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Groundwater Focused
Plan Addresses
Nonpoint Source
Pollution
Nebraska Plan is the First of Its Kind

by Sam Radford, Wellhead Protection Program Coordinator
and Laura Johnson, Integrated Report and TMDL
Coordinator, Nebraska Department of Environmental
Quality

T

he spotlight is on Nebraska
as the EPA recently approved
the Bazile Groundwater
Management Area (BGMA) Plan. The
BGMA Plan is the first groundwater
focused plan in the nation to address
nonpoint source pollution. The
plan is the result of a collaborative
effort to reduce groundwater nitrate
contamination between the Nebraska
Department of Environmental Quality
(NDEQ) and four of Nebraska’s Natural
Resources Districts (NRDs): Lewis and
Clark, Lower Elkhorn, Lower Niobrara,
and the Upper Elkhorn. The approval of
this plan provides NRDs, Communities,
and other Public Water Systems (PWS)
an innovative framework to build upon,
and new funding sources to protect the
BGMA Wellhead Protection (WHP) Areas,
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as well as WHP Areas
across the state.
The BGMA
covers 756 square
miles in northeast Nebraska and is
home to 10 communities and over 7,000
residents (see Figure 1). Groundwater
in the BGMA is the only drinking water
source for communities and rural
residents. Extensive row crop and
sandy soils have allowed nitrate from
land applied manure and commercial
fertilizer to leach into the groundwater.
The NRDs have collected data on
groundwater nitrate concentrations
since 1980. During that time, average
nitrate concentrations have increased
with some areas exceeding 30 mg/L,
three times the levels safe for drinking
water.
The plan focuses on reducing
groundwater nitrate levels below
10 mg/L by progressively adopting
more protective Best Management
Practices (BMPs) throughout the BGMA.
Community Wellhead Protection
Areas are listed as the highest project

funding priority. The NRDs will utilize
a combination of agricultural BMPs
required by elevated Groundwater
Management plan phases, and voluntary
BMPs outlined in the BGMA plan that go
above and beyond phase requirements.
Through the development of the BGMA
Plan, the NRDs have created a cohesive
strategy to monitor nitrate reductions
in groundwater as fertilizer practices
and irrigation methods are improved
in the area. This monitoring data will
also further refine future versions of
the BGMA plan to ensure its goals are
achieved.
To truly understand the significance
of this plan, one must understand the
history of water laws in Nebraska as
well as at the federal level. In the past,
groundwater and surface water were
thought to be two separate water
sources and were therefore regulated
by separate water laws. At the federal
level, the Clean Water Act (CWA) of
1972 charged the US EPA to regulate
point source pollution to surface water.
While the CWA began to successfully
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USGS Releases First
Tool Since 1980s
Assessing Water
Availability in
Northern High Plains
Aquifer

A U.S. Geological Survey publication
and model released in December 2016
can be applied by multiple entities
to better understand flow, quantity,
sources and sinks of groundwater in the
Northern High Plains Aquifer. It’s the first
of its kind since the 1980s. The Northern
High Plains covers approximately
100,000 square miles across the states
of Nebraska, South Dakota, Kansas,
Colorado and Wyoming.
“An assessment like this has not
been done since the USGS High Plains
Regional Aquifer-System Analysis (RASA)
study completed in the 1980s, so this
effort represents a substantial update
of the technology and science beyond
what was available during that time,”
said USGS scientist Steve Peterson,
lead author of the study. “Plus there
were considerable more data available
to use for the analysis, and the system
has changed and undergone more
development since that time.”
Several potential uses for the new
USGS tool include understanding the
current system and how it has changed
since predevelopment; applying it as a
framework for future, more localized
groundwater models and studies;
and creating future forecasts of water
resources under various potential future
conditions.
Although the model doesn’t
forecast, it does provide a tool based
on historic measurements. The final
report will be an assessment of
groundwater availability applying this
new groundwater model as a tool to
do future forecasting and other related
tasks.
“Estimated groundwater
withdrawals for irrigation used in the
model increased through the historic
period for which the model was
calibrated, being a little over 1,400 cubic
feet per second on average from 19401949, to being almost 10,300 cubic feet
per second on average from 2000-2009,”
Peterson said. “Even though the 20002009 period had some pretty significant
drought years, that’s still a very large
increase.”
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This new USGS report is one in
a series produced by the High Plains
Groundwater Availability Study. Find out
more online at http://ne.water.usgs.gov/
HPWA/index.html.S

