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Executive Summary
Implementing Total Maximum Daily Loads: Understanding and Fostering Successful Results

Over the last decade, state governments througheultnited States have developed Total
Maximum Daily Loads (TMDLSs) for impaired (eg. paid) water bodies. These TMDLs identify the
amount of a pollutant that a water body can recana still comply with water quality standards.eTh
US EPA has now approved TMDLs for thousands ofstreegments and water bodies throughout the
country. However, there have been only limitedrf to assess the extent to which TMDLs are being
implemented. This study assesses the implementatidS EPA approved TMDLs in Ohio and West
Virginia. It concludes that both states have magress in implementing recommendations called for
in TMDLSs, but it also suggests that more can beedoraccelerate progress and foster TMDL
implementation.

The study results address three specific questi®hs first question addressed is: To what extent
are TMDLs being implemented in Ohio and West Virgih The second question focuses on identifying
factors that facilitate progress in the implemeaaotabf TMDLSs in these two states. And the third
guestion relates to steps that can be taken tlitaeifurther progress in the implementation of D.

To address these questions, the research teamvesl/g3 US EPA-approved TMDL reports for
impaired waters in Ohio and West Virginia. The TMIxontained in these reports were approved by the
US EPA between 1998 and September 2006, and tlirgssda total of 174 specific report-pollutant
combinations. The researchers’ review focusedlentifying pollutants and their sources, and on
collecting information that could be used to as3@dBL implementation progress. The information
contained in these reports is analyzed in comhinatiith information from other sources to assess
implementation progress at the report level (rathan by individual stream segment) for the 174
pollutants and 63 watersheds addressed in the.study

The researchers also reviewed publicly availabudents relevant to TMDL implementation in
Ohio and West Virginia, surveyed state staff memli@volved in developing TMDLSs, and interviewed
knowledgeable state officials regarding implemeaiaprogress in TMDL-limited watersheds in the two
states. The researchers also reviewed major NdtRwilutant Discharge Elimination System (NPDES)
permits limiting wastewater discharges in TMDL-lied watersheds. These reviews were undertaken to
determine if recommendations from approved TMDLgehaeen incorporated into NPDES permits.
Consequently, the study relies on written informatind the knowledge and perceptions of state
environmental officials — rather than environmestainpling and analysis — to develop its findings an
reach its conclusions.

The study measures implementation progress baséalio stages of the “TMDL Program
Pipeline”, a conceptual framework developed by WP\Eo understand ways in which TMDLs can
contribute to water quality restoration effortsheTfirst stage of the TMDL Program Pipeline reldtes
planning and management, and this study findsthiese kinds of activities have been implemented in
over one-half of the TMDL-limited watersheds stutlid=or example, at least one state official is
knowledgeable regarding TMDL implementation aciisgtin 71% of the watersheds studied, and at least
one project is under way in 65% of these watershé&ifty-seven percent of the watersheds haveaat le
one local or regional group that is working to ismpent TMDL-recommended actions.

The second stage of the TMDL Program Pipeline fesus the implementation of controls on
pollutants released to TMDL limited waters. Thisdy finds that knowledgeable state officials knomv
believe that pollutant loading reductions have o@uliin 46% of the TMDL-limited watersheds assessed
It also finds that more stringent NPDES effluemntits are implemented most of the time when effluent
limit reductions are clearly targeted by TMDLSs.



The state officials interviewed also identify pregs in the third stage of the TMDL Program
Pipeline, a stage that focuses on identifying im@,tal improvements in water quality that fall ghadr
full water quality standard compliance. More sfieally, these officials identify improvements irater
or sediment quality in 19% of the watersheds stlidi&t the fourth stage of the TMDL Program
Pipeline, the study finds two cases of full watedy restoration, and these two cases constitutef3¥e
watersheds studied. The figure below summarizgel@aments of these results.
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The study also assesses potential driving faéter§MDL implementation progress. A
statistical analysis is used to assess poteniidahdrfactors for TMDL implementation that have bee
identified in past studies and research. The aisafpcuses on measures relating to the first tages of
the TMDL Program Pipeline: (1) whether there igaup taking responsibility to foster TMDL
implementation progress, and (2) whether therdmeceived) reductions in pollutant loadings ocogr
as a result of identified implementation activitid®ecause there are relatively few cases of paviger
body recovery and full water body restoration,ist&gl analyses are not used to assess drivirigriac
for these two latter stages in the TMDL ProgranmeRie.

The analyses suggest that the following factogsuaeful predictors of whether a TMDL-limited
watershed will have a group taking responsibilidy TMDL implementation:

The existence of a state grant to support ansta¢d coordinator;

Local/regional group participation in TMDL ddéopment;

State agency involvement in TMDL implementatiand;

The population density in the TMDL area (higensities appear to make groups e likely).

PwnpE

The first three of these factors can be manipulatdbe state level to help foster implementation
progress, while the fourth factor suggests thatgsdaking responsibility for TMDL implementatiorea
more likely in urban areas than in rural areas.



The analyses conducted suggest that a differenbhfactors are useful predictors of whether
knowledgeable state officials perceive that polititaad reductions are occurring as a result ofecur
implementation activities. These factors include:

1. A group taking responsibility for TMDL implemigation;

2. The existence of a state grant to support ansla¢d coordinator;

3. Approval or endorsement of a watershed plann@m-point source load reductions only);

4. Time (as months from TMDL approval increase, ltkelihood of perceived pollutant loading
reductions also increases); and

5. The population density in the TMDL area (irsthase, however, higher densities appear to make
perceived pollutant loading reductioiess likely).

Once again, the first three variables can be infied by state officials and water quality stakebadd
By contrast, the latter two variables reflect cimstances in which pollutant reductions are likelypé
identified. They do not appear to be subject &yqmlicy manipulation.

This research also enables the identificationtegsthat state administrative officials and water
quality stakeholders can take to help acceleraigrpss in implementing TMDLs. These steps include:

Engaging local and regional groups in TMDL depenent;

Providing funding to implement projects to redyollutant loads and improve water quality;
Engaging state officials in implementation @sses;

. Creating standardized formats for TMDL impletagion recommendations and procedures for
mcorporatlng TMDL recommendations into subsequmpiementation efforts;

5. Developing indicators of implementation prograad tracking progress against them, and;

6. Educating and engaging key audiences in TMDpl@mentation, and its tracking and management.

RwN e

National, regional, state, and local efforts inddithese areas appear likely to accelerate pregnes
developing planning and management capabilitieI DL implementation and in fostering pollutant
loading reductions.

The study also identifies productive areas fothier research on TMDL implementation. These
areas include:

1. Studies of TMDL implementation in other wateydh, states, and localities, with expanded sample
sizes to enable the identification of factors fdagewater quality improvement as well as advanaasie
in management capabilities and (perceived) poltutading reductions;

2. Assessments that address TMDL implementatiogrgss at both the watershed (TMDL report) and
stream segment levels;

3. Analyses of TMDL implementation progress in le&pnomic and policy sectors, and;

4. In depth studies that include not only inforimatfrom state environmental officials and written
reports, but also improved measures of other vimsadnd verification with sampling data on the wate
bodies being studied.

While this study provides information that can Isedito assist government officials and water gualit
stakeholders in accelerating TMDL implementatioogpess, future studies can expand upon the results
presented here in informative and useful ways. r@helong run, implementation of this study’s
recommendations and further study in the areagedtlibove are likely to foster both TMDL
implementation and water quality improvements.
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1. INTRODUCTION

Over the last decade, state and federal envirorahagéncies have been expending substantial
effort and resources to develop Total Maximum Daibhads (TMDLSs) for water bodies that do not meet
water quality standards. These TMDLs identify éineount of a pollutant that a water body can receive
and still comply with water quality standards. Ylaso distribute the burden of reducing pollutiaaids
among water pollution sources through the developrmenumerical targets that seek to guide the
implementation of pollutant reduction efforts.

Advocates of strong water pollution policies argiugt investments in TMDL development are
required by the Clean Water Act and are justifigairrent water quality conditions. While water
guality has improved significantly in a number ahArican water bodies over the last several decades,
substantial water pollution problems remain thraugtthe United States (US). Over 40% of US waters
that have been assessed do not meet applicablequatiéty standards, and these problems plagudynear
39,000 river segments, lakes, and estuaries (US@FA 2007). At the same time, population growth
and concerns about the impact of global warmingvater resources suggest that threats to America’s
water resources will increase in the coming years.

Since the mid-1990s, the US Environmental Protactigency (US EPA) has approved TMDLs
contained in state TMDL reports for over 24,000 &npd water bodies (US EPA-OIG, 2007). This has
been a massive undertaking. It has been estinf@¢the cost of the TMDL program to US EPA and the
states will reach $1 billion over a fifteen-yearipd beginning in the early years of the twentfir
century (US EPA-OIG, 2007, p3), and a US EPA Ofti€éhe Inspector General (OIG) Report released
last year estimates that the US EPA alone invedB&dmillion in the TMDL program between 2002 and
2006. Even so, our knowledge regarding the extemthich recommendations contained in TMDLs are
implemented by states, local governments, and stieenains limited.

Ultimately, judgments regarding the value of theDIMprocess will turn on whether it leads to
viable implementation efforts, reductions in pdlot loadings, improvements in water quality, and—at
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least eventually— the restoration of impaired waikedies. To a large degree, these judgments will
depend on the extent to which state agencies, ¢marnments, and other stakeholders take
responsibility for TMDL implementation by undertagi projects that reduce pollutant loads and/or
improve the ability of water bodies to assimilatdlytants and improve water quality. This report
addresses these TMDL implementation issues forstates: Ohio and West Virginia.

The pages that follow present research findingswhonfirm that TMDLs are being
implemented in both Ohio and West Virginia. Thadfhgs relate to implementation activities asseciat
with TMDL reports that were approved by US EPA @irio and West Virginia between 1998 and 2006,
and they are based on existing information conthinefMDL reports and other sources of written
information, as well as surveys and interviewstafesenvironmental officials in Ohio and West Virigi.
More specifically, the findings presented in théport provide evidence of: (1) planning and managem
activities relating to TMDL implementation in ovene-half of the watersheds addressed by TMDL
reports in this study; (2) suggestions that pofititaading reductions are occurring in almost oaH-of
the watersheds addressed by the TMDL reports studied; (3) the identification of water quality
improvements in almost one-fifth of the cases &ddiThe findings also include the identificatidriwo
cases of full water body recovery. While theseailissserify that the implementation of TMDLS is
occurring on a widespread basis, they also cortfiahthere is more work to be done to restore inagai
waters in both West Virginia and Ohio.

The report also presents information and analysascan be used to help water quality
stakeholders accelerate progress in the implenentat approved TMDLs. Our analyses identify a
range of steps that can be taken to increasekibiéhtbod that groups will take responsibility foMDL
implementation. These steps include involving eketder groups in TMDL development, engaging
state officials in a wide range of implementatiefated activities, and providing grants to wategshe
groups to build their ongoing capabilities. Ouriegv also suggests that developing systems fokitigc
and management of TMDL implementation processesrarading more specific information on
recommended steps for implementation in TMDL repagiikely to help foster their implementation.

11



The analyses conducted also suggest that waterslidgroups taking responsibility for TMDL
implementation are more likely to yield reductiongollutant loads than watersheds which do not
benefit from these groups (at least as perceiyechbwledgeable state officials). Grants to wdteds
groups and the development and approval of watdrglams also appear to help foster reductions in
pollutant loads. These and other suggestionsiipraving practice and policy are described in $&ct

of this report. The larger conclusion to be reacdnem this work, however, is that while we are gk
progress in implementing TMDLS, we can acceleraite grogress by developing clearer implementation
recommendations and more robust and focused systenmforming and guiding watershed planning

and management efforts.
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2. BACKGROUND INFORMATION

The federal TMDL program plays a central role ia ttation’s water quality management efforts.
The US EPA'’s Strategic Plan emphasizes TMDL devaknt and the implementation of watershed
management improvements as one of three key nastmategies for ensuring clean and safe water (US
EPA, 2006, p. 32). State environmental agenciag géntral roles in developing and implementing
TMDLs, and—while they respond to common federatiglines—they also vary in their approaches.
Existing professional literature and scholarly ezsh has not yet focused extensively on TMDL
implementation, but several professional studieEMDL implementation have been conducted and
there is a growing body of scholarly research r@h¢vo watershed management.

The subsections that follow review the historyha# federal TMDL program and summarize
professional and scholarly literature on TMDL implentation and watershed management. The
information presented in these subsections is deditp help readers absorb and understand the

remaining portions of this report.

2.1 TMDLs: A Brief History and Overview

Prior to World War I, water quality management waswved as the province of state and local
governments. Federal engagement in water pollygadicy began shortly after World War Il, and grew
in piecemeal fashion until 1972. In that yearpmxling to Earth Day, the environmental movemd, t
burning of the Cuyahoga River in Ohio, and the &&drbara oil spill, Congress re-wrote and padsed t
Federal Water Pollution Control Act (FWPCA) to eraplze federally imposed technology-based
regulatory controls on industrial dischargers anthitipal sewerage systems. These controls took the
form of a new permitting program, the National Btaht Discharge Elimination System (NPDES), which
required the issuance of permits for all point seutischarges to waters of the United States.

At the same time, however, Congress retained laggyuathe new law reflecting the previously

used water quality-based approach to water pofiutantrol. This approach relied upon the states to
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develop water quality standards and sought tohe® tas a foundation for both assessing the need for
water pollution controls and implementing approferieontrols for specific water pollution sourceés.

the early 1970s, many observers were critical isfapproach because it had failed to ensure thtgsst
would actually address water pollution problemdmitheir jurisdictions. For even when water qiyali
problems were identified (using a water qualityngt&ds-based approach), it often became difficult t
identify the specific sources of those problemd$weitough certainty to impose or facilitate apprateri
corrective actions. The language in Section 30B®hew law was nevertheless included in the 1972
law to address water quality problems that remaafest technology-based regulatory controls on
industries and municipal sewerage systems had dqgaied.

In subsequent years, the US EPA developed dozéeeéfloent guideline” regulations to enable
efficient issuance of technology-based permit aistrand it worked with states to issue thousarfids o
permits under the NPDES to control point sourceewpbllution discharges. To a large degree, these
technology-based permit controls have been suadesasfpollutant loadings from point sources have
diminished considerably since the NPDES programemagted in 1972 (ASIWPCA, 2004). While
water quality problems growing from point sourcsadtiiarges of various kinds are still evident, there
been a growing recognition that non-point sourctewpollution now contributes to a very large
proportion of the nation’s water quality problems.

In 1987, the federal government took more dirett ai these problems and amended the
FWPCA with a new section 319 program, which reglistates to develop non-point source water quality
assessments and then establish management pladdrass the problems that were identified. It also
included provisions for a new grant program thatildesupply funds to states to assist them in addrgs
non-point source water pollution problems. Fundimthe 319 grant program increased during the
1990s, and additional funds were added to supporpoint source water pollution control projects in
watersheds targeted by TMDLs. Since 1972, addititederal programs to address water pollution
problems from agriculture and mining activities eatso enacted and they now also provide support fo
projects and activities that help restore impaikatier bodies.
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For the first twenty years or so of its existersaxgtion 303(d) of the FWPCA lied dormant, and
was largely ignored by both US EPA and the staldss section of the FWPCA requires states to
identify waters within their borders for which texhogy-based controls are not sufficient to ensure
compliance with water quality standards. It alsguires them to establish TMDLSs for pollutantstinge
watersheds and submit them to US EPA for appro8aice the mid-1990s, however, this section of the
statute has become increasingly important. Itsvgng importance is attributable to a continuing chéz
assess non-point source contributions to wateltgyabblems in approximately 39,000 water bodies
(US EPA OIG, 2007, p. 1) and target appropriate-point source water pollution control actions. A
series of court cases also required more comptetgliance with section 303(d) of the FWPCA (for
background on some of this litigation, see Hou&99).

The vast majority of the work involved in assessiaer quality problems and in developing
TMDLs -- including formal waste-load allocations fooint sources and load allocations for non-point
sources -- has occurred since the mid-1990s. $imedéme, US EPA and states around the countve ha
been working to assess waters to determine wh#tbgrare impaired and to develop targets for paiat
non-point source water pollution loading reductioi$iese efforts yield TMDL reports for impaired
water bodies that specify the impairments, theupatits, and the stream segments and/or waterahmeds i
which these problems reside. In many cases, TMiplorts may include numerous stream segments or
water bodies for which pollutant-specific “TMDLsfeadeveloped. As of summer 2006, when the initial
proposal for this research project was writtenr&4000 TMDLs had been completed (US EPA OIG,
2007, p. 1).

It is in this context that interest in the implertagion of TMDLs and their impacts on water
quality has been increasing. There is a growiregirie document the extent to which water pollution
control actions recommended in TMDLs are implement& addition, increased emphasis is being
placed on water quality program impacts and outsoasea result of requirements stemming from the
Government Performance and Results Act (GPRA) hadPtogram Assessment Rating Tool (PART)
processes that have been implemented throughotegdkbeal government. The findings presented is thi
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report respond to the US EPA’s expressed inteneBMDL implementation, and they address this

interest by describing TMDL implementation progres©hio and West Virginia.

2.2 Literature Relevant to TMDL Implementation: An Overview

The literature relevant to the implementation of DM has developed along two tracks. The
first track has been pursued by water quality jitianers and is focused on assessing the extamhitch
TMDL implementation has occurred. The second tiadcholarly and emphasizes the establishment,
operation, and impacts of watershed groups. leignthe professional literature has found evidesfc
implementation progress through studies that higpilsuccess stories around the nation and in
Washington State, while the scholarly literature hdded to these findings by identifying variatbhest
characterize watershed management processes alilceréo influence TMDL implementation
progress. These two tracks of inquiry, howevevehaot been well integrated.

The US EPA has been at the center of efforts asndtie extent to which TMDLs are being
implemented. Through its TMDL Results AnalysisjBeo, it has established a conceptual framework—
“the TMDL Program Pipeline” — to guide our undergling of the steps necessary for the
implementation of recommendations in TMDL reportsd #0 achieve water quality restorations (Norton,
et. al., 2007). The US EPA has also supportedarelgrojects to assess TMDL implementation
progress and, more recently, to gain insights aoysviwhich this progress may be accelerated.

