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a  b  s  t r  a  c  t

Issues  associated  with  the  public’s  views  on  hydraulic  fracturing  and  the  management,  disposal,  and
reuse  of  frac  flowback  wastewaters  are empirically  examined  in this  paper.  The  data  used  in  the  analyses
were  collected  in  a  general  population  survey  from  a  random  sample  drawn  from  21  counties  located  in
the geological  Central  Core  and  Tier  1 of the Marcellus  Shale  region  in  Pennsylvania.  Differences  in  the
information  reported  by  survey  respondents  living  in  high  well-density  counties  (20  or  more  wells  per
100  square  miles)  and  their counterparts  living  in  low  well-density  counties  (fewer  than  20  wells  per
100  square  miles)  were  examined.  Substantive  findings  from  the overall  sample,  as well  as  statistically
significant  differences  between  the two  groups  of respondents,  are  reported.  The  results  contained  in this
paper  should  prove  beneficial  to members  of  the  general  public,  community  leaders,  oil and  gas  industry
representatives,  government  and  regulatory  agency  personnel,  environmental  and  non-governmental
organization  representatives,  and  other  interested  stakeholders.

©  2014  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Technological advances in horizontal drilling and multi-stage
hydraulic fracturing were two primary factors that contributed to
the unprecedented shale gas boom during the past decade in the
United States [1,2]. Horizontal drilling techniques and hydraulic
fracturing methods developed, tested, and refined in the Barnett
Shale during the late 1990s and early 2000s were rapidly employed
in shale gas basins across the nation (e.g., Fayetteville, Wood-
ford, Haynesville, Marcellus, Utica, Eagle Ford). According to the
Energy Information Administration (EIA), the statistical and analyt-
ical agency of the U.S. Department of Energy, shale gas contributed
roughly one third of the total U.S. natural gas production (7.8 tcf
of 23.0 tcf) as of 2011 [3]. Further, EIA estimates shale gas produc-
tion will constitute approximately one half (50.5 percent; 16.7 tcf)
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of the projected 33.1 tcf total domestic natural gas production in
2040 [3].

A barrage of controversy accompanied this tremendous surge
in shale gas production [4,5]. At the center of the debate is the
well stimulation/completion process known as hydraulic fractur-
ing [6–9]. Shale gas development relies heavily on multi-stage
hydraulic fracturing stimulation to maximize commercial viabil-
ity. Wells are hydraulically fractured by flushing large quantities
of “frac fluid” – a mixture of freshwater, proppants, and small
amounts of friction reducers and other chemicals – into them at
extremely high pressure levels to create small cracks, or “frac-
tures,” in the shale formations. Doing this allows natural gas to flow
more freely through the reservoir and, in turn, increases recovery.
Frac jobs commonly use 1–3 million gallons of water per gas well;
in some cases, water use may  exceed 5 million gallons per frac
[10].

After a frac job is completed, the pressure is released and, along
with the natural gas, the well generates frac flowback and produced
waters. Frac flowback is the term used to describe injected water
that returns to the surface during the first few weeks of produc-
tion. Produced water refers to the water naturally present in the
formation brought to the surface throughout the production pro-
cess [2]. Both frac flowback and produced waters generally contain
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high levels of total dissolved solids (TDS) and other contaminants.
Operators must manage and dispose of flowback and produced
waters using methods in compliance with state and local regulatory
requirements.

Until recently, energy producers used several methods to
manage and dispose of flowback and produced wastewa-
ters from shale reservoirs, including underground injection,
surface discharge, municipal wastewater treatment plant dis-
charge, commercial industrial wastewater treatment discharge,
and beneficial reuse [2]. Underground injection is the pri-
mary wastewater management/disposal method employed in the
vast majority of shale gas basins [2]. Beneficial reuse remains
the management/disposal method least adopted and diffused
throughout the industry [11]. However, in efforts to conserve
freshwater resources, reduce social and environmental impacts,
improve public confidence, and minimize costs, operators have
recently begun to treat and reuse flowback and produced
waters in subsequent drilling and hydraulic fracturing operations
[2,12].

The purpose of this paper is to empirically explore issues asso-
ciated with hydraulic fracturing and the management and disposal
of frac flowback wastewater. Here, survey data gathered in Penn-
sylvania’s Marcellus Shale region were analyzed to investigate
respondents’ levels of familiarity with: (1) the process of hydraulic
fracturing; (2) the management and disposal of frac flowback
wastewater; and (3) frac flowback wastewater treatment technol-
ogy. Further, we examine the contribution made to self-reported
knowledge of hydraulic fracturing by eight different sources and
the amount of trust in each of the same sources to deliver unbi-
ased, factual knowledge about the topic. Building upon previous
research on the public’s perception of produced water by Theodori
and his colleagues [13,14], we assess the level of agreement that
treated wastewater from hydraulic fracturing operations could
safely be used for selected purposes. Finally, we evaluate the asso-
ciation between level of familiarity with frac flowback wastewater
treatment technology and the proposed potential uses of treated
wastewater. Differences in information reported by respondents
living in high well-density counties (20 or more wells per 100
square miles) and their counterparts living in low well-density
counties (fewer than 20 wells per 100 square miles) are exam-
ined.