Ohio Groundwater
Guardian Team Part of
Water Start-Up Effort
The Pipeline H2O program is a
Greater Cincinnati regional initiative
based out of Hamilton, Ohio that
identifies and commercializes the
world’s leading water-based startup
technologies. Pipeline H2O announced
its inaugural class on Tuesday, January
17. It includes eight startups that are
working to solve real challenges around
water.
The program leverages the
country’s premier public-private water
innovation cluster to provide customers,
mentors, and support which includes
experts from the Hamilton to New
Baltimore Groundwater Consortium,
a Groundwater Guardian Community
since 1997. Pipeline’s unique go-tomarket platform allows startups to pilot
locally and deploy globally.
The Pipeline H2O program will run
from February through May 2017 and
will introduce the selected startups to
various value-add resources throughout
the region. Additionally, Pipeline H2O
is part of the Village Capital community
network dedicated to innovation. Village
Capital (VilCap) operates business

p The Northern High Plains covers
approximately 100,000 square miles
across Nebraska, South Dakota,
Kansas, Colorado, and Wyoming. The High
Plains system stretches to Texas.

development programs for early-stage
entrepreneurs in agriculture, education,
energy, financial inclusion, health and
water. Cincinnati is one of five Village
Capital communities dedicated to
innovation around water technologies.
Selected startups include
companies that specialize in catalytic
DNA technologies, surface water
treatment for underserved communities,
development of low impact dam
turbines, water treatment processes
using no chemicals or consumables,
updated water treatment technology,
options for zero liquid discharge for
low industrial producers, a mini-water
treatment plant, and wastewater
treatment and reclamation in one
platform. They include:
•
ANDalyze, Champaign, IL
•
AquaClara, Ithaca, NY
•
kW River Hydroelctric, Hamilton,
OH
•
Searen, Cincinnati, OH
•
Slipstream ZLD, Albuquerque,
NM
•
WaterStep, Louisville, KY
•
WEL Enterprise, Covington, KY
Find out more about the Pipeline
H2O program at http://pipelineh2o.
org/.S
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Affordable Water in
the US: A Burgeoning
Crisis

If water rates continue rising at
projected amounts, the number of U.S.
households unable to afford water could
triple in five years, to nearly 36 percent,
finds new research by a Michigan State
University scholar.
Elizabeth Mack said a variety
of factors, ranging from aging
infrastructure to climate change to
population decline in urban areas, are
making residents’ ability to afford water
and wastewater services a burgeoning
crisis.
Her study, funded by the National
Science Foundation and published
online in the journal PLOS ONE, is one
of the first nationwide investigations of
water affordability.
“In cities across the United States,
water affordability is becoming an
increasingly critical issue,” said Mack,
an assistant geography professor who
analyzed water consumption, pricing
and demographic and socioeconomic
data for the study.
Spending on water and wastewater
services combined should make up no
more than 4.5 percent of household
income, the Environmental Protection
Agency recommends. Based on
that criteria, some 13.8 million U.S.
households (or 11.9 percent of all
households) may find water bills
unaffordable – a hardship that hits poor
families particularly hard, Mack said.
Mississippi has the highest
concentration of “high-risk” areas with
families that make less than $32,000
and cannot afford water bills. Southern
states dominate the “high-risk” list,
though Ohio ranks ninth and Michigan
ranks 12th.
Further, water rates have increased
41 percent since 2010, and if they
continue at that pace over the next five
years the number of households that
cannot afford water and wastewater
services could soar to an estimated
40.9 million, or 35.6 percent of all
households.
One driving factor is aging
infrastructure. Experts say it will cost
more than $1 trillion to replace World
War II-era water systems over the next
25 years. Another pressure is climate
change, as more intense weather
events fuel a need for improvements
to wastewater facilities. Making such

