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Abstract
This paper characterizes the activities of two nongovernmental environmental monitoring networks 
working to protect watersheds in the Northeast United States from the impacts of shale oil and 
gas extraction. The fi rst is a grassroots coalition of advocacy groups. The second is a large network 
managed by academic institutions. In both cases, knowledge infrastructures were built to distribute 
resources and to assist members in using data to make scientifi c claims. I fi nd that the designs of these 
knowledge infrastructures can reproduce entrenched dynamics of power in ways that advance the 
agendas of some stakeholders more than others. However, fi ndings also suggest that the ‘grassroots’ 
of infrastructures can tactically alter power relationships and redistribute resources to their advantage. 
By bringing a discourse of power and empowerment into the study of knowledge infrastructures, this 
paper off ers a theoretical contribution to better understand the conditions by which marginalized 
stakeholders shape knowledge work to deal with complex scientifi c and environmental problems.
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Introduction
Across the United States, energy companies are 
drilling for oil and natural gas using often dis-
puted methods of extraction known as hydraulic 
fracturing—a drilling technique that injects mil-
lion of gallons of water and chemical additives 
into a well to release hydrocarbons from under-
ground shale rock formations. Complicit in this 
process is the use of horizontal drilling, which 
allows operators to extend their reach as far as 
two miles in any direction (US Energy Information 
Agency, 1993). In addition to tens of thousands of 
wells that have been “fracked” in the U.S., recover-

able shale oil and gas deposits can also be found 
throughout North and South America, Europe, 
Africa, Asia, and Australia (US Energy Information 
Agency, 2013). 

A growing body of evidence suggests that, 
amongst other environmental threats, watersheds 
in the vicinity of hydraulic fracturing operations 
can be impacted by numerous extraction-related 
problems including seepage from damaged gas 
well casing, improper waste disposal, trucking 
accidents, and underground migration of 
drilling fl uids (Donlin, 2010; Entrekin et al., 2011; 
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Llewellyn et al., 2015). Assessing these impacts 
is complicated by the fact that hydraulic frac-
turing is a poorly regulated practice. In the U.S., 
drilling companies are largely exempt from the 
Safe Drinking Water Act and the Clean Water Act 
(Soraghan, 2011). Some states do not require 
companies to disclose records of chemicals used 
in drilling; others lack timely systems to notify 
the public of regulatory violations (Malone et al., 
2015).

Due to this lack of transparency, efforts 
to understand hydraulic fracturing’s impacts 
have largely fallen on the shoulders of the civil 
society (nongovernmental) sector—academic 
researchers, non-profi t advocacy organizations, 
citizen scientists, and concerned citizen groups. 
In the Marcellus Shale, one of the most actively 
drilled formations in the Northeast U.S., civil 
society groups have established surface water 
monitoring programs to assess potential changes 
in water quality that might result from oil and 
gas extraction. Beginning in 2010, a number 
of capacity building organizations (typically 
nonprofi ts that provide services to local environ-
mental groups) developed sampling and quality 
assurance plans to assist concerned citizens in 
measuring basic water quality indicators (Jalbert 
et al., 2014; Kinchy & Perry, 2012). Training 
programs were organized to propagate stand-
ardized protocols and to establish larger moni-
toring networks. Private foundations provided 
funds to purchase equipment for these groups, 
ranging from $100 handheld pocket meters to 
$1,000 automated “data logger” devices (Jalbert 
& Kinchy, 2015). Meanwhile academic researches 
grew interested in aggregating rapidly accumu-
lating data for long-term ecological assessments 
and watershed-wide geospatial mapping projects. 

While civil society water monitoring programs 
have been active in the region since the early 
1970s, this groundswell of new monitoring 
efforts that emerged in response to shale oil 
and gas development is signifi cant. In only fi ve 
years, this fi eld matured from a dispersed collec-
tion of projects into a vast community of stake-
holders accumulating social capital and technical 
resources to collect data and ask meaningful 
questions. The people who invested in these 
efforts believed that, by generating their own 

science, they would be empowered to participate 
in public debates and infl uence regulatory deci-
sion-making.

Knowledge Infrastructures for Civil Society 
Science
In the science and technology studies (STS) lit-
erature, scholars have argued that civil society 
science groups can alter the balance of power 
between at-risk communities, regulatory agen-
cies, and polluting industries by developing the 
means to generate independent knowledge (Cor-
burn, 2005; O’Rourke & Macey, 2003; Ottinger, 
2009; Overdevest & Mayer, 2008). This research 
also illustrates how grassroots monitoring groups 
can overcome barriers of scientifi c legitimacy by 
forming partnerships with experts in professional 
organizations and academic institutions (Lave, 
2012; Morello-Frosch et al., 2005; Savan et al., 
2003; Wagenet & Pfeff er, 2007). Such partnerships 
can coalesce resources, improve data collection 
methods, open doors to laboratories, and enlist 
specialists who assist groups in solving techni-
cal issues. In this paper, I argue that civil society 
groups in the Marcellus Shale, when assembling 
resources and building broader alliances for water 
monitoring research, also constructed distinct 
“knowledge infrastructures” (KIs) to question sci-
entifi c assessments often dominated by powerful 
institutions. 

Foundational research in STS on infrastruc-
tures focused on the construction of large-scale 
development projects, such as electrical grids and 
transportation projects (Bijker et al., 1987; Hughes, 
1987), as well as on computing systems that 
support cooperative work environments (Bowker 
et al., 2010; Edwards et al., 2009; Star & Ruhleder, 
1996). Recent scholarship has sought to identify 
and understand the mechanisms of knowledge 
production, where the “internetworks of people, 
artifacts, and institutions which generate, 
share, and maintain specific knowledge about 
the human and natural worlds” come together 
(Edwards et al., 2013: 23). While important aspects 
of water monitoring infrastructures include the 
wide array of monitoring protocols, data collec-
tion tools, and data management systems in 
use—topics dealt with extensively in prior publi-
cations (Gouveia et al., 2004; Pfeff er & Wagenet, 

Jalbert



28

2007; Jalbert et al., 2014; Jalbert & Kinchy, 2015)—
the emphasis of this paper is on the social side 
of knowledge infrastructures; on the relations of 
people and organizations that define research 
partnerships.