2. Data collection

Between June and October 2012, a random sample of individ-
uals living in 21 counties located in the geological Central Core
and Tier 1 of the Marcellus Shale region in Pennsylvania were
contacted by telephone or mail and asked to participate in a sur-
vey of resident opinions concerning natural gas development.1

All counties included in the sampling frame had experienced at
least some Marcellus Shale drilling, but the density of such wells
varied widely. To secure opinions from respondents within this
region that reflected gas-industry activity differences, the sample
was chosen to reflect the views of individuals living in counties
with “low” well densities (fewer than 20 wells per 100 square
miles) and those living in counties with “high” well densities (20

1 Geologists differ in their estimates of the exact size and location of the Marcellus
Shale region. The current research focused on the area defined by Bernstein Research
as  the Central Core and Tier 1 in Pennsylvania [15]. The Core and Tier 1 areas were
defined in terms of depth, thickness, porosity, thermal maturity, and silica content
of  the shale – factors that play into the economics of the gas yield. In addition to
the 20 counties so defined, Washington County was added to the sampling frame
because of the high incidence of drilling that had already taken place there.

or more wells per 100 square miles). Coincidentally, 50% of the
total population in the 21 counties included in the sample fell in
the low well-density counties and 50% fell in the high well-density
counties.2

The telephone survey was  conducted over the period June 11,
2012, to August 30, 2012, using state-of-the-art CATI software
designed to maximize completed surveys from the limited and
finite random sample pool over an extended period of time. This
meant repeated calls to each unique number at various times of
the day and days of week and repeated callbacks to those individ-
uals who expressed interest in participating, when reaching them
due to busy schedules was  a challenge. Calls continued until 200
completed interviews were obtained from each of the well-density
county categories. The overall telephone survey completion rate
was 27%.3

For the mail survey, 800 names and addresses of persons
with listed telephone numbers were randomly selected from the
low well-density counties, and 800 names and addresses were
randomly selected from the high well-density counties. An ini-
tial mailing, including a cover letter and a printed questionnaire,
was sent to these sample members in July 2012, followed by
three follow-up reminder letters with duplicate questionnaires
over the next three months. A total of 43 questionnaires in the
low well-density counties and 52 questionnaires in the high
well-density counties were returned as undeliverable. Since one
objective of the larger study was to examine the differential effects
of results from telephone and mail surveys [16,17], the same
protocol used in the conduct of the telephone survey was used
in the mail survey. Hence, only the first 200 replies received
from each of the well-density categories were included in the
current analysis, resulting in an overall usable response rate of
27%.4

3. Measurement of variables

The questions/items used in the mail and telephone surveys
were identical in wording and in the instructions given to the
respondents. The ways in which the specific questions/items used
in this analysis were measured are specified below.

2 Well density data (indicated in parentheses) were compiled on March 23, 2012.
Counties included in the low well-density category were: Bedford (.1), Blair (1),
Cambria (1), Cameron (4), Centre (5), Clearfield (11), Clinton (10), Indiana (5), Lack-
awanna (.4), Somerset (2), Sullivan (10), and Wayne (.5). The high well-density
counties included: Bradford (93), Fayette (24), Greene (75), Lycoming (42), Susque-
hanna (61), Tioga (65), Washington (69), Westmoreland (20), and Wyoming (27).

3 Two  thousand random telephone numbers were entered into a telephone
bank. Of the 2000 telephone numbers, 496 were unusable (393 were non-
working/disconnected/other; 43 were computer/fax lines; 60 were business
lines/nonresidential). Hence, the usable telephone survey sample was reduced to
1504. Of these, 400 individuals completed the survey, resulting in a 26.6% comple-
tion rate. Two hundred and five individuals answered their telephone and either
refused initially (n = 174), refused mid-survey (n = 19), suspended their effort and
agreed to finish the survey at a later time (n = 8), or scheduled a callback (n = 4). The
remaining 899 telephone numbers were all dialed 10 or more times and ended with
no  answer or with various answering machine/voicemail connections.

4 While far from ideal, a 27% response rate for a general population mail survey
is  not atypical. Despite efforts to increase responses through attention to survey
length, form, content, and the employment of multiple mailings and various incen-
tives, response rates have increasingly declined across time [18,19]. However, recent
studies have challenged the presumption that low response rates imply inaccurate
findings. Indeed, past and ongoing research suggests that findings of studies with
low  rates of response tend to differ little, if at all, from those with higher rates of
participation [19–23].
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3.1. Measuring familiarity with the process of hydraulic
fracturing

Familiarity with the process of hydraulic fracturing was
assessed using a single survey item that ranged from 1 (extremely
unfamiliar) to 7 (extremely familiar).