adaptations will cost the United States
more than $36 billion by 2050, according
to estimates.
Further, shrinking populations
in major cities such as Detroit and
Philadelphia means fewer people to pay
for the large fixed cost of water service.
Some 227,000 customers in Philadelphia,
or 4 out of 10 water accounts, are past
due, while 50,000 delinquent customers
in Detroit have had their water service
terminated since the start of 2014, the
study says. Households in Atlanta and
Seattle are paying more than $300
a month for water and wastewater
services (based on a family of four).
Ultimately, the study says,
governments, utilities and consumers
will need to work together to solve the
growing affordability problem.
“Water is a fundamental right for
all humans,” Mack said. “However, a
growing number of people in the United
States and globally face daily barriers to
accessing clean, affordable water.”
The United States remains a
relatively understudied country in
international work on water affordability
issues, she noted.
“The hope is that enhanced
awareness of this issue in the developed
world will highlight the severity of the
issue, which is not isolated to people in
the developing world,” Mack said.
Co-authoring the study was Sarah
Wrase, an MSU honors student in
accounting.
Find the study online at
http://journals.plos.org/plosone/
article?id=10.1371/journal.pone.
0169488.S
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Keeping Unwanted
Medications Out of the
Environment and the
Wrong Hands
The Nebraska Medication Education
on Disposal Strategies (MEDS) Coalition
is working to educate consumers about
drug disposal, and provdigin safe
disposal options to better safeguard the
environment and public health.
In response to a 2002 USGS study
that found trace amounts of prescription
drugs in U.S. waterways, the Coalition
was formed to address improper
disposal, including flushing unwanted
medications down toilets and drains.
Over 300 pharmcies across
Nebraska are currently collecting
unwanted medications. Over 33,000
pounds of medication have been
collected since this effort began in
August 2012.
The Coalition urges consumers
to take back unwated or expired
medications to a participating pharmacy
or other approved collection center
for disposal, and avoiding flushing or
trashing these medications.
The Groundwater Foundation is a
proud member of the MEDS Coalition
that includes diverse agencies and
organisations working together to take
back medications.
To find a participating Nebraska
pharmacy near you, visit www.
leftovermeds.com.S

p This map includes "high-risk tracts" (in black), which are areas with high concentrations of families
with incomes below $32,000 that currently cannot afford water bills. The "at-risk tracts" (in gray) are
areas with high concentrations of families with incomes between $32,000 and $45,120 that are at-risk of
being unable to afford rising water rates in the near future.
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reduce point source contamination, it
failed to effectively address nonpoint
source contamination. In 1987, the CWA
was amended, and the Section 319
Nonpoint Source Management Program
was established to improve federal
leadership and support, and focus
local efforts on voluntarily reducing
nonpoint source contamination (EPA
2016). Even with the 1987 amendment,
the CWA act did not directly speak to
groundwater, leaving management of
groundwater resources to the states.
Nebraska has been managing and
regulating groundwater resources
through the NRDs since the mid ‘70s.
However, the hydrologic connection
between surface and groundwater
wasn’t legally recognized until 1996.This
acknowledgement has led Nebraska
to collaborative efforts that address
nonpoint source contamination from
a different perspective than what is
generally found at the federal level.
The BGMA plan is the first EPA
approved plan in the nation to address
nonpoint source groundwater quality
problems using the Clean Water Act.
This is a milestone for communities who
have struggled to obtain funding for
projects that seek to educate and inform
residents and local producers; and
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implement BMPs targeted at reducing
nonpoint source groundwater pollution
in their Wellhead Protection Areas.
Until now, CWA Section 319 funding
was only used on projects that address
impairments in surface water or in
areas that were listed as priority areas
in a NRD’s watershed management
plan. While more and more WHP
areas are being targeted in watershed
management plans, the BGMA plan
is the first to address it from the
standpoint of groundwater and to make
WHP areas a priority for project funding.
Nebraska is unique in that
approximately 88% of the state’s
residents, and nearly all rural residents,
primary source of drinking water
comes from groundwater (NDEQ
2015). The geology, hydrology, and
depth to groundwater determine how
susceptible groundwater aquifers are
to contamination. For example, sandy
soils, little or no protective surface
layers (i.e. clay or glacial till), and/or high
groundwater tables leave drinking water
aquifers especially vulnerable to point
and nonpoint source contamination. The
rate of groundwater movement ranges
from inches per year(s) to inches per
decade(s) compared to surface water
which moves inches per day(s) to week(s)
to enter surface waterbodies.