One of the core concepts in KI research explored 
in this paper suggests that infrastructures stabilize 
and become rigid in their maturity. Converging 
designs can push out other competing standards, 
instrumentations, and organizational structures, 
thus fusing how an infrastructure’s stakeholders 
share resources and political power (Pinch & 
Bijker, 1987; Star & Ruhleder, 1996). Edwards et 
al. (2013: 13) note that, when this occurs in KIs, it 
can have “signifi cant distributional consequences, 
advancing the interests of some and actively 
damaging the prospects of others.” The KI litera-
ture has investigated how these struggles occur 
when defi ning the meanings of knowledge and 
data used by stakeholders (Borgman et al., 2012; 
Bowker & Star, 1999; Edwards et al., 2011). Others 
have looked at how an infrastructure’s intended 
functions can “break down” and reveal inner 
tensions (Ribes & Finholt, 2009; Star, 1999). 

These are important developments in fi guring 
out the nature of knowledge work, but there 
remains a gap in understanding relationships of 
power and empowerment in these struggles. I 
argue in this paper that KIs can remain amazingly 
dynamic spaces where power is continually nego-
tiated. An infrastructure’s stability can become 
susceptible to competing demands when the 
marginalized, peripheral, or what I refer to here as 
the “grassroots,” of infrastructures forward objec-
tives that diff er from those who are perceived to 
have control over infrastructural development. 
Tactical resistance seeks to change how an infra-
structure works while also keeping the core of 
the infrastructure functionally intact. In the case 
of research infrastructures built to make sense of 
environmental pollution, acts of resistance are, 
at their core, also struggles to build capacity for 
dealing with real life injustices.

Assessing Power and Empowerment in 
Knowledge Infrastructures
Bowker et al. (2010: 106) have argued “if partici-
pants have been active in the formation of infra-
structure elements, they are more likely to have a 

deeper awareness of alternatives and have had a 
voice in mediating choices inherent to issues such 
as standards formation and community goals.” 
The nature of participation and what it means to 
have voice in infrastructure building is, however, 
not well understood. STS researchers have devel-
oped a robust language to describe new forms of 
participatory research including citizen science, 
community-based science, street science, and 
crowdsourcing science (Corburn, 2005; Fischer, 
2000; Irwin, 2001; Moore, 2006). Each of these 
seeks to illustrate the ways in which professionals 
and nonprofessionals negotiate power at diff erent 
stages of research. 

One of the more prominent models to emerge 
comes from the natural sciences and is off ered by 
Shirk et al. (2012). At one end of their spectrum of 
participation are “contributory” projects, where 
volunteers collect data for scientists but otherwise 
have little control over the nature of research. On 
the other end are “co-created” projects, designed 
in equal partnerships, that emphasize shared 
decision-making. Models for evaluating partici-
pation are relatively absent from KI studies, but 
could clarify how KIs engender certain liabilities 
for less powerful grassroots groups, particularly 
when they must relinquish control over their work 
in order to participate in larger research programs.

Similar to poorly defined metrics of partici-
pation in infrastructure building, assessments 
of empowerment—the increased capacity 
of an infrastructure’s stakeholders to design, 
implement, and evaluate mechanisms that 
improve their standings in the world—is also 
weakly defi ned. Here, I look to the contributions 
of critical geography, which has a long history of 
appraising empowerment in knowledge construc-
tion projects, particularly in the use of geographic 
information systems (GIS). For instance, Corbett 
and Keller (2005a, 2005b) make a distinction 
between empowerment—“a tangible increase in 
social infl uence or political power”—and empow-
erment capacity—“aspects of the deeper process 
of change in the internal condition of an indi-
vidual or community that infl uence their empow-
erment” (Corbett & Keller, 2005b: 28). They suggest 
that catalysts for empowerment can come from 
gaining access to new information, learning new 
technical skills, or developing fresh political strat-
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egies. Their framework makes a further distinc-
tion in that empowerment and empowerment 
capacity can evolve diff erently at the scale of the 
individual versus that of the larger community.

In the remainder of this paper I familiarize 
assessments of participation and empower-
ment with KI studies through an examination 
of two civil society water monitoring networks 
operating in the Marcellus Shale. The fi rst, built 
by a coalition of concerned citizen groups called 
the New York Water Sentinels, was formed in 
2011 and later expanded through loose affi  lia-
tions with the Sierra Club (one of the largest and 
oldest environmental advocacy organizations in 
the United States). With an annual budget of only 
$20,000, roughly 150 volunteers now monitor 
streams in twelve counties across New York State. 
The second monitoring network emerged from 
a project called Three Rivers QUEST (3RQ). 3RQ is 
supported by $1.3 million in grants awarded to 
West Virginia University’s Water Research Institute 
by a nonprofi t foundation. 3RQ supports a variety 
of water monitoring programs across the states of 
Pennsylvania, West Virginia, Maryland, and Ohio. 

I fi nd that the KIs built by these two research 
communities are similar in terms of the resources 
they off er to their affi  liated stakeholders. They 
diff er in the extent to which grassroots members 
retain control over research agendas at various 
points of KI development. Relationships of power 
are found to heavily depend on adopted models 
of participation that can either aggregate or 
distribute power, authority, and expertise. I also 
show that KIs can elude stability and change over 
time when marginalized groups develop tactics 
to infl uence the direction of scientifi c research. 
These fi ndings bring to the forefront the impor-
tance of evaluating the attributes of participation 
and empowerment when assessing the long-term 
aff ordances of KIs.

