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3. Drinking Water Resources in the United States

Consideration of how and where hydraulic fracturing activities potentially impact drinking water
resources requires an understanding of both the activities and the potentially impacted resources.
In Chapter 2, we provided background on hydraulic fracturing and in this chapter, we provide an
overview of drinking water resources in the United States. We describe the use of these resources,
including patterns in current use and trends for future use (Section 3.1). We then characterize the
spatial distribution of hydraulically fractured wells and current surface and ground water supplies
throughout the United States (Section 3.2) to evaluate where potential impacts of hydraulic
fracturing on drinking water resources may occur.

3.1. Current and Future Drinking Water Resources

In this assessment, drinking water resources are defined broadly as any body of ground water or
surface water that now serves, or in the future could serve, as a source of drinking water for public
or private use. Drinking water resources provide not only water that individuals actually drink but
also water used for many additional purposes such as cooking and bathing. Our definition of
drinking water resources includes both fresh and non-fresh bodies of water.

The average American uses about 90 gal (341 L) of drinking water per day for indoor and outdoor
purposes (e.g., drinking, food preparation, washing clothes and dishes, flushing toilets, and
watering lawns or gardens (Maupin et al., 2014; AWWA, 1999). Drinking water is supplied to
households by either public water systems (PWSs) or private water systems (private ground water
wells and surface water intakes).1 In 2011, approximately 270 million people (86% of the
population) in the United States relied on water supplied to their homes by one of the more than
51,000 community water systems (Maupin et al., 2014; U.S. EPA, 2013b).2 These systems provided
households with nearly 24 billion gal (91 billion L) of water per day (Maupin et al., 2014).3 In areas
without service by PWSs, approximately 43 million people (14% of the population) relied on
private sources for drinking water, and private water systems account for about 3.6 billion gal (14
billion L) of daily water withdrawals (Maupin et al., 2014).

Drinking water resources can be surface waters such as rivers, streams, lakes, or reservoirs, as well
as ground water aquifers. In 2011, approximately 70% of the population receiving drinking water
from PWSs relied on surface water, and 30% relied on ground water (U.S. EPA, 2013b). However,

1 Public water systems (PWSs) provide water for human consumption from surface or ground water through pipes or
other infrastructure to at least 15 service connections or serve an average of at least 25 people for at least 60 days a year
(U.S. EPA, 2012¢). Private (non-public) water systems serve fewer than 15 connections and fewer than 25 individuals
(U.S.EPA, 1991).

2 The EPA categorizes public water systems as either community water systems, which supply water to the same
population year-round, or non-community water systems, which supply water to at least 25 of the same people at least six
months per year, but not year-round. Approximately 101,000 non-community water systems provide water to non-
residential facilities (e.g., schools, small businesses, churches, and campgrounds (U.S. EPA, 2013b).

3 The U.S. Geological Survey (USGS) compiles data in cooperation with local, state, and federal environmental agencies to
produce water-use information aggregated at the county, state, and national levels. Every five years, data at the county
level are compiled into a national water use census and state-level data are published. The most recent USGS water use
report was released in 2014, and contains water use estimates from 2010 (Maupin et al., 2014; USGS, 2014b).
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the relative importance of surface and ground water sources for supplying drinking water varies
geographically (see Figure 3-1). Most larger PWSs rely on surface water and are located in urban
areas (U.S. EPA, 2011b), whereas most smaller PWSs rely on ground water and are located in rural
areas (U.S. EPA, 2014j, 2013b). In fact, more than 95% of households in rural areas obtain their
drinking water from ground water aquifers (U.S. EPA, 2011b).

Vi e
Drinking water sources* used by p
as a percentage of all sources in a state

- >75% surface water sources

- 50 - 75% surface water sources

\J 50 - 75% ground water sources

ﬁ >75% ground water sources

- States with hydraulically fractured wells

Figure 3-1. Geographic variability in drinking water sources for public water systems.

The relative importance of surface and ground water as drinking water sources varies by state. The
public water system sources used in this analysis include infiltration galleries, intakes, reservoirs,
springs, and wells. States with hydraulically fractured wells were identified from DrillingInfo data.