Nonpoint source
groundwater nitrate
contamination is one of the
most prevalent nonpoint
source contaminants
in Nebraska. It puts a
heavy financial burden
on communities and their
Public Water Systems, as
the only way to remove
nitrate from drinking water
is through treatment.
In the last 20 years, five
PWS and landowners
with private wells in the
BGMA have spent over
$9 million dollars on
treatment (see Table 1).
This amount includes the
cost of facility operations
and maintenance (O&M)
and point of use (POU)
treatment systems for
domestic well owners.
Ultimately, the cost of
treatment and O&M falls
on the 4,201 residents
that reside in the five
affected communities
and land owners in the
surrounding area. In the
future, the cost of treatment will only
increase if the source of contamination
is not addressed (NDEQ 2016). Nitrate
contamination is prevalent throughout
Nebraska and many other communities
are dealing with the same problems as
those in the BGMA (see Figure 2). This
is just one example of why the work
that has been done and will continue to
be done in the BGMA is so important.
Hopefully, the plan will pave the way for
many other NRDs and communities to
better respond to and manage nonpoint
source contamination, especially in WHP
areas.
The approval of the BGMA plan
by the EPA has provided an entirely
new source of funding that wasn’t
previously available for groundwater
and drinking water protection efforts.
Since the creation of Nebraska’s
voluntary Wellhead Protection Program,
communities and PWS across the state
have had the ability to create WHP
protection plans to protect their drinking
water sources. These plans identify
possible sources of contamination in
the WHP area and lay out management
strategies to address sources of
contaminants. The ultimate goal is to
implement on-the-ground activities
such as BMPs and education and
outreach programs. More often than

.q Top: Table 1. Bottom: Figure 2
not this goal falls short as no direct
funding is available to communities.
Many communities do not have the
time, support, education, or money
needed to develop and implement
effective WHP plans. Until now, the only
financial assistance NDEQ has been
able to give communities who wish to
protect their drinking water sources are
Source Water Protection (SWP) Grants.
The grant program distributes up to
$100,000 a year, which generally isn’t
enough to fund multiple larger more
involved projects. The SWP Grant has
been limited in its ability to support longterm efforts to reduce nonpoint source
contamination. The NDEQ is hopeful
that communities will be able to better
protect their drinking water sources
through CWA Section 319 funding.
The BGMA plan approval by the
EPA has also led to new activities for the
SWP Grant to fund. As stated previously,
the BGMA plan is the first in the nation
to focus on ground water instead of
surface water. Because most Nebraska
communities use groundwater as a
source for their drinking water, those
communities were not included in earlier
watershed management plans nor were
they eligible for funding on their own.
In response to the EPA approval of the
BGWMA plan, the NDEQ is working with
communities and the EPA to develop
Drinking Water Protection Management
(DWPM) Plans. These plans will be
similar to the BGMA plan in that they will
primarily be groundwater focused plans
that specifically target WHP areas. These
plans will:
•
Meet EPA requirements for
alternative 9-element watershed
management plans
•
Increase WHP area delineations
from 20 to 50 year delineations
using three-dimensional
groundwater models
•
Include strong implementable
Information and Education
programs
•
Use community based planning
processes to develop the plan
Currently three Nebraska
communities are in the process of
developing DWPM plans. Two through
the 2016 SWP Grant and one proposed
project that will combine available
319 planning money and other grant
sources. The ability to independently
qualify for 319 project funding would
provide a much needed funding stream
to the many struggling communities
in Nebraska. These new opportunities

would not be possible without the
innovative work that was done on the
BGMA plan. The NDEQ looks forward
to working with Nebraska communities
to protect and improve their drinking
water.
A special thanks to the BGMA
stakeholders and the many individuals
from various local, state, and federal
organizations for their contributions to
the development of this plan.
You can view the plan at http://
deq.ne.gov/publica.nsf/pages/16-013
and learn more about Drinking Water
Protection Management Plans by
visiting http://deq.ne.gov/NDEQProg.
nsf/OnWeb/SWPGMain. Select the
Invitations for 2016 Source Water
Protection link and open the fact sheet
PDF.

