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ABSTRACT

Data collected in a general population survey from a random sample of individuals in two counties located
in the Barnett Shale region of Texas were used to empirically explore potentially problematic issues associated
with unconventional natural gas development. Moderate support was found for the hypothesis that individuals
residing in places with diverse levels of energy development exhibit dissimilar perceptions of potentially
problematic issues. The results indicate residents of the county where the natural gas industry was more
mature (Wise County) were significantly more likely than residents of the county where the natural gas
industry was less established (Johnson County) to view one social and/or environmental issue more negatively
and five economic and/or service-related issues more positively. Johnson County residents, however, were more
likely than their Wise County counterparts to view two social and/or environmental issues as getting worse.
These findings may prove beneficial to community leaders, government and regulatory agencies, environmental
organizations, and other stakeholders, as well as the oil and gas industry in decision-making processes. The
results may also serve as a foundation around which to design future studies to assess the objective social and

environmental effects of unconventional energy development.

The exploration and production of natural gas in unconventional reservoirs (i.e.,
tight gas sands, coal bed methane resources, and gas shales) has greatly increased
over the last several decades (Kuuskraa, Godec, and Reeves 2007). In 2006, of the
18.6 trillion cubic feet (tcf) of natural gas produced in the U.S., roughly 43 percent
(8.5 tct) was from unconventional sources (EIA, 2008a). A decade and a half earlier,
in 1990, the ratio of unconventional gas production to total domestic production
was .16 (or 2.8 tctf of the total 17.2 tcf produced) (Kuuskraa and Stevens 1995).
Recent projections by the Energy Information Administration (EIA 2009), the
statistical agency of the U.S. Department of Energy, suggest onshore production
of unconventional natural gas will increase to 13.3 tcf'in the year 2030. In essence,
unconventional natural gas will constitute over half (56%) of the projected 23.6 tcf

total natural gas production in approximately twenty years (EIA 2009).
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Presently, tight sand formations account for the largest share of unconventional
gas production in the U.S., and natural gas produced in gas shale formations is “the
tastest-growing source” (Stowers 2009: 38). According to Stowers (2009: 38), “With
an estimated 267 trillion cubic feet of undiscovered, technically recoverable
resources, production of natural gas from shale formations is forecast to rise from
1.2 tcfin 2007 to 4.2 tct, about 18% of total U.S. production, in 2030.” As of August
of 2009, it was estimated that roughly 70% ot gas shale production in the United
States came from one gas shale basin located in north-central Texas known as the
Barnett Shale (Ol & Gas Financial Journal 2009).

The Barnett Shale is currently the most productive gas field in the state of
Texas and is considered, at the time of writing this paper, to be the most productive
in the nation (see Smith 2009a, 2009b). Estimates for 2007 placed production in the
Barnett Shale reservoir at 3.7 billion cubic feet per day (bctd) (The Perryman Group
2008). More recent estimates place production in the Barnett between 4.9 befd (see
Smith 2009a) and 5.5 befd (see Smith 2009b). As of 2007, the Barnett Shale
accounted for 4.8 percent of the total natural gas production in the U.S. (The
Perryman Group 2008). In 2008, production in the Barnett Shale was estimated at
1.896 tcf, which represented 19.0% of Texas production and 5.3% of total U.S.
production (The Perryman Group 2009).

Substantial energy development in the Barnett Shale began in 2001.
Technological advances in horizontal drilling techniques and hydraulic fracturing
methods (commonly called “fracing”), coupled to a favorable price environment,
were the primary factors spawning the unprecedented exploration and production
activities in the once written-oft gas shale of north-central Texas. Engineers and
geologists for years have documented the development of the Barnett Shale
(Ambrose, Potter, and Briceno 2008; Bowker 2003, 2007; Kuuskraa et al. 1998;
Montgomery et al. 2005; Pollastro 2007). They have assessed the amounts of
known, undeveloped, and technically recoverable natural gas in the reserve. The
aggregate economic impact of the Barnett Shale also received much attention over
the past few years (The Perryman Group 2007, 2008, 2009; Weinstein and Clower
2004, 2006). In 2008, the total economic impact of Barnett Shale-related activity on
the local economy was estimated at $11.0 billion, an increase of roughly $2.6 billion
trom the previous year and approximately $5.0 billion from 2006 (The Perryman
Group 2009).