Data Sources and Research Methods
Data supporting this paper was gathered from 
2011 to 2015 and draws from more than 30 semi-
structured interviews conducted with a wide 
range of stakeholders including representatives 
of water monitoring networks, government agen-
cies, capacity building organizations, nonprofit 
watershed groups, academic institutions, data 

management projects, and major funding foun-
dations. The organizations in this paper are identi-
fi ed accurately, however pseudonyms are used in 
place of people’s real names in order to protect 
personal privacy. All interviewees were granted 
the right to review their quotations for clarity and 
context prior to publishing.

Additional data came from more than 1,000 
hours of participant observation with groups 
mentioned in this paper and many others. A 
great deal of time was spent on the ground with 
concerned citizens as they trained to participate 
in water monitoring projects, collected samples 
in the streams, and analyzed their data. When 
studying capacity building organizations, partici-
pant observation occurred during visits to their 
offi  ces, by attending strategy sessions, and by 
being present at regional summits where outreach 
coordinators interacted with their constituents.

A significant amount of information was 
also acquired through embedded or “engaged” 
research activities that emerged organically 
when interlocutors asked for assistance with their 
eff orts. As an appointed member of the New York 
Water Sentinels’ science advisory committee, I 
was able to join weekly planning calls and off er 
insights from the research. Other discernments 
came from coordinating quarterly meetings of the 
“Water Quality Data Coordinator Group” in 2014 
and 2015. These gatherings brought together 
more than twenty representatives from across 
the Marcellus Shale water monitoring community 
to build data sharing synergies. Finally, insights 
off ered in this paper came from my experiences 
as a visiting researcher from 2012 to 2015 with 
the FracTracker Alliance—a Pennsylvania-based 
nonprofi t that works to enhance public under-
standing of oil and gas extraction through interac-
tive maps, data analysis, and articles—where I am 
now the Manager of Community Based Research 
and Engagement.

Dilemmas of Democratic 
Governance: The New 
York Water Sentinels
“You can see it’s kind of gurgling,” the person 
next to me commented as we peered over the 
edge of an access hatch to a nearly 40-foot tall 
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vat of stewing sludge. The smell was overwhelm-
ing and we felt a bit uneasy about the rope and 
emergency fl otation device hanging beside us on 
the railing. This particular tower was but one in a 
complex arrangement of pipes, pumps and tanks 
that processed the regular fl ow of leachate (liquid 
waste outfl ows) from the nearby Steuben County 
Landfi ll in the Village of Bath, located in upstate 
New York (Figure 1). A dozen people stood below 
us on the next platform, listening intently as the 
plant manager described how drainage from the 
landfi ll entered the system on one end, gets piped 
through the Village of Bath’s sewage system, 
and is eventually discharged into the Cohocton 
River, a tributary of the upper Susquehanna River 
watershed.

The Steuben County landfill is the site of 
a decades-old township dump, originally 
constructed without a proper leachate treatment 
system. In 1995, when the landfi ll sought expan-
sions, the New York Department of Environmental 
Conservation (NYDEC) assisted Steuben County 
in building a treatment plant that would not only 
have the capacity to process leachate from this 
landfi ll, but also wastewater from other sources in 
the state (Hardman, 2014). One growing market 

for waste processing came from Pennsylvania’s 
Marcellus Shale oil and gas drilling industry.

Despite New York State’s 2008 drilling morato-
rium, and the more permanent ban on hydraulic 
fracturing enacted in June 2015, a recent report 
calculated that more than 460,000 tons of solid 
waste and 23,000 barrels of liquid waste from 
shale drilling operations in Pennsylvania were 
processed in New York (Moran, 2015). Facili-
ties accepting this waste included the Chemung 
County Landfi ll, Casella Waste Systems, Seneca 
Meadows Landfi ll, Allied Waste Systems, Hyland 
Facility Association, and the Hakes Landfills. 
Among these facilities, the Chemung County 
Landfill has accepted the most solid waste, at 
nearly 200,000 tons. Hyland Landfi ll and Hakes 
Landfi lls have each accepted over 100,000 tons of 
drill cuttings. These amounts do not include the 
tens of thousands of tons of drill cuttings used as 
“daily cover”—a layer of compressed soil placed 
on top of a landfi ll at the end of each day.

Drill cutting are highly valued by landfill 
operators. Their density takes about one-fourth 
the space of conventional waste, but can be 
charged at the same per-ton disposal fee. This new 
revenue stream persuaded operators to expand 
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their facilities in tandem with Pennsylvania’s 
expanding shale oil and gas industry. In one case, 
Chemung County landfi ll received approval from 
the NYDEC to expand their volume of accepted 
waste from 120,000 tons to 180,000 tons per year, 
and then began diverting less-valuable county 
waste to other landfi lls (Mantius, 2013).

 A number of loopholes allow shale oil and 
gas waste to travel into New York even though 
much of the gas industry’s practices are otherwise 
limited. According to NYDEC regulations, drilling 
muds are not considered hazardous waste (NYS 
Department of Environmental Conservation, 
2006). Drilling waste is also exempt from New 
York’s Low Level Radioactive Waste Laws that 
govern Naturally Occurring Radioactive Materials 
(NORMs) such as uranium, radium 226, and 
radium 228. Many residents feel this rule fails to 
acknowledge that Marcellus Shale drill cuttings 
are known to contain low levels of radioactive 
materials (Puko, 2013). 

The Steuben County landfi ll, the site of our 
tour, did not directly accept drilling waste of any 
kind from the Marcellus Shale, but one fact was 
known about the facility—its overbuilt waste-
water treatment plant generated revenue for the 
county by accepting excess leachate from neigh-
boring landfi lls, including more than 2.2 million 
gallons worth from Hyland landfi ll, and nearly 2 
million gallons from Hakes Landfi ll between July 
2012 and April 2013 (Mantius, 2013). These facts 
had many residents in the county worried about 
the safety of public drinking water supplies and 
nearby watersheds.