The future availability of drinking water resources that are considered fresh in the United States
will be affected by changes in climate and water use (Georgakakos et al., 2014; U.S. Global Change
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Research Program, 2009).1 Since 2000, about 30% of the total area of the contiguous United States
has experienced moderate drought conditions and about 20% has experienced severe drought
conditions (National Drought Mitigation Center, 2015; U.S. EPA, 2015r). Declines in surface water
resources have already led to increased withdrawals and cumulative net depletions of ground
water in some areas (Castle et al., 2014; Georgakakos et al., 2014; Konikow, 2013a; Famiglietti et al.,
2011). Other sources of water that might not be considered fresh, such as wastewater from sewage
treatment plants, brackish (containing 3,000-10,000 mg/L TDS) and saline (containing more than
10,000 mg/L TDS) surface and ground water, as well as seawater (containing about 35,000 mg/L
TDS) are also increasingly being used to meet water demand. Through treatment or desalination,
these water sources can reduce the use of high-quality, potable fresh water for industrial processes,
irrigation, recreation, and toilet flushing (i.e., non-potable uses). In addition, in 2010, approximately
355 million gal per day (1.3 billion L per day) of treated wastewater was reclaimed through potable
reuse projects (NRC, 2012). Such projects use reclaimed wastewater to augment surface drinking
water resources or to recharge aquifers that supply drinking water to PWSs (NRC, 2012; Sheng,
2005).

An increasing number of states are developing new water supplies to augment existing water
through reuse of reclaimed water, recycling of storm water, and desalination (U.S. GAO, 2014). Most
desalination programs currently use brackish water, although plans are underway to expand the
use of seawater for desalination in some states. States with the highest installed capacity for
desalination include Florida, California, Arizona, and Texas (Cooley et al., 2006). It is likely that
various water treatment technologies will continue to expand drinking water resources beyond
those currently being considered for use as drinking water. Therefore, these potential future
sources are also considered drinking water resources in this assessment.

3.2. The Proximity of Drinking Water Resources to Hydraulic Fracturing Activity

The colocation of hydraulic fracturing activities with surface and ground water increases the
potential for impacts to current and future drinking water resources (Vengosh et al., 2014; Entrekin
etal, 2011). In this section, we analyze the aboveground proximity of hydraulically fractured well
sites, drinking water resources (including the location of surface water bodies and ground water
wells that supply public water systems), and populated areas.2

To determine the spatial relationship between hydraulically fractured wells and populated areas,
we analyzed the locations of the approximately 273,000 oil and gas wells that were hydraulically
fractured in 25 states between 2000 and 2013 (see Chapter 2) with respect to where people live
(i.e., census blocks).3 Nationwide, approximately 9.4 million people lived within one mile of a

! Fresh water qualitatively refers to water with relatively low TDS that is most readily available for drinking water
currently.

2 The vertical proximity of ground water resources to geologic formations and hydraulic fracturing operations is
addressed in Chapter 6.

3 In the analyses in this chapter, we only include the oil and gas production wells that we identified were hydraulically
fractured using criteria outlined in Chapter 2 and that began producing between 2000 and 2013. The well data found in
DrillingInfo may not represent the full year for 2013 since the frequency with which DrillingInfo updates the database
varies by state. The final update performed by DrillingInfo for 2013 ranges by state from June 2013 to December 2013.
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hydraulically fractured well for some period of time between 2000 and 2013 (Drillinglnfo, 2014a;
U.S. Census Bureau, 2010); more than 5.7 million people lived within half a mile of a hydraulically
fractured well.

We then analyzed trends in the proximity of hydraulically fractured wells to highly populated areas.
For this analysis, we considered metropolitan areas (areas with more than 50,000 people) and
micropolitan areas (areas with 10,000 to 49,999 people) (U.S. Census Bureau, 2013c).!
Approximately 81,300 (30%) of new wells hydraulically fractured between 2000 and 2013 were
located within a metropolitan or micropolitan area (see Figure 3-2) (Drillinglnfo, 2014a; U.S.
Census Bureau, 2013c; U.S. EPA, 2013b; ESRI, 2010). From 2000 to 2008, the number of new wells
hydraulically fractured per year within metropolitan and micropolitan areas increased 300%; the
proportion of wells hydraulically fractured per year in metropolitan and micropolitan areas almost
doubled over the same eight-year period (see Figure 3-3).2From 2008 to 2012, however, the
number of wells hydraulically fractured per year in metropolitan and micropolitan areas decreased
by about half in comparison to the peak of approximately 10,000 wells in 2008 (see Figure 3-3),
whereas hydraulic fracturing in areas outside of metropolitan and micropolitan areas increased or
remained relatively constant (DrillingInfo, 2014a; U.S. Census Bureau, 2013b).

1 Metropolitan and micropolitan combined statistical areas are geographic entities delineated by the Office of
Management and Budget. Specifically, a metropolitan combined statistical area is a core urban area of 50,000 or more
people while a micropolitan combined statistical area is an urban core of at least 10,000, but less than 50,000, people (U.S.
Census Bureau, 2013c). These terms are referred to as metropolitan and micropolitan areas in this assessment.