The horizontal drilling techniques and hydraulic fracturing methods developed,
tested and refined in the Barnett Shale are presently being implemented in rural

areas, as well as in and around rural, suburban, and urban communities situated in
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gas shale basins across the United States. A review of the extant energy boomtown
and/or energy-related development literature, however, revealed surprisingly little
sociological research directed toward understanding the potentially positive aspects
and negative consequences associated with unconventional energy development in
the Barnett Shale or in other geographical areas where this form of energy
development is—or is quickly becoming—an integral part of local society
(Anderson and Theodori 2009; Gulliford 1989; Theodori 2008).

The purpose of this paper is to advance the social scientific literature on the
unconventional energy industry. Specifically, public perception of potentially
problematic issues associated with natural gas development in two Barnett Shale
counties with differing levels of established energy development is investigated. In
doing so, the hypothesis that individuals residing in places with diverse levels of
energy development exhibit dissimilar perceptions of potentially problematicissues

1s tested.

ANALYTICAL APPROACH

An extensive research literature exists on energy boomtowns and/or energy-
related development in conventional reservoirs (both onshore and oftshore),
particularly from data collected in rural communities throughout the western
United States and southern Louisiana communities (Albrecht 1978; Coelho 2006;
Cortese and Jones 1977; Forsyth, Luthra, and Bankston 2007; Freudenburg and
Gramling 1993, 1994, 1998; Gramling 1996; Gramling and Freudenburg 1996;
Molotch, Freudenburg, and Paulsen 2000; Murdock and Leistritz 1979; Weber and
Howell 1982; Wilkinson et al. 1982). One primary objective of much of the extant
energy boomtown literature has been to empirically document the objective
consequences—positive and negative—associated with rapid energy-related growth
at the local level. Less attention has been given to the subjective interpretations of
energy development (cf. Greider and Krannich 1985; Webb, Krannich, and
Clemente 1980).

Rooting to earlier work by Thomas and Znaniecki (1927) and Hastorf,
Schnieder, and Poletka (1970), Webb, Krannich, and Clemente (1980: 86), in their
study of the socioeconomic impacts as perceived by local leaders in communities
that had experienced the nearby development of large-scale electric generating
tacilities, avowed “To the extent that perceptions comprise the fundamental basis
of social reality ... perceptual measures of impact may represent a key approach to
assessing the consequences of development projects.” Working from a similar

theoretical perspective, Greider and Krannich (1985) elaborated on the importance
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of including subjective interpretations of possible social problems in rapid-growth,
boomtown communities. As they asserted, “It seems clear that analysis which
focuses solely or even predominately upon objective conditions within a community
is likely to miss that which is most important in understanding social reality in that
community” (p. 82).

Although social reality tends to be “soft” as it is being produced, it can
ultimately become “hard” in its eftects (Berger and Luckmann 1966). This paper
draws upon Webb et al. (1980) and Greider and Krannich (1985) to examine the
public’s perception of potentially problematic issues associated with unconventional
natural gas development. Knowledge and understanding of local residents’
subjective interpretations of such issues will prove beneficial to community leaders,
government and regulatory agencies, environmental organizations, and other

stakeholders, as well as the oil and gas industry in their decision-making processes.

STUDY SITES

The study-sites included Wise and Johnson Counties, Texas. These counties
were purposely chosen to reflect differing levels of established energy development.’
As of 2005, the year when the present research was conceptualized, the vast
majority of natural gas production in the Barnett Shale reservoir had occurred in
the Newark East field, which spans portions ot Wise, Denton, and Tarrant Counties
(Hayden and Pursell 2005). From these three counties, Wise County, where much
of the initial development was performed after the first well completionin 1981, was
selected to represent a site with relatively mature development. Conversely,
Johnson County, the county referred to at the time as an emerging “sweet spot”
(Hayden and Pursell 2005: 33), was chosen to represent a site where large-scale
exploration and production activities were just beginning.

As of September 2001, there were 2,584 regular producing gas wells in Wise
County and only two regular producing gas wells in Johnson County (Railroad
Commission of Texas 2001). Four years later, in September 2005, the number of
regular producing gas wells in Wise County increased to 3,447, while the number
of regular producing gas wells in Johnson County jumped to 144 (Railroad
Commission of Texas 2005). Between September of 2005 and February 2009,
regular producing gas wells in Wise County increased by roughly 12% (n = 3,860).

'In addition to energy development, major sources of economic activity in Wise County include
agribusiness, recreation, sand and gravel, and hunting leases. Major sources of economic activity in
Johnson County include agribusiness, railroad shops, manufacturing, distribution, and lake activities

(Texas Almanac 2004).
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During the same time period, Johnson County witnessed an unprecedented increase
of approximately 1,216% (n = 1,895) (Railroad Commission of Texas 2009a).