The US EPA’s Region 10 office in Seattle, in cogpen with the Washington Department of
Ecology, undertook a study to assess TMDL implew@t&rt progress in the State of Washington (US
EPA, 2005). This study concluded that implemeatatctivities were being undertaken in 27 of 28
watersheds identified for study, and that watediuenprovements had been verified in 13 of th28e
project areas (US EPA, 2005). The study did nek $e identify factors affecting implementation or
water quality improvement, and it did not seekderitify policy changes that could accelerate TMDL
implementation. Even so, it did demonstrate thétast one state was experiencing progress in the

implementation of recommendations contained in TMBjorts. It also raises questions regarding the
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extent to which implementation progress is occgriimother areas of the country, as WashingtoreStat
not only has an historically strong water pollutmontrol program (Hoornbeek, 2005; Ringquist, 1993)
but also a specific process for fostering the imp@atation of recommendations contained in TMDLSs.
This process includes the development of “Detditeplementation Plans” within one year after US EPA
approval of state-developed TMDLs, as well as @d4BDL monitoring to assess water quality impacts
(US EPA, 2005; Onwumere & Plotnikoff, 2003).

The US EPA also funded another study that reviesasgs of “successful” TMDL
implementation in a number of different states, &wmiid identify potential factors that might foste
TMDL implementation progress (Benham, et. al., 2808 2007). Benham and his colleagues identified
a range of potential factors, including active egegaent on the part of state agency officials, $talder
involvement during the process of TMDL developmém, severity of the water pollution problem as
measured by percentage reduction figures applisgéoific pollutants in TMDL reports, and the
existence of an accepted watershed strategy aimpbementation plan. However, Benham and his
colleagues looked at only seventeen cases of TMiljildmentation, and the cases they investigated were
hand-selected as examples of “successful” TMDL en@ntation. As a result, the conclusions it reache
may reflect a biased set of success stories, ritthara representative assessment of TMDL
implementation in general. In spite of these latidns, the Benham et. al. (2006 and 2007) studly di
offer a range of factors that were thought by pgoéints in “successful” cases to contribute to TMDL
implementation (Benham et. al, 2006), and thes®fagprovide a useful starting point for additional
analyses.

While these two studies have been useful and irdtive, they have also been limited by the size
and nature of the samples of approved TMDLSs upoichtiney are based. Studying TMDL
implementation over large numbers of cases cad giddroader picture of TMDL implementation than
currently exists. It can also enable the useatfsdical techniques to evaluate the impact of fleeyors
affecting the implementation process. These ar@itapt pieces of information because they can bd us
to help TMDL programs maximize the effectivenesthwihich they enable implementation and improve
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water quality. Not surprisingly in this contexigtUS EPA solicited proposals for studies of TMDL
implementation that involved larger sample sizesstady during the summer of 2006. The research
presented in this report responds to this needatsudseeks to draw insights from a growing literaion
watershed management and collaborative decisionagak

The literature on watershed groups and collabagitdicymaking mechanisms for watershed
management has grown considerably over the lastgars. The thrust of this literature has beethen
dynamics of collaborative efforts, and their infhee on the environments within which they reside.
Lubell and his colleagues studied the emergeneamtérshed groups, and found that these groups were
most likely to develop in “watersheds confrontimyeare pollution problems associated with agricaltur
and urban runoff, with low levels of command andtcal enforcement, and containing the resources to
offset transaction costs” (Lubell, et. al., 2002148). Other studies have sought to characterize
watershed groups and their patterns of maturasiod,they have generally found that the perceived
success of these groups has increased after tiengi@hed an age of at least four years (Leachl. et.
2002; Leach and Sabatier, 2005). This latter figdiighlights the tendency in this body of social
scientific literature to focus gperceptions of watershed group success, a tendency that ersitachdable
given the central role of belief systems in the dclacy Coalition Framework (ACF) that has received
substantial attention in recent years (SabatierJan#dins-Smith, 1993).

However, the collaborative policymaking literatinas also sought to address issues associated
with the influence of group processes and situatioontext on actual implementation progress.
Sabatier, Leach, and their colleagues (2005) fahatthe extent to which watershed groups complete
watershed restoration projects depends on grouctesistics and the receipt of grant funds, bdth o
which are tied to group processes that are basédisinand a feeling of efficaciousness among mesnbe
of the group. One way to establish these kindse@lfngs is through early and full engagement @ th
watershed management process, and this insighhgstent with Benham et. al.’s (2006 and 2007)
suggestion that early stakeholder involvement aighgement by state agency officials may help foster
TMDL implementation progress. Social scientifitetature has also identified other variables that a
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thought to influence policymaking and implementatocesses, including both group density (Gray and
Lowry, 1996) and the strength of group involvemi@&ingquist, 1993) in decision-making processes.

Sabatier (2005) and his colleagues also call attend contextual factors that may affect group
development and the extent of watershed manageativity. These factors include the extent to wahic
populations are homogeneous and stable, as thede &d populations are thought to be more likely to
develop both trust and workable partnerships tteat yield social and material progress, as compared
with populations that are not characterized byeresits. When combined with other contextualdest
such as wealth, education, and population dersitlyreflect the overall capabilities of the popialiator
areas in question, these factors suggest that inggiation progress may turn as much on social and
material context, as on group processes or dynamiosntz (2005) reaches this finding, and arghes t
the extent of land use policy change occurring eesalt of planning processes in Ohio is associaiéu
contextual factors associated with the areas ustddly. Still others have been skeptical of thempses
of collaborative policymaking altogether, and haeinted out forcefully that consensus-based group
processes may not translate into true environmeesailts (Coglianese, 1999).

The analyses presented in this report draw upeahclusions and variables highlighted in the
literature cited above. They build upon US EPAMDOL Results Analysis Project by assessing
implementation progress according to a range ¢éémiht measures. They also seek to improve our
understanding of factors driving TMDL implementaitioy using statistical methods to evaluate the
impact of both group process and contextual vaegthat are thought to influence TMDL
implementation over relatively large numbers ofesasin so doing, they contribute insights that lsan
used to identify potential changes in practice polity that may accelerate TMDL implementation
progress.

The discussion that follows highlights the apprescand methods that have been used in this
research to measure TMDL implementation progresssa@ large number of US EPA-approved TMDLSs

in West Virginia and Ohio.

19



3. METHODOLOGICAL ISSUES

The research design underlying this report focosethree questions, each of which builds upon

previous studies relating to the implementatio EDLs:

1. To what extent are US EPA-approved TMDLSs bamnglemented in Ohio and West Virginia?

2. What factors appear to influence implementagicogress?

3. What changes in practice and policy might feteé progress in implementing TMDLS?

The answers to all three questions are importaméitire to improve the condition of impaired wafars
West Virginia and Ohio, and they may also yieldghss that can enable water quality improvements in
other states.

While it is important to understand the extenivtich US EPA-approved TMDLs are being
implemented, determining how best to assess tlenegt implementation that is occurring is a
challenging task. The polluting activities ideigif in TMDLSs are wide ranging, and a number of them
occur as a result of economic, cultural, and squiattices that infiltrate almost all aspects afisty—
both nationally and in West Virginia and Ohio. Shectivities are also carried out by a wide raosfge
actors and institutions. For example, TMDLs depelbfor Ohio and West Virginia call for efforts to
address water pollution problems stemming from ngroperations, agriculture, point source wastewater
dischargers, hydrological modifications, urban andhicipal land use practices, releases of contamsna
from onsite wastewater, combined sewer overfloagaty sources of pollution from past activities] an
other sources. There is—at this point in time—apotral repository of information that is broad eglou
to enable researchers, or anyone else for thaemaitcollect information on efforts to reducelptant
impacts from all of these sources in any one whegtsmuch less two entire states.

A central question for the design of this reseaftbrt, therefore, has been how to identify,
compile, and analyze existing information relatiog wide range of pollutant sources and pollution
reduction activities across two states in a reaseremount of time and at a reasonable cost. @cead

this question, we inventoried approved TMDLs in @and West Virginia since the mid-1990s, coded 63
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TMDL reports developed for West Virginia and Ohiat were approved by US EPA between 1998 and
2006, and conducted numerous discussions, intesyiamd surveys with a range of knowledgeable
individuals. These individuals included state TMBtaff, TMDL developers, state agency staff members
who are knowledgeable regarding TMDL implementafotivities, and other stakeholders. We also
identified reports and other sources of informativat could help us assess TMDL implementation
progress and develop and estimate models to assessgluence of potential factors driving TMDL
implementation.

During the course of undertaking these activities identified and resolved a series of
methodological issues, and the following paragrdpgklight these issues and the ways in which trey
addressed in this study. The important issuediftehinclude: (1) the time frames over which EPA
approved TMDLs would be investigated; (2) the opfinmits of analysis for study; (3) the measures of
TMDL implementation success to be assessed; (4jendr@d how to access and compile the data to be
analyzed, and (5) the analytical methods to be tsé@tkentify both likely factors driving TMDL
implementation and potential improvements in policyl practice. The following paragraphs describe
how these issues are addressed in this study. dédaied and complete descriptions of the research
procedures used and analytical strategies emplasesthcluded in the Appendices.

There were some individuals we spoke with as weatbed this project who suggested that this
study might be premature. The concern they expdesss that most TMDLs in Ohio and West Virginia
had been developed and approved only over theipagir six years, and this might be too shorinzeti
frame to expect significant progress in implemeatatparticularly when the clearest measure of
progress—the restoration of impaired water bodiesa-¢omplex undertaking that often requires
successful implementation efforts of a number &edent kinds over extended periods of time.

To address this concern, we inventoried all ofiMDL reports approved by US EPA for the
states of Ohio and West Virginia since the mid-19®e found that West Virginia’s first TMDL repsrt
were approved by US EPA Region 3 in 1998 and Ofiiss TMDL reports were approved by US EPA
Region 5 in 2000. Between 1998 and September BRBMDL reports covering watersheds in the two
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states were approved, and—taken together—theyeddidndreds of TMDLs for individual stream
segments and water bodies. Figure 1 below disptdigemation on the number of Ohio and West

Virginia TMDL reports approved in each of the niresars between 1998 and 2006.

Figure 1. TMDL Reports by Year of Approval: Ohio and West Virginia
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We chose the TMDLs contained in these reportsasitiiverse for study because they were
sufficiently numerous to yield relatively large salmsizes for investigation, and because all ofiBe
EPA-approved reports in this sample would have lie@tace at least one year prior to the time that
information on TMDL implementation would be compgileWhile one year is not a long period of time
when one thinks about what might be necessaryllfpriestore an impaired water body, it does sedwmn li
a long enough period to initiate a meaningful TMidiplementation effort. We also compiled
information on the length of time since EPA appit®athis time period could be accounted for in the
analyses conducted.
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Another important methodological issue involvetedaining the appropriate units of analysis
for study. While we began this project with theadhat we would focus on specific stream segnibaats
were determined to be impaired and in need of restm, we discarded this approach after several
months of preliminary investigation. We did so fao major reasons. First, as we visited withestat
environmental officials and looked for availableiszes of information, we found that most people and
information sources at the state and local lewatsged their thinking and work around the concépt o
watersheds (or individual TMDL reports covering graheds or sub-watersheds) rather than individual
stream segments. As a practical matter, this nteanhinformation available for compilation and &
was likely to be both more complete and more rédialh a watershed level than at the level of irdiiei
stream segments or water bodies. And secondlyusecmost people involved in developing and
implementing TMDLs were focusing on them from a&vahed perspective, it made sense to conduct our
driving factors analyses at this level as well.tHa end, we chose the TMDL report and TMDL report-
pollutant (each TMDL report covered a defined dgiallutants that were then approved for specific
segments/water bodies by US EPA) as our units alfyais. While future research efforts may build
upon this one and focus productively at the streagment/water body level, we believe that it was
appropriate to begin this process with units ofiysia at which information was most likely to be
available and which matched up well with the comeapframeworks used by most participants in the
processes being studied.

Another issue to be addressed related to how t@uned MDL implementation progress. While
the existence of a fully restored water body isnaportant and useful measure of TMDL implementation
success, it is not the only one—patrticularly inesaghere the amount of time that has elapsed kiSce
EPA approval of a TMDL may not be sufficient tocali for full water body recoveries to occur. And,
regardless of the time frames involved, it is usefthave a range of measures of implementation
progress, so that management actions can be deddlopacilitate ongoing implementation progress.
For clarity and consistency, we chose to use US'EPRIDL Program Pipeline as our analytical
framework for the analysis (see Norton et. al.,72200T'his framework suggests that implementation
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processes occurring after TMDL approval flow thrbdgur major stages: (1) planning and management,
(2) implementation of controls, (3) incrementalt@dmrecovery, and (4) full water body recovery.eW

then conceptualized potential measures of prognesach of these stages, and designed our data
compilation processes to identify available infotioxa on these measures.

In the end, we were able to compile informatioraaiange of measures. These include: (1)
whether there are state agency officials who acskedgeable regarding implementation processes in
the TMDL-limited watershed; (2) whether there arad reducing projects in place in the watershed; (3
whether a watershed organization (or other groag)taken responsibility to implement recommended
actions in the TMDL,; (4) whether ambient monitorimas been conducted downstream from
implementation actions; (5) whether pollutant logdieductions are believed to be occurring; (6)
whether there are identified improvements in wgtelity; and (7) whether a full water body recovery
has occurred. Information on TMDL implementationgress according to all of these measures is
provided in Section 5 of this report.

Identifying sources for information on TMDL implemtation progress according to these
measures was also a major challenge, particuldtgmvone considers the range of potential informatio
sources available and the need to compile compamatdrmation relating to dozens of TMDL reports
and 174 report-pollutant combinations across twtest No feasible set of information sources ailye
available is perfect and complete, so we chosedhbieces of information that would yield the most
comparable information at a reasonable cost. Waddwo sources that met these criteria. First, we
compiled information from written sources. We ewed and coded all 63 US EPA-approved TMDL
reports in our sample to identify major pollutaatsl pollutant sources to be addressed, and to &mpi
other information relevant to our analyses. Keggiions included on the coding form used for these
assessments are included in Appendix D to thisrtefe were also able to identify several key sear
of written information above and beyond the TMDbpaoés themselves. These included reports and other

compilations of information on TMDL implementatiactions funded by Clean Water Act section 319
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grant funds, Office of Surface Mining funds for ewsthed restoration, and funds made available throug
Ohio’s Water Resource Restoration Sponsor Program.

Our second major information source consistsatestnvironmental officials who are most
centrally involved in developing TMDLs and in maivaggwater quality restoration activities in the
watersheds being investigated. However, becaase BMDL programs are organized differently in
Ohio and West Virginia, slightly different approastwere used to identify “lead developers” and
“knowledgeable state officials” in the two statés.Ohio, we approached the TMDL Coordinator with a
list of individuals who were identified in TMDL reypts as lead investigators who had guided TMDL
development processes relating to these reporith thhé cooperation and assistance of the TMDL
Coordinator, we then contacted these people antested information on state and federal officidi®w
were most knowledgeable regarding TMDL implementatictivities in the watersheds covered by the
TMDL reports that they had developed. The officiated by the lead developer was then identified as
the “knowledgeable state official”. This list afiéwledgeable state officials was then supplemelyed
individuals identified the TMDL Coordinator.

In West Virginia, where TMDLSs were developed calty, the TMDL Coordinator was—in
effect—the lead developer for all TMDLs createdhat state level. To identify knowledgeable state
officials, the TMDL Coordinator suggested that veenenunicate with leaders of the WVDEP Non-point
Source Program, because this program funds watklsten coordinators and interacts with other
agencies that implement on-the-ground projectsoddin communication with Non-point Source
Program leaders, we identified knowledgeable sititeials in all cases where they thought such sqe
exists. In total, we were able to identify “knodtgable state officials” who were aware of theustatf
implementation activities for 45 of the 63 TMDL weps being investigated across the two statesreThe
were eighteen watersheds where numerous phoneaadlldiscussions could not yield the identification
of an individual who was knowledgeable regardinglementation progress.

We then contacted these knowledgeable state dffiaiad interviewed them about TMDL
implementation activities in the watersheds abdhittvthey were informed, while drawing on specific
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information from the TMDL reports that had prevityuseen coded. We used a number of standardized
guestions to guide the interviews and to ensurepemaility of the information compiled. These
interviews were detailed in most cases and thegiymed much of the information we have compiled on
the engagement of stakeholder groups in TMDL imgeletation, implementation projects, loading
reductions, and water quality improvements. Bylangenting this information compilation strategy, we
created a set of data that characterize implementptogress in West Virginia and Ohio as of 20018]
provide a basis for analyses of potential driviagtérs, as well as recommendations for changes in
practices and policies that can help foster TMDblementation progress in the future. While the
information we compiled from these knowledgeabiesofficials forms the core of the analyses
presented in this report, it is supplemented byentargeted interviews with watershed group leadeds
others, where appropriate.

To characterize TMDL implementation progress ieifgtortions of this report, we present
information on each of the TMDL Program Pipelineasieres outlined above: (1) the number of US
EPA-approved TMDL reports for which state official®e knowledgeable regarding implementation; (2)
the number of US EPA-approved TMDL reports for whit least one load reducing project is being
undertaken; (3) the number of areas in which gr@aupdaking responsibility for implementation; {d¢
number of areas covered by TMDL reports in whiclbemt monitoring downstream from
implementation actions has been undertaken; (Shtingber of watersheds within which the
knowledgeable state officials we interviewed beadi¢or know) loading reductions have occurred; (&) t
number of watersheds in which these officials $a&d demonstrated water quality improvements have
been created; and (7) the number of watershedsévatbeen fully restored.

To identify likely driving factors for TMDL implem&ation, we employ statistical models to
ascertain the extent to which predictor variabtientified by current literature relevant to TMDL
implementation enable improvements in predicting kinds of measures of implementation progress:
the existence of a group to foster TMDL implemeptatind the estimated occurrence of pollutant load
reductions. The results of these analyses—aloriyingights drawn from our review of TMDL reports,
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interviews, and other sources—enable the developofenset of potential changes in practices and
policies that can be used to help accelerate TMDhlémentation progress in the future.

All of these analyses are presented in the rethdtsfollow in Sections 5 and 6 of this report.
The results focus first on presenting informationtioe extent of TMDL Program Pipeline progress that
has been achieved in watersheds with approved Tk#pbrts in Ohio and West Virginia. Section 5
presents information on the incorporation of TM@Rcommendations in NPDES permits and on the
views of state agency officials regarding the eterwhich the TMDL process fosters pollutant load
reductions and water quality improvements. Sedi@nesents the results of statistical analyseigued
to enable the identification of factors that akely to give rise to TMDL implementation progress.
Section 7 of the report then discusses potentipiorrements in practices and policies that are sstgde
by these analyses. Before that, however, theosettiat follows provides a description of TMDL-rigld
practices in Ohio and West Virginia, as well adygtahts and pollution sources in the 63 TMDL-lindite

watersheds addressed in this report.

