed, given the widespread use of horizontal
wells and hydraulic fracturing. U.S. EPA’s hydraulic
fracturing study, if adequately funded, implemented,
and peer reviewed, will result in valuable data upon
which to build. In the interim, the nation’s ground-
water resource can best be protected by ensuring
that policies are in place and administered at the ap-
propriate level of government that promote proper
well construction and maintenance, both water well
and oil and gas; the filling and sealing of abandoned
wells; water management planning so as to mini-
mize freshwater use in oil and gas operations; care-
ful chemical handling and waste disposal by the oil
and gas industry; disclosure of chemicals used in 
oil and gas hydraulic fracturing; baseline testing of



drinking water wells in proximity to future oil and
gas operations; integrated groundwater studies at
representative active oil and gas producing areas; as
well as recognition of the timeframe of groundwater
movement.  

Thesaurus
As used in this document, hydraulic fracturing is

a method where fluids are injected under very high
pressures to create fractures that extend from a
borehole hundreds of feet into surrounding rock 
formations.
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