Gas and oil well production data in the two counties from January 2001 through
December 2005, as well as between January 2009 and June 2009, are reported in
Table 1. Included in the table are figures for the amount of gas well natural gas (i.e.,
wells without completions for the production of oil), condensate (i.e., natural gas
liquid recovered from gas wells from lease separators or field facilities), casinghead
gas (l.e., natural gas produced along with crude oil from oil wells), and oil. As
shown in Table 1, production of natural gas from gas wells in Wise County between
2001 and 2005 increased by approximately 59% (from 107,790,926 thousand cubic
teet (mcf) to 171,854,918 mct). Concomitantly, gas well gas production in Johnson
County during that same time period increased by almost 313,000% (from 20,971
mcf to 65,649,807 mcf). Between January 1, 2009 and June 30, 2009, gas wells in
Wise County produced 103,482,228 mct of natural gas, while those in Johnson
County produced 249,473,518 mctf. During the first six months of 2009, gas wells
in Johnson County produced more than three times the amount of natural gas
produced between 2001 and 2005.

Both counties are situated within the Dallas-Fort Worth-Arlington
Metropolitan Statistical Area (MSA) and contain numerous rural communities.
Wise County is located on the northwestern edge of the MSA and covers 922.8
square miles (land area = 904.6 square miles) (Texas Almanac 2004). The
population of Wise County in 2000 was 48,793; the 2005 estimated county
population was 55,794 (see Table 2). Wise County’s largest town and county seat
of government is Decatur. Decatur’s 2000 population was 5,201; its 2005 population
estimate was 5,946. Other incorporated places in Wise County include: Alvord,
Aurora, Boyd, Bridgeport, Chico, Lake Bridgeport, Newark, New Fairview,
Paradise, Rhome, and Runaway Bay.

Johnson County, located on the southwestern edge of the MSA, is 734.5 square
miles (land area = 729.4 square miles) (Texas Almanac 2004). The population of
Johnson County in 2000 was 126,811; the 2005 estimated county population was
144,030 (see Table 2). Cleburne is the county seat of government and the largest
municipality wholly located within the boundaries of Johnson County. Cleburne’s
population in 2000 was 26,005, while the 2005 estimate was 29,006. Other
incorporated places in Johnson County include: Alvarado, Briaroaks, Burleson,
Cross Timber, Godley, Grandview, Joshua, Keene, Rio Vista, and Venus. Crowley
(2000 population = 7,467; 2005 population estimate = 9,673) and Manstield (2000



TABLE 1. PRODUCTION DATA FROM GAS AND OIL WELLS IN WISE AND JOHNSON COUNTY: 2001 THROUGH 2005 AND JANUARY, 2009
THROUGH JUNE 2009

GAS WELL GAS CONDENSATE CASINGHEAD OIL

CouNTY TIME PERIOD (MCF) (BBL) (MCF) (BBL)
WISE 2001 107,790,926 290,786 6,214,921 419,064
2002 129,271,227 505,921 5,946,546 877,528
2008 164,909,730 595,195 5,684,199 375,936
2004 175,096,223 598,192 5,492,683 350,650
2005 171,854,918 646,991 5,754,185 398,328
Total 2001 through 2005 748,923,024 2,632,085 29,092,534 1,921,506
January 2009 through June 2009 108,482,228 452,620 3,157,186 219,398
JOHNSON 2001 20,971 0 0 0
2002 27,881 0 0 0
2003 1,292,783 0 0 0
2004 14,897,805 6,695 0 0
2005 65,649,807 16,583 0 0
Total 2001through 2005 81,889,247 23,178 0 0
January 2009 through June 2009 249,473,518 33,503 0 0

Source: Railroad Commission of Texas 2009b.
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TABLE 2. 2000 POPULATION AND 2005 POPULATION ESTIMATES FOR WISE