27



4. TMDLS, POLLUTANTS, AND POLLUTION SOURCES

The subsections that follow overview TMDL-relagg@ctices in Ohio and West Virginia and
summarize information compiled on the pollutantd pallution sources in the 63 watersheds addressed

by TMDL reports included in this analysis.

41 TMDL-Related Practices in West Virginia and Ohio

Both Ohio and West Virginia assess water qualityditions in their respective states, and
develop TMDL reports and pollutant loading allooas that are then approved by US EPA's regional
offices. Both states also take advantage of asgistand guidance provided by US EPA, although they
also differ in their practices and processes.

West Virginia and Ohio developed active TMDL pragsaduring the 1990s and now use basin-
wide watershed assessment approaches to idenfigiied waters, pollution sources, and potentiakwat
quality improvement strategies. To date, bothestaave also focused more attention on developing
TMDLs than on making sure they are implementedweiger, the two states also vary in important
respects. Water quality standards and assessm#émbaisdn the two states differ from one anothedas
their processes for developing and writing TMDUO%$he two states also employ different approaches to
implementation and they receive differing levelsopport from state policymakers to implement water
quality improvement projects. What follows is aalission of some of the key similarities and

differences in TMDL related practices undertakethimtwo states.

4.1.1 Similaritiesin TMDL-Related Practicesin Ohio and West Virginia

TMDL development in both West Virginia and Ohiosaiaitiated in the 1990s. Both states were
also subjected to litigation, which required thenfdcus time and energy on meeting TMDL-related
requirements imposed by courts. In West Virgitl&, EPA Region 3 assisted the state Department of

Environmental Protection (DEP) in developing altlé early TMDLS, although the WV DEP has now
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taken over the process of TMDL development andsbaght to implement a number of improvements
since that time. US EPA Region 3 approved thé TiDLs contained in the first ten West Virginia
TMDL reports in 1998, and it has approved TMDLsteamed in an additional 27 reports between 1999
and 2006. Two West Virginia TMDL reports were deyedd by the Ohio River Valley Water Sanitation
Commission (ORSANCO).

Ohio’s first TMDLs were approved by EPA Region 22000, and—Ilike most other Ohio
TMDLs—they were developed by the Ohio EPA. Whilg BPA Region 5 took a leading role in the
development of the Mahoning River Watershed anda8alif MDL Reports in Ohio and the US Army
Corps of Engineers took the lead in developingattid mine drainage report that yielded the Monday
Creek TMDL, other TMDLs developed in Ohio have beegated and submitted for approval by Ohio
EPA staff. Ohio EPA continues to lead the staldlDL development efforts to this day.

Both West Virginia and Ohio have also integrategit TMDL programs with basin-wide
approaches for assessing watershed health and questilly. This approach enables the two states to
address a range of pollution sources and contrategfies in more holistic fashion than if assesdmen
were made through other approaches that do nouatéar the interdependencies that develop at the
watershed level. Ohio’s basin-wide assessmenegeowas developed around a five-year assessment
cycle, but—because of funding limitations—this @/nbw operates on approximately a ten-year basis
(OEPA, 2006, p. 22). West Virginia’s watershedeasment cycle operates on a five-year basis.

Like most states, West Virginia and Ohio face ntgue water quality challenges, and this fact—
along with timetables for TMDL development ordeeeda result of litigation—has required the TMDL
programs in both states to focus more on developMBLs than on implementing them. However, both
state TMDL programs are accompanied by NPDES actibee319 non-point source water pollution
management programs, and these programs draw iafiemfrom completed TMDLs to help foster and
focus implementation actions.

Both Ohio and West Virginia also benefit from fumgliprovided by the US Department
Agriculture, which is distributed to agriculturgberations to enable them to implement conservation
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practices on their lands. The US Department oicAdfure also provides funding for technical assise
support, which is being used in Ohio and West Viiagto help foster agricultural best management
practices and the development of management pragi@nstorm-water runoff (in Ohio, these programs
are administered at the county level). While kgitltes have developed agricultural technical a@saist
committees to help distribute these funds, disoumssiith state agriculture and environmental céfii
suggest that their operations do not appear tddsely coordinated with water quality programs
administered by state environmental agencies lreeif the two states. In West Virginia, the State
Technical Committee had previously linked certaamrf Bill program activities with TMDL priorities,
but this approach was later scrapped. Importandither West Virginia nor Ohio has explicit autityr
to require specific land use changes to foster meatelity improvements, and this is an important
limitation of authority in both cases. It is patiarly evident with respect to agricultural largku

practices, which are of importance to effectiveeragjuality management in both states.

4.1.2 Differencesin TMDL-Related Practicesin West Virginia and Ohio

While both Ohio and West Virginia have water qiyaditandards comprised of designated uses,
water quality criteria, and anti-degradation p@g;itheir standards differ from one another aral thi
affects the processes they use to assess watély qunal develop TMDLs.

Ohio’s Water Quality Standards include designatssdor aquatic life, water supply, and
recreation (Heitzman, 2004). The state is alsawknfwr its prevalent use of biological criteriasiopport
aquatic life uses, and these criteria vary based sgries of habitat classifications that the diate
developed over time (exceptional warm-water habitaidwater habitat, etc.). The state uses asefie
indices to determine whether specific water bodusere to their biological criteria, including timelex
of Biological Integrity (IBI), the Invertebrate Caemunity Index (ICI), the Modified Index of well-bejn
(Miwb), and the Qualitative Habitat Evaluation IRd@QHEI). These criteria for aquatic life are
accompanied by chemical-specific criteria. Chelvépecific criteria also exist for water supply and

recreational uses. Ohio’s anti-degradation pati®ets baseline federal requirements, and includigsda
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protections for various categories of outstanding superior state waters. Notably, the Ohio EPia is
the process of proposing changes to its water tyusthndards as this report is being written.

In West Virginia, the most important designatedsualso include aquatic life (warm water
fisheries and trout waters), public water supphd eecreation. Benthic macro-invertebrates are tsed
measure compliance with a narrative biologicakcmin, and numerous waters are listed as impauwed d
to this biological “condition not allowable.” Otherater quality criteria that result in significamimbers
of listings include fecal coliform and acid mineaolrage-related criteria: pH, iron, aluminum, and
manganese. The state’s anti-degradation policyraksets federal requirements, and includes three tie
of protection: Tier 1, Tier 2, and Tier 3. Watetjty standards undergo major overhauls duringniriial
reviews, and they are typically adjusted by théslature each year.

While both states adhere to TMDL processes revended by the US EPA, the two states differ
in the processes they use to develop TMDLs. Iregdnafter initially relying on US EPA Region 3 to
develop TMDLs in the years surrounding the turthef century, the West Virginia DEP now develops
TMDLs out of its central office in Charleston, undee supervision of a TMDL coordinator who has
made substantial efforts to ensure consistencyraprbve the quality of West Virginia TMDLs over
time. While the TMDLs themselves are written byoatracting firm, WV DEP staff members in
Charleston oversee the process. As a result, whdecan discern changes in the ways in which West
Virginia TMDLs have been written over time, the@anappears to be a fair amount of consistency in
their preparation.

The Ohio EPA takes a more decentralized approadkveloping its TMDLsS. Because it
possesses a reasonably robust administrative tinfcagre of five district offices (Northeast Distti
Northwest District, Central District, Southeast thid, and Southwest District), the Ohio EPA ofteties
on its district office staff to develop TMDLs, whi@re then submitted to a staff of three persons in
Columbus who appear to guide the overall procaesapde data, and review and then submit individual
TMDL reports to US EPA Region 5 for approval. Fably as a result of this somewhat decentralized
process, one tends to see more variation in ORRIBL reports compared with West Virginia. For
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example, while TMDLs developed in West Virginiargtent years appear to consistently break out
waste-load allocations for individual NPDES pernaitsindividual stream segments, Ohio’s TMDLs
appear to vary somewhat with respect to the way¢hich they apply waste-load allocations to
individual point sources dischargers. In someéaerd particularly those involving storm-water
discharges), the Ohio TMDLs specify aggregate whstd allocations, which might apply to a range of
similar discharges. In other cases, they inclyseific permit limits for individual NPDES dischang.

In spite of this variation, a review of the Ohio M reports developed since 2000 reveals a chamge fr
a focus on individual stream segments and wateiebdd the use of individual watershed assessment
units.

West Virginia and Ohio also differ in the meclsams they have established for enabling
information from TMDL reports to be incorporateddrocal and regional water quality improvement
efforts. In West Virginia, the TMDL Program appe#o view its responsibilities as limited to the
development of TMDLs, which are then to be impletedrby others. For point sources, these others are
housed in the WV DEP’s permitting offices for wastger, industrial, and mining permits. For nonfpoi
sources, the WV DEP relies on five watershed besardinators who are responsible for coordinating
with watershed organizations and guiding watershgmtovement efforts throughout the entire state.
Both of these sets of implementing agents are resple for incorporating information from approved
TMDLs into their implementation activities.

In Ohio, the TMDL program staff members appeardeeha somewhat greater level of
engagement in issues associated with implemeniaian though the bulk of their past efforts have
focused on TMDL development. TMDL implementatiaogesses in Ohio, like the state’s TMDL
development processes, are managed through OhitsERAdistrict offices. While only one of these
five offices (the Northeast District) has an indival who specifically serves as a TMDL coordinagdir,
five have individuals who implement waste-load edittons in NPDES permits and manage non-point
source water pollution control projects and adtdgit As in West Virginia, these individuals caawron
information in TMDL reports as they carry out thadativities.
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The two states also differ with respect to the neses they have available to help foster the
implementation of recommendations contained in TMBjports. Both states can draw on federal section
319 funds to facilitate a range of TMDL implemeidatactivities, and they both also have access to
federal funds to address acid mine drainage (AMDblems through the US Department of Interior
(DOI) Office of Surface Mining. Some of these Di@hds flow to the states to address AMD problems;
other funds flow to watershed groups. However lev®hio has access to several other sources of
funding to support watershed management and TMDOlledmentation, West Virginia’'s supplemental
resources appear to be limited to its Stream ParfPogram, which can provide project grants ofaup
$5000.

Ohio, by contrast, benefits from a number of add#i funding programs that can be used to help
foster TMDL implementation. These programs inclggecific funds to protect the Lake Erie watershed
that are provided by the US EPA Great Lakes Progmaththe state’s Lake Erie Commission, as well as
the Clean Ohio bond fund and Environmental Eduoagiant programs. The Ohio EPA also operates the
Water Resource Restoration Sponsor Program (WRRSR)part of its State Revolving Fund, and this
enables municipalities and others taking out Idarfand water infrastructure projects to targettjonis
of the interest they pay to fund watershed projedtisin the state. Since 2001, funding made abala
for watershed restoration projects under this @oghas ranged from $3.5 to $19 million each year.
Another potentially important source of fundingttisavailable in Ohio (but not in West Virginia) the
Ohio Watershed Coordinator Grant Program, whidhrisled with 319 grant monies and operated by the
Ohio Department of Natural Resources. This prograswides funding to enable watershed groups to
hire a watershed coordinator to develop and impigmatershed action plans. It therefore serves as
baseline funding source to help build local andaeal capabilities to improve water quality in Ohio

Thus, both West Virginia and Ohio draw on USDA &itl DOI assistance, as well as support
from the federal TMDL, NPDES, and 319 grant progsarhlowever, the two states differ in their water
quality criteria and assessment procedures, asaswétl the ways in which they develop TMDLs and
facilitate their implementation. Some of thesdaitifnces may highlight factors that are relevant to
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fostering accelerated progress in implementing TMBla point to which we will return in Section 6 of

this report.

4.2 Characteristics of Ohio and West Virginia Watersheds

As noted above, our investigation of TMDL repapproved by US EPA between 1998 and
2006 in Ohio and West Virginia identified 63 appedvT MDL reports. These reports, in turn, yielded a
total of 174 approved report-pollutant combinati@nseffect, this is the number of cases in which a
pollutant is targeted for implementation effortdliese 63 TMDL reports). This subsection overviews
the pollutants and pollutant sources addressdueiT MDLs that were included in this study. A more
detailed summary of the TMDL reports and the pataiand pollutant sources associated with them is
provided in Appendix E.

The TMDL reports developed for West Virginia andi®used a variety of names for similar
pollutants (sediment and siltation, for exampl&p simplify the presentation and analysis, we divid
pollutants into categories and characterize paiksthased on these pollutant categories. The bueak
specific pollutant names into the ten pollutanegaties used in this analysis is presented in the
Appendix A, and it is generally consistent with ttedegorizations used by the US EPA. Figure 2
displays the distribution of pollutants (by pollotaategory) addressed in Ohio and West VirginiaDIM

reports approved by US EPA between 1998 and 2006.
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Figure 2: Distribution of Pollutants in Watershedswith Approved TMDL Reports*: Ohio and
West Virginia, 1998 — 2006
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* Figures in this chart do not add to 100% due to rounding.

As Figure 2 shows, metals were the most commontawit category found in the TMDLs
investigated, and this is not surprising givenul@espread presence of mining operations in West
Virginia and in southeast Ohio. A total of 32% @%he 174 reported pollutants) were metals, and
aluminum, manganese, and iron dominated this @oitutategory. Because most of these releases of
metals were associated with AMD, pH was also a comoategory of pollutant (11% or 19 report-
pollutant combinations). Nutrients (18%, or 311@# reported pollutants) and sediment (17%, orf29 o
174 reported pollutants) were also quite commomabge agriculture and storm-water runoff in

developed areas are common sources of nutrientareralso common sources of water quality problems
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in the two states. Pathogens are also a commdutgrat (11%, or 19 report-pollutant combinatiores)d
they tend to result from failing onsite wastewatgstems and/or runoff from agricultural operatioAs.
one can see from Figure 2, the remaining pollutantise sample are less abundant, and include
pesticides (5%/8 of 174), organic enrichment (3%6/%74), ammonia (3%/5 of 174), PCBs (1%/2 of
174), and salinity (1%/1 of 174).

A total of 34 of these pollutants (20%) represesteptial threats to human health (a summary of
pollutants that represent potential threats to huhealth is provided in Appendix A). Threats reglgtto
the remaining 140 pollutants are primarily relat@@cosystem impacts. Notably, however, 27 ofthe
EPA-approved TMDL reports in Ohio and West Virgifd8%) addressed at least one pollutant that
posed a potential threat to human health.

Across the two states, the number of pollutantseste:d in the 63 TMDL reports investigated
ranged from one to ten. Figure 3 below shows ibiilution of the number of pollutants addressed

across the 63 TMDL reports.
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Figure 3: Number of Pollutants per TMDL Report
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The vast majority of TMDL reports address one, tarothree pollutants (79%), although one
TMDL report—the Mill Creek Scioto TMDL report in @f+—addresses ten pollutants. Six of these ten
pollutants were pesticides that were found in sediinmuch of which was subsequently removed by the
company responsible for the contamination afterpetion of the TMDL.

While the approved TMDLs targeted both point and-point sources, non-point sources were
far more prevalent than point sources. Twentydlukthe 63 US EPA-approved TMDL reports (37%)
targeted only non-point sources, and implementaiiions targeted for 71 of the 174 pollutants
addressed in these reports (41%) focused only ofpont sources. Most of the US EPA-approved
TMDL reports (39 of 63, or 62%) targeted both p@ntl non-point sources, and this was also the case

for the pollutants addressed in these reports @H/ar 56%). One TMDL report in West Virginia
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addressed only point sourcesigure 4 below shows the distribution of TMDL cefs with
implementation actions targeted for three pollutanirce categories (both point and non-point sarce

non-point sources only, and point sources onlypeesvely).

Figure 4: Distribution of Pollutant Sources in Approved TMDL Reports: Ohio and West Virginia,
1998 — 2006
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While a range of point source water pollution segrare targeted for action in the TMDL reports
investigated for this study, the vast majority oflptants targeteétom point sources were from mining
operations (46 of 174 total pollutants, or 26%®rsi-water sources (44 of 174 total pollutants, 5%2

these point sources include communities subjestaon-water Phase | and Il requirements, and

! This TMDL, for low dissolved oxygen in the Blackwatew& in West Virginia, removed unused waste-load
allocations from potential point source dischargers.
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construction and industrial storm-water permit leot, and wastewater treatment plants (43 of 174
pollutants, or 25%) with targeted effluent loadnegluctions and/or control requirements for Combined
and/or Sanitary Sewer Overflows (CSOs and SSOguré&5 below displays the number of targeted
pollutants from specific kinds of point sourcesttvare targeted for action in the approved TMDL

reports analyzed for this study.

Figure 5: Distribution of Point Sources in Watershels with Approved TMDL Reports: Ohio and
West Virginia, 1998 — 2006*
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* This chart reflects the total number of pollutants addressed in this study sample that emanate from the specified types of point sources. The bars are relatively
small in comparison to the height of the y-axis because most pollutants targeted by TMDLs addressed in this study emanate from non-point sources.

The non-point sources targeted for action varigtsitierably. Almost half (80 of 174, or 47%)

of the pollutants targeted for action addressettalgural sources. Over one-third of the pollugant
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addressed (67 of 174, or 39%) are from mining ssirdNon-point source storm-water runoff, onsite

wastewater systems, inadequate riparian protegtamsinadequate forest management operations were

also targeted for action in a number of these TMBhorts. Figure 6 below summarizes the relative

prevalence of these sources in the TMDL reportsesderd in this study.

Figure 6: Distribution of Non-point Sources in Watesheds with Approved TMDL Reports: Ohio
and West Virginia, 1998 — 2006
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* This chart reflects the total number of pollutants addressed in this study sample that emanate from the specified types of non-point sources.

As one can see, flow alterations in hydrologicateyns (dams, stream corridor restoration projetts),

road management practice improvements, and legatiytgnts from past economic activities were also

targeted for action to address a number of theufaoits identified for action in the TMDLs studied.
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5.  FINDINGS ON IMPLEMENTATION PROGRESS

Two sets of findings grow from this research. Tih& set of findings addresses the extent to
which TMDLs are implemented after their approvally EPA. This set of findings focuses on
implementation actions to address non-point andtgmurce water pollution sources, as well as efftu
limit changes in major NPDES permits. It also ugs findings relating to the opinions of statecadfs
regarding the role of TMDLs in facilitating pollutaloading reductions, water quality improvemeats]
other benefits.