Building Grassroots Infrastructures
Our tour of the Steuben County landfill treat-
ment plant was organized by a local chapter of 
the New York (NY) Water Sentinels—a grassroots 
coalition of environmental advocacy groups that 
began baseline monitoring in watersheds along 
New York State’s border with Pennsylvania in 2011 
where Marcellus Shale drilling was expected to 
occur if the state’s moratorium were lifted. The 
origins of NY Water Sentinels can be traced back 
to the Concerned Citizens for Cattaraugus County 
(CCCC), an organization that has worked for years 
on issues ranging from stopping large windmill 
farms near homes to opposing new landfi lls. As 

part of their initiative to address shale oil and gas 
issues in New York, the regional Atlantic Chap-
ter of the Sierra Club (representing Northeastern 
U.S.) became interested in supporting a water 
monitoring program. The Sierra Club approached 
the CCCC and provided a seed grant through 
its National Water Sentinels program to assist 
members in acquiring equipment. Together they 
scheduled training sessions with the Alliance for 
Aquatic Resource Monitoring (ALLARM), an out-
reach program of Dickinson College in Carlisle, 
Pennsylvania, that was instrumental in developing 
volunteer-based shale oil and gas water monitor-
ing protocols across the Marcellus Shale starting 
in 2010.

Over the next two years the NY Water Sentinels 
brought on additional volunteers by canvassing at 
town meetings and local newspapers, as well as 
by partnering with other regional environmental 
organizations. Their monitoring network now 
extends into the watersheds of thirteen counties 
along the New York and Pennsylvania border 
where 160 volunteers have made more than 1,500 
visits to document conditions at 125 stream sites. 
I asked Miles Coolidge, an advisor from the Sierra 
Club Atlantic Chapter who sits on the Steering 
Committee, about how the NY Water Sentinels 
evolved. In succinct terms, he described the birth 
of a grassroots knowledge infrastructure:

The fi rst year we spent a lot of time getting the QA/
QC to work. We built the technical infrastructure. 
The second year we worked on getting the 
coordinator groups working—the social 
infrastructure. Now we need to do more outreach 
into challenging areas, to develop that sense of 
community. Our value is to work at the local level. 
We have to make sure we are embedded in the 
community.

The NY Water Sentinels have no paid staff or 
dedicated facilities. Its governing system is one of 
overlapping committees populated by volunteers. 
The Steering Committee is the executive body, 
and is responsible for managing the infrastruc-
ture’s broader mission. This includes establishing 
new affiliations with outside partners, deter-
mining where future training will occur, making 
changes to monitoring protocols and how data 
will be used, as well as deciding what political or 
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legal initiatives they may initiate. Steering Com-
mittee members are elected annually by Water 
Sentinels chapters, but also consist of members of 
the Sierra Club Atlantic Chapter offi  ce who serve 
an advisory role. Day-to-day governance of the NY 
Water Sentinels falls upon the Coordinators Com-
mittee. Its purpose is to implement the directives 
of the Steering Committee and, in the process, 
maximize inclusion of the network’s volunteers 
by soliciting input on monitoring strategies. The 
Coordinators Committee meets weekly by phone 
to discuss topics ranging from equipment main-
tenance, data management issues, quality assur-
ance updates, and the status of their fi nances. 

Other working groups that meet on a semi-
regular basis include an External Communi-
cations Committee, a Finance Committee, a 
Fundraising Committee, and a Data Manage-
ment Committee—all populated by volunteers 
in the network. The NY Water Sentinels also retain 
the help of many outside experts who assist the 
Steering Committee and Coordinator Committee 
with different tasks. No less than three prac-
ticing attorneys advise the Legal Committee. The 

Science Committee (on which this author sits) 
regularly consults with professors of biological 
science, geology, and environmental studies at 
diff erent universities. 

The Tradeoff s of Empowerment
The NY Water Sentinels created what Shirk et al. 
(2012) might call a “co-created” partnership struc-
ture, one that empowered individuals on the front 
lines to infl uence the design of their KI. However, 
these same egalitarian systems also made the net-
work vulnerable to internal friction and competi-
tion for resources. The story of how this unfolded 
within the NY Water Sentinels began at the Hyland 
Landfi ll in Wellsville, New York. 

In 2013 Casella Waste Systems applied for 
a permit to expand Hyland Landfill’s annual 
volume of accepted waste by more than 60% in 
order to accommodate Pennsylvania’s drilling 
cuttings (Donohue, 2015). When this became 
public knowledge, two members of the local NY 
Water Sentinels chapter felt it was important to 
begin monitoring around the landfi ll as well as 
its wastewater treatment plant. “We didn’t fi nd 
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any elevated radioactivity from the Wellsville 
Water Treatment plant discharge, but we did fi nd 
elevated radioactivity in a stream running off  from 
the landfi ll at a designated outfall,” Gavin Erwitt, 
the chapter’s coordinator, explained. 

As word spread about the possible radioactive 
risks of drilling waste entering the state, other NY 
Water Sentinels volunteers began monitoring the 
outfl ows of landfi lls and wastewater treatment 
plants in their region (Figure 2). Increased 
attention to landfi lls quickly became a contentious 
issue. Some members felt that chasing landfi lls 
compromised carefully laid plans for conducting 
watershed-wide baseline studies. Other concerns 
were raised as to whether or not taking an advo-
cacy-oriented position would undermine the NY 
Water Sentinels’ ability to raise funds from science-
minded benefactors. By contrast, proponents 
of landfill monitoring were quick to point out 
that the industry may apply enough pressure to 
reverse the recent ban on high-volume hydraulic 
fracturing if natural gas prices rebounded from 
current record lows. In their view, the ban created 
an opportunity to extend their mission and take 
action against other sources of known pollution.