COUNTY, JOHNSON COUNTY, AND MUNICIPALITIES LOCATED WITHIN
EacH CouNTy

2005 POPULATION

COUNTY® AND MUNICIPALITY 2000 POPULATION ESTIMATE

WISE COUNTY ..ooiveriericiirerenenna, 48,798 55,794
JaN R776) e R 1,007 1,347
AUrora. oo, 853 991
Boyd. ..o 1,099 1,279
Bridgeport. ... 4,309 5,749
Chico. oo, 947 1,052
Decatur.......coccovvvviiviiinene, 5,201 5,946
Lake Bridgeport. ................... 372 417
Newark®. ..o 887 1,086
New Fairview. ......cccooeenee. 877 1,005
Paradise.......c.coovvveveveenn. 459 507
Rhome. .....ccooovvveveiin 551 852
Runaway Bay. .......ccccccoc..... 1,104 1,808

JOHNSON COUNTY..cooovvvirrenrnne. 126,811 144,080
Alvarado......ccocoeeviiiiiinnnnn. 3,288 3,941
Briaroaks.........cccoonivieinnne. 493 526
Burleson®. .......ccooveeeveveeenenne. 20,976 29,391
Cleburne........ccccoovvvvvvnnnnne. 26,005 29,006
Cross Timber......c.ccccoovnen... 277 299
Godley. ..o, 879 975
Grandview. ......cccceveevvvennnn. 1,858 1,648
Joshua. ...ccccoeviviiiii, 4,528 5,047
Keene. ....coooovvvvvviiciiiicne, 5,008 6,079
Rio Vista. ..cccccooeveeieecie. 656 715
Venus. ...coevevvevnerieieenisenenns 910 2,210

NOTES: “Source: U.S. Census Bureau 2008a; "Source: U.S. Census Bureau 2008b;
‘Extends partly into Tarrant County.
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population = 28,031; 2005 population estimate = 37,880), both recognized primarily
as Tarrant County municipalities, extend partly into Johnson County. Cresson,
which was incorporated in 2001, is recognized primarily as a Hood County
municipality and extends partly into Johnson County. Cresson’s population estimate
tor 2005 was 683 (U.S. Census Bureau 2008b).

DATA AND MEASUREMENT

Data were collected in a general population survey from a random sample of
individuals in the two counties. In March 2006, interviews were conducted with six
key informants in Wise County and 18 key informants in Johnson County to help
identify timely and salient local social, economic, and environmental issues related
to energy development (Anderson and Theodori 2009). The data gathered in the
key informant interviews assisted in the development of a household survey
questionnaire. Using a modified total design method (Dillman 1978), the household
questionnaire data were gathered using mail survey techniques. During the late
spring and early summer of 2006, this survey questionnaire was delivered via U.S.
Postal Service to 1,533 randomly selected households in the two counties (749
households in Johnson County; 784 households in Wise County).

To obtain a representative sample of individuals within residences, a response
was requested from the adult in the household who most recently celebrated his/her
birthday. The survey instrument, organized as a self~-completion booklet, contained
42 questions and required approximately 60 minutes to complete. After the initial
survey mail out, a post card reminder, and two follow-up survey mailings, a 39
percent response rate was achieved. This resulted in 600 completed questionnaires
between the two sites (801 questionnaires in Johnson County; 299 questionnaires
in Wise County). Comparisons of selected sociodemographic and economic

characteristics between the sample and Census data are included in Appendix A.

Dependent Variables
Perceived problematic issues associated with natural gas development rather
than objective conditions were the dependent variables of interest in this paper.

Respondents were presented with a list of 30 items which may or may not have

*The survey questionnaire was initially mailed to 800 randomly selected households in each county.
Fifty one questionnaires were returned as undeliverable from Johnson County; 16 came back from
Wise County. None of the 67 undeliverable household addresses were replaced with new ones.
Therefore, these 67 households were not factored into the final sample size. The sampling frames

from which the samples were drawn consisted of county tax rolls.
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been perceived to be problematic in their county.” Regardless if the respondent
viewed the issue as problematic, he/she was asked to indicate whether the issue was
“getting worse,” “getting better,” or “staying the same” with the continued
development of natural gas. Responses were coded as -1 (issue is getting worse), O

(issue is staying the same), and 1 (issue is getting better).

Independent Variable

To assess the public’s perception of potentially problematic issues associated
with natural gas development in the study sites with diftering levels of established
energy development, county of residence was dummy coded (0 = Johnson County;
1 = Wise County) to indicate where the respondent resided. The use of this measure
enabled multivariate testing of variation between respondents from the two

counties on the 30 perceptual statements.