3.2. Measuring contribution made to knowledge about the
process of hydraulic fracturing

Respondents were asked to indicate the degree to which
each of eight sources contributed to what they knew about the
process of hydraulic fracturing. The eight sources included: (1)
newspapers; (2) Gasland (the film by Josh Fox); (3) natural gas
industry; (4) regulatory agencies; (5) conservation/environmental
groups; (6) Cooperative Extension; (7) university professors; and
(8) landowner groups/coalitions. Response categories were coded:
0 = none; 1 = very little; 2 = some; and 3 = a great deal.

3.3. Measuring trust to deliver unbiased, factual knowledge on
hydraulic fracturing

Respondents were asked to indicate the amount of trust in
each of the same eight sources to deliver unbiased, factual knowl-
edge on the process of hydraulic fracturing. The sources were: (1)
newspapers; (2) Gasland; (3) natural gas industry; (4) regulatory
agencies; (5) conservation/environmental groups; (6) Cooper-
ative Extension; (7) university professors; and (8) landowner
groups/coalitions. Response categories were coded as follows:
0 = no trust; 1 = very little trust; 2 = some trust; and 3 = great deal
of trust.

3.4. Measuring familiarity with the management and disposal of
frac flowback water in the Marcellus Shale

Familiarity with the management and disposal of frac flowback
water in the Marcellus Shale was assessed using a single survey
item that ranged from 1 (extremely unfamiliar) to 7 (extremely
familiar).

3.5. Measuring familiarity with frac flowback wastewater
treatment technology

Familiarity with frac flowback wastewater treatment technol-
ogy was assessed using a single survey item that ranged from 1
(extremely unfamiliar) to 7 (extremely familiar).

3.6. Measuring potential uses of treated wastewater from
hydraulic fracturing operations

Potential uses of treated wastewater from hydraulic fracturing
operations were evaluated with a list of six practices. Respondents
were asked whether they believed that treated wastewater from
hydraulic fracturing operations could be safely used for: (1) re-
use by gas and oil industry operators; (2) watering of livestock;
(3) industrial use (e.g., manufacturing, etc.); (4) people’s drinking
water; (5) municipal uses (e.g., watering of golf courses and city
parks, etc.); and (6) irrigation of farmland.

3.7. Mode of data collection

Previous analyses of data from the larger study found dif-
ferences between responses to the telephone and mail surveys
[16,17]. As a result, mode of data collection (0 = telephone survey;

1 = mail survey) was  incorporated as a control variable in each anal-
ysis below.

4. Findings

4.1. Familiarity with the process of hydraulic fracturing

4.1.1. Overall results
In total, one of every five respondents (20%) reported being

extremely unfamiliar with the process of hydraulic fracturing, and
an additional 23 percent rated their familiarity at “2” or “3” on the
seven point scale. Conversely, approximately 9 percent of respon-
dents indicated they were extremely familiar with the hydraulic
fracturing process and about three of ten (31%) indicated they had
some familiarity (scores 5 and 6 on the scale). The mean level
of familiarity with the process of hydraulic fracturing was 3.73
(SD = 1.91).

4.1.2. Results for respondents in low well-density counties versus
high well-density counties

Roughly one in four respondents (23.7%) living in the low
well-density counties reported being extremely unfamiliar with
the process of hydraulic fracturing, compared to 16.3 percent of
respondents living in the high well-density counties. In the low
well-density counties, 7.6 percent of respondents reported being
extremely familiar with the process of hydraulic fracturing, com-
pared to 9.8 percent in the high well-density counties. An analysis
of covariance revealed that, adjusting for differences between
mode of data collection, the mean level of familiarity with the pro-
cess of hydraulic fracturing for respondents in the high well-density
counties (M = 3.90, SD = 1.89) was  significantly higher (p < 0.05)
than for respondents in the low well-density counties (M = 3.55,
SD = 1.92).

4.2. Contribution made to knowledge about the process of
hydraulic fracturing

4.2.1. Overall results
The eight sources that may  or may  not have contributed to

what respondents knew about hydraulic fracturing were ranked in
ascending order by overall mean score (see Table 1). Newspapers
(M = 1.71) were the sources of information that contributed most
to respondents’ knowledge of the hydraulic fracturing process,
followed by the natural gas industry (M = 1.30) and conserva-
tion/environmental groups (M = 1.21). Gasland (M = 0.41) was the
source of information that contributed least to respondents’ knowl-
edge of hydraulic fracturing.

4.2.2. Results for respondents in low well-density counties versus
high well-density counties

The pattern of results for each subgroup of respondents
mirrored the overall sample. Newspapers were the sources of infor-
mation that contributed most to respondents’ knowledge of the
hydraulic fracturing process in both the low well-density counties
(M = 1.73) and high well-density counties (M = 1.69); Gasland was
the source of information that contributed least to respondents’
knowledge of hydraulic fracturing in both county types (M = 0.39
in low well-density counties and M = 0.43 in high well-density
counties).

The statistical significance of the observed differences between
the respondents from low well-density counties and high well-
density counties regarding sources of information that may  or may
not have contributed to their knowledge of hydraulic fracturing
were tested using analysis of covariance tests. Results revealed that
respondents living in high well-density counties were significantly
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Table  1
Contribution made by eight sources of information to knowledge about hydraulic fracturing.