A heated discussion in a Leadership Committee 
meeting highlighted the character of this debate. 
“The assumption of our original mission was that 
fracking would eventually come to New York and 
we needed to prepare for it,” a committee member 
commented.

A second committee member had a diff erent 
perspective. “We did originally say that we needed 
the data to understand baseline. But we need to 
have the conversation that, now that we have 
data and we know more, should we expand 
our mission?” They continued, “Getting people 
involved at the community level in water quality 
is an important facet of making a diff erence. We 
always incorporated that as part of our discourse. 
But we haven’t been as active in that area as we 
could be. So the eff orts around the Hyland landfi ll 
illustrate to me how important outreach is to 
these areas.”

“Well, we should also have a discussion of how 
this changes the political posture of our groups,” a 
third committee member responded, “Our group 
has a history of ‘opposing’ things. Baseline moni-
toring allowed us to get involved in something 

that was more objective and positive, to just look 
at possible violations. Landfi ll monitoring would 
bring us back to being a bad-boy watchdog. This 
is a conversation each group will have to have.”

These debates would continue in following 
months while most NY Water Sentinels chapters 
continued their usual baseline monitoring work. 
Nevertheless, volunteers that did take up the 
cause of landfill monitoring would eventually 
infl uence allocations of resources in their infra-
structure and draw in outside allies. A dedicated 
protocol for landfi ll monitoring was developed 
with the help of staff at ALLARM, volunteers 
used funds to purchase equipment for collecting 
samples around treatment plants, and a nearby 
laboratory off ered to process these samples at 
cost.

These subtle shifts in resource allocations show 
some of the benefi ts of KIs that emerge from part-
nerships with equal power sharing. When the NY 
Water Sentinels program began, it emphasized the 
importance of doing science at the local level. Its 
resulting governing system respected input from 
its individual members when steering their KI’s 
development. Some monitoring groups expanded 
their capacity for empowerment by having the 
freedom to address new problems discovered in 
the course of water monitoring. However, for a KI 
with limited resources, increasing the empower-
ment capacity of some came at a cost to others 
with diff erent ideas about how to infl uence envi-
ronmental debates. The story of landfill moni-
toring reveals how KIs can be fl uid things and 
internal power can shift due to the levers of demo-
cratic governing systems.

Institutionalizing Grassroots 
Infrastructures
KIs can also change in moments of vulnerability, 
such as when resources become scarce, or when 
citizen scientists struggles for legitimacy. Stake-
holders may appeal to powerful institutions for 
fi nancial, political, or technical support. In these 
instances, KIs can become susceptible if strength-
ening alliances with institutions also means giving 
up control in deciding how KIs function.

By the summer of 2014, the NY Water Sentinels 
had grown into a formidable presence in New 
York State. Member groups planned to monitor 
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as many as 150 sites and would off er two new 
training programs, which they estimated would 
attract 30 new volunteers. These and other 
programming expenses, such as public outreach 
events and laboratory analysis, would be covered 
by a 2015 budget of roughly $22,000. Unfortu-
nately, the Sierra Club eliminated funding for 
the National Water Sentinels program at the end 
of the 2014 fi scal year—a fund that underwrote 
more than 60% of the NY Water Sentinels’ annual 
budget.

Loss of a major funding source meant that the 
NY Water Sentinels had to fi nd a way to sustain 
their hard-won research program by other means. 
One possibility was to maintain the status quo 
as a semi-autonomous affiliate of the Sierra 
Club. They had learned in the past, however, 
that obtaining funding for local projects while 
under the umbrella of a large environmental 
nonprofit could be difficult. Another solution 
was to become a wholly independent nonprofi t, 
leaving behind their long-time Sierra Club bene-
factors. This idea did not sit well with those who 
had been members of the Sierra Club long before 
the NY Water Sentinels came into existence. Sierra 
Club advisors suggested a third possibility: The 
NY Water Sentinels could become an offi  cial sub-
program of the Sierra Club Atlantic Chapter. The 
Steering Committee weighed their options and, 
in late 2014, elected to offi  cially affi  liate with the 
Sierra Club Atlantic Chapter.

Being part of the Sierra Club allowed the NY 
Water Sentinels to apply for new funding, but the 
decision had other implications as well. Under 
their new charter, individual monitoring groups 
would be required to report their activities in 
Steering Committee meetings as before, but also 
now had to report to the Sierra Club Atlantic 
Chapter’s Conservation Chair. Groups could make 
recommendations to undertake a legal action, but 
were not permitted to act independently without 
a detailed review by the Sierra Club. Financially, 
the NY Water Sentinel’s assets would be held in 
a Sierra Club Foundation account. How these 
changes might aff ect the day-to-day operations of 
the NY Water Sentinels largely remains to be seen. 
When I asked one chapter coordinator how his 
group felt about these changes, I was told:

Look, we have meat eaters and hunters and we 
have—most of our people are Republicans. They 
don’t have any sympathy for the Sierra Club. They 
are not members of the Sierra Club. I joined the 
Sierra Club just so I could do this. I wasn’t a member 
of the Sierra Club. There is a diff erence between 
grassroots environmentalism, which is what we 
do, and aesthetic environmentalism, which is what 
the Sierra Club does. Our interest is in protecting 
our backyards. We are NIMBYs [Not In My Back 
Yard] and we wear the NIMBY badge with honor. 
The Sierra Club Atlantic Chapter, of people that are 
involved here, are paid staff . They seem to have 
little understanding of what it takes to organize 
and maintain an entirely volunteer group.