Control Variables

Building upon previous research (Theodori 2008, 2009), four variables —length
of residence in the county, mineral rights ownership, personal/familial ties to the
natural gas industry, and perception of the natural gas industry—were included as
control factors. Length of residence in the county was measured in years. Mineral
rights ownership (0 = does not own mineral rights; 1 = owns mineral rights) and
personal/familial ties to the natural gas industry (0 = respondent and/or family
members not employed either part-time or full-time in an occupation related to the
natural gas industry; 1 = respondent and/or family members employed either part-
time or full-time in an occupation related to the natural gas industry) were both
dummy coded. Perception of the natural gas industry was assessed using a list of
ten statements. Respondents were asked to indicate their level of
agreement/disagreement with each of the following items: (a) in the long run, I'm
sure that people in this area will be better off if our natural gas resources are
developed; (b) natural gas industry operators in this area are too politically
powertul; (¢) not enough information concerning the development of natural gas is

being made available to the general public; (d) even when caretfully controlled,

’In March 20086, prior to the development and administration of the household questionnaire, key
informant interviews were conducted in both counties to gain qualitative insights and help identify
the timely and salient local social, economic, political, and environmental issues. The key informants
were asked about potentially problematic issues associated with natural gas development. The 30
items included in the questionnaire emerged during the interviews with the key informants in both

sites.
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natural gas development is likely to upset the quality of life in a local area; (e) too
little attention is being paid to the social costs of natural gas development; (f) the
natural gas companies have no compassion for our natural environment; (g) natural
gas operators MUST adopt and use more environmentally friendly drilling
practices; (h) natural gas companies will do only what’s required by law; (i) natural
gas operators are drilling and producing too close to homes and businesses; and, (j)
all in all, the benefits of natural gas development for this area are greater than the
costs. Response categories included (1) strongly agree, (2) agree, (3) disagree, and
(4) strongly disagree. After reverse coding items “b” through “i,” a composite
perceptual score was calculated by averaging the responses for the individual items.
High scores reflected more negative views of the natural gas industry; low scores
indicated more positive notions. A principal components factor analysis with
oblique rotation revealed that these perceptual measures were unidimensional and
explained 54 percent of the variance. Cronbach’s alpha for this public perception

scale was 0.90.

ANALYSIS

The 30 issues were ranked in ascending order by overall mean score (see Table
3). At the aggregate level, 24 of the 30 issues had negative mean values, indicating
the respondent perceived the issue as getting worse (albeit in varying degrees) with
the continued development of natural gas. Most, if not all, of these 24 issues can be
classified as social and/or environmental concerns. The issue of ‘increased truck
traftic’ had the highest negative mean value followed by the ‘amount of freshwater
used.” Conversely, six of the 30 issues had positive mean values, suggesting
respondents perceived these issues as getting better with natural gas development.
Included here in ascending order were: poverty, local police protection, medical and
health care facilities, quality of local schools, fire protection services, and availability
of good jobs. These six issues can be viewed as economic and/or service-related
concerns.

Also shown in Table 3 are the Johnson and Wise County respondents’ adjusted
mean scores for each perceptual problematic issue. As was the case in the aggregate,
the ‘increased truck traffic’ issue had the highest mean negative value and
‘availability of good jobs’ had the highest mean positive value for both Johnson and
Wise County residents. Statistical significance of the observed perceptual

differences between the respondents from the two counties was tested using



UNCONVENTIONAL NATURAL GAS DEVELOPMENT 107

TABLE 8. PERCEIVED PROBLEMATIC ISSUES ASSOCIATED WITH NATURAL GAS

DEVELOPMENT (SAMPLE SIZES IN PARENTHESES).