sources

EPA, 2016. Polluted Runoff: Nonpoint Source Pollution Webpage, https://
www.epa.gov/nps/319-grant-programstates-and-territories
NDEQ, 2015. 2015 Nebraska
Groundwater Quality Monitoring Report,
5 p. http://deq.ne.gov/publica.nsf/
PubsForm.xsp?documentId=8DE603FF6ACDF2C086257F1100578674&action=openDocument.
NDEQ, 2016. Bazile Groundwater
Management Plan, 42 p. http://deq.
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PROGRAM SPOTLIGHT

Water Education Leaders
for Secondary Science

Project to Provide Innovative New Instructional
Strategies and Resources
by Cory Forbes, University of Nebraska-Lincoln Science Literacy Program

W

ater is a fundamental issue
that underlies many of
greatest challenges facing
humanity in the 21st Century. As a result,
education is critical to cultivate the next
generation of problem-solvers able to
develop water management solutions
that link food, water, climate, energy,
and environmental challenges related
to questions of both water quality
and quantity. Future scientists, policymakers, consumers, and citizens must
develop scientific literacy about water
resources through effective, standardsbased science, technology, engineering,
and mathematics (STEM) education.
To address this and related needs,
the Institute of Agriculture and Natural
Resources (IANR) at the University of
Nebraska-Lincoln (UNL) has made a
commitment to fostering a scientificallyliterate society capable of making
effective decisions grounded in STEMinformed analyses of complex, realworld challenges associated with food,
energy, and water. Through the IANR
Science Literacy Initiative (http://casnr.
unl.edu/grow-eat-learn) and Nebraska
Collaborative for Food, Energy, & Water
Education, IANR is leading efforts in
Nebraska and beyond to positively
impact youth and adults through a
growing suite of education and outreach
programs.
One such program is Water
Education Leaders for Secondary
Science (WELS2), led by Dr. Cory Forbes,
Associate Professor of Science Education
at UNL. With generous support from
multiple sources, including the National
Institute of Food and Agriculture (NIFA)
at the United States Department of
Agriculture (USDA), the WELS2 project
will serve 30 Nebraska middle and
high school teachers over two years,
helping them learn to utilize new and
innovative instructional strategies and
resources to foster students’ learning
about water and water resources.
Teachers will participate in face-to-

face workshops and online courses
offered through the Masters of Applied
Science, Science for Educators degree
program in the College of Agricultural
Science and Natural Resources. The first
workshop will take place the week of
June 12 in Lincoln, Nebraska. Through
these experiences, they will learn about
state and national science standards
related to water, including the Next
Generation Science Standards, learn
to use The Groundwater Foundation’s
Hydrogeology Challenge with students
in their own classrooms, and develop
stronger knowledge of water and
water resources. They will also have
the opportunity to partner with UNL
water scientists and participate in
water-related research projects being
conducted in Nebraska. Teachers who
complete the program will experience
the equivalent of 125 hours of learning
support in various forms through
enrollment in 9 UNL graduate course
credit hours and receive the WELS2
certification. Teachers will develop
knowledge and skills that will further
enable them to support middle and
high school students’ STEM learning and
science literacy.
The WELS2 project involves a
partnership between the IANR, the
Robert B. Daugherty Water for Food
Global Institute, The Groundwater
Foundation, and multiple Nebraska
school districts, including Lincoln,
Omaha, Grand Island, Hastings, and
Millard.
The Groundwater Foundation will
showcase its Hydrogeology Challenge
computer groundwater model as part
of WELS2. The model was designed as a
learning tool for middle and high school
students to introduce basic groundwater
modeling concepts. It uses simple
calculations and assumptions to present
groundwater flow in a fun and easy to
understand way. Find out more at
www.groundwater.org/kids/getinvolved/
so/hydro.html.S

Are you a middle
or high school
teacher? Do you
teach about water
in your classroom?
Get involved in the
WELS2 program!