These comments refl ect how building closer ties 
to the Sierra Club made some NY Water Sentinel 
members uncomfortable with the new arrange-
ment. Individual volunteers who had invested 
time and resources in building the NY Water Sen-
tinels’ KI wanted to have a say in its daily opera-
tions and broader objectives. Some groups, like 
the CCCC, also had a long history working in their 
communities and understood what it took to 
bring people together and sustain their member-
ship. These groups resented the notion that the 
Sierra Club might dictate organizing tactics, or 
narrow how they utilized water monitoring for sci-
entifi c, political, legal, or other purposes. At pre-
sent, the Steering Committee and the Leadership 
Committee are looking for ways to retain greater 
autonomy while part of the Sierra Club Atlantic 
Chapter. For instance, they are working to refi ne 
the Sierra Club’s 501c3 tax reporting (required by 
federal law to designate non-profi t expenditures) 
so funders can tailor their donations for use by 
individual monitoring groups to work on specifi c 
projects.

Uneasy Alliances in Rigid 
Infrastructures: Three Rivers Quest
In a diff erent region of the Marcellus Shale, water-
sheds along southwestern Pennsylvania’s border 
with West Virginia traverse some of the densest 
coal and natural gas mining fi elds in the United 
States. In 2009, researchers from the West Virginia 
Water Research Institute (WVWRI), based at West 
Virginia University, began to notice that levels of 
total dissolved solids (TDS) (a measure of water 
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salinity) in the region’s watersheds were exceed-
ing U.S. Environmental Protection Agency (EPA) 
secondary drinking water standards, particularly 
in tributaries of the Monongahela River. WVWRI 
researchers deduced that excess TDS was likely 
coming from coal and gas extraction sites, but 
they knew little about where and when pollution 
discharges were occurring.

The Monongahela River flows from West 
Virginia into Pennsylvania, and eventually meets 
the Allegheny River to form the Ohio River in 
the city of Pittsburgh. Experts in the region 
agreed that a coordinated strategy was needed 
to bring together the many individual moni-
toring programs in these three large watersheds. 
In 2011, the Pittsburgh-based Colcom Founda-
tion awarded the WVWRI $60,000 to establish 
what would become known as Mon River QUEST 
(Quality Useful Environmental Study Teams), a 
program to aggregate and analyze data from 
regional watershed protection groups. WVWRI 
received an additional $750,000 from Colcom in 
2012 to expand the program into the Allegheny 
and Ohio River watersheds—Mon River QUEST 
was renamed Three Rivers QUEST, or 3RQ. 3RQ 
received a third grant from Colcom for $500,000 
in 2013 to develop the “QUEST Data Management 
Tool” for storing, managing, and mapping water 
quality data (West Virginia University, 2013).

The KI built by 3RQ is a complicated arrange-
ment of organizations and institutions with 
varying resources and objectives. Early on in the 
project’s design, WVWRI identifi ed three research 
partners to take stewardship over the diff erent 
watersheds: Wheeling Jesuit University was 
assigned the Ohio River, Duquesne University to 
the Lower Monongahela and Lower Allegheny 
Rivers, and the Iron Furnace Chapter of the Penn-
sylvania Council of Trout Unlimited (a state-wide 
network of sport fishing enthusiasts) to the 
Upper Allegheny River. WVWRI would continue 
to oversee the Upper Monongahela River. 3RQ’s 
research partners were responsible for collecting 
bi-weekly water monitoring samples in their 
respective watersheds. Each research partner also 
supervised dispersing competitive $3k-$5k mini-
grants to independent watershed groups in their 
territories. Benefi ciaries of these grants ranged 
from small volunteer groups to large watershed 
associations with dedicated staff . In total, 3RQ 

would bring together a monitoring network of 
some 30 groups collecting samples at more than 
300 stream sites in four U.S. states.

3RQ’s research partners stressed that the 
diverse research program they had developed 
would bring resources and expertise to bear on 
problems important to local watershed groups. 
“3RQ provides a unique opportunity for academic 
scientists to engage in community based partici-
patory research—that is, water quality issues 
identifi ed by our community partners helps to 
prioritize our research eff orts,” a researcher at one 
of the partner universities commented in 2013 
(West Virginia University, 2013). Research partners 
further argued that community groups would 
be empowered by co-designing research with 
scientifi c experts. In practice, however, research 
partners dictated how 3RQ’s KI functioned. This 
affected everything from resource allocations 
to how data was used when making scientifi c 
claims and political statements. Meanwhile, mini-
grantees who came on board with 3RQ expected 
to have decision-making powers in their partici-
pation. Ultimately, disconnects between 3RQ’s 
founding principles and how the project actually 
functioned would have major implications for the 
stability of 3RQ’s KI.

Erecting Boundaries of Power and Expertise
3RQ’s research partners possessed a great deal of 
power when dealing with local watershed groups. 
One expression of this power was revealed in 
the process of determining which groups would 
receive 3RQ mini-grants, which became important 
resources for bolstering underfunded and under-
staff ed programs in the region. Lisa Greenfi eld, a 
watershed specialist in West Virginia, recalled why 
her organization applied for a mini-grant in say-
ing, “We were really driven by the need for staff  
support, and not by the resources that the pro-
gram was going to off er beyond that.” Lisa’s group 
received funding from 3RQ and became part of 
the monitoring network. 

Not all watershed groups were as lucky. Mandy 
White, a watershed specialist in a Pennsylvania-
based organization, recalled having a diff erent 
experience. Mandy’s organization managed a 
large network of automated data loggers funded 
by Colcom. She assumed her organization would 
be supported by 3RQ:
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Colcom let us know that, because of this 
relationship that they had with the WVWRI, they 
wanted our data in 3RQ. But we did not receive 
a mini-grant. We applied but we didn’t get it. 
We actually never even got a letter telling us 
that we didn’t receive funds, we just saw the 
announcement and we were not in it. By that time 
we had funded the project in other ways, so it 
wasn’t a big deal.

While 3RQ’s rejection was not a major loss for 
Mandy’s organization, 3RQ’s growing position of 
authority as a gatekeeper for watershed science in 
the region set an expectation that groups would 
want to partner with 3RQ, regardless of whether 
or not they had received a mini-grant. This was a 
disempowering experience for other groups with 
a long history of water monitoring. For exam-
ple, Colcom would eventually request that Man-
dy’s organization contribute their data to 3RQ’s 
database, but their exclusion from 3RQ’s offi  cial 
research program meant that they would have a 
reduced role in determining how 3RQ might use 
their data.