A second set of findings identifies factors thapegr to foster TMDL implementation in Ohio
and West Virginia. These factors are identifiewtigh a series of statistical analyses that arsepited
in Section 6 (and are supplemented in the appesididoth of these sets of findings — along withest
insights gained through this research— supportesigg steps that can be taken to accelerate TMDL
implementation progress in the future. These shepslescribed in Section 7, and are followed by
suggestions for future research (Section 8) arftbet soncluding section that describes what we have

learned through this research.

51 Progress on the TMDL Program Pipeline: West Virginia and Ohio

Our compilation of information from interviews Wiknowledgeable state environmental officials
and reviews of written documents identifies adi@gtthat address pollutants and pollution sourcas t
are targeted for action in approved TMDL repoifghile we focus on non-point source implementation
efforts because they are more prevalent sourciespafirment than point sources, we also ask question
and compile information relevant to point sourcege find TMDL implementation efforts being
undertaken in many cases, but we also identifyralran of TMDL limited watersheds in which TMDL
implementation efforts are not apparent.

The TMDL Program Pipeline model developed by U ERvisions four major stages for

TMDL implementation (Norton, et. al., 2007), and @@mpile information for at least one measure of

41



implementation progress for each of these stagéshe planning and management stage of the TMDL
implementation process, we find officials who an@kledgeable about TMDL implementation activities
for 45 of the 63 TMDL reports in our sample (71%rough interviews with these knowledgeable
individuals and reviews of written documents, wenitify TMDL implementation projects that are
underway in at least 41 of the 63 watersheds coveyeghe TMDL reports in our sample (65%). We also
identify whether there are groups in the affectedensheds that are taking responsibility to foster
implementation of recommendations made in TMDLs. compile this information, we relied on the
judgment of the state officials who we interviewazbut TMDL implementation progress. They
identified groups taking responsibility for TMDL ptementation in 36 of the 63 watersheds in our
sample (57%). To gain a sense of the extent taiwthiese implementation efforts are focused on
meaningful improvements in water quality in thesgersheds, we also asked whether pollutants
addressed in the TMDL had been the focus of ambwvatdr quality monitoring efforts since approval of
the TMDL. The responses of the officials we intewed indicated that ambient monitoring had been
conducted for at least one pollutant addresseldemMDLs in 28 of the 63 watersheds covered by
TMDL reports in our sample (44%)The chart below provides a graphic picture ofifsning and

management processes in place for watershed addriesthe 63 TMDL reports included in this study.

2 More specifically, we focused on monitoring downstreasmfTMDL implementation activities.
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Figure 7: Watershed Planning & Management Measurefor Approved TMDL Reports: Ohio and
West Virginia, 1998 — 2006
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To gain an understanding of the extent to whighitiplementation actions being carried out are
leading to themplementation of controls on pollutant releases to impaired water bodiesasked state
officials if they believed that pollutant loadingductions had been achieved by the implementation
actions undertaken to date. The questions we dskeded on their level of certainty regarding wieet
pollutant loading reductions that had been achidgetioth non-point and point sources. The specifi
wording of these questions is provided in ApperidixThe responses indicated that the state official
interviewed knew of or believed that pollutant loapreductions (for at least one pollutant) hadrbee
achieved in 29 of the 63 watersheds addressedebyMDLSs in our sample (46%). For non-point
sources, those interviewed knew of or believed plofititant loading reductions had occurred in 24hef

63 watersheds studied (38%), while pollutant logdaductions were believed to have occurred in 9 of
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the 63 watersheds through the implementation oftmwmurce controls (14%). Figure 8 summarizes this
information on pollutant loading reductions. Ibsfs that most of the loading reductions identited

occurring through non-point source pollutant regucefforts.

Figure 8: Estimated Load Reductions in Watersheds ith Approved TMDL Reports: Ohio and
West Virginia, 1998 — 2006
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Our research procedures also called for an efbaddntify cases whergartial water body
recoveries had occurred or were underway. A partial watehyb@covery occurs in cases where ambient
water quality (and/or stream sediment conditiorprioves for one or more pollutants, but does so in a
way that does not result in full compliance witatstwater quality standards. This situation caacur
in a variety of ways, such as water quality improeats that are notable but not of sufficient magtet

to achieve water quality standards, achievemeniadér quality standards for one or more pollutdats
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habitat conditions) but not for all, and/or watestity improvements that are limited in geograpgtgope
(e.g., do not cover a sufficiently large geogragrea to result in a state declaration of watetitgua
standard compliance). To ascertain whether omease of these conditions might have been achiaeved i
watersheds addressed by our sample, we askedka séfuestions of the officials we interviewed gthi
sought to identify whether water quality improvernsenad been identified in locations downstream of
locations where TMDL implementation activities hazturred since US EPA approval of the TMDL.
The responses indicated that measured improvenmeatsbient water quality had occurred in at least
one location downstream from a TMDL implementatation for at least one pollutant in 12 of the 63
watersheds addressed in our study (19%).

We also assessed whether there have fuglewater body recoveries for any of the 63
watersheds in our sample. This is a rather sttfaigiard exercise because states track full wabelyb
recoveries in the combined 303(d)/305(b) repomrty gubmit to the US EPA every two years. Only two
of the 63 (3%) watersheds in our sample were deglas recovered by WV DEP or OEPA. Both of
these watersheds addressed pathogen contaminatiom Potomac River basin in eastern West Virginia.

To summarize the discussion above, planning anthgement processes are underway in well
over half of the watersheds studied in Ohio andtWaginia. In these watersheds, we find statenage
officials who are knowledgeable regarding impleraéinh processes at the watershed level (71%), bne o
more pollution-reducing projects underway (65%Y gnoups taking responsibility for TMDL
implementation (57%). In a substantial subsehe§é cases, we were also able to identify ambiatdrw
guality monitoring efforts being undertaken for @ranore pollutants (44%). The knowledgeable state
officials we interviewed believed that efforts bginndertaken have yielded pollutant loading redundti
in close to half (46%) of the watersheds addresséte EPA-approved TMDL reports. And, in almost
one-fifth of the watersheds (19%), it appears thate is evidence of water quality improvement.
However, in only two of the 63 watersheds studiedsdthat evidence suggest full water body restorati
Figure 9 below summarizes the discussion abowegisaas progress on the “TMDL Program Pipeline”
in Ohio and West Virginia.
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Figure 9: Implementation Progress in TMDL-limited Watersheds
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A review of Figure 9 shows clearly that TMDLs &&ing implemented in many watersheds in
Ohio and West Virginia. However, it also suggeistd there is substantial room for improvementim t
extent to which implementation is occurring. Fatttyee percent of the TMDL-limited watersheds irsthi
sample do not appear to have any group workingstef TMDL implementation (100% - 57% with a
responsible group = 43%). Some groups are juingettarted, and have not yet implemented effectiv
(eg. load reducing) controls. In addition, it isar that the implementation of controls does not
necessarily lead to noticeable water quality improents, at least in the time periods to date. And
finally, even when water quality improvements atentified, they are frequently just a first ste@in

longer road to water body restoration. Thus, wthikeresults here are encouraging in some respbets,
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also suggest that there is much work to be done iére to restore watersheds throughout Ohio argt We

Virginia.

5.2 TMDL Implementation Progress and Major NPDES Permits

While the discussion in the previous section setg#hat progress is occurring in the
implementation of TMDLs for both non-point and ptosource pollution sources, it does not assess the
extent to which recommendations contained in US-BBgroved TMDL reports are incorporated into
NPDES permits. The discussion that follows addresisis issue.

While it is clear that non-point source water ptiin problems are more prevalent than point
source problems in both West Virginia and Ohioireentory of NPDES permits in the affected
watersheds reveals that there are still hundreg@siot sources that contribute pollutants to théensaof
both states. Of these point sources, 51 perndssified as “majors” discharge to the watersheds
addressed in TMDL reports in our sample univerBiee vast majority of these 51 major permits are in
Ohio. Members of our project team reviewed pravisiin US EPA-approved TMDL reports for these
51 major permits, and were able to identify 38 magrmits that were targeted for action in some.way
The remaining 13 major permits in these TMDL lirditgatersheds do not appear to have been targeted
for action in the approved TMDL reports. Of thetdByeted for action, 27 were major permits forahkihi
TMDL reports appeared to recommend effluent lirhireges (the remaining 11 focused on other NPDES
actions, such as CSOs and/or storm-water runéféwever, only 19 of these 27 contained clearlyestat
recommended permit limits and/or individualized tea®ad allocations that could be directly traretat
into more stringent effluent limits in NPDES persitA review of current NPDES permits for these 19
major point sources reveals a picture of TMDL inmpémtation for point sources in these two states.

Our review of recommended effluent limits for thd€epermits uses three criteria for assessing
whether implementation has occurred. First, wemneine whether these 19 permits have been re-issued
with more stringent permit limits for at least cRDL-limited pollutant since US EPA approval of the

TMDL. Of the 19 major NPDES permits for which TMD&ports recommended specific levels of
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effluent reduction, 17 had been re-issued sincel#te of TMDL approval and also contained more
stringent permit limits for at least one pollutémat was limited in the TMDL report. As of summer
2008, both of the facilities that had not receiaatew permit since TMDL approval were in Ohio, &md
both cases the existing permits were five or me@ayold. This finding makes it clear that theran
intersection between TMDL approval dates and peisaitance cycles that can affect TMDL
implementation.

The second criterion we use to assess TMDL impléatiem in NPDES permits is broader, and
requires that permit limits fal TMDL-limited pollutants be at least as stringestracommended in the
TMDL. Of the 17 major permits that had been rexésksince EPA approval of the TMDL, hdd
effluent limits for all TMDL-limited pollutants thavere at least as stringent as required by the TMB
review of thethree permits in which this was not the case is insivect The first of these three permits
contained effluent limits that are more lenienttfaose recommended in the TMDL for three pollwgant
dissolved oxygen (DO), carbonaceous biochemicaemydemand (CBOD), and ammonia. This permit
also contains a compliance schedule requiring edgrhwastewater treatment facilities, but it does no
appear to include new permit limits which take efffafter completion of the required constructidrhis
is the case because the permitted facility is sgleeldto be closed and replaced by a new wastewater
treatment facility in another location. This neaeifity has permit limits for DO, CBOD, and ammopnia
but they are based on Best Available DemonstratedrGl Technology (BADCT) rather than a TMDL
generated waste-load allocation. In this casmpears, long-term TMDL compliance by a specific
wastewater treatment facility is likely to be act@d by closure of the facility, and this — in turias
given rise to a need for a new facility and judgteergarding a new set of effluent limits.

The two remaining major permits that have beerssaed with at least one effluent limit that is
more lenient than the effluent limits called fortie TMDL report appear as though they may deviate
from the recommended limits because of changdseimuality of water in the receiving stream, rather
than implementation delays or uncertainties orgfisaments regarding appropriate effluent limithege
two permits enable discharges of oxygen-demandibgtances to a river that has seen significantrwate
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quality improvements for dissolved oxygen sinceithplementation of other measures called for in the
TMDL (Tuckerman & Zawiski, 2007). Consequently tirese cases, more stringent limits on CBOD
may no longer be warranted by the condition ofréeeiving stream. This raises another question
regarding proper steps and measures for TMDL implgation: If implementation steps that have
already been taken are successful in restoringrwaity, does it really make sense to stick Higi

the effluent limits recommended in the TMDL? liaptive management is the process through which
water quality problems are best addressed, thesunesof implementation progress may need to
account for changing water quality conditions, &l @s recommendations contained in TMDL reports
and current permit limits.

The third and final criterion used here to ass@d®I implementation for point sources is more
restrictive still, and requires that alirrent permit limits be consistent with TMDL recommendat. Of
the 19 major permits in our sample with clearlyeddarequirements for more restrictive effluent tsnil0
contained current limits that were fully consistesith recommendations contained in TMDLs. In tptal
four of the 19 major permits analyzed contained @itance schedules in which more stringent permit
limits are being phased in over time, a rather comqermitting practice in cases where new facilitie
must be constructed or existing facilities upgraded

Table 1 summarizes the discussion above, and yselsral broad insights regarding the
implementation of TMDLSs for point sources. Fimstile non-point sources now contribute to more
water quality impairments than point sources, NPOEShargers continue to discharge pollutants that
must be managed in ways that incorporate requirtsieom US EPA-approved TMDL reports. Second,
based on the small sample of major permits analiieeg, it appears that TMDLs are being implemented
largely as envisioned in major NPDES permits in yneaises, although there are some inconsistencies
between recommendations made in TMDL reports abdesjuent effluent limits imposed in NPDES
permits upon re-issuance. There are also casesialm delays in permit re-issuance give rise t@ageln
TMDL implementation. And finally, it is clear th#tere are a range of criteria that might be ueed t
assess whether TMDL implementation for point sosiftaes occurred, and differences in these criteria i
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part reflect variable conceptions of the extentbich permit writers should deviate from TMDL

recommendations due to differences in judgment)gbs in circumstances, and/or new information.

Table 1: NPDES Permit Limit Implementation in Major Permits (number of permits)

Total

Major Permits 51
Targeted for Action? 38
Targeted for Effluent Limit Changes 27
Targeted with Clearly Recommended Effluent Limit Reductions* 19
Major Permits with Clearly Recommended Reductions which have been re-issued and made 17
more stringent** since TMDL approval

Re-issued major permits which will be fully consistent with TMDL after phase in period. 14
Re-issued major permits with current effluents limits that are consistent with 10
recommendations in the TMDL Report

* Major permits with clearly recommended effluent limit reductions are those for which the TMDL report made it clear that the recommended limits/allocations are
more stringent than those which existed at the time the TMDL was written and provided sufficient information to enable a review of the permit for consistency with
the language of the TMDL.

** Determinations regarding the stringency of the permit are based on concentration limits and/or limits on aggregate pollutant loads.

Writing and issuing NPDES permits can be a complexess, and in some cases it can be
controversial. When recommendations from TMDL mpare involved, clear language regarding
appropriate limits within the TMDLs and communicatibetween writers of TMDLs and NPDES permit
writers can become important. It is possible #uahe of the major permits discussed above were
informed by new information that made permit linttist are more lenient than those specified in the
TMDL report appropriate (as appears to be the frasat least two of the permits noted above) s klso
possible, however, that this is not always the easkthat more stringent permit limits are apprateri
As a result, the suggestions for potential progiraprovements specified in Section 8 suggest that it
appropriate for environmental agencies to reviesirtprocedures for describing waste-load allocation
and permit limits in TMDL reports and their procesg$or ensuring that recommendations emanating

from TMDLs are properly incorporated into NPDESpés.

53 Individual Evaluations of the TMDL Process

While the analyses above suggest clearly that TM&xe being implemented in many cases
through both non-point source water pollution cohéfforts and NPDES permits, they do not

demonstrate—in and of themselves—that the existehaa approved TMDL is important to the
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progress that is being achieved. To demonstréekid of impact, one would have to develop a
research design that somehow compared implememtatamress in watersheds for which TMDLs are
developed and approved with impaired watershedghinoh TMDL processes have not been undertaken.
This would be a significant undertaking, and ibigside of the scope of this project.

However, we did include two questions in many af imterviews with state environmental
officials that sought to assess the role and vafieMDLs in fostering reductions in pollutant loads
and/or improving water quality. In our first quest, we asked whether the TMDL process helps foster
pollutant loading reductions and/or water qualiyprovements. We asked this question of 21 state
officials in West Virginia and Ohio who were knowlgeable regarding TMDL implementation progress,
and all of them answered this question in therafitive (100%). While those interviewed sharedrgea
of reasons for their responses, they generallyestgd that the process of developing TMDLSs enabled
specification of pollutant sources to be targeted @addressed, and this specification was thoughé to
particularly important as agencies, localities, atakeholders seek to address highly variable ramtp
sources of water quality impairment.

We also asked these same 21 individuals whetlkeFMDL process yielded benefits above and
beyond their encouragement of loading reductiomsveater quality improvements. More specifically,
we asked them to identify up to two additional Hegag@rovided through this process. The table Wwelo

summarizes the responses they provided.

51



Table 2: Benefits of TMDLs Above and Beyond Pollutat Loading Reductions: Responses of State
Environmental Officials in Ohio and West Virginia

Number of

Responses Percentage of
Other Benefits of TMDLs (N=21) Responses
No other benefits 0 0.0%
Provides a scientific basis for reaching agreement 11 52.4%
Provides a way to determine loading reductions 7 33.3%
Provides a regulatory incentive that is needed 3 14.3%
Enables needed funds 13 61.9%
Draws attention of key stakeholders 8 38.1%

The responses to these questions suggest thaestatenmental officials believe that the TMDL pess
contributes to pollutant loading reductions, arat thcarries other benefits that support watelliyua
goals. They also draw attention to the value feng funds toward water bodies that are knowineto

impaired, and to the value of providing a scieatifasis for discussions of water quality improvetaen

54 Summary of Findings on Implementation Progress

The findings presented in this section make #icteat recommendations in approved TMDLsS
are being implemented in Ohio and West VirginiaelMdver half of the TMDL limited watersheds
assessed have planning and management effortswandeand pollutant loading reductions are believed
to be occurring in almost half of the watershedslistd. However, measured improvements in water
quality appear to occur less frequently — 19% efdhases in this sample, and full water body restors
are rarer still (3% of the cases studied). Thdifigs presented here also suggest that efflueitt lim
recommendations for NPDES permits are being imphdetein many -- but not all -- of the cases studied
This finding, and the realization that judgments/rddfer and circumstances may change between the
date of TMDL approval and the re-issuance of tag&PDES permits, raise questions about the
appropriate procedures to be used in incorporatMBL recommendations into NPDES permits. And
finally, while this study is not specifically desigd to assess the impact of the TMDL itself on
subsequent implementation, it does find a stroe@/\among state regulatory officials that the TMDL

process contributes positively to the effectiverddssubsequent water quality improvement efforts.
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6. FINDINGS ON FACTORS AFFECTING IMPLEMENTATION

While it is important to determine the extent toiethTMDLSs are being implemented, identifying
factors that affect implementation progress is atgoortant if we are to take steps to maximize
implementation progress in the future. In thigisacof the report, we present summary analyses tha
identify driving factors which — based on the dedanpiled for this study — appear to be strong mteds
of implementation progress. While statistical aygohes such as the ones used here do not and cannot
directly prove the existence of specific causatiehships, they do provide evidence that can led ts
improve our understanding of the sequences of ewehich are likely to unfold during the process of
TMDL implementation. And, because the factors idaa here are based on existing theories, liteggtu
and previous analyses, there is a high probabiiay the factors highlighted do indeed help foster
progress in the implementation of TMDLSs.