•

•
•
•
•

30 Nebraska middle and high
school teachers will be chosen
to participate in face-to-face
workshops and online courses
Learn about state and national
science standards related to
water
Learn to use the Hydrogeology
Challenge
Develop stronger knowledge of
water and water resources
Opportunity to partner with
UNL water scientists

Teachers who complete the
program will experience the
equivalent of 125 hours of learning
support in various forms through
enrollment in 9 UNL graduate
course credit hours and receive the
WELS2 certification.
Through these experiences,
teachers will develop knowledge
and skills that will further enable
them to support middle and high
school students’ STEM learning and
science literacy.
Get involved by filling out a form at
http://go.unl.edu/wels2.
Questions? Contact Cory Forbes,
WELS2 Project Director at
cory.forbes@unl.edu.

JOIN OR RENEW! WWW.GROUNDWATER.ORG/ACTION/MEMBER.HTML
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Engaging, Cooperating, Protecting

Southern Willamette Valley, Oregon Groundwater Guardian Team
by Sara Brock, The Groundwater Foundation

D

rinking water’s role in public
health has become increasingly
recognized as a high priority
issue in the last few years. From
corrosive water in Flint, Michigan to the
Elk River chemical spill, the nation has
been shocked awake in the realization
that the best time to start protecting
their groundwater was yesterday.
Fortunately for the residents in the
southern end of the Willamette Valley in
Oregon, the community’s been working
on groundwater protection since 2001.
During early water quality
testing in 2001 and 2002, high nitrate
concentrations were found, making
the drinking water potentially unsafe
throughout the area. The Environmental
Protection Agency (EPA) drinking water
standard for nitrate is 10 mg/L for
public water systems. While there is no
standard for domestic wells, some wells
inside the GWMA have tested at over 20
mg/L. The Southern Willamette Valley
became a designated Groundwater
Management Area (GWMA) in 2004
under the management of Oregon’s
Department of Environmental Quality
to develop an action plan to reduce
groundwater contamination. Denise
Kalakay, Lane Council of Governments,
has been helping to coordinate activities
in the GWMA and is the Groundwater
Guardian (GG) team leader. Reducing
nitrate in this area has been a huge
undertaking but a unique combination
of effort has proven effective.
The GWMA staff has identified
“neighborhoods” with clusters of high

nitrate levels. With 230 square miles of
mostly farmland and rural communities,
these neighborhoods can often be quite
large, encompassing groupings of rural
residents and many acres of crops, such
as grass seed and mint. Many agencies
work together including, among others,
representatives from the Department
of Agriculture, Oregon Health Authority,
EPA, Natural Resource Conservation
Service, Soil and Water Conservation
Districts, and Oregon State Extension
Service. This combination of local, state,
and national agencies work together to
objectively identify high risk areas by
analyzing variables such as septic system
density, crop type, and soil sensitivity.
Interagency cooperation can be
highly efficient in identifying problems
and providing solutions, but the
team finds that the best solutions are
generated by working with community
leaders, realtors, mayors, farmers, rural
residents, and environmental groups,
gathering them into a Groundwater

Management Area Committee. This
committee created an Action Plan
of voluntary strategies community
members can participate in to reduce
nitrate as well as to prevent other types
of contamination.
A long-term monitoring network will
continue to measure progress through
time, but the prognosis is good. Despite
the retirement of a passionate staff
member and significant budget cuts,
the team is focusing on maintaining
current programs and developing the
educational aspect of their project.
Denise believes that working towards
the specific goal of protecting drinking
water, instead of the more abstract
“protect water quality”, will help inspire
her community. People care about
people and will act to protect those
they care for. By engaging with the
community locally and nationally, the
Southern Willamette Valley GG team is
able to protect drinking water today and
tomorrow.S

p Left: Free water testing is offered at events throughout the Groundwater Management Area.
Right: Staff learn about alternative septic systems to reduce nitrate reaching groundwater.
www.groundwater.org | Volume 31 Number 3
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Understanding the Impact of Fracking
on Drinking Water Quality
By Kelly A. Reynolds, MSPH, PhD

I

n the US, between 25,000 and
30,000 new wells were drilled
via hydraulic fracturing (also
known as fracking) from 2011-2014.1
Since 1990, more than 25 states were
subject to this method of oil and gas
extraction and approximately 9.4 million
people in the US lived within a mile of
a fracking well. Fracking has stimulated
increased production of natural gas
reserves and has elevated the US to
being the projected global leader in
natural gas production.2
Benefits beyond economics
include expanded supply of a cleaner
burning, less greenhouse-gas-producing
product. Protecting local water supplies,
minimizing water use, managing gas
venting and disposing of waste products
are major environmental concerns
related to fracking that many fear are
poorly monitored and regulated.