ADJUSTED MEAN

OVERALL VALUES BY COUNTY"
PERCEIVED PROBLEMATIC ISSUE MEAN Wise Co. Johnson Co.
Increased truck traffic. ..o -0.78% -0.78 -0.78
(193) (176)
Amount of freshwater used by gas producers. -0.56 -0.55 -0.56
(191) (170)
High tax rates. .......ccocoviiiiiiiiiiis -0.45 -0.48 -0.41
(199) (184)
Depletion of aquifers. .......ccccceevivrericecucnnen 0.4 -0.50 -0.38
(187) (175)
Noise pollution. ..o ~0.49 -0.41 -0.44
(202) (185)
Water pollution™ ..o -0.89 -0.49 -0.27
(197) (181)
Traffic accidents. ..o -0.39 -0.42 -0.36
(195) (177)
Loss of privacy. ... -0.38 -0.42 -0.32
(193) (172)
Environmental quality......cccccoooinnnnn. -0.36 -0.38 -0.35
(191) (175)
Land use conflicts. ... -0.85 -0.38 -0.32
(188) (173)
Conditions of roads and streets’. ............ -0.88 -0.25 -0.42
(203) (188)
Alr pollution. ..o -0.39 -0.30 -0.37
(196) (182)
Odors/fumes from drilling equipment.... -0.30 -0.25 -0.35
(193) (173)
Light from gas drilling operations. .......... -0.28 -0.24 -0.33
(190) (174)
Population growth’. ....coccoerervneineineinenenn. -0.96 -0.18 -0.35
(188) (174)
Use of'illegal drugs........cccooviiiini -0.25 -0.29 -0.21
(194) (181)
CriMe. oo -0.20 -0.16 -0.25
(199) (186)
Fire hazards. ... -0.20 -0.20 -0.20
(192) (178)
Gas well explosions. ... -0.18 -0.10 -0.17
(186) (170)
Respect for law and order. ... -0.12 -0.10 -0.14
(200) (188)
Disagreements among local residents. .... -0.08 -0.08 -0.09
(180) (178)
Absence of zoning regulations. ............... -0.07 -0.05 -0.09
(195) (184)
Effectiveness of county government........ ~0.04 -0.07 -0.01
(197) (188)
Effectiveness of city government............. -0.04 -0.03 -0.05
(198) (186)
POVErty . i 0.05 0.14 -0.04
(194) (184)
Local police protection. .......c.cccccocoeeininnnne. 0.08 0.12 0.03
(201) (188)
Medical and health care services  ........ 0.12 0.26 -0.02
(201) (185)
Quality of local schools™.....ccccovvinrinrinnrnne. 0.12 0.20 0.02
(201) (186)
Fire protection services . .....ocoeerreees 0.14 0.21 0.08
(192) (179)
Availability of good jobs ™. ....ccccveiriinenenn. 0.36 0.47 0.24
(195) (189)

NOTES:"Mean values were adjusted for the covariate values; p < 0.05; 'p < 0.01;" 'p < 0.001.
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analysis of covariance (ANCOVA)." In terms of overall negative mean values,
residents of Wise County—the county where the natural gas industry was more
mature—were significantly more likely than residents of Johnson County—the
county where the natural gas industry was less established—to perceive the issue
of ‘water pollution’ as getting worse because of natural gas development. Johnson
County residents, however, were more likely than their Wise County counterparts
to view the issues of ‘conditions of roads and streets’ and ‘population growth’ as
getting worse. Concomitantly, with respect to the issues with overall positive mean
values, Wise County residents were significantly more likely than Johnson County
residents to view the following as getting better: poverty, medical and health care
services, quality of local schools, fire protection services, and availability of good
jobs. In general, moderate support was found for the hypothesis that individuals
residing in places with diverse levels of energy development exhibit dissimilar

perceptions of potentially problematic issues.

DISCUSSION AND CONCLUDING COMMENTS

The tindings reported in this paper suggest a rather broad range of perceived
negative and positive issues associated with natural gas development. When asked
about potentially problematic issues associated with natural gas development,
survey respondents generally considered social and/or environmental issues as
“getting worse” due to development. Overall, the problematic issue perceived to be
worsening the most in both counties was ‘increased truck traffic.” This finding,
which parallels a critical concern uncovered during interviews with key informants
in both counties (Anderson and Theodori 2009), is a real and relatively important
consequence of increased energy development. Semi-trailer trucks, eighteen
wheelers, and/or other big rig transport trucks are used to deliver drilling
equipment, materials, and supplies to the drill site. The same types of trucks are
also used to transport large quantities of freshwater (the second-most problematic
issue perceived to be associated with natural gas development) to the drill sites for
hydraulic fracturing and, concomitantly, haul produced and flowback waters,” as
well as drill cuttings and other waste materials, from the drill site to disposal sites.

In arecent report detailing the truck traffic impact associated with the development

“The four control variables were included in the analyses as covariates.

*Produced water refers to water present in an underground hydrocarbon-bearing formation that is
brought to the surface with crude oil or natural gas. Flowback water refers to the water that returns

to the surface after it has been injected into a well to fracture formations.
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of oil and gas wells in the Uinta Basin of northeastern Utah, Daniel Kuhn of the
Utah Department of Transportation estimated the construction of every new oil or
gas well required between 365 and 1,730 truckloads of equipment, materials, and
supplies (Utah Department of Transportation 2007). Increased truck traffic volumes
produce accelerated roadway deterioration and pose health and safety concerns,
especially on narrow, steep, winding, and/or unpaved roads commonly found in
rural areas.