Sources of informationa Overall
respondents

Respondents from low
well-density counties

Respondents from high
well-density counties

Adjusted mean valuesb

Newspapers 1.71
(n = 795)

1.73
(n = 397)

1.69
(n = 398)

Natural gas industry 1.30
(n = 794)

1.18
(n = 397)

** 1.42
(n = 397)

Conservation/environmental groups 1.21
(n = 793)

1.17
(n = 396)

1.24
(n = 397)

Landowner groups/coalitions 1.01
(n = 794)

0.96
(n = 395)

1.07
(n = 399)

Regulatory agencies 0.98
(n = 791)

0.90
(n = 394)

* 1.05
(n = 397)

Cooperative Extension 0.67
(n = 789)

0.61
(n = 394)

0.72
(n = 395)

University professors 0.65
(n = 791)

0.61
(n = 394)

0.70
(n = 397)

Gasland (the film by Josh Fox) 0.41
(n = 786)

0.39
(n = 390)

0.43
(n = 396)

a Contribution of source of information was  coded as: 0 = none; 1 = very little; 2 = some; and 3 = a great deal.
b Mean values adjusted for differences in mode of data collection.
* Statistically significant difference at the p ≤ 0.05 level in mean values between respondents from low well-density counties and those from high well-density counties.

** Statistically significant difference at the p ≤ 0.01 level in mean values between respondents from low well-density counties and those from high well-density counties.

more likely than those living in low well-density counties to report
that the natural gas industry (p < 0.01) and regulatory agencies
(p < 0.05) contributed to their knowledge of hydraulic fracturing,
controlling for the differences in mode of data collection.

4.3. Trust to deliver unbiased, factual knowledge on hydraulic
fracturing

4.3.1. Overall results
The eight sources respondents may  or may  not trust to deliver

unbiased, factual knowledge on hydraulic fracturing were ranked
in ascending order by overall mean score (see Table 2). Univer-
sity professors and conservation/environmental groups tied as
the sources respondents trusted most to deliver unbiased, factual
knowledge on the hydraulic fracturing process (M = 1.57). These
two sources were followed closely by newspapers (M = 1.56) and
landowner groups/coalitions (M = 1.53). Gasland (M = 0.80) was  the
respondents’ least-trusted source of information.

4.3.2. Results for respondents in low well-density counties versus
high well-density counties

Respondents in the low well-density counties rated university
professors (M = 1.61) as the source they trusted most to deliver
unbiased, factual knowledge on hydraulic fracturing, followed
by conservation/environmental groups (M = 1.59) and newspa-
pers (M = 1.58). In the high well-density counties, respondents
rated conservation/environmental groups (M = 1.55) and news-
papers (M = 1.55), followed by university professors (M = 1.53)
and landowner groups/coalitions (M = 1.53) as their most trusted
sources. Gasland was the source of information respondents trusted
the least (M = 0.81 in low well-density counties and M = 0.79 in high
well-density counties).

The statistical significance of the observed differences between
the respondents from low well-density counties and high well-
density counties with respect to sources of information they may  or
may  not trust to deliver unbiased, factual knowledge on hydraulic
fracturing was tested using analysis of covariance tests. Two  of the
eight sources were found to differ significantly – respondents liv-
ing in high well-density counties were more likely than those living
in low well-density counties to trust regulatory agencies (p < 0.05)

and the natural gas industry (p < 0.01), adjusting for differences in
mode of data collection.

4.4. Familiarity with the management and disposal of frac
flowback water in the Marcellus Shale

4.4.1. Overall results
Approximately one third of the respondents (33.2%) reported

being extremely unfamiliar with the management and disposal of
frac flowback water in the Marcellus Shale. Conversely, 6.8 per-
cent of respondents indicated they were extremely familiar with
the management and disposal of frac flowback water in the region.
The mean level of familiarity with the management and disposal of
frac flowback water in the Marcellus Shale was 3.06 (SD = 1.94).

4.4.2. Results for respondents in low well-density counties versus
high well-density counties

Among respondents living in low well-density counties, 36.9
percent reported being extremely unfamiliar with the manage-
ment and disposal of frac flowback water in the Marcellus Shale;
roughly three in ten respondents (29.6%) living in the high well-
density counties indicated the same lack of familiarity. In the low
well-density counties, 5.8 percent of respondents reported being
extremely familiar with the management and disposal of frac flow-
back water in the Marcellus Shale, compared to 7.8 percent of
respondents in the high well-density counties.

The mean level of familiarity with the management and dis-
posal of frac flowback water in the Marcellus Shale was 2.94
(SD = 1.93) for respondents in the low well-density counties and
3.18 (SD = 1.94) for respondents in the high well-density counties.
The difference between the two  groups of respondents failed to
attain statistical significance at the 0.05 level.

4.5. Familiarity with frac flowback wastewater treatment
technology

4.5.1. Overall results
Almost four in ten respondents (38.5%) reported being

extremely unfamiliar with frac flowback wastewater treatment
technology. Conversely, 3.1 percent of respondents indicated
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Table 2
Trust in eight sources of information to deliver unbiased, factual knowledge on hydraulic fracturing.