We can assess the factors affecting implementafidMDLs at two levels of aggregation. First,
we might focus on each individual pollutant addeelss each TMDL report (Section 4 of this document
illustrates that the TMDL reports in our sample i@$d between one and ten pollutants). Second, we
might examine the overall TMDL reports themselvége choose the former strategy because the
beneficial traits of the statistical models usetehely upon asymptotic properties and using TMIrs
individual pollutants as the unit of aggregationeg us a sample size of 174, whereas using TMDL
reports generates a much smaller sample f 88.of the models reported here, then, employ a
TMDL/pollutant dyad as the unit of analy$is.

We assess the importance of a number of factotsrtag affect TMDL implementation progress.
Most of these factors are derived from previouskaty work examining policy implementation in

general and the implementation of TMD&isd watershed management policies in particullie T

% The technical aspects of the statistical modeld heee are presented in Appendix 8ince our data contain multiple
observations for many TMDL reports and the obs@matwithin each report are not independent ofamather, we estimate
parameter standard errors by clustering obsenatiotiin each report.

* Where possible, we also estimated our models ubgMDL report as the unit of analysis. The teswere highly
consistent with those reported here.
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purpose of this investigation, however, is primagtactical in that identifying factors affectingDL
implementation progress might help officials arakeholders make greater progress in this areareThe
are at least two avenues through which identifyaxgors affecting TMDL implementation might help
encourage greater implementation. First, we mitdgnttify actions of officials and other stakehokl#rat
help predict greater progress through the TMDL enpéntation pipeline. Second, we might identify
specific characteristics of watersheds or watefityyaroblems that are associated with an increased
probability of success at different stages of tMDL implementation pipeline. The first set of facd

can be manipulated, and their identification mighlp inform TMDL program management. The second
set of factors, by contrast, are generally fixet(eannot be manipulated easily), but identifyimgn
might help federal, state, and/or local officialsgiet TMDL implementation efforts to particular
watersheds and/or water quality problems. Thelooliteg portion of this sub-section summarizes its

findings with regard to these two sets of factors.

6.1 An Overview of Models Used to Evaluate Factors Affecting Implementation

The models used here predict the probability otsess at two stages of the TMDL
implementation process. First, we measure progngsignning and management activities (stage 1 in
the implementation pipeline) using an indicatonwbéther thereis a group that has taken responsibility
for fostering the implementation of the TMDL. This measure is taken from our interviews wittest
officials. Second, we measure the implementatiomater quality controls (stage 2 in the
implementation pipeline) using indicators of (l)ether state officials know and/or believe that there
have been non-point source load reductions associated with particular pollutants addressed in the
TMDL, and (2) whether state officials know and/or believe that there have been any point or non-point
source load reductions associated with particular pollutants addressed in the TMDL. These measures are
also taken from our interviews with knowledgealiges officials. Descriptions of these variables ar
found in Appendix A.

Our models test four general categories of hypethes
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1. Hypotheses testing the proposition of positive beatk across different stages of the TMDL
implementation pipeline: i.e., that progress irlieastages of the pipeline increasls
probability of progress in later stages. Givenghmall number of observations for stages 3 and 4
(i.e., few documented water quality improvementd fwer full recoveries), the quantitative
models in Section 5.2.3 examine only the linkagevben planning and management activities
and the implementation of controls. In the distusshat follows, we refer to indicators of
progress in prior stages of the TMDL implementatigpeline asendogenous variables when
they are used to predict success in later stagespdémentation.

2. Hypotheses testing the proposition that actiorstate officials and other stakeholders can
influence the probability of successful TMDL implentation. We refer to indicators of these
actions agroup process variables.

3. Hypotheses testing the proposition that the charistics of watersheds and water quality
problems can influence the probability of succdsEMDL implementation. We refer to
indicators of these characteristicscantextual variables.

4. Hypotheses associated with control variables uséld statistical models to assess the impact of

time and watershed size on implementation progress.

We use several variables to operationalize the datggories of hypotheses identified above.
Specifically, we employ ten independent variablesur models predicting the presence of a group
overseeing TMDL implementation, and 13 independeniables in our models predicting perceived
pollutant load reductions. This number of variahketoo large from both a modeling perspective (it
violates the principle of parsimony) and from distecal perspective (i.e., our sample may be toalkto
obtain consistent estimates of this many paramétams the Probit models used here). Therefore, we
employ a series of preliminary analyses to redbeenimber of variables used in our final multiviria
models of implementation progress (the results fto@se preliminary analyses are presented in
Appendix B).
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Briefly, we first estimate a series of simple Ptahodels that use each independent variable
individually to predict the presence of an impletadion group or perceived pollutant load reductions
Next, we conduct a series of likelihood ratio tebts assess jointly the predictive power of thealdes
used to represent four general types of hypotheBRisd, we estimate unrestricted models wherefall
the independent variables are used to predictrigepce of an implementation group or perceived
pollutant load reductions. Independent varialthes perform poorly in these preliminary analyses ar
removed from the final multivariate models. InstBection, we simply present the multivariate madel

for which we have the greatest confidence in thesistency and robustness of the results.

6.2 Evaluating Factors Affecting Planning and Management Activities

We measure whether there is a group responsibfedtering or overseeing implementation
actions for a particular TMDL as our indicator ebgress in planning and management activities. iBhis
a dichotomous indicator, so the models are estinageng Probit. We test the following hypotheses i
these models (complete variable descriptions arsgmted in Appendix A).

Hypotheses Associated with Group Process Variables. Our models predicting the presence of an
implementation group employ three group procesmbkes. First, we measure the degree of stakeholde
involvement in TMDL development. Previous reseatthngly indicates that stakeholder involvement
in policy development helps pave the way for mdfective policy implementation (Beierle and Cayfprd
2002; Sabatier et. al., 2005; Benham et. al., 200H)s leads to the following hypothesis:

H1: Greater stakeholder involvement in TMDL devel opment increases the probability that a

group will foster implementation of the TMDL.

Second, we measure the degree to which offiaiadsate agencies are engaged in TMDL
implementation. Previous research strongly ingéisdlhat agency involvement in implementation is
crucial for implementation success (Mazmanian aaob8er, 1983). This leads to the following

hypothesis:
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H2: Greater agency involvement in TMDL implementation increases the probability that a group

will foster implementation of the TMDL.

Third, we identify whether the state governmenerdfgrants to support the creation and
maintenance of watershed groups (Ohio offers temets, West Virginia does nat)Somewhat
obviously, if a state supports the development atienshed groups, the probability that these greuilbs
emerge to oversee TMDL implementation increasesreMjenerally, funding is one of the key
components of successful policy implementation (Mazian and Sabatier, 1983). This leads to the
following hypothesis:

H3: Providing state grants to support the devel opment of water shed management capabilities

i ncreases the probability that a group will foster implementation of the TMDL.

Hypotheses Associated with Contextual Variables. We use five variables to represent the context
within which TMDL implementation takes place. Tiirst three variables reflect the resources or
capacity of affected communities in the watershexd, (Ssocioeconomic status, potential social cgpated
population density). These variables come from2@@0 U.S. Census of population, and are meastired a
the 8-digit HUC level. The fourth and fifth varlab reflect the severity of the water pollution fpieon
present in the watershed, and come from the TMIpbnts.

We measure socioeconomic status using (a) the mege of households in each 8-digit HUC
with incomes above $50,000 and (b) the percentigdudts in the 8-digit HUC who have earned a
college diploma. Since income and education costagngly, these two measures were combined into a
single principle components factor score repreagrédcioeconomic status. Participation in grogps i
strongly related to socioeconomic resources, apeneeptions of political efficacy that lead citiseto

participate in public policy. This leads to thddaing hypotheses:

® While West Virginia offers Stream Partners grants to wagergroups of up to $5,000 per year, these grants are
small compared with Ohio and are generally project-specific.
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H4: High levels of socioeconomic status among water shed residents increase the probability that

a group will foster implementation of the TMDL.

Our second contextual variable measures the popuoldénsity of the watershed covered by each
TMDL (measured in hundreds of persons per squae.miPopulation density is expected to have a
positive effect on the group development, as tigeseps are more likely to arise in highly developed
areas.

H5: High levels of population density within a watershed increase the probability that a group

will foster implementation of the TMDL.

Our third contextual variable represents the paesocial capital present in communities within
watersheds. We measure social capital using égpehcentage of homeowners in the 8-digit HUC
containing the watershed (i.e., residential stghifind (b) the percentage of white residents én&idigit
HUC containing the watershed (i.e., racial divgjsitThe percentage of homeowners and the percentag
of white residents were found to covary, so theserheasures were combined into a single principle
components factor score representing the degrpetehtial social capital present in the 8-digit HUC
Previous research in sociology and political sagelmas illustrated that the production of socialitehs
positively related to residential stability (homeawws are less likely to move and have higher levkls
civic engagement than do renters) and negativédyea to racial diversity (Nan, 2000; Hero, 2003;
Teachman, et. al., 1997; Putnam, 1995). In twaiaécapital is positively associated with theatien of
groups and levels of group activity in watershedb@atier et. al., 2005). This leads to the foltayvi
hypotheses:

H6: High levels of potential social capital among watershed residents increase the probability

that a group will foster implementation of the TMDL.
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Problem severity, sometimes referred to as “tralityah has a clear effect on successful policy
implementation (Mazmanian and Sabatier, 1983).rdfhee, the fourth and fifth contextual variables
represent the severity of the water pollution peablddressed by the TMDL. Specifically, the fourth
variable measures the percentage reduction inrtypalutant levels required to meet the TMDL fbat
pollutant as stipulated in the TMDieport, while the fifth variable is a dichotomouslicator of whether
the pollutant poses a threat to human health. &afiens regarding the effect of problem seveggd to
the following hypotheses:

H7: Large required pollution reductions (i.e., high problem severity) increase the probability that

a group will foster implementation of the TMDL.

H8: Pollutants with substantial human health effects (i.e., high problem severity) increase the

probability that a group will foster implementation of the TMDL.

Hypotheses Associated with Control Variables. Implementation of TMDLSs takes place across
space and over time, and our models should cofutrohese factors. Specifically, we include measur
of watershed size (i.e., the total area of the mght in square miles, logged) and the time sippecxal
of the TMDL (in months). Our expectations regagiihese variables are not critical. As control
variables, their primary purpose is to allow ugkdain more precise parameter estimates for thepgro
process and contextual variables described above.

Model Results. The full unrestricted model predicting the preseaof implementation groups is
presented in Appendix.Hable 3 (below) summarizes the results from thet,bleost parsimonious
multivariate model. We begin the discussion ofiltisswith one caveat. Table 3 does not contain an
estimate of the effect of watershed coordinatongran the presence of implementation groups. iShis
not because watershed grants are unimportanthél'oantrary, these grants appear to be so important
that we are unable to estimate their effect. kergdMDL receiving a watershed coordinator grasmtréh
is a group responsible for TMDL implementationattically, this means we cannot obtain an eseémat
for the effect of these grants on implementatiargpess (i.e., for every case where the watershed
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coordinator grant variable equals 1, the dependanieble also equals 1, and Probit cannot estimate
parameters under these circumstances). Practiti@bymeans that these grants are a sufficierdition
for encouraging groups to oversee implementaticch@TMDL.

We can conclude from Table 3 that the likelihoodimding a group fostering TMDL
implementation is best predicted as a functionedtalder involvement in TMDL development, state
agency involvement in the implementation procespufation density within the watershed, the size of
the watershed, and the age of the TMDL. The fost variables have a positive effect on the presa
an implementation group, while the last has a negatffect. Moreover, this model has substantial

explanatory power, as evidenced by the pseudotB.66.

Table 3: Results from Multivariate Probit Model Predicting Probability that there is a Group
Responsible for Overseeing TMDL Implementation

Variable Probit Coefficient Asymptotic Z-Score
Stakeholder Involvement 1.11%** 3.37

State Agency Involvement 0.65*** 2.80
Population Density 0.01*** 2.55
Watershed Area 0.69*** 2.68

TMDL Age -0.02* -1.75

Constant -2.75

Pseudo-R” 0.66

Sample Size 166

*p<.10, *p<.05, *** p<.01, two-tailed tests

Probit coefficients like those in Table 3 are diffit to interpret, so Figures 10 through 12
illustrate the effect of stakeholder involvememats agency involvement, and population densityhen
probability that there is a group responsible feerseeing implementation of the TMDL, holding all
other variables at their respective means (we dgraph the effect of the two control variabl&sFigure
10 illustrates that if stakeholders are not invdlue TMDL development, the probability that we wske
a group fostering TMDL implementation is roughlft . However, as stakeholders become more
involved in TMDL development, this probability ireases to 0.99, a virtual certainty. Figure 11

illustrates that if state agencies are not engag@®1DL implementation, the probability that we Wilee

® Figures 10 through 12 are actually linear representatiomsndihear marginal effects.
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a group overseeing TMDL implementation is roughli/0 If state agencies engage at the maximum
observed level, however, this probability incredse®9; again, a virtual certainty. Figure 12slitates
the influence of population density: with populatidensity at its observed minimum value (20 persons
per square mile), the probability that we will segroup fostering TMDL implementation is roughly
0.21. At the maximum observed value of 1273 pesgmr square mile, however, this probability

increases once again to 0.99, a near certainty.

Figure 10: Effect of Stakeholder Involvement in TMLL Development on Probability of Observing
Implementation Group
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Note:
The horizontal (x) axis shows the number of ways iwhich stakeholder groups participated in the

TMDL development process (attending meetings, writig letters, etc.), and the vertical (y) axis
reflects the probability of observing an implementéion group in the watershed.
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Figure 11: Effect of State Agency Involvement in Irplementation on Probability of Observing
Implementation Group.
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Note:

The horizontal (x) axis is a measure of the extemtf state agency involvement in TMDL
implementation, while the vertical (y) axis reflecs the probability of observing an implementation

group.

Figure 12: Effect of Population Density on Probabity of Observing Implementation Group
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Note:

The horizontal (x) axis shows population density pesquare mile, while the vertical (y) axis reflects
the probability of observing an implementation grop in the watershed.
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6.3 Evaluating Factors Affecting (Perceived) Pollutant Loading Reductions

Our two indicators of the implementation of corgrate whether state officials perceive any
reduction in non-point source pollutants associatidkd a TMDL, and whether these same officials
perceive load reductions in any pollutant (fromrp@ind/or non-point sources) associated with a TMDL
According to our surveys, non-point source loadiotions were documented or perceived in 56 of the
169 TMDLs addressing non-point pollutants (33%)nPand/or non-point source load reductions were
documented or perceived in 66 of the 174 TMDLsunsample (38%). Since our dependent variable is
dichotomous (i.e., a perceived load reduction lidsase not occurred), we use Probit analysis to test
hypotheses regarding what factors are associatbdése perceived load reductions.

The Probit models used to predict perceived pailuitzad reductions, however, are diffat
from those used in Section 6.2. The technicalifips©f the models used to predict perceived patti
load reductions are presented in Appendix B. Wg summarize these approaches here. First,
hypothesis H9 predicts that the presence of anemehtation group will be positively related to the
probability that state officials perceive pollutdmad reductions. Since the presence of implenienta
groups is the dependent variable from the modehsamzed in Table 3, it is endogenous, and therefore
violates one of the core assumptions associatddpsgtdictor variables in general linear models.
Moreover, the presence of implementation groupsth@gerception of pollutant load reductions may be
jointly determined. In these situations, the pragaproach is to obtain parameter estimates using
Seemingly Unrelated Bivariate Probit (SUBP) modPlisirie, 1980; Green, 1993). Models estimated
using SUPB models are summarized in Table 4.

Second, state officials can only perceive pollutaat reductions for TMDLs with which they
are familiar. If officials are unfamiliar with dmnow little about implementation of the TMDL, thbgve
no information on which to base their perceptiogareling loading reductions. Since state officals in
fact unfamiliar with the implementation of a numioéithe TMDLSs studied, perceived potential load

reductions remain unobserved for a portion of amgle of TMDLs. In the SUBP models, TMDLs
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about which state officials have little or no kneddje are treated as having no perceived pollubauoit |
reductions. Alternatively, we could treat theseOIM as missing data and estimate the models using
only those TMDLs for which state officials have fezient familiarity to render a judgment on pollata
load reductions. Similar to the SUBP models, havethe factors that affect whether state officats
familiar with the TMDLs may also affect whether ¢beeductions are perceived in these TMDLSs (i.e.,
they may be jointly determined). In these situaiahe proper approach is to obtain parametenatds
using Bivariate Probit models with sample selec{iBRSS) (Van de Ven and Van Pragg, 1981). Models
estimated using this approach are summarized iteTab

Hypotheses Associated with Endogenous Variables. Recall that we expect progress in the earlier
stages of the TMDL implementation pipeline to affeogress in later stages. This expectation léads
the following hypotheses:

H9: The presence of a group fostering TMDL implementation increases the probability of

perceived pollutant load reductions associated with that TMDL.

Hypotheses Associated with Group Process Variables. We employ six group process variables
in the perceived pollutant load reduction moddike first three are identical to those used in the
implementation group model. Therefore:

H10: Greater stakeholder involvement in TMDL devel opment increases the probability of

per ceived pollutant load reductions associated with that TMDL.

H11: Greater agency involvement in TMDL implementation increases the probability of

per ceived pollutant load reductions associated with that TMDL.

H12: Providing state grants to support the development of watershed groups increases the

probability of perceived pollutant load reductions associated with that TMDL.

The fourth and fifth group process variables meadiue characteristics of watershed groups in
the area covered by the TMDL. Specifically, we swra the number or density of confirmed watershed
groups operating in the area covered by the TMDU, &e identify the highest level of engagement in
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implementation exhibited by any of these watergjredips (i.e., the intensity of group involvementtie
implementation process). These variables come fomnterviews with state officials familiar with
TMDL implementation in the watersheds studiéthese officials are unfamiliar with several cases
TMDL implementation, however, which leads to migsdata for these variables in over 25 percent of
our cases. Common practice when faced with mig$atg is to (a) drop these observations from the
analysis (i.e., listwise deletion), or (b) replawissing observations with the sample mean. Tise fir
strategy generally produces severely biased esgsnhbwever, while the latter preserves the sasipée
without contributing additional information to tsample. A superior strategy is to impute (i.eedoet)
values for these missing cases, and there area@amepted strategies for imputation (King ef. al.
2001). We impute missing values for the two wdtedsgroup variables using the standard imputation
algorithm in the Stata statistical package. Bbthdensity of watershed groups and the intensitieif
involvement have been shown to positively affectanghed management practices. This leads to the
following hypotheses:

H13: Asthe density of watershed groupsin the area covered by the TMDL increases, the

probability of perceived pollutant load reductions in that area will also increase.