In other instances, groups applied for 3RQ mini-
grants for the explicit purpose of leveraging their 
data. Rita Levitt, the director of a Pennsylvania-
based watershed association noted, “I mean, it 
is good to have your own database, but at the 
same time, you know, a central repository where 

hopefully it will never disappear, that was, for us, 
the goal.” Decisions to partner with 3RQ on terms 
of data management were echoed by others who 
joined the KI. Water monitoring groups needed 
technologies to store rapidly accumulating data, 
but what they really desired was assistance from 
3RQ’s watershed scientists that this arrangement 
implied. Many people like Rita believed that part-
nering with a respected research institution would 
bring legitimacy to their data and reveal hidden 
evidence of pollution they themselves could not 
see. 

Lisa, Mandy, and Rita’s data were stored in a 
database and GIS system called the QUEST Data 
Management Tool. While this tool can be evaluated 
as a technical component of 3RQ’s KI, it also has 
social signifi cance a it’s architecture echoed 3RQ’s 
partnership structure—data entering the system 
was “tiered” to distinguish its source. Within this 
classifi cation scheme, bi-weekly samples gathered 
by 3RQ’s research partners were assigned to 
Tier 1. Tier 2 was reserved for data generated by 
automated data logger stations. Data from grass-
roots monitoring programs were placed in Tier 3 
(Figure 3). Tiered data made sense to 3RQ’s devel-
opment team, particularly when having to work 
with regulatory agencies. 3RQ’s program director 
noted:
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We actually had conversations with the EPA and 
with the diff erent state agencies, Pennsylvania 
DEP [Department of Environmental Protection] 
and West Virginia DEP, early on during the 
brainstorming phases of bringing on the volunteer 
component into the program, and that was one of 
the things that was identifi ed. Whenever they are 
looking at the data from our website, they wanted 
to be able to distinguish between what we are 
collecting and what volunteers are collecting. And 
then, further, which volunteers are collecting—
how much confi dence can we give in this data that 
is being provided.

The tier system was born out of a need to defi ne 
the characteristics and quality of 3RQ’s data. 
However, representatives from smaller water-
shed groups I met with argued that 3RQ’s data 
scheme also reflected the KIs overall political 
landscape. 3RQ’s leaders made demands for their 
data in order to conduct scientifi c research, but 
diminished the importance of using data to advo-
cate for impacted communities. These concerns 
were made plain in my conversation with Lisa 
Greenfi eld:

What I don’t see QUEST doing at this time, at least 
not in the way that maybe I would like to see it 
done, is then turning around, taking this data, and 
being the leaders—telling our elected offi  cials 
that this is happening to our rivers and streams 
and this is what we need to do to protect them. 
That gets back into the big questions about the 
Ivory Tower, and who funds your research. I have 
opinions about the motivations behind some 
of this research. We might have all this data on 
our watershed, but how is that helping improve 
water quality broadly across the state and across 
the region? Yeah, we hope that nothing bad 
ever happens, but if it would, it wouldn’t be the 
researchers marching down to Charleston [West 
Virginia’s state capital], it would be us. I don’t think 
they would help us.

When a number of watershed groups brought 
up the issue of 3RQ’s reluctant support for advo-
cacy at a regional meeting of mini-grantees, 3RQ’s 
leaders countered that using data for research 
purposes could produce meaningful changes in 
environmental governance. They furthermore 
argued that, since 3RQ is part of West Virginia 
State’s designated Water Research Institute, they 

were not in a position to use data beyond the pur-
poses of research. 

Renegotiating the Terms of Knowledge 
Infrastructures
Growing discord between how grassroots groups 
and research partners envisioned the purpose of 
the 3RQ threatened to unravel the KI. Numerous 
mini-grantees began to question their commit-
ments to a KI that did not help them address their 
immediate environmental concerns. Similar com-
plaints came from monitoring groups outside 3RQ 
that had been pressured to contribute data to the 
QUEST Data Management Tool.

These complaints had an interesting effect. 
By 2015, Colcom and WVWRI had invested more 
than $1.6 million to establish 3RQ as a regional 
hub for water monitoring research. 3RQ’s leaders 
and funders took note of growing dissatisfaction 
and began to reevaluate the eff ectiveness of the 
infrastructure KI they had built. 3RQ modifi ed the 
QUEST Data Tool tiers to indicate which protocols 
were used when collecting data, rather than what 
kind of organization did the collecting. Tier 3 now 
denotes data verifi ed by an analytical lab, Tier 2 
includes data collected with protocols such as 
ALLARM’s, and Tier 1 is for data collected by indi-
viduals without known quality controls. Breaking 
the symbolic link between data’s source and data’s 
legitimacy was significant for nonprofessional 
groups who felt marginalized by 3RQ’s expert-
centric power structure.

A second major change came in June of 2015, 
when Colcom awarded 3RQ a fourth grant for 
$350,000. These funds established a program 
called REACH (Research Enhancing Awareness 
via Community Hydrology) and brought on four 
outreach coordinators to serve as links between 
3RQ’s researcher partners and local watershed 
groups (West Virginia University, 2015). REACH and 
changes to the tiered data structure represented a 
shift towards greater capacity for empowerment 
within 3RQ’s KI.

Discussion
On their surfaces, the knowledge infrastructures 
designed by water monitoring networks in the 
Marcellus Shale are surprisingly similar—they 
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propagated standardizes protocols, provided 
access to testing equipment, off ered training to 
new members, developed a means to work with 
data, and created pathways to partner with sci-
entifi c experts. These “internetworks of people, 
artifacts, and institutions” (Edwards et al., 2013: 
23) addressed the needs of NY Water Sentinels’ 
and 3RQ’s affiliates and were constructed for 
similar reasons. People believed that investing in 
KIs would bring together diverse resources and 
knowledge to address shale oil and gas extrac-
tion’s risks to watersheds. However, the partici-
pation models adopted in these infrastructures 
signifi cantly impacted how stakeholders retained 
control in decision-making processes.