Like increased truck traffic volumes, the amount of freshwater used by gas
producers—the second-most potentially problematic concern identified by the
respondents in both counties—is also a very real and relatively important
consequence of unconventional energy development and one that continues to
generate increased controversy (Capozza 2009). In this study, over one-half of the
respondents in Wise and Johnson counties viewed the amount of freshwater used
by gas producers as getting worse due to the continued development of natural gas.
Freshwater is a primary ingredient used in the process of hydraulic fracturing.
Hydraulic fracturing is a long-standing, yet increasingly controversial, practice in
the energy industry and one of particular importance to unconventional energy
development (Wiseman 2009). Wells are fractured by flushing large quantities of
“frac fluid”—a mixture of freshwater, sand, and small amounts of friction reducers
(e.g., partially hydrolyzed polyacrylamides and ethylenediaminetetraacetic acid)*—
into them at extremely high pressure levels to create cracks, or “fractures,” in the
rock formations. This allows the natural gas to flow more freely through the shale
tormations and, in turn, increases recovery.

It has been estimated that more than nine in ten wells drilled in unconventional
shale reservoirs around the county must be fractured to become commercially viable
(Steinway and Jackson 2009). With wells being drilled to deeper depths, current
frac jobs are utilizing larger volumes of water than used in the past. Frac jobs
commonly use 1.2 million to 8.5 million gallons of water per gas well (Bené et al.
2007). In some cases, water use may exceed 5.0 million gallons per frac (Anderson
and Theodori 2009). Water for well frac operations is in the Barnett Shale comes
from both groundwater and surface water sources. In a recent assessment of
groundwater use in the Trinity and Woodbine aquifers, Bené et al. (2007) estimated

that total water demand for gas well development in the Barnett Shale in 2005 was

‘Information on the friction reducers was obtained via personal communication with David B.
Burnett, Director of the Global Petroleum Research Institute at Texas A&M University, July 27,
2009.
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roughly 7,200 acre-feet (or 2.35 billion gallons). Of this total, about 4,300 acre-feet
(60%) was supplied by groundwater from the two aquifers. Groundwater use in
2005 for gas well development in the Barnett Shale accounted for approximately 8%
of total groundwater use. The authors asserted that by 2025 groundwater use for
gas well development may reach 7 to 13% of the total groundwater use.

Conversely, economic and/or service-related issues such as poverty, local police
protection, quality of local schools, fire protection services, medical and health care
services, and availability of good jobs were all viewed as “getting better” because of
the development of natural gas. Energy exploration and production activities in the
Barnett Shale are generating vast sums of tax revenues for State and local taxing
jurisdictions. In a study of the economic and fiscal impacts of one energy
corporation operating in a nine-county region of the Barnett Shale, Weinstein and
Clower (2006) estimated in 2005 Devon Energy Corporation paid roughly $62
million in severance taxes to the State of Texas and approximately $4:5 million in
ad valorem taxes to local taxing entities. Of the $45 million that went into local tax
cofters that year, counties and county agencies, such as hospital and community
college districts, received about $8 million; municipalities received roughly $1.1
million; area school districts received more than $35 million; and other local taxing
authorities received approximately $94,000 (Weinstein and Clower 2006). It is
important to understand these 2005 estimated State and local tax revenues were
drawn from only one company. While Devon Energy Corporation remains the top
producer in the Barnett Shale (O & Gas Financial Journal 2009), there are
numerous exploration and production companies operating there which
substantially multiply these economic and fiscal impacts.

The Perryman Group (2008) estimated that Barnett Shale-related activity
resulted in the payment of roughly $212.1 million in severance taxes to the State
of Texas in 2007, which was up from $165.4 million in 2006. Tax receipts to local
entities (i.e., counties, municipalities, and school districts) exceeded $378.7 million
in 2007 (The Perryman Group 2008). According to The Perryman Group (2008),
counties received approximately $82.9 million, municipalities collected roughly
$119.6 million, and school districts garnered an estimated $176.3 million. Tax
revenue totals for 2007 for Wise and Johnson counties were estimated at $72.5
million and $64.5 million, respectively (The Perryman Group 2008). The total
amount for Wise County included an estimated $15.4 million to the county, $24.3
million to the county’s municipalities, and $32.8 million to the county’s school
districts. For Johnson County, the estimated amounts were $16.5 million to the