H14: Asthe intensity of watershed group participation increases, the probability of perceived

pollutant load reductions in that area will also increase.

Finally, we identify whether an endorsed non-pgimirce watershed plan was in place during
any part of the TMDL implementation period. Thesens provide a framework in which planning for
watershed restoration can take place, and—in émnses—are consistent with the concept behind TMDL
implementation plans that are cited by Benhamleasaa potential driving factor for TMDL
implementation progress. Endorsements of theses filg state agencies are required in Ohio and West
Virginia as a pre-condition for the disbursemente@ftain grant funds under section 319 of the Clean
Water Act. This leads to the following hypothesis:

H15: The presence of an endorsed NPS water shed plan increases the probability of perceived

pollutant load reductionsin the area covered by a TMDL.
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Hypotheses Associated with Contextual Variables. We use the same five contextual variables
from the implementation group models. Therefore:

H16: High levels of socioeconomic status increase the probability of perceived pollutant load

reductions associated with a TMDL.

H17: High levels of social capital among water shed residents increase the probability of

per ceived pollutant load reductions associated with a TMDL.

H18: Large required pollution reductions (i.e., high problem severity) increase the probability of

per ceived pollutant load reductions associated with a TMDL.

H19: Pollutants with substantial human health effects (i.e., high problem severity) increase the

probability of nonpoint source load reductions associated with a TMDL.

Our expectation regarding the fifth contextual &ble is different in the load reductions models
than in the implementation group model. Populatensity may have a negative effect on pollutiadlo
reductions, since reducing pollution is often maiféicult in densely settled watersheds. Therefare
hypothesize that:

H20: High levels of population density within a water shed decrease the probability of perceived

pollutant load reductions associated with a TMDL.

Hypotheses Associated with Control Variables. Again, we include measures of watershed size
(i.e., the total area of the watershed in squatesmiogged) and the time since approval of the TMID
months). Our expectations regarding these vagadnie not critical. As control variables, theiinpary
purpose is to allow us to obtain more precise patanestimates for the group process and contextual
variables described above.

Results from the Multivariate Models Predicting Perceived Load Reductions. Table 4 reports the
results from the SUBP models, while Table 5 repttrésresults from the BPSS models. We discus®thes
models together because their conclusions areyhaginsistent. Recall that both SUBP and BPSS are
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two-equation models. In SUBP, the first equatioedicts the probability that we will see a group
responsible for overseeing implementation assatiith a TMDL. Therefore, the variables in this
model are the same as those reported in Tabla 81eIBPSS models, the first equation predicts the
probability that state officials are familiar withTMDL, and therefore capable of rendering a judgime
on pollutant load reductions. It predicts stafécil familiarity with TMDL implementation as a
function of stakeholder involvement in the devel@mtof TMDLS, state agency involvement in TMDL
implementation, the presence of a watershed comiaiigrant (since the grant application process
provides a mechanism through which officials becaware of the TMDL), the size of the watershed,
and the age of the TMDL (familiarity should increagith size and with the age of the approved TMDL

report).

Table 4: Final Seemingly Unrelated Bivariate ProbitModels for Perceived Pollutant Load
Reductions

Nonpoint
Source
Pollutant Load Any Pollutant
Reduction Asymptotic Load Reduction Asymptotic
Variables Parameters Z-scores Parameters Z-scores
Perceived Load Reduction
Model
Implementation Group 2.426*** 4.37 1.688* 1.76
State Agency Involvement NA 0.187* 1.93
Watershed Coordinator Grant 1.109*** 2.72 0.952*** 2.82
Watershed Group Density -0.194 -1.64 -0.291** -2.57
Watershed Group Intensity 0.587** 2.22
Approved Watershed Plan 0.751** 1.58 0.364 0.79
Potential Social Capital -0.816*** -3.49 -0.528*** -3.35
Population Density -0.290*** -3.36 -0.162*** -2.73
Watershed Area 0.286* 1.90
Age of TMDL 0.036*** 3.57 0.032%** 4.05
Constant -5.989*** -5.49 -5.183*** -6.25
Implementation Group Model
Stakeholder Involvement 1.067*** 2.96 1.066*** 2.97
State Agency Involvement 0.699*** 2.84 0.689*** 2.82
Population Density 1.092*** 2.68 1.011%** 2.68
Watershed Area 0.768*** 3.00 0.757*** 2.76
TMDL Age -0.020* -1.87 -0.019* -1.80
Constant -7.882%** -3.03 -7.718*** -3.01

*p<.10, *p<.05, *** p<.01, two-tailed tests
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Table 5: Final Bivariate Probit Model with Sample Slection for Perceived Pollutant Load

Reductions
Nonpoint
Source
Pollutant Load Any Pollutant
Reduction Asymptotic Load Reduction Asymptotic
Variables Parameters Z-scores Parameters Z-scores
Perceived Load Reduction
Model
Implementation Group 0.436 0.51 0.948 0.82
State Agency Involvement 0.321*** 3.03
Watershed Coordinator Grant 0.993* 1.68 1.232*** 3.34
Watershed Group Density -0.244** -2.31
Watershed Group Intensity 0.276 0.75
Approved Watershed Plan 1.376** 2.21 0.507 0.86
Socioeconomic Class 0.400** 2.05
Potential Social Capital -0.639* -1.85 -0.543*** -3.39
Population Density -0.373*** -3.50 -0.185*** -2.71
Age of TMDL 0.030* 1.92 0.032%** 3.63
Constant -2.161 -1.60 -4, 177 -4.62
Selection Model
Stakeholder Involvement 0.512** 3.08 0.586*** 3.54
State Agency Involvement 0.380*** 4.31 0.358*** 4.62
Watershed Coordinator Grant 0.527 1.20 0.794 1.58
Age of TMDL 0.008* 1.23 0.004 0.82
Constant -2.320*** -3.78 -2.126*** -3.86

*p<.10, *p<.05, *** p<.01, two-tailed tests

The results from the SUBP models confirm our elq@n that success at one stage of the
implementation pipeline (the presence of an implaat@n group) increases the probability of sucesss
later stages of the implementation pipeline (petioap of pollutant load reductions). Figure 13mrs
this relationship, and shows that holding all otta&tors constant, the presence of an implememtatio
group increases the probability of a perceivedyalit load reduction from virtually zero to 38 partin
the non-point source model, and from 3 percenBtp&cent in the any pollutant modeBubstantively,
then, the effect of implementation groups on perxtioad reductions appears quite large. Thetsesul

from the BPSS models also show a positive relalignisetween implementation groups and perceived

pollutant load reductions, but these parametemeséis are not significantly different from zero.

" Again, these figures are linear depictions of nonlineagmar effects.
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Figure 13: Effect of the Presence of an Implementatn Group on the Probability of Perceived
Pollutant Load Reductions in the SUBP Models
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Note:

The horizontal (x) axis reflects the presence (1y @absence (0) of an implementation group, while
the vertical axis reflects the probability of obseving a pollutant loading reduction.

Both the SUBP and the BPSS models illustrateghaip process variables significantly affect
the probability that state officials perceive ptdint load reductions. Specifically, all four magishow
that perceived load reductions are more likelyd@bsociated with TMDLSs where there is an approved
watershed plan, and with TMDLSs receiving a watetst@ordinator grant (though the watershed plan
parameters are statistically significant only ia tton-point source models). When we graph these
relationships, Figure 14 shows that the presenes @pproved watershed plan increases the protyabili
of a perceived load reduction from a minimum ofpEdcent (increasing from 2 percent to 21 percent in
the SUBP model for non-point source reductions) taximum of 52 percent (increasing from 22
percent to 74 percent in the BPSS model for nontgsiurce reductions). Figure 15 shows that
watershed coordinator grants increase the probabilia perceived load reduction from a minimun2ef
percent (increasing from 10 percent to 39 peraetite SUBP model for any load reduction) to a
maximum of 40 percent (increasing from 11 perceril percent in the BPSS model for any load

reduction). Our results for the density of waterslgroups and the intensity with which these groups
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participate in TMDL implementation are less coreist Group density displays a significant negative
relationship with perceived load reductions in b8thBP models and in the BPSS model for any
pollutant reductions, but the intensity of wateslyeoup involvement displays a positive relatiopshi
with any pollutant reductions, but not for non-gaource pollution reductions in both the SUBP and

BPSS models. Moreover, the negative coefficiengfoup density is contrary to our expectations.

Figure 14: Effect of the Presence of an Approved Warshed Plan on the Probability of Perceived
Pollutant Load Reductions
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Note:

The horizontal (x) axis shows whether or not therés an approved watershed plan for addressing
water quality concerns in the TMDL limited watershad, while the vertical (y) axis the probability of
observing a non-point source pollutant reduction.
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Figure 15: Effect of the Watershed Coordinator Grars on the Probability of Perceived Pollutant
Load Reductions
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Note:

The horizontal (x) axis identifies whether (1) or ot (0) there is a watershed coordinator grant in
place, while the vertical (y) axis reflects the proability of observing a pollutant reduction.

Only two of the contextual variables, potentiatiabcapital and population density, are
consistently and significantly related to the prhuibty that state officials will perceive pollutatdad
reductions. The potential social capital relatfipss negative, contrary to our expectation. Qsteat
with our expectations, however, the probabilitypefceiving pollutant load reductions drops as
population density (one measure of problem sevdrigreases. We also observe a positive relatipnsh
between socioeconomic class and perceived polligadtreductions, but this relationship is only
meaningful in the BPSS model for non-point sourckupants and does not surface in statistically
significant fashion in either of the unrestricteddels presented in Appendix B. Finally, one of our
control variables, the age of the TMDL, is congififerelated to perceived pollutant load reductioAs
expected, load reductions are more likely to begigeed for older TMDLs. The implementation of load
reduction projects takes time; therefore, the podity of perceiving their effects increases witme.
Watershed size is weakly related to perceived feddctions, but only in the SUBP model for non poin

sources of pollution.
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6.4 Factors Driving TMDL Implementation: A Brief Summary

When viewed as a whole, the model results destiibéhis sub-section (and in Appendix B)
provide insights that may be useful to federakestand local officials and stakeholders who aekisg
to foster TMDL implementation progress. They pdevevidence that efforts to foster group involveimen
in TMDL implementation by offering watershed coanatior grants, involving stakeholders in TMDL
development processes, and engaging state offinidhe implementation processes appear to be
effective means to help ensure that groups caméhthke responsibility for TMDL implementation.

The analyses in this subsection also suggest flwatseto foster responsibility for TMDL implemettian
may be particularly effective in areas with higpepulation densities.

The analyses presented here also suggest faoatrare likely to yield (perceived) pollutant
loading reductions. The results above suggessthadral group process variables are potentiadjulis
predictors of pollutant loading reductions. Theasgables include the presence of a group taking
responsibility for TMDL implementation, the presermf an endorsed watershed plan, and the issu&nce o
a watershed coordinator grant, all of which appedre systematically related to perceptions ofytatt
loading reductions on the part of knowledgeableestfficials in at least two of the final models
presented. Notably, we also see that high levigl®pulation density appear to make pollutant load
reductions less likely. And, as one might exptin,likelihood of perceived load reductions also

increases over time.
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7. POTENTIAL CHANGES IN PRACTICE AND POLICY

This report and the research underlying it suggestral ways in which TMDL implementation
progress can be accelerated. They involve changasrent TMDL-related practices that can foster
higher levels of implementation progress in therstesm (over the next several years), as well as
potential alterations in federal and state politiesnprove TMDL implementation over the long term.

The following discussions review more specific isl@athese two areas.

7.1 Changing Practices to Foster TMDL Implementation

Over the coming months, there are a number osdtext could be taken by federal, state, and/or
regional and local stakeholders to accelerate TNiDhlementation progress. Some of these suggestions
apply to the process of developing TMDLs and otlagnsly after their completion and approval. The

subsections below focus on five suggestions inetlaesas.

7.1.1 Engagelocal and regional groupsin the TMDL development process

In a number of cases, agency staff members inddlveéeveloping TMDLs have solicited and
engaged local and regional groups in the procedewdloping TMDLSs. It appears that this is a usefu
practice. The driving factors analysis presentamla suggests that higher levels of group engageimen
the TMDL development process increases the likelihaf a group taking responsibility for
implementation activities after a TMDL is approMadUS EPA. The analysis also suggests that the
presence of a group taking responsibility for TMIiplementation activities increases the likelihood
that knowledgeable state environmental officiald laé able to identify cases in which pollutantdoay
reductions have been achieved. External engagam@&MDL development thus appears to foster
implementation, so it seems advisable to facilisakeholder involvement in TMDL development

whenever possible.
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7.1.2 Standardizethe formats used in TMDL reports to recommend implementation actions

TMDL reports typically include reasonable assuesnihat their recommendations will be
implemented. In both Ohio and West Virginia, TMBdports also contain sections that provide
recommendations for implementation actions of vagikinds. And in some cases in Ohio, these
recommendations are referred to as draft implentientplans.

The 63 TMDL reports we reviewed used a range déadiht formats to describe suggested
implementation activities, and—in some cases—thismake interpreting and understanding specific
recommendations somewhat difficult. For exampie,level of detail provided for suggested
implementation actions varied. In some cases,estgd implementation activities were rather generic
(e.g., “implement storm water Phase Il programshile they were reasonably detailed in other cases.
While variation is useful at early stages of newgrams when best management practices are being
developed, it also means that individuals seekingdorporate information from TMDLSs into their
ongoing activities may have difficulty finding amtterpreting the information they need to implemiet
TMDL properly.

Users of TMDL reports are likely to find it easterimplement their recommendations if there is
a standard format that would allow grant applicafulsding organizations, and permit writers to asce
the information they need to implement the reconthaénns which apply to them. While the optimal
format may vary by state or EPA Region, those dmsggthe formats to be used may want to consider th
following potential elements.

» A prioritization of implementation steps so thaeagy officials and local stakeholders can
quickly identify what are believed to be the md#eive means to address water quality
impairments identified in the TMDL. While sometbe TMDL reports we reviewed included
clear statements about high priority problems, Jew—if any—were systematic in suggesting
high, medium, and low implementation prioritieshelprofessionals involved in assessing

watersheds during TMDL development processes aaegimod position to recommend
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implementation priorities, and watershed assesspreicols and formats for TMDL reports
might be able to take better advantage of this dppiy. If they did, then permit writers and
those funding and implementing non-point sourceswpbllution projects would be in a better
position to implement recommended actions thatikedy to yield water quality improvements.
Assess and improve (where appropriate) processésafeslating recommendations in TMDL
reports into appropriate provisions in NPDES pesmPRotential improvements include the use a
specific and consistent format for presenting infation relevant to future changes in NPDES
permits, including waste-load allocations and reemmded effluent limits for individual point
source discharges. These formats might also take specific account of other follow up
actions that might be taken, including steps taeskilcombined sewer overflows, sanitary sewer
overflows, Phase | and Phase Il storm-water manageprogram elements, best management
practices, and other requirements that are noeaddd by effluent limit calculations. It might
also be beneficial to identify the assumptions ulyitey recommended permit limits and
requirements clearly and systematically, so pewniers could clearly understand when it is
(and is not) appropriate to deviate from recommegéada contained in TMDLs. While TMDL
implementation processes are likely to require tidapnanagement approaches that in turn
require subsequent adjustments of TMDL recommeodsifbased on new information, these
alterations are likely to be applied more sensibllzge assumptions underlying existing
recommendations are clearly and consistently ptederProcedural steps in which NPDES
permits are reviewed for consistency with TMDL nexoendations might also be considered.
Another potential formatting element to be consderelates to the geographic scope of the
implementation actions that are suggested. In szases, recommended implementation actions
might apply to an entire watershed, such as recardai®ns for stringent limits on total
phosphorus in nutrient-enriched areas. Other revemdlations may apply only to one or two
locations, or to one single stream segment. Barilespecifying the geographic scope of each
recommended implementation action, those prepan@d MDL will facilitate an understanding
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of the recommendations being provided while alsmaraging later use of those
recommendations at scales that are appropriatetproblems identified. It may also enable
easier and more cost-effective tracking of problemd implementation steps at varying
geographic scales. This, in turn, can result ineneffective targeting of implementation actions

and monetary resources.

These are three examples of ways in which starmddormats might contribute positively to
implementation improvements. There may very welbthers. While developing standardized formats
for TMDL preparation may take time and effort, ithalso make TMDL implementation both easier to
carry out and more effective. The point here & #fter roughly a decade of experience, statdeetal
TMDL program managers are now in a position to labkhe processes that they have developed, and
make formatting changes that will facilitate notyohMDL development, but also implementation of

their recommendations and—eventually—improvementsater quality.

7.1.3 Engage state agency staff membersin efforts to foster implementation of TMDLs

As the driving factors analysis suggests, the gageent of state agency officials in TMDL
implementation is associated with an increaseerlikelinood of groups taking responsibility for TN
implementation. And, the existence of respongiipteips, in turn, appears to increase the likelihafod
perceived pollutant loading reductions. While omght argue that state environmental officials lmeeo
engaged in TMDL implementation because they respoimiplementation interests of local and regional
stakeholders, it seems clear that state agencyengt is a valued part of the implementation @mece
For this reason, we would encourage state ageatiytetbecome actively involved in TMDL
implementation where possible and appropriate. wdald also suggest that agencies consider involving
multiple individuals in these processes becausedte compiled for this project suggest that many
different kinds of engagement are beneficial. &ample, state agency staff involved in issuing and

overseeing grants, writing NPDES permits, and/oryirag out water quality monitoring studies can all
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make positive contributions to implementation pssas. Additional monitoring of TMDL limited water
bodies would be particularly valuable, as it caovpte useful feedback to organizations and groups

implementing restoration efforts about the impactd effectiveness of their actions.

7.1.4 Develop indicatorsfor TMDL implementation and track progress based on them

It has been said that one manages what is meaandegheasures what is managed. If we want to
ensure that progress occurs in the implementafidMibLs, then we should consider developing
measures of progress, track them, and report ndgula the results so others can learn from thegss.