2For comparison, the DrillingInfo data indicate an increase in the number of wells estimated to be hydraulically fractured
each year, regardless of location, from approximately 12,800 in 2000 to slightly more than 21,600 in 2005 to nearly
23,000 in 2012, the last year for which complete data are available.
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Proximity of hydraulically fi 1 wells relati politan and micropolitan areas

 Hydraulically fractured wells within metropolitan and micropolitan areas
Hydraulically f d wells outside of politan and micropolitan areas

- Populated census blocks within 1 mile of at least one well hydraulically fractured well
[T Metropolitan and micropolitan areas without hydraulically fractured wells

Figure 3-2. Proximity of hydraulically fractured wells relative to populated areas.

The estimates of hydraulically fractured wells from 2000 to 2013 developed from the DrillingInfo data were based on several assumptions

described in Chapter 2.
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Figure 3-3. Temporal trends (2000-2013) in the number and percent of hydraulically fractured
wells located within populated areas.

The estimates of hydraulically fractured wells from 2000 to 2013 developed from the DrillingInfo data
were based on several assumptions described in Chapter 2. The graph shows the number of
hydraulically fractured wells by the year they started producing. Well data may not be complete for
2013 since final updates to the database for 2013 ranged from June 2013 to December 2013,
depending on the state. Original data from DrillingInfo (2014a) and U.S. Census Bureau (2013c).

We next considered the proximity of hydraulically fractured wells to water sources for PWSs. We
present proximity from both the vantage point of hydraulically fractured wells (e.g., on average,
how far away is the nearest PWS source?) and from the vantage point of PWSs (e.g., if there is at
least one fractured well within 1 mile of a PWS, are there usually more?).

Based on the 2000-2013 DrillingInfo data, the distance from hydraulically fractured wells to the
nearest source supplying a PWS ranged from 0.01 to 41 miles, with an average distance of 6.2 miles
(9.9 km) and a median distance of 4.8 miles (7.6 km) (DrillingInfo, 2014a; U.S. EPA, 2014j). These
PWS sources included both surface water sources (e.g., infiltration galleries, intakes, reservoirs, and
springs) and ground water wells. An estimated 21,900 of hydraulically fractured oil and gas wells
(8%) were within 1 mile of at least one PWS source (see Figure 3-4). The maximum number was 40
PWS sources within 1 mile of a single hydraulically fractured well.
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Between 2000 and 2013, approximately 6,800 PWS sources had a hydraulically fractured well
within a 1 mile radius. Most of these PWS sources were located in Colorado, Louisiana, Michigan,
North Dakota, Ohio, Oklahoma, Pennsylvania, Texas, and Wyoming (see Figure 3-5). These PWS
sources had an average of seven fractured wells and a maximum of 144 fractured wells within that
one mile proximity. They also supplied water to 3,924 PWSs—1,609 of which are community water
systems—that served more than 8.6 million people year-round in 2013 (U.S. EPA, 2014j; U.S.
Census Bureau, 2013a; U.S. EPA, 2013b).1

We also analyzed the location of hydraulically fractured wells relative to populations where a high
proportion (230%, or twice the national average) obtain drinking water from private systems
(private ground water wells and surface water intakes).2 Between 2000 and 2013, approximately
3.6 million people obtained drinking water from private systems in counties with at least one
hydraulically fractured well (Drillinglnfo, 2014a; USGS, 2014b), and approximately 740,000 people
obtained drinking water from private supplies in counties with more than 400 fractured wells
(DrillingInfo, 2014a; USGS, 2014b) (see Figure 3-6).3 These counties were located in Colorado,
Kentucky, Michigan, Montana, New Mexico, New York, Oklahoma, Pennsylvania, Texas, and
Wyoming (see Figure 3-6).

1 All PWS types were included in the locational analyses performed. However, only community water systems were used
to calculate the number of customers obtaining water from a PWS with at least one source within 1 mile of a hydraulically
fractured well. If non-community water systems are included, the estimated number of customers increases by 533,000
people (U.S. EPA, 2012e).

2 There is no national data set of private water systems. The USGS estimates the proportion of the population reliant on
private water systems, referred to as the “self-supplied population,” by county, based on estimates of the population
without connections to a public water system (Maupin et al., 2014). We used the USGS estimates for this analysis.

3 Approximately 14% of the U.S. population is supplied by private water systems (Maupin et al., 2014). In this analysis, we
only considered counties in which more than double the national average—that is, at least 30% of the county’s
population—was supplied by private water systems.
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Points indicate the location of hydraulically fractured wells: point color indicates
the number of hydraulically fractured wells within 1 mile of each PWS source.
The following PWS sources were included in this analysis: infiltration galleries, intakes,

reservoirs, springs, and wells.
Sources: Drillinginfo (2014); U.5. Enviranmental Protection Agency (2014); ESRI (2010)
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Figure 3-4. Location and number of public water system (PWS) sources located within 1 mile of a hydraulically fractured well.