What is fracking?

Hydraulic fracturing was developed
in the 1940s as a mechanism for
efficient extraction of oil and natural
gas from small reservoirs. In the early
2000s, innovations in horizontal drilling
through deep underground, fractured
shale formations made fracking more
economical, resulting in rapid growth of
the technique throughout the US and
internationally.
Fracking allows access to narrow
rock formations by drilling underground
a mile or more vertically and then
several thousand feet horizontally. The
process of fracking utilizes millions of
gallons of water mixed with sand and
proprietary chemicals that are then
pumped into the drilling region, filling
small fissures and releasing shale gas
into the well borehole. This natural
gas is considered a cleaner alternative
to oil and coal and increased use is
being promoted as a means to lower
US greenhouse gas emissions. Fracking
has dramatically increased natural
gas production in the US and globally.
While cleaner-burning fuels are an
environmental win, the use and loss of
millions of gallons of water and potential
for water and soil contamination in
the fracking process is one reason the
industry is highly controversial.
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What are the environmental risks?

Environmentalists and scientists
have long criticized fracking as major
risks to the environment, including
source drinking water supplies. Some
of the more common concerns include
depletion of water supplies, especially
from regions where water is scarce,
such as the arid southwest. Evaluation
of water reuse options and sustainability
for other uses such as drinking, irrigation
or support of fish and other wildlife
should be carefully and transparently
considered. A formal structure for such
safeguards and oversight, however, is
not yet in place.
As with most industrial operations
and mining, the fracking process
utilizes a range of potentially
hazardous chemicals that must be
carefully managed to prevent leaks
and spills. Of additional concern is the
management of the liquid, post-fracking
waste product. Fracking fluids may
include hydrocarbons, heavy metals
and salts, in addition to indigenous
earth contaminants, such as naturally
occurring radioactive materials. Disposal
by re-injection of wastewater into
the fissures below or collection and
secure storage (either onsite or by
transport to a treatment facility) are
common practices. The water can also
be recycled and used at the next well.
While environmentalists are concerned
with possible leaks from storage
sites, the same risk exists with any
industrial waste production. With proper
containment, storage of fracking wastes
should be no more of a problem than
storage of other hazardous wastes. Still,
surface leaks have occurred. Specifically,
thousands of gallons of fracking fluid
that spilled at a site in Dimock, PA
contaminated groundwater in the
Marcellus Shale region.
Fracking fluids may not be
recovered and stored but could
remain injected deep underground.
Fracking may produce fissures in
underground geologic formations that
can provide new and easy pathways for
contaminants to reach groundwater
aquifers. Deep wells likely do not pose a
risk of contaminant migration to drinking
water wells but more shallow drilling
operations may.

Groundwater wells in Pavillion, WY,
only several hundred feet above fracking
regions, have tested positive for fracking
fluids. Many of the several hundred
town residents reported adverse tastes
and smells in their drinking water.3
Water testing eventually revealed the
presence of harmful contaminants,
including benzene, diesel and methane,
all common fracking chemicals. Harmful
byproducts may also occur in relation
to fracking operations.4 Shallow (less
than 2,000 feet) drilling is generally
recognized as posing a greater risk for
groundwater contamination.
Concerns more unique to fracking
include the threat of earthquakes
and infrastructure disturbances. In
Youngstown, Ohio, a small earthquake
(measuring 2 on the Richter scale) was
documented and linked to wastewater
injection, a process common to fracking.
While this seismic activity was not felt
above ground, questions remain as to
what impact extensive fracking may have
on current underground stresses.2

How can drinking water risks be
mitigated?