While US EPA’s TMDL program pipeline provides afid conceptual framework, there are no
widely accepted and implemented systems for meagand managing TMDL implementation progress
in the two states addressed in this report. Indaieithis point in time, we do not have specifioktedge
of well developed measurement systems for TMDL anpntation progress anywhere in the United
States (although we are aware that Washington Statéinnesota have relatively active TMDL
implementation efforts under way, and these effiordy include well developed performance
measurement systems). Partially as a result,éfielopment and assessment of measures used in this
analysis required a fair amount of work, and comgiinformation on the implementation of multiple
TMDLs was a long and resource-intensive processdd¥eloping a series of accepted and widely used
measures of implementation progress, federal astéite agencies, as well as other stakeholders, can
begin to develop systems for understanding keysstephe implementation process. Doing this
effectively will require a concerted effort on tpart of a range of stakeholders, a user-friendstesy for

reporting on progress, and a commitment to makifgyination on progress widely available.

7.1.5 Educate and engage key audiences in implementation tracking and management

As was noted in the introduction to this repoNJOL implementation requires actions on a wide
range of problems by numerous segments of socidfyile it is clear that environmental officials are

making efforts to engage key audiences in effarisfplement recommendations contained in TMDL
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reports, it is equally clear that much more needsetdone to facilitate active TMDL implementation
efforts on the part of farmers, municipal storm-evgirogram managers, county health officials, and
owners and users of home sewage treatment sysiem&ll as a range of other audiences whose
behaviors affect water quality. While this mayredike an endless chore, it is also one that i€ssary
over the long term if federal and state programs@improve and preserve the quality of the n&tion
surface waters. In the end, implementing TMDLalisut changing behavior, and this can only be done

through education and active engagement.

7.2 Potential Policy Changes

During the conduct of this research, we encoudtsiteations in which effective TMDL
implementation appeared to have been inhibiteddligypdecisions that have been made over timeeat th
federal and state levels. We offer four suggestion consideration by policymakers involved inuitg

revisions to federal and state laws and policits/est to TMDL implementation.

7.2.1 Increasefunding and/or expand efforts to target expenditures

Throughout the course of this project, there waslaphant in the room that no one spoke about,
but (we think) everyone knew existed. There islastantial mismatch between statutory goals foewat
guality and the resources available to achieve théfthile the federal Clean Water Act seeks to mesto
the biological, chemical, and physical integritytloé nation’s waters, funding allocations providbgd
federal, state, and local governments do not appdae sufficient to accomplish this goal.

In conducting this research, we encountered masgscahere resource constraints appear to
limit progress in implementing TMDLs. We identifie@ighteen watersheds with approved TMDLS in
which we could not identify a state or federal @il with significant knowledge relevant to
implementation in that watershed. We identifiegmy-two watersheds in which we have not been able
to identify any projects implementing approved TMbhand twenty-seven watersheds in which we could

not locate any group which had taken responsikitityencouraging TMDL implementation. We also
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found that, in some cases, a single state offapalkeared to have primary responsibility for fosigri
TMDL implementation in multiple watersheds spannimgpdreds of miles.

We also found evidence that resources do mattenliey are applied to implementing TMDLSs,
as they are associated with the establishmentgliEimentation capabilities, the conduct of water
pollution reduction projects, and with the gene@omplishment of progress on the TMDL Program
Pipeline. Nearly all of those watersheds in wipobjects implementing TMDLs were identified had
benefited from grant funds of some kind from fetlarad/or state agencies. And our driving factors
analysis suggested that the Ohio Watershed Codatigeant program is positively associated withhbot
the existence of groups to implement TMDLs and \pitihceptions of pollutant loading reductions on the
part of knowledgeable state officials. State adfi€involved in implementation also noted thataaon
benefit of the TMDL process was that it facilitagctess to additional funding resources. And,avhil
watershed groups are becoming an increasingly itapbpart of state and national level water quality
improvement efforts, current systems for fundingjitiactivities appear haphazard and inconsistent.

While this mismatch between water quality goald amailable resources is not a surprising or
novel conclusion, the findings here do reinforoe fiict that adequate financial resources do dilden
accomplishment of progress in TMDL implementatidind, to the extent that additional resources are
not available during the trying economic times thatv confront the two states studied here and the
nation as a whole, these findings reinforce onearetie value of targeting investments and efforts
toward activities that are most likely to yield ilementation progress and water quality improvements
Many of the other suggestions in this section efréport offer potential ways in which this imprdve

targeting might be accomplished.

7.2.2 Amend the federal CWA to focus TMDLs on impairments as well as pollutants

During the course of this research, we encountienedirments in which the primary water
quality concern had to do with flows of water ahd ways in which they are managed, rather than

individual pollutants per se. These flow-relateticerns included changes in the flow patterns of
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waterways in agricultural areas to accommodatgdtion needs, dam and other structures which inhibi
stream flows, mining subsidence which re-direatsesh flows, and the need to minimize “flashy”
overflow events associated with storm-water runoff.

Both Ohio and West Virginia appear to have recogghithe growing importance water quality
improvement efforts that focus on watershed biolaggt the ways in which flow regimes may affecas,
they are making increasing use of water qualitpdadads that are based not on individual pollutants
on biological standards and indices. Unfortunategcause the federal CWA focuses TMDL efforts
specifically on pollutants, management processssceated with TMDL implementation are often forced
to focus on individual pollutants when the true eging impairment is related to biology and the
hydrological flow patterns that affect it.

We adopted the focus on pollutants in this stuglyalise—as the federal law is currently
written—the reductions called for in TMDLSs applygollutants and not impairments. If section 303 of
the CWA were amended to address corrective acti@isaddress impairments as well as pollutants, it
might encourage state and federal agencies tottdrgje programs and activities toward opportusitier
water quality improvement that address impairmeirectly—and in some cases this may enable more
efficient efforts to address flow regimes directigther than in intermediary fashion through stdtechal

efforts that focus on individual pollutants.

7.2.3 Focusfederal and state resource allocations and regulatory authorities on water sheds.

As it is currently designed (and, to a significdagree, enshrined in statute), the TMDL
program’s primary role is to provide informationhelp target non-point source pollution reduction
projects and NPDES permitting. To a large degirezgevidence presented in this report suggests that
TMDLs are indeed informing many of these efforidost of the TMDL-limited watersheds in Ohio and
West Virginia that were included in our sample @mse have undertaken non-point source water
pollution reduction projects that are consisterthwe&commendations contained in TMDL reports, and

most major NPDES permits that are clearly targéteeffluent limit changes appear to have been re-

80



issued with requirements for reduced pollutant $o@a concentrations) for TMDL-limited pollutants.
Those interviewed during the course of this progsb suggested overwhelmingly that the TMDL
process helps yield pollutant load reductions aatewquality improvements.

However, in spite of these facts, we still see meases in which TMDLs are not being
implemented. We also see watersheds in which im@i¢ation efforts are being undertaken, which have
not yet led to pollutant load reductions or watealify improvements. And we also find cases inalhi
identified water quality improvements have nottedull water body restorations. These facts raise
important question. Are the efforts and proje@img undertaken truly the ones that are either most
important or mostly likely to yield measurable wageality improvements?

While individual staff members at the state ancefatllevels are clearly focusing on this
guestion, the CWA'’s separation of funding and arities based on point and non-point source categori
discourages serious system-wide considerationi®ftirestion. TMDL program staff members have
been held accountable for developing TMDLSs, rathen their implementation. The disbursement of
grants for non-point source water pollution prageatcurs in many different ways (USDA funding, OSM
funding, US EPA 319 grant funding, and through p#tate programs), and there does not appear to be
any mechanism for systematically addressing thiedsigpriority water quality improvement projects
identified through watershed assessment and TMDeldpment processes. Likewise, NPDES
permitting processes appear to proceed largelygatueir recommended five year re-issuance cycles,
with TMDLs being implemented in sequences thatteetaore to permitting cycles than to judgments
regarding the need for, or urgency of, water guaiitprovements.

A system-wide approach to addressing these issigit i@ in altering authorities and funding
flows under the CWA (and/or state water qualitygtzs) in ways that focus on watershed-level
authorities (probably administered in cooperatiod ander the direction of state environmental agsnc
and/or regional authorities where/if appropriatéjhile this kind of change would be large and far-
reaching, it would also—over the long term—struetprocesses of program administration and
accountability that would focus on targeting fuiathsl regulatory actions within TMDL-limited
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watersheds toward projects and activities thatrarst likely to yield water quality improvementg. |
might also engender the transformation of the TMidagram from one that is focused primarily on
producing information for use by other water quyatitograms to a program that helps establish
coordinated agendas for water quality improvemaedtrastoration, and actively facilitates their

implementation.

7.24 Create stronger mechanismsfor TMDL implementation in other policy sectors

The interviews conducted as a part of this resegiglded numerous cases where state
environmental officials pointed to activities untdden in other policy sectors that are tied to TMDL
implementation. In most cases, the activitiesrezfeed were occurring in the agriculture, home gewa
treatment, and municipal storm-water managemendise@ll of which contribute pollutants to many of
the watersheds investigated in this study. In ne@ases, however, the interviews and other infolonati
sources suggested that the ties between statoemeéntal officials and professionals in these sscto
were not as strong as they could or should be.

While the connections between agriculture and hsewgage treatment systems and the health of
watersheds are widely recognized, it does not apghatthey are addressed systematically and
forcefully. Federal programs conducted by the USioAtribute billions of dollars to conservation
efforts that are focused in part on achieving wetelity goals. While State Technical Assistance
Committees include federal and state environmait&ials and provide a forum with great potenfiad
integrating these environmental and agriculturalosons, we did not encounter evidence of tight
coordination and understanding across these sentorg discussions with state environmental agency
and agricultural officials. We also identified @ilde—but only sporadic—evidence of productive
coordination between environmental agency officéadd health officials at the county level who are
generally responsible for overseeing the reguladidmome sewage systems.

Integrating environmental considerations into ofi@icy sectors is one of the great

environmental policy challenges of the next deqaée Jordan and Lenschow, 2008), and the research
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underlying this report suggests that this challesgmportant for TMDL implementation. Changes in
federal and/or state legislation that establislutls fiorums for interaction and requirements forcsie
kinds of progress may help facilitate the impleraéioth of recommendations contained in TMDLs, as
well as improved targeting of these implementatiotivities toward activities that actually leadwater

quality improvements.
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8. SUGGESTIONS FOR FURTHER RESEARCH

While this report improves our understanding of TMihplementation, it also highlights areas
in which further research is warranted. At an ESpansored conference held last year on the
management of sustainable water infrastructure speaker suggested that when the stakes are high,
investments in knowledge and information enableenumist-effective decision-making. This insight
applies to the current situation with TMDL implentgtiion. Nationwide, we are facing a growing range
of water quality problems and we are spending amiof dollars every year to prepare TMDL plans for
which there is not yet a clear and coordinated ggsdor implementation. While this situation is
understandable given the statutory mandates indawel the litigation that has developed around them
it is also a situation that can be improved. Bgeantaking efforts like US EPA’s TMDL Results Anailys
Project, we can improve our understanding of curféDL implementation processes, and improve our
ability to make appropriate judgments regarding sviamwhich we can help foster the implementation of
water quality improvement efforts. It is in thisntext that we offer the following broad

recommendations for additional research.

8.1 Study TMDL implementation in other states, watersheds, and localities

While this study has expanded the geographic sobpar knowledge regarding TMDL
implementation, it still addresses only two statBsior to the publication of this report, existisigidies
of TMDL implementation have either highlighted knosuccesses or they have been focused on a single
state. While this study will help alleviate sonfdéte uncertainties associated with this fact, wandt
know how representative Ohio and West Virginiaarthe country as a whole. And, as our driving
factors analysis indicates, small sample sizes ireenimiting factor in our understanding of TMDL
implementation processes and activities. Broatlglies of many states and studies targeted tosasses
implementation progress in a set of strategicalgded states would be beneficial in improving our

knowledge of TMDL implementation progress and thetdrs that drive it. To its credit, the US EPA ha
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recognized this need and is now undertaking a sddWDL implementation in the six states contained
in EPA Region 5. Additional studies in targeteatas$ (with relatively large sample sizes) woulddaa
further improvements in our understanding of TMDipiementation — particularly at later stages of the

TMDL Program Pipeline in which concerns focus onexauality improvement.

8.2 Understand TMDL implementation at the watershed and stream segment levels

This study has focused on TMDL implementation atwatershed level (as defined by the scope
of EPA-approved TMDL reports). While we believéstts the appropriate unit of analysis in this
particular case, we also understand that TMDL<areently tracked by the federal government at the
segment/water body level. Consequently, theredsigeason to study and analyze TMDL
implementation at this level as well. At some poirowever, it will be appropriate to reconciledings
at these two levels of analysis and determine xktenéto which they yield similar findings. Fortately,
the US EPA's recently initiated study of TMDL impientation in EPA Region 5 focuses on
implementation progress at the segment/water bexsl,| so it may be possible to carry out initial
analyses of this kind for Ohio using both that gtadd this one as a prism for improving our
understanding. Over the long run, these kindsafyses will help determine whether it is ultimgtel

preferable to manage and track TMDL implementaéibthe segment or the watershed level.

8.3 Analyze TMDL implementation progress in key economic and policy sectors

While this research project has undertaken a bbasgd effort to identify and measure TMDL
implementation progress, it can be supplementedyatovely by more intensive efforts to assess TMDL
implementation progress in several areas thatfazerdral importance to long term water quality
improvement.

First, there are extensive and reasonably wellddrefforts targeted toward improving water
guality management activities in the agricultuedtsr. USDA programs also support storm-water

management programs at the county level. Howeoatate, the impacts of these efforts are not well
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understood. Additional research focused on thelaydetween agricultural conservation activities,
USDA funded storm-water assistance, and TMDL im@etation would seem appropriate if we are to
improve water quality management in this sectormedsure the extent to which these activities are
yielding positive results.

Second, municipal storm-water programs around dl@tty have now been operating for five or
more years (Phases | and Il), and we know relatilile about their actual implementation. While
know that urban storm-water runoff is a significaahtributor to water quality problems, it would be
useful to improve our understanding of the steps dine being taken to address these problems.

And third, home sewage treatments systems aredrgégontributors to water quality problems in
West Virginia, Ohio, and other states. They ase al frequent target for water quality improvements
efforts cited in TMDL reports (at least they aregdhio and West Virginia). However, because water
quality problems stemming from these sources griedjly managed by state and local health agencies
rather than environmental agencies, there are abtdsveloped systems for understanding the extent
which water quality problems associated with homeage treatment systems are addressed. Efforts to
improve our understandings in these areas woulzebeficial in targeting future implementation etéor

All three of these sectors—agriculture, urban starater programs, and home sewage treatment
system management—contribute significantly to galitiloads in Ohio and West Virginia. Further
research in these areas in Ohio, West Virginia/arather states would yield a useful foundation fo

future efforts to improve implementation practicekting to each of these pollution sources.

8.4 Conduct targeted in-depth studies of implementation results

This study has relied on educated judgments madmbyonmental officials, written reports,
and existing data to measure implementation pregaad to identify factors which contribute to it.
While this is a useful strategy for gaining an @lesense of progress and identifying likely fastor

driving implementation, more in-depth assessmeftiseorelationships among measures of progress in
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developing implementation capabilities, implemegtmojects, measuring load reductions, improving
water quality, and restoring watersheds would beeheial. Studying these relationships over rgklif
long periods of time would be particularly helpilrefining the assessments of potential drivingdes
for TMDL implementation that are presented eaitlés report.

One approach to carrying out this kind of study ldanvolve looking at the Ohio and/or West
Virginia watersheds assessed in this study in grekpth. Potentially, this could enable more oadn
understandings of factors which contribute to teeetbpment of managerial capabilities, implemeatati
projects, and pollutant loading reductions and watelity improvements. It might also require the
collection of new data (rather than just compilati@f existing information), and the addition ofwne
cases that enable improved understandings of thefge of ways in which group processes and
existing contexts and capabilities may contribotenplementation progress. The new data to be
collected in these efforts may include both sangptiata relating to pollutants and water qualitywad
as more refined measures of social science vasiaieh as demographic characteristics, watershed
group engagement, and regulatory interventions.

Two potentially beneficial areas of additional fsamould involve looking at watersheds without
approved TMDLs to measure the impacts of TMDLs @tewquality improvement processes, and the
development of more tailored information on contektvariables (problem severity, community stailit
wealth, etc.) in individual watersheds. Reseancthése two areas would enable a more complete

assessment of the impacts of TMDLs and the inflaarforarious factors on implementation progress.
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9. CONCLUSION

Through the course of this research, we have i@ad numerous state government officials
and water quality stakeholders, read and codedndozieTMDL reports, researched watershed funding
streams and TMDL implementation actions, and peréat analyses of potential driving factors for
TMDL implementation. Based on this work, it isaléhat recommendations and requirements contained
in TMDL reports are being implemented in both Weginia and Ohio. It is also clear that infornaati
developed during the TMDL development process isgapplied to address non-point source water
pollution problems and point source water pollutitischarges. It also appears that these actiens ar
driven at least in part by the actions of statenagefficials and the engagement of groups thaehav
taken an interest in ensuring the health of théqaar watersheds within which they reside. Airdhfly,
it is also clear that there is a widespread redamgmamong water quality stakeholders that impletngn
TMDLs is important for the success of national atate-level water quality improvement efforts.

These conclusions have led us to offer a rangagiestions for ways in which progress in
TMDL implementation can be fostered in the monthd years ahead. While these suggestions are
outlined in some detail in the previous sectiomakes sense to restate them here. There areinvays
which we can change both TMDL development proceasdgrocesses for managing TMDL
implementation that are likely to yield positivesodts. And many of these changes can take plageav
relatively short period of time—perhaps over thetri@/o to three years. In addition, there are wiays
which federal and state policies may be changérblip foster more effective TMDL implementation in
the future, and we have outlined some initial ideahis area. And finally, while we have spent a
substantial portion of the last eighteen monthdystlg TMDL implementation, we still do not know
enough about the ways in which TMDLs contributéhte implementation of actions to improve water
quality—both across the fifty states and in Ohid &vest Virginia. Further research is appropriate t

improve our knowledge base and to help us targatrveaality improvement efforts more effectively.
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The TMDL program has been operating in its curferh for over ten years, and it is reaching a
point where the influences of litigation are subsidand giving way to a concern about developing
workable TMDLs that can be implemented easily and cost-effective fashion. This change in thigkin
about the TMDL program is appropriate, and it setseful foundation for re-thinking how we manage
water quality nationally, as well as in Ohio andst/irginia. There is an opportunity now for TMDLSs
to play an important role in facilitating more effewe watershed management. It is our hope thsit th

report contributes positively to this effort.
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APPENDIX A: METHODOLOGICAL OVERVIEW AND DATA

COMPILATION PROCEDURES

As was noted in the body of this report, this studgs undertaken to address three questions:

1) To what extent are TMDLSs being implemented inddnd West Virginia?