Sources of informationa Overall
respondents

Respondents from low
well-density counties

Respondents from high
well-density counties

Adjusted mean valuesb

University professors 1.57
(n = 794)

1.61
(n = 398)

1.53
(n = 396)

Conservation/environmental groups 1.57
(n = 792)

1.59
(n = 395)

1.55
(n = 397)

Newspapers 1.56
(n = 797)

1.58
(n = 400)

1.55
(n = 397)

Landowner groups/coalitions 1.53
(n = 796)

1.53
(n = 399)

1.53
(n = 396)

Regulatory agencies 1.44
(n = 795)

1.38
(n = 399)

* 1.51
(n = 396)

Cooperative Extension 1.43
(n = 780)

1.50
(n = 393)

1.37
(n = 387)

Natural gas industry 1.32
(n = 798)

1.23
(n = 400)

** 1.42
(n = 398)

Gasland (the film by Josh Fox) 0.80
(n = 753)

0.81
(n = 379)

0.79
(n = 374)

a Trust in source of information was  coded as: 0 = no trust; 1 = very little trust; 2 = some trust; and 3 = great deal of trust.
b Mean values adjusted for differences in mode of data collection.
* Statistically significant difference at the p ≤ 0.05 level in mean values between respondents from low well-density counties and those from high well-density counties.

** Statistically significant difference at the p ≤ 0.01 level in mean values between respondents from low well-density counties and those from high well-density counties.

they were extremely familiar with frac flowback wastewater
treatment technology. The mean level of familiarity with
frac flowback wastewater treatment technology was  2.69
(SD = 1.78).

4.5.2. Results for respondents in low well-density counties versus
high well-density counties

Among respondents living in the low well-density counties, 42.6
percent reported being extremely unfamiliar with frac flowback
wastewater treatment technology, compared to roughly one third
of respondents (34.3%) living in the high well-density counties. In
the low well-density counties, 2.5 percent of respondents reported
being extremely familiar with frac flowback wastewater treatment
technology, compared to 3.8 percent of respondents in the high
well-density counties.

The mean level of familiarity with frac flowback wastewa-
ter treatment technology was 2.57 (SD = 1.75) for respondents
in the low well-density counties and 2.82 (SD = 1.80) for
respondents in the high well-density counties. Analysis of
covariance revealed this difference was statistically significant
(p < 0.05).

4.6. Potential uses of treated wastewater from hydraulic
fracturing operations

The six potential uses of treated wastewater from hydraulic
fracturing operations were ranked in ascending order by the
percentage of respondents indicating “yes” (see Table 3). Approx-
imately eight in ten respondents (81%) believed re-use in the
gas and oil industry was the safest potential use. More than
three in four respondents (77%) believed treated wastewater from
hydraulic fracturing operations could safely be used for indus-
trial use (e.g., manufacturing, etc.), whereas slightly more than
one half of respondents (52%) agreed such water could be used
for municipal purposes (e.g., watering of golf courses and city
parks, etc.). Roughly three in ten respondents (31%) and two in ten
respondents (19%), respectively, agreed irrigation of farmland and
watering of livestock could safely be accomplished with the use of
treated wastewater from hydraulic fracturing operations. Finally,
11 percent of respondents believed that treated wastewater from
hydraulic fracturing operations could safely be used by humans as
potable water.

Significance tests for the difference in the proportion of
respondents from low well-density counties and those from high

Table 3
Perceived safe potential uses of treated wastewater from hydraulic fracturing operations.

Ways treated wastewater from hydraulic
fracturing operations could safely be used:

Overall
respondents

Respondents from low
well-density counties

Respondents from high
well-density counties

Percentage “yes”a

Re-use by gas and oil industry operators 81
(n = 787)

77
(n = 394)

** 85
(n = 393)

Industrial use (e.g., manufacturing) 77
(n = 787)

74
(n = 395)

79
(n = 392)

Municipal uses (e.g., watering of golf courses
and city parks)

52
(n = 788)

49
(n = 395)

55
(n = 393)

Irrigation of farmland 31
(n = 788)

30
(n = 395)

33
(n = 393)

Watering of livestock 19
(n = 789)

19
(n = 396)

20
(n = 393)

People’s drinking water 11
(n = 785)

10
(n = 393)

12
(n = 392)

** Statistically significant difference at the p ≤ 0.01 level in proportions between respondents from low well-density counties and those from high well-density counties who
indicated that treated produced wastewater from hydraulic fracturing operations could safely be used for selected purposes.

a Percentages adjusted for differences in mode of data collection.
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Table  4
Logistic regressions of potential safe uses of treated wastewater from hydraulic fracturing operations.