A lack of federal regulation on
fracking under the Safe Drinking
Water Act is a serious omission in
environmental protections. To safeguard
both groundwater and surface water
supplies, fracking waste and waste
byproducts should be stringently
monitored and regulated at both the
federal and state levels.
According to an article by the
Natural Resources Defense Council
(NRDC), many recommended best
practices for the fracking industry were
developed by the industry itself. A 2009
report from the American Petroleum
Institute provided industry well
construction and integrity guidelines for
fracking operations.5 The report focuses
on protection of shallow aquifers with
proper well design and construction.
Further, recommendations generally
involve geological and hydrological
site mapping and risk evaluation to
assess prevention of contaminant
migration; baseline and continued
ground and surface water quality
monitoring; microseismic monitoring;
disclosure of fracking chemicals used

qDiagram of a frackled natural gas well. Source: US EPA.

(pre- and post-use); restrictions on water
withdrawals following an environmental
and sustainability assessment; waste
treatment before discharge; buffer
zones between waste storage and
source waters, as well as spill prevention
methods. While such precautions are
currently in use, there remains concern
over a lack of uniform adoption of the
guidelines.6

Future prospects

Much of the criticism of fracking
was born out of a lack of transparency
in industry operations and risks.
Further, a lack of understanding
related to precautionary measures
for waste containment and resource
management left the general public,
environmentalists and research
scientists questioning industry oversight
and active responsibility. With such a
rapidly growing industry and uncertain
environmental impacts, a call for
additional research and analysis of
the possible social and environmental
costs and benefits is warranted. In June
2015, US EPA published an assessment
of fracking impacts on drinking water

supplies stating that the process has
the potential to impact drinking water
sources.(1) While the database is
considered incomplete, at least 151
cases of spills in 11 states have been
reported, ranging from volumes of 19 to
72,000 liters.
Where and when these
contamination events will occur is
largely unknown as the widespread
practice of fracking and uncertainty
related to well depth and hazard
management practices remains. With an
increased demand for oversight, there
will likely be more transparency in the
fracking industry as well as a growing
understanding and analysis of the risk/
benefit trade-off.
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Fun, Hands-on Activities Make Groundwater
Come Alive for Youth and Adults
Try these fun activities at your next water education event. Many can be adapted for
use with various ages, from preschoolers to adults, and settings, from classrooms to
festivals. Find how-to videos for these activities and more at www.groundwater.org/
kids/popularactivities.html, or search our online library of activities, curriculum, apps
and even more at www.groundwater.org/kids/resources-for-educators.html.
Awesome Aquifers
This hands-on aquifer model introduces
audiences to groundwater terms,
movement, geology, connection to
surface water, contamination, wells, and
much more. Using an aquifer model
helps participants to “see” groundwater,
making it easier to understand
and appreciate. Ready-to-use kits
are available in The Groundwater
Foundation’s online catalog:
www.groundwater.org/shop.

The Groundwater Foundation is a 501(c)(3)
nonprofit that connects people, businesses,
and communities through local
groundwater education and action, making
us all part of the solution for clean,
sustainable groundwater.
The Aquifer is a registered trademark of The
Groundwater Foundation and is published
quarterly. The views expressed in articles
appearing in The Aquifer are those of the
authors and do not necessarily represent
the view of The Groundwater Foundation,
its board of directors, or individual
members.
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Edible Aquifers
Learning about groundwater is fun and
yummy with the Edible Aquifers activity.
Chocolate chips, crushed ice, or gummy
bears are used to represent an aquifer;
clear soda is groundwater; a layer of ice
cream or sherbert is a confining layer;
colored sugars , sprinkles, or colorful
cereal are a porous layer of soils;
colored soda is contamination; and a
drinking straw is a well.
Growing with Groundwater
This activity shows the water cycle in
action, as well as the role water plays
in growing plants. Gravel is placed in a
clear plastic cup with water added, to
represent groundwater, then topped
with soil. Seeds are planted, and
additional water added to make it rain.
The cup is covered with plastic wrap or
a clear lid, and instructed to be placed
in a sunny spot to watch the water cycle
happen and a plant to sprout.
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Water Cycle Bangles
Water constantly moves through the
water cycle. This activity uses different
colored beads to represent the various
paths water takes in the water cycle
(groundwater, discharge, surface
water, evaporation, condensation,
precipitation, runoff) that are made into
a brightly colored bracelet. The bracelet
is a take-home reminder of what they’ve
learned, and an invitation to share that
with others.
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