county, $12.4 million to the municipalities, and $35.6 million to the school districts.
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In essence, the results of this study reveal a paradox among the general
population. On one hand, it appears the members of the general public typically
dislike the potentially problematic social and/or environmental issues perceived to
accompany natural gas development. However, on the other hand, local citizens
generally appreciate and view favorably the economic and/or service-related
benefits that normally accompany such development. Coincidently, as revealed by
the results of the statistical analyses, this paradox was more pronounced in Wise
County, the site where the natural gas industry is more mature. Residents of Wise
County were significantly more likely than residents of Johnson County to view five
of six economic and/or service-related issues (i.e., poverty, quality of local schools,
fire protection services, medical and health care services, and availability of good
jobs) more positively.”

Based upon the results of this study, a primary recommendation posed to the
energy industry, community leaders, government and regulatory agencies,
environmental organizations, and other stakeholders is that open and full
communication is paramount. The energy industry must inform local residents
about the potentially positive aspects and negative consequences of energy
development in and around their communities. At the same time, community
leaders, government and regulatory agencies, environmental organizations, and
other stakeholders must effectively communicate their hopes, fears, and/or anxieties
associated with unconventional gas development to each other and, in turn, to
industry. Open and honest communication will reduce the spread of rumors and
inaccuracies about perceived negative consequences of current activities and
proposed developments at the local level. Furthermore, county and municipal
leaders must communicate the concerns of their constituents to industry and work
with them to minimize the negative “objective” aspects of the unconventional gas
recovery process. Examples of successtul partnerships are evident in the Barnett
Shale (The Perryman Group 2007), as well as in communities in and around the
Piceance Basin in Colorado (Norris 2009; Utesch 2009). Counties and municipalities

are effectively negotiating road maintenance and repair agreements with

"Previous analyses of the key informant interview data collected in both counties (Anderson and
Theodori 2009) revealed a pattern opposite to that of the general public with respect to the service
and/or economic benefits associated with energy development. Like the general population, key
informants in both counties recognized the service and/or economic benefits ofenergy development.
However, Johnson County key informants were more optimistic about such benefits than Wise

County informants.
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exploration and production companies; many companies are proactively taking steps
to reduce water use, as well as lighting and noise levels, during drilling operations.

Moreover, the energy industry must do a better job of educating the general
public by promoting its low-impact technologies and other environmentally friendly
drilling systems which have substantially reduced adverse impacts in the social and
environmental arenas (Haut et al. 2009). However, industry must recognize that it
alone will not change public (mis)perceptions of problems associated with
unconventional natural gas development. Oil and natural gas producers and service
companies must partner and work with government and regulatory agencies,
environmental organizations, and other stakeholders if they are to correct
misconceptions and gain the public’s trust.

Finally, the extent to which the perceptions of problems associated with
unconventional natural gas development correspond to objective conditions is an
empirical issue worthy of future investigation. As exploration and production
activities quickly commence in gas shale basins in the U.S. (e.g., Fayetteville Shale,
Haynesville Shale, Marcellus Shale, New Albany Shale) and across the globe, the
perceptual issues examined in this paper may serve as a foundation around which
to design future studies to examine the objective social and environmental effects

of unconventional energy development.
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APPENDIX A. SELECTED SOCIODEMOGRAPHICAND ECONOMIC CHARACTERISTICS
OF THE SAMPLE AND U.S. CENSUS DATA

WISE COUNTY JOHNSON COUNTY
U.S. U.S.
CENSUS SAMPLE CENSUS SAMPLE

SELECTED CHARACTERISTICS DATA*® DATA DATA" DATA
Percent 18 to 20 years of age. 8.7 0.0 4.2 0.4
Percent 21 to 64 years of age. 574 66.9 57.0 71.9
Percent 65 years and older..... 10.6 33.1 10.0 27.7
Percent female. .......cccovvvveene... 49.6 37.0 50.1 43.2
Percent white.......c.cccoovevvennnnnn. 91.0 95.4 90.0 81.4

Percent 25 years of age or
older—high school graduate

(or equivalent) or higher......... 76.1 92.2 77.6 91.8
Percent 25 years of age or

older—bachelor’s degree or

higher. ..., 13.0 26.6 13.8 27.0
Median household income...... $41,933 $61,590° $44.,621 $58,125°¢

NOTES: *Source: U.S. Census Bureau 2000a; "Source: U.S. Census Bureau 2000b;
‘Median values were computed using the formula for the computation of the median
trom grouped data (see Blalock 1972: 66—68).