Ways treated wastewater from hydraulic fracturing operations could safely be used: n Odds ratios

Bivariate Multivariatea

Re-use by gas and oil industry operators 782 1.32*** 1.23***

Industrial use (e.g., manufacturing) 782 1.19** 1.13*

Municipal uses (e.g., watering golf courses and city parks) 783 1.09* 1.07
Irrigation of farmland 783 1.21*** 1.19***

Watering of livestock 784 1.20*** 1.21***

People’s drinking water 780 1.17** 1.16*

* p ≤ 0.05 level.
** p ≤ 0.01 level.
*** p ≤ 0.001 level.

a Odds ratios computed controlling for gender, education, well-density of county of residence, and mode of data collection.

well-density counties who perceived safe potential uses of treated
wastewater from hydraulic fracturing operations were examined
using analysis of covariance. The results revealed respondents in
high well-density counties were significantly more likely than their
counterparts in low well-density counties to agree that treated
wastewater from hydraulic fracturing operations could safely be
re-used by gas and oil industry operators (p < 0.01), controlling for
mode of data collection. For none of the other uses did the low-
and high-density areas differ significantly in the perceptions of safe
usages.

Following previous research on the public perception of desali-
nated produced water from oil and gas field operations [13,14],
we examined the associations between level of familiarity with
frac flowback wastewater treatment technology and the perceived
safe potential uses of treated wastewater from hydraulic fractur-
ing operations using bivariate and multivariate logistic regression
techniques. As in the produced water studies [13,14], gender and
level of education were included in the multivariate models as
control variables. Gender was dummy  coded (1 = male); level of
education was  coded as follows: 1 = did not graduate from high
school; 2 = high school graduate/GED; 3 = some college or other
post-high school education; 4 = completed a 4-year college degree;
and 5 = graduate work or professional training beyond a college
degree. Well-density of the county of residence (1 = high well den-
sity) was also included in the multivariate models as a control
variable. And, as in the above analyses, mode of data collection
(1 = mail survey) was included as a control factor.

As shown in Table 4, the bivariate associations between level
of familiarity with frac flowback wastewater treatment technol-
ogy and each of the six safe possible uses of treated wastewater
from hydraulic fracturing operations were positive and statistically
significant. This indicated individuals with higher levels of famil-
iarity with frac flowback wastewater treatment technology were
more likely than those with lower levels of familiarity to agree
that treated wastewater from hydraulic fracturing operations could
safely be used for each of the potential purposes. The multivariate
results indicated the addition of the control factors had very lit-
tle effect on the nature or significance levels of the odds ratios for
the familiarity with frac flowback wastewater treatment technol-
ogy variable. One association – between level of familiarity with
frac flowback wastewater treatment technology and using treated
wastewater for municipal uses – became nonsignificant.

An examination of the control factors indicated males, indi-
viduals with higher levels of education, residents living in high
well-density counties, and mail survey respondents were signif-
icantly more likely than females, individuals with lower levels of
education, residents living in low well-density counties, and tele-
phone survey respondents to agree that treated wastewater from
hydraulic fracturing operations could safely be re-used by gas and
oil industry operators. Males were also significantly more likely

than females to agree that treated wastewater from hydraulic frac-
turing operations could safely be used to irrigate farmland and
for human consumption. Higher-educated persons were signifi-
cantly more likely than their lower-educated counterparts to agree
that treated wastewater from hydraulic fracturing operations could
safely be re-used by gas and oil industry operators and be used
for industrial purposes (e.g., manufacturing, etc.). Lastly, telephone
survey respondents were significantly more likely than mail sur-
vey respondents to agree that treated wastewater from hydraulic
fracturing operations could safely be used for both livestock and
human consumption.5

5. Conclusions

What substantive insights can be drawn from these data given
the preceding analyses? First, with respect to respondents’ level
of familiarity with the process of hydraulic fracturing – the con-
troversial gas and oil well stimulation/completion practice that
has increasingly dominated public discourse and the media – the
results indicate a more or less symmetrical distribution. Whereas
two of every five respondents (40%) indicated having some level
of familiarity with the process (scores 5 through 7 on the 7-point
familiarity scale), roughly the same percentage (43%) reported
being unfamiliar with this practice (scores 1 through 3 on the
7-point familiarity scale). This balanced response distribution
was less pronounced when respondents’ level of familiarity with
hydraulic fracturing by county of residence (high well-density
counties vs. low well-density counties) was  examined. Although
not a formal hypothesis, we  believed there would be a difference in
the level of familiarity between residents in areas with low and high
levels of natural gas drilling activity; this was confirmed. Respon-
dents living in the high well-density counties were more familiar
with the process than their counterparts living in low well-density
counties.

When we  turn our attention to sources of and trust in informa-
tion about fracturing-related processes, at least two observations
are worth noting. First, respondents reported newspapers, the
natural gas industry, conservation/environmental groups, and
landowner groups/coalitions contributed more to their knowledge
about hydraulic fracturing than did regulatory agencies, Cooper-
ative Extension, university professors, or the film Gasland. The
pattern of responses differed slightly when it came to whether
or not respondents trusted those same sources of information.
Conservation/environmental groups, newspapers, and landowner
group/coalitions retained their designation as being in the top four
sources of information, but the natural gas industry was replaced

5 Odds ratios for the control variables are not shown in Table 4. Detailed results
can be obtained by contacting the lead author.
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by university professors. Indeed, in terms of “trust,” the natural
gas industry was  viewed as among the least trustworthy sources of
information. According to these data, it appears that even though
the energy industry is educating the general public on hydraulic
fracturing, local citizens remain skeptical and continue to distrust
it [24,25]. Moreover, these data indicate that while university pro-
fessors may  not have contributed a great deal of information to
respondents’ knowledge about hydraulic fracturing, respondents
are likely to trust them when they do. Further, these data revealed
the 2010 film Gasland contributed least to respondents’ knowl-
edge of hydraulic fracturing and was the least trusted source of
information.