These two studies shed light on the nature of 
power sharing in KIs. In the case of the NY Water 
Sentinels, member groups enjoyed a high degree 
of autonomy to address new environmental 
pollution concerns as they arose. Their grassroots 
governing system aff orded mechanisms for indi-
viduals to infl uence daily operations and ask new 
questions with their science. By comparison, local 
watershed organizations that aligned with 3RQ 
gained access to professional-grade resources 
and mini-grants brought forth new equipment 
and staff . However, 3RQ’s partnership structure 
reinforced the authority of watershed experts 
while claiming to do co-designed research. Mini-
grantees were able to hook into a sophisticated 
KI, but were immediately marginalized by the 
constraining priorities of 3RQ’s research partners. 

The two studies also demonstrate that the inner 
workings of KIs change over time when some 
stakeholders begin to assert greater infl uence. 
This was seen at two distinct points in the NY 
Water Sentinels’ development. One occurred 
when a number of individuals inserted new objec-
tives into their daily monitoring activities. The 
other turning point coincided with the NY Water 
Sentinels becoming a sub-program of the Sierra 
Club. For 3RQ, power shifts occurred for diff erent 
reasons. Despite being part of one of the most 
resource-rich water monitoring networks in the 
Marcellus Shale, many of 3RQ’s member organiza-
tions had little control in directing 3RQ’s KI. Dissat-
isfaction became visible when members voiced 
concern about the ways their data was being 
managed and how research partners responded 

to their advocacy needs. Rather than breaking 
down, 3RQ’s KI was transformed by tactics like 
choosing not to share data. The REACH initiative 
and changes to QUEST’s tier structure represented 
a ceding of power; they illustrate how marginal-
ized groups can alter KIs through various forms of 
resistance.

Finally, the NY Water Sentinels and 3RQ provide 
insights into the nature of empowerment in KIs. 
Corbett and Keller (2005a) off er a framework to 
assess empowerment and empowerment capacity 
at diff erent scales: at the level of the individual 
and at the level of community. When brought to 
the study of KIs, this framework exposes some 
of the tradeoffs that occur when building KIs. 
Individuals who viewed landfi ll waste as a major 
threat were empowered by the NY Water Sentinels 
governing system, but one could also argue that 
the durability of their KI suff ered due to internal 
frictions and competing objectives. Aligning 
with the Sierra Club may have saved the KI, but 
the constraints that come with this new partner-
ship could, in the future, disempower the organ-
izing capacities of affi  liated monitoring groups. 
These are signifi cant fi ndings that deserve addi-
tional research into how KIs can eff ectively bridge 
dispersed research communities while maxi-
mizing capacity for collective empowerment.

Whether or not REACH will empower grassroots 
groups who invested in 3RQ’s KI remains to be 
seen. It is likely that some mini-grantees will fi nd 
some degree of empowerment by working with 
3RQ’s new community outreach coordinators; for 
instance, by having more resources to interpret 
their data. Generating long-term empowerment 
capacity to deal with environmental impacts is 
less certain. Academic researchers would have 
to share resources and utilize local knowledge in 
their work, thus yielding entrenched power to the 
voices and science of nonprofessionals.

Conclusion
Susan Leigh Star (1999: 382) once agued that 
“because infrastructure is big, layered, and com-
plex, and because it means diff erent things locally, 
it is never changed from above. Changes take 
time and negotiation, and adjustment with other 
aspects of the systems are involved. Nobody is 
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really in charge of infrastructure.” The arguments 
off ered in this paper complement Star’s sensibility. 
The Marcellus Shale water monitoring community 
emerged in order to deal with complex environ-
mental and public health risks introduced by shale 
oil and gas extraction. Those who came together 
to build KIs for water monitoring research brought 
with them a wide spectrum of resources, exper-
tise, and objectives. In studying this community, I 
have found it important to not only evaluate how 
KIs emerge, but also how power plays out in their 
emergence. What one fi nds is that KIs, even when 
seemingly stable in their leadership and intended 
purpose, are indeed dynamic spaces where rela-
tionships of power are rarely settled.

Subsequently, one must also give considera-
tion to how KIs empower and disempower people 
in their daily lives. Many other regions in U.S. 
and abroad are paying close attention to public 
responses to oil and gas extraction’s health and 
environmental threats in the Marcellus Shale. 
States with recently discovered shale formations, 
such as Florida, are setting regulatory frameworks 
that will determine how they assess the risks of 

hydraulic fracturing. Other states are shutting 
down channels of public participation and regu-
latory transparency. Wyoming recently criminal-
ized citizen data collection on “open land”—land 
outside the jurisdiction of established cities and 
town (Pidot, 2015). In North Carolina, legisla-
tors outlawed disclosures of hydraulic fracturing 
chemicals in order to attract energy companies 
(Rosenberg, 2014). 

Concerned citizens in these at-risk geographies 
are evaluating effective strategies for political 
resistance. Decisions made within the Marcellus 
Shale advocacy community will almost certainly 
propagate there and elsewhere. It is therefore 
critical to understand how these strategies—civil 
society science being one—struggle and succeed 
in overcoming barriers of public participation and 
infl uence. Knowledge infrastructures that emerge 
in these spaces can generate and curate new 
knowledge, is evident in many previous studies, 
but they can also assist marginalized communities 
to build capacity and mobilize resources when 
empowerment is a set intention in their design.
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Note
1  The current version of the QUEST Data Management Tool can be found at http://3riversquest.org/ (Last 

accessed July 27, 2015).
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