Points indicate the location of hydraulically fractured wells; point color indicates the number of hydraulically fractured wells within 1 mile of each
PWS source. The following PWS sources were included in this analysis: infiltration galleries, intakes, reservoirs, springs, and wells. The estimates of
wells hydraulically fractured from 2000 to 2013 developed from the DrillingInfo data were based on several assumptions described in Chapter 2.
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Figure 3-5. The location of public water system sources within 1 mile of hydraulically fractured wells.

Points indicate the location of public water system (PWS) sources; point color indicates the number of hydraulically fractured wells within 1 mile of
each PWS source. The estimates of wells hydraulically fractured from 2000 to 2013 developed from the DrillingInfo data were based on several

assumptions described in Chapter 2.
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Figure 3-6. Co-occurrence of hydraulic fracturing activity and populations supplied by private water systems.

Color indicates the number of hydraulically fractured wells per county. The estimates of wells hydraulically fractured from 2000 to 2013 developed
from the DrillingInfo data were based on several assumptions described in Chapter 2. Counties with more than 400 hydraulically fractured wells
and in which at least 30% of the population is supplied by private water systems are outlined in blue.
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3.3. Conclusion

The evaluation of potential hydraulic fracturing impacts on drinking water resources in the United
States depends on an understanding of how the country’s current and future drinking water needs
are and will be met. The U.S. population requires sufficient drinking water resources—that is,
bodies of fresh or non-fresh surface or ground water that now serve, or in the future could serve, as
a source of water for drinking water for public or private use—to meet everyday needs. Currently,
most people in the United States rely on water supplied to their homes via public water systems,
and most of this water comes from fresh surface water bodies. Shortages in fresh water availability
in the United States, especially in the western United States, have already led some states to
augment their water supplies with other water sources (e.g., brackish and saline surface and
ground water, seawater, and reclaimed wastewater), suggesting that additional water bodies may
provide drinking water as the quantity and quality of existing sources change.

The colocation of hydraulic fracturing activities with drinking water resources increases the
potential for these activities to affect the quality and quantity of current and future drinking water
resources. While close proximity of hydraulically fractured wells to drinking water resources does
not necessarily indicate that an impact has or will occur, information about the relative location of
wells and water supplies is an initial step in understanding where potential impacts might occur.

Millions of people live in areas where their drinking water resources are located near hydraulically
fractured wells. While most hydraulic fracturing activity from 2000 to 2013 did not occur in close
proximity to public water supplies, a sizeable number of hydraulically fractured wells (21,900)
were located within 1 mile of at least one PWS source (e.g., infiltration galleries, intakes, reservoirs,
springs and ground water wells). Approximately 6,800 sources of drinking water for public water
systems, serving more than 8.6 million people year-round, were located within 1 mile of at least one
hydraulically fractured well. An additional 3.6 million people obtain drinking water from private
systems in counties with at least one hydraulically fractured well and in which at least 30% of the
population is reliant on private water systems.
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Text Box 3-1. Major Findings

Current and future drinking water resources

e  Most of the U.S. population (270 million in 2011, or 86%) relies on water supplied to their
homes through a public water system, 70% of which comes from surface water and 30% of
which comes from ground water.

e Anestimated 14% of the U.S. population relies on private water systems for drinking water.

e Anincreasing number of states are developing new drinking water supplies via reuse of
reclaimed water, recycling of storm water, and desalination. These new supplies can augment
existing water sources.

e Most of the U.S. population (270 million in 2011, or 86%) relies on water supplied to their
homes through a public water system, 70% of which comes from surface water and 30% of
which comes from ground water.

e Anestimated 14% of the U.S. population relies on private water systems for drinking water.

e Anincreasing number of states are developing new drinking water supplies via reuse of
reclaimed water, recycling of storm water, and desalination. These new supplies can augment
existing water sources.

Proximity of drinking water resources to hydraulic fracturing activity

e Nationwide, while most hydraulic fracturing activity from 2000 to 2013 did not occur in close
proximity to public water supplies, a sizeable number of hydraulically fractured wells
(21,900) were located within 1 mile of at least one PWS source.

e The distance between wells that were hydraulically fractured between 2000 and 2013 and the
nearest source supplying a PWS ranged from 0.01 to 41 miles, with an average distance of 6.2
miles (9.9 km).

e An estimated 6,800 public water system sources were located within 1 mile of a hydraulically
fractured oil and gas well between 2000 and 2013. These PWS sources supplied water to
3,924 public water systems and served more than 8.6 million people year-round in 2013.

e Approximately 9.4 million people lived within 1 mile of at least one hydraulically fractured oil
and gas well between 2000 and 2013.

e Approximately 3.6 million people obtain drinking water from private systems in counties with
at least one hydraulically fractured well and in which at least 30% of the population (i.e.,
double the national average) is reliant on private water systems.
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