A second observation deals with the statistically significant dif-
ference uncovered between respondents from low well-density
counties and those from high well-density counties with respect
to two sources of information – the natural gas industry and reg-
ulatory agencies. As noted above, respondents living in the high
well-density counties were more likely than those respondents liv-
ing in the low well-density counties to report they gained some
degree of knowledge about hydraulic fracturing from the natu-
ral gas industry and regulatory agencies, and that they were more
likely than residents in the low-well density areas to trust these two
sources of information to provide unbiased, factual knowledge on
the hydraulic fracturing process. Based upon these findings, one
could reasonably conclude both the natural gas industry and reg-
ulatory agencies are being proactive in the delivery of information
on hydraulic fracturing in areas with increased drilling activity.

Other substantive findings dealt with respondents’ level of
familiarity with the management and disposal of frac flowback
water in the Marcellus Shale, their awareness of technologies to
remove contaminants from frac flowback wastewaters, and their
level of agreement that treated wastewater from hydraulic frac-
turing operations could safely be used for selected purposes. Most
respondents in our study were more unfamiliar than familiar with
the management and disposal of Marcellus Shale frac flowback
water as well as with the frac flowback wastewater treatment tech-
nologies. With respect to the latter topic, respondents living in the
high well-density counties were more familiar with the frac flow-
back wastewater treatment technology than their counterparts
living in low well-density counties. This result is most likely due
to the aforementioned finding showing respondents in high well-
density counties having higher levels of familiarity with the process
of hydraulic fracturing as a whole.

An investigation of respondents’ beliefs that treated frac flow-
back could safely be used for six potential purposes indicated the
overall pattern of results paralleled those in the extant literature on
the perceptions of the general public about using reclaimed and/or
recycled water [26–28] and desalinated produced water [13,14].
These studies demonstrated that acceptance of/opposition to the
use of reclaimed, recycled, and desalinated produced water varied
directly with intimacy or degree of human contact.

Last, bivariate and multivariate logistic regression results
revealed that an understanding of frac flowback wastewater treat-
ment technology was associated with higher rates of perceived
safe uses of treated wastewater from hydraulic fracturing oper-
ations. These findings mirrored and supported results of earlier
research both on the association between familiarity with desali-
nation technology and potential safe uses of desalinated produced
water [13,14].

6. Implications and policy recommendations

The production of shale gas has greatly increased over the
past decade. Concomitantly, so have the anti-drilling/anti-fracking

debates and grassroots social movements to ban the use of
horizontal drilling and multi-state hydraulic fracturing, the two
technologies primarily responsible for the development of these
once written-off hydrocarbon reservoirs. Despite increased oppo-
sition from environmental organizations, concerned citizen groups,
and anti-industry activists, as well as intensified scrutiny and pos-
sible oversight from federal, state, regional, and local governments,
we do not envision a nationwide moratorium on the use of these
technologies to develop shale gas resources in the foreseeable
future. Other researchers predict a similar scenario [9]. In Rahm’s
[9] summation:

There is too much resource to be had, too much need to satisfy,
and too much money to be made. The controversy will probably
drive drillers toward discovery and use of non-toxic alternatives
for fracking chemicals whenever possible. Fear of liability will
impel this shift probably as much as the desire to avoid costly
and time consuming conflict with opposition parties. Commu-
nities near shale gas plays will continue to be transformed by
the drilling activities. Rural pastoral land will be littered with
drilling rigs, pipeline will be laid, and 24-7 industrial operations
will continue until the play is fully exploited. Urban populations
that find themselves in the middle of shale gas plays will like-
wise see their communities transformed to accommodate the
industry. The water resources the drillers need will be diverted
from other uses to permit shale gas recovery.

While some might see Rahm’s summation as extreme, much of
her rationale seems plausible given current efforts to reduce and/or
eliminate national dependence upon foreign energy sources. We,
however, believe ignoring it is not done with impunity. To that end,
based upon our findings, we propose the following recommenda-
tions to the energy industry, community leaders, government and
regulatory agencies, environmental and non-governmental orga-
nizations, and other stakeholders.

First and foremost, open, honest, and full communication
between/among all stakeholders is paramount. The energy
industry must inform local residents, community leaders, gov-
ernment and regulatory agency personnel, environmental and
non-governmental organization representatives, and other inter-
ested parties about the potentially positive aspects and negative
consequences of shale gas development. This includes providing
accurate and transparent information about the chemical composi-
tion and water volumes used in frac fluids and part of frac flowback
wastewaters. In turn, the various stakeholders must effectively
communicate their concerns, fears, anxieties, and hopes associ-
ated with shale gas development to each other, the public, and the
energy industry. Open, honest, and full communication can only
increase objective, factual knowledge and, at the same time, reduce
subjectively perceived knowledge rooted in rumors, inaccuracies,
and/or ignorance.

Further, we strongly encourage industry to share more informa-
tion about wastewater treatment technologies with government
and regulatory officials as well as the general citizenry. A need
exists for honest, unbiased dissemination of information on waste-
water treatment technology, information on how industry is
implementing such technologies to reduce the amount of fresh-
water used, and accurate data on the number of trucks on the
roads. Moreover, all of this information must be cast in lay-
man’s terms – specifying what current technology can and cannot
do.

In addition to disseminating information about these technolo-
gies, we  recommend that industry organize outreach educational
programs and field demonstration site visits of operating wastewa-
ter treatment technologies [12]. Indeed, some energy companies
are currently actively organizing and leading tours of their drilling
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operations. Researchers working on wastewater treatment tech-
nologies must do the same. Anecdotal information from these
drilling operation tours suggests they have been relatively suc-
cessful in changing some of the extreme negative perceptions of
skeptical individuals.

Finally, we encourage the creation and/or advancement of
transdisciplinary research and outreach educational programs to
address the vast array of issues surrounding the exploration,
drilling, and production of shale gases. The Environmentally
Friendly Drilling Program (EFD), founded in 2005 and presently
managed by the Houston Advanced Research Center (HARC), is one
preeminent example [29,30].6 Through advanced research and out-
reach, the EFD program listens to and engages the general public
and key stakeholders (e.g., university researchers, national labora-
tory scientists, industry actors, regulatory agency personnel, and
non-governmental organization representatives), and transpar-
ently addresses any/all concerns through effective communication
processes/strategies in an effort to effectively surmount the numer-
ous technological, social, economic, and environmental issues
associated with unconventional energy development.

Taken together, the results of this research, and suggested rec-
ommendations for their use, have the potential to inform policies
associated with hydraulic fracturing and the management, dis-
posal, and reuse of frac flowback waters. As suggested by these data,
both the natural gas industry and regulatory agencies have been
proactive in the delivery of information on hydraulic fracturing
in areas with increased drilling activity. Findings from statisti-
cal analyses revealed respondents living in the high well-density
counties were more likely than those living in low well-density
counties to report they gained some degree of knowledge about
hydraulic fracturing from the natural gas industry and regula-
tory agencies. Moreover, they were more likely to trust these two
sources to provide unbiased, factual knowledge on the process.
Given this information, a potential policy option at the federal,
state, and local levels might be for governments to create and
manage public-private partnerships that include, at the very least,
various stakeholders from the natural gas industry and regulatory
agencies. By creating interactive partnerships that consist of all
parties associated with and impacted by hydraulic fracturing, a
more informed and knowledgeable public will emerge. Doing this
can have huge dividends in reducing the need for large-scale public
ad campaigns aimed at mitigating false and/or incorrect informa-
tion about the hydraulic fracturing process.

Our data also suggest that while university professors may
not have contributed a great deal of information to respon-
dents’ knowledge about hydraulic fracturing, respondents are
likely to trust them when they do. Federal and/or state agen-
cies could capitalize on this finding by making additional funds
available to encourage university professors, particularly social sci-
ence faculty, to become involved in scientific committees focused
on policy-making in this area. At the same time, such efforts
would generate new opportunities to foster basic and applied
transdisciplinary research on the social and environmental issues
associated with high-volume hydraulic fracturing. By encourag-
ing such efforts, the energy industry could be at the forefront of
transdisciplinary research, creating models of public scholarship
by bringing together experts (i.e., engineers and bench, natural,
and social scientists) and members of the general public who are
committed to the successful resolution of many of the problems
associated with exploration and extraction of this vital national
energy resource.

6 For more information on the EFD program, visit www.efdsystems.org.

As demonstrated, respondents believed treated wastewater
from hydraulic fracturing operations could safely be used for
selected purposes. At the federal level, additional funds might be
made available to enable research, development, and demonstra-
tion of technologies to facilitate the treatment of frac flowback and
produced waters. Government at all levels might provide market
mechanism and incentives for the oil and gas operators to treat
and reuse frac flowback and produced waters. Indeed, given the
increased demands on our nation’s water resources, government
at all levels might require oil and gas companies treat and reuse
frac flowback and produced waters in their operations. Doing so
might serve as a model for other water-dependent industries to
pursue efforts to reclaim their wastewater and at the same time
preserve clean water.

Finally, these data from the Commonwealth of Pennsylvania
also confirm that familiarity with frac flowback wastewater treat-
ment technology is associated with higher rates of perceived safe
potential uses. Public–private partnerships to encourage augmen-
tation of wastewater treatment technology and beneficial reuse at
local, regional, state, and national levels should be accompanied by
educational and outreach programs aimed at increasing knowledge
of the technology and, as stated above, exactly what the specific
technology can and cannot accomplish.
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