2) What factors appear to influence TMDL impleméotaprogress?

3) What changes in practice and policy might fosteslementation progress?
While Section 3 of the report outlines key methodatal issues, this appendix provides an overview o
the methods used to address these questions aptbtexlures used to compile data. By way of
overview, it is useful to begin by outlining tworteal elements of the overall research effort.

First, in compiling data and information for thessearch, we focused primarily on information
available through state water quality officialss @&result, this study is most appropriately corextiof
as an effort to understand TMDL implementation tigio the water quality management community,
rather than an objective assessment of all posail#aues through which TMDL implementation might
occur. While there are many potential actors asdtutions involved in implementing TMDLS, the
TMDL process is fundamentally about protecting waieality. For this reason, state officials witib|
responsibilities relating to water quality are likéo be the most fully informed potential sourgegf
information on TMDL implementation. For this same@son, we also view their perspectives on TMDL
implementation as particularly important and wortiiynvestigation. However, we also sought to
identify existing information sources relating tMDL implementation in the agriculture and home
sewage treatment system sectors, but this effdmdi yield substantial amounts of specific infotiom
on TMDL implementation that is comparable acrosstitio states. As a result, we relied on state
environmental officials to provide information anplementation activities in these sectors as \aelt,
supplemented the information that they providedhwaéviews of written documents and discussions with

other stakeholders.
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While this approach has enabled the developmeatusiful picture of the TMDL
implementation efforts undertaken in Ohio and Wégginia in a relatively short amount of time, & i
appropriate to recognize that it may understate ThNtDplementation activities in some areas. For
example, while we were able to ascertain that diete/associated with USDA farm programs and home
sewage treatment system management contributevebsiio TMDL implementation in a number of
watersheds (those in which they were specificalgntioned in project reports or by those intervie)yved
we were not able to compile detailed informatiortios extent of these activities throughout the two
states. We encountered similar limitations witkpet to the recently administered Phase Il muaicip
storm-water management programs because theiringpiation efforts had not been investigated
comprehensively prior to the time period in whick were compiling information. It is for this reaso
that we recommend further study of TMDL implemeiatain all three of these areas — agriculture, home
sewage treatment systems, and phase Il storm-maigrams -- in Section 8 of this report.

A second central element of the overall researfdrtaklates to assuring comparability of
information across the two states. To addressctitisern, project partners from Ohio and West Viiayi
worked together closely to define the sample usieemnd identify procedures for compiling data. eAft
defining the initial universe of TMDLSs to be invigsited, the researchers in the two states commegica
regularly regarding both coding procedures andwide/survey processes. They used identical forms
for compiling data and participated in joint traigisessions on how this compilation was to be
conducted. The project team also worked togetharake adjustments to questions early in the coding
and interview processes in cases where issuesieartfied that were in need of attention and/or
correction. Thus, in spite of some differencewater quality management practices and conditions i
the two states, the efforts undertaken throughrdssarch assure that the data and informatiore pied
are at least as comparable as other cross-staiesio the fields of environmental management and
public policy.

With these general elements of the overall resegififoit described, we now turn to a more
detailed description of the procedures used tosagbe extent of TMDL implementation. The

91



description that follows addresses three topicsDgffining the Universe for Study; (2) Compiling aa
and Information, and; (3) Tabulating Results. Amgiees B and C describe procedures for analyzing
likely factors driving TMDL implementation and ddeping options for improvements in practice and

policies relating to TMDL implementation, respeetiy.

Defining the Universe for Study

All TMDL reports approved through September, 20@evncluded in the sample for this study.
In West Virginia, the first TMDLs were approved1A98, and in Ohio, the first TMDLs were approved
in 2000. TMDLs approved in 2007 were not includedduse our compilation of data commenced in that
year and it could not reasonably be expected thalieimentation activities would have taken place in
such a short period of time. Approved TMDLs webtained from the WVDEP and OEPA Web sites,
and were then verified by their state TMDL coordana. In Ohio, a US EPA Region 5 summary
document of approved TMDLs was also used as aemderpoint.

Within this universe, we also chose the TMDL réf@ord the report-pollutant combinations
contained in them as the basic units of analy&swas noted in Section 3, we did this for two ozes
First, as we visited with state environmental o#fic and looked for available sources of informatio
during the initial stages of the study, we foundalttimost people and information sources at the atale
local levels focused their thinking and work arotinel concept of watersheds (or individual TMDL
reports covering watersheds or sub-watershedgrétan individual stream segments. As a prdctica
matter, this meant that information available fompilation and analysis was likely to be both more
complete and more reliable at a watershed level #ihdhe level of individual stream segments orewat
bodies. And secondly, because most people invatveéveloping and implementing TMDLs were
focusing on them from a watershed perspectiveail@rsense to conduct our driving factors analysis a

this level as well.
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Compiling Data and Information

To investigate the implementation of recommendusticontained in TMDL reports, we compiled
data from a range of sources. These sources ixtltet TMDL Reports themselves, interviews with key
officials and stakeholders, other written soureesl NPDES permits. Throughout this process, we
sought existing information, and did not seek taycaut major new information collection effort¥he

discussions that follow describe steps taken tieret information from each of these sources.

TMDL Reports

During the fall of 2007, we reviewed and coded=s3A\ approved TMDL reports. Through these
reviews, we identified key pollutants of concerainp and non-point sources of those pollutantsaiche
watershed, and estimates of problem severity. dding process provided information that helped
guide our efforts to identify TMDL implementationtions. A copy of questions asked on the form used
to code these TMDLs is included in Appendix D. Tiecussion that follows addresses the kinds of
information that were obtained through these cogirngesses, as well as ways in which this inforomati

provided guidance for subsequent efforts to idgradtions implementing TMDLSs.

Defining Pollutants for Study:

One subtlety regarding the 303(d)-listing and tMDL-development process is the distinction
between impairments and pollutants. Waters aredias impaired if they violate a water qualityemiin;
however, waters may be impaired for chemical-speoif biological criteria. Solutions to these
impairments may involve lowering the discharge afugants, or they may involve other actions sush a
dam removal, stream corridor restoration projeantsl/or other efforts to increase the assimilative
capacities of the waterways in question. HoweS8egtion 303(d) of the Clean Water Act states that
TMDLs must be developed for pollutants. Load altawres and waste-load allocations in TMDLSs are

assigned on a pollutant-by-pollutant basis.
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As a result, we focused the analysis on polluteattger than impairments. In some cases, TMDL
reports were written for single pollutants. At m@stthis sample universe), one TMDL report inclade
ten pollutants. On average, the TMDLSs reviewedrdythe course of this project include 2.8 pollusant
per report. When waterways were listed as impdiediolations of biological rather than pollutant
specific water quality standards, we used inforarafrom the TMDL report (and, in Ohio’s case, also
EPA Region 5’s summary of approved TMDLS) to idntine specific pollutants of concern. In West
Virginia, when streams are listed as impaired fotdgical conditions, the TMDLSs include stressor
identification analyses to determine which pollu¢ghare harming the benthic macro-invertebrates.
TMDLs then require pollutant loading reductions floose specific pollutants.

In Ohio, water bodies are frequently listed as iimgzhfor biological reasons, and these biological
conditions are measured through indices — the lod®iotic Integrity (IBI), the Modified Index of |
Being (MIwb), the Invertebrate Community Index (JCAnd the Qualitative Habitat Evaluation Index
(QHEI). In these cases, the TMDL report typicafsigns responsibility for these impairments tbegit
particular pollutants or habitat related factovghere pollutants are specified as the likely caafse
impairment, the Ohio TMDLs often draw referencesrfrother sources to establish target values for
those pollutants. For example, while Ohio EPA duoatscurrently have statewide numeric criteria for
phosphorus, the state relies on a 1999 technipattrghich provides results of a study analyzing th
effects of nutrients and other parameters on bickdgommunities in Ohio streams (Ohio EPA, 2006, p
30-4). Consequently, while violations of biolodivater quality standards are frequently the taadet
impairment in Ohio TMDLSs, these impairments areeoftied to particular pollutants for which
recommended load reductions are calculated. Irestages, however, Ohio has developed what it calls
“habitat” TMDLSs, and these TMDLs are not tied toygrarticular pollutant. We did not include these
“habitat” TMDLs in our sample because section 3D8he Clean Water Act specifies that loading
reductions are to be calculated for pollutantsemathan habitat characteristics.

We also excluded several previously approved Weaginta TMDLs for aluminum from our
analysis. In West Virginia, the water quality cribe for aluminum was changed from total aluminum t
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dissolved aluminum after many aluminum TMDLs weoenpleted. Taking our cue from the WVDEP,
which no longer enforces the old total aluminum TMDwe removed all total aluminum TMDLs from
our sample.

In total, over 30 different pollutants were ideistif during the process of coding the EPA
approved TMDL reports addressed in this analy$is ease the process of analysis and interpretation,

these pollutants were divided into ten major palhtitcategories. Table 6 documents this categasizati

Table 6: Pollutants and Pollutant Categories

Pollutant Category Pollutants

Ammonia Ammonia

Aluminum
Iron
Manganese
Metals

Zinc
Selenium

Metals (other than Mercury)

Phosphorus
Nitrate-N
Nitrogen
Nitrates

Nutrients

Biochemical Oxygen Demand (BOD)
Organic Enrichment/Low Dissolved Oxygen Dissolved Oxygen (DO)
NBOD

Fecal Coliform

Pathogens Pathogens

Aldrin
D-BHC
Dieldrin
Pesticides Endosulfen
Endrin
Heptachlor
Dioxin

Acidity
pH Alkalinity
pH

Polychlorinated Biphenyls (PCBs) PCBs

Salinity/Total Dissolved Solids/Chlorides/Sulfates | Total Dissolved Solids

Sediment
Sediment Siltation
Total Suspended Solids (TSS)

For analytical purposes, we also divided polluganto those which are likely to impact human
health and those which are not. The following yalhts were identified as holding the potentiaffect

human health: pathogens (fecal coliform); pestgi@ddrin, d-BHC, dieldrin, endosulphan, endrin,
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heptachlor, and dioxin); nitrate; selenium, andygplalorinated biphenyls (PCBs). In total, 34 oéth74

(19.5%) pollutants addressed in our sample fetl these health-impacting categories.

Defining Point Sources:

TMDLs typically include information on sources tlth$charge or release pollutants of concern.
In TMDLs and in our analysis, it is useful to calesi point and non-point sources separately, bedhese
implementation of point and non-point sources folalifferent pathways.

Each TMDL report/pollutant combination was codedarding to which point sources were
targeted. Some TMDLs did not target any point sesyrand were coded as “None.” Others targeted
agriculture, mining, storm-water, wastewater, andidustrial point sources. “Unknown” and “other”
categories were also available if needed. Agticalpoint sources include confined animal feeding
operations (CAFOs) only. Wherever possible, caae taken to distinguish between these permitted
facilities and other un-permitted agricultural cgt@ns, based on information contained in the TMDL
reports. Mining point sources include permittedlanines or other mines such as quarries. These are
distinguished wherever possible from abandoned sniwhich were coded as non-point sources.

Permitted storm-water sources include municipahssp storm sewer systems (MS4s),
permitted construction sites, and industrial féei with storm-water permits. Urban storm-water,
therefore, is coded as point source storm-watteifurban area falls within a Phase | or PhaseS#iM
permitted area; otherwise, it is coded as non-@mntce storm-water. Similarly, construction saes
coded as point source storm-water if the site dpsrander a construction storm-water NPDES permit.

Wastewater point sources include wastewater traatplants, as well as combined sewer
overflows (CSOs) and sanitary sewer overflows (9SOSOs and SSOs were coded as wastewater—not
storm-water—point sources because CSOs and SS@garally included in wastewater treatment plant

and wastewater collection system NPDES permitsM#t permits.
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Defining Non-point Sources:

Each TMDL report/pollutant combination was also ed@ccording to the types of non-point
sources that are targeted for action. One TMDLmdititarget any non-point sources, and it was ceded
“None.” Others targeted wastewater, riparian pii@ec agriculture, legacy sources of pollutionyilo
alteration, mining, forestry, roads, and/or un-péed non-point source urban storm-water.

Wastewater non point sources include septic systardother wastewater systems that are not
permitted through the NPDES. Actions include fixsgptic systems, connecting to centralized systems,
and getting NPDES permits. Actions to solve rigangprotection problems include establishing setback
and setback requirements, planting appropriatergt@over, or restoring flood plains. Non-point s
agriculture sources include all unpermitted farfdions required by TMDLs may include
nutrient/pathogen management, water managemetigigesmanagement, or planting and tillage
practices. Legacy sources of pollution captungasibns in which pollution from past sources issiag
present impairments. These TMDLSs may require astButh as characterizing sources and estimating
risks, initiating management, or remediation. WWdead flow alteration actions as nonpoint sources.
Actions include removing dams, modifying flows fraaservoirs or lakes, and modifying or eliminating
levees. Mining non-point sources are those atamajited facilities. For example, coal mines abaretb
prior to 1977 are considered non-point sourcesiofAstfor re-mediating these sites include instglkt-
source or in-stream treatment systems. Other pont pources include forestry, roads, and un-péechit

non-point source urban storm-water.

Ascertaining Problem Severity:

The severity of the water quality problems reaqugreach TMDL report submission was
estimated based on two criteria. First, the perceshiiction for each pollutant was recorded where
possible. In many TMDL reports, this percent resuctvas stated clearly in the TMDL for each
pollutant. In other TMDL reports, it was possibdecalculate this percent reduction from the infaiora
provided in the TMDL. However, in some TMDL repgn®t enough information was provided to
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calculate the percent reduction required for eastlugant. In all cases, we relied on percentageicgon
figures which applied across all impaired segmeattser than one or two selected water bodies.

A second measure of problem severity is wheth@obthe pollutant affects public health. As
noted above, the types of pollutants coded as isiatide pathogens (fecal coliform), pesticides rfald
d-BHC, dieldrin, endosulphan, endrin, heptachlad dioxin), nitrate, selenium, and polychlorinated

biphenyls (PCBs).

Guidance for Identifying TMDL Implementation Actisn

The information coded from the approved TMDL rdpavas important, as it was used to guide
subsequent efforts to identify implementation atithat were taken after US EPA approval. Two «ind
of information drawn from these TMDLs were partexly important in this regard.

First, as noted above, the coding process focsgedifically on pollutants and their sources, as
identified in each US EPA approved TMDL report. &sesult, for all 63 reports, we were able to seek
out information on implementation actions whichafieally addressed both pollutants and sourcesadhot
in the TMDL. Our efforts to identify these implentation actions included interviews with
knowledgeable officials and stakeholders, as wetleaiews of existing written information. And, ieh
our search for implementation actions extendedsacatl targeted non-point sources, our evaluatfon o
NPDES permits was effectively limited to cases hiah effluent limits were addressed in major NPDES
permits. We did not seek to assess systematicafiiementation relating to some categories of point
source discharges, such as storm-water permievwage overflows, for example.

For the analysis of major NPDES permits, we wétencable to extract information on specific
permits which were targeted for action in the TMDb.some cases, the information provided came in
the form of recommended effluents limitations ofiydants of concern. In other cases, it came as
individual waste-load allocations, which could setpsently be translated into effluent limitatiorfsor
some permits, we did not find information in the DMwhich was sufficiently specific to enable us to
ascertain whether subsequent permit re-issuanaesasasistent with the TMDL.
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Conducting I nterviews

We relied on interviews to provide much of the imfiation used to assess TMDL
implementation progress in the two states. Inteta communicated with over 70 state officials and
water quality stakeholders during the course ofréfsearch process. Structured interviews or sgrvey
were conducted with a total of 41 state officidige conducted two types of structured interviews and
surveys with state officials. The first type foedson lead developers of the TMDL reports which had
been approved by US EPA. The second type of il@rfocused on individuals who were identified by
TMDL program coordinators, TMDL development leadispthers as particularly “knowledgeable state
officials” with regard to the watersheds addredsgéach of the 63 TMDLs in our sample. We also
conducted targeted interviews with other stakehsldauch as watershed group coordinators and expert
from other agencies. Information from these latiggrviews is incorporated in the study results in

targeted fashion where appropriate.

Surveying TMDL Lead Developers:

Lead developers are defined as the people at OBRAEP, and/or US EPA with responsibility
for developing specific TMDLs. Because of its decalized method of writing TMDLs, numerous lead
developers were identified in Ohio as listed in TMDLs or on the OEPA Web site. We compiled the
list of Ohio lead developers from the TMDL repdiismselves and passed it by the Ohio TMDL
coordinator before contacting these people. In Wasginia, however, the WVDEP TMDL Coordinator
was, in effect, the lead developer for every TMDL.

Lead developers were asked a series of questgasding watershed group involvement in the
TMDL development process. This information was usetthe driving factor analysis. It should be noted
that in West Virginia, the WVDEP TMDL program didtrhave the administrative record of the EPA- or
ORSANCO-written TMDLs, and therefore was unablgitovide information regarding watershed group

participation in these TMDL development proces3éss information was therefore gathered from US
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EPA Region 3, which oversaw the early TMDL devel@ptprocesses in West Virginia. Similarly, a US
EPA Region 5 staff member provided information valg to stakeholder participation in the Wabash and
Mahoning River TMDLs in Ohio, both of which wereitten by US EPA Region 5.

Lead developers were also asked to identify ketg stad federal agency staff who members who
are working to implement each TMDL. These “knowledple officials” were then targeted for
interviews. In West Virginia, this identificatiorf key state officials was provided by staff at W&/DEP
Non-point Source Program, because the TMDL Cootdmaas not involved in TMDL implementation.
These staff members were knowledgeable regardinBII Whplementation because many of the
implementation processes in West Virginia relatadn-point sources. In Ohio, these “knowledgeable

officials” were identified by the Lead Developergahe TMDL Coordinator.

Interviews with Knowledgeable State Officials:

Once identified, these “knowledgeable state offiiaere a key data source to gauge
implementation progress and to help in providintadelevant to potential factors driving
implementation progress. We also held discussigtisother knowledgeable officials, such as stedfri
the Ohio DNR and federal mining officials in Westdinia. These interviews were also supplemented
with targeted discussions with watershed coordisatwhere necessary and appropriate.

These interviews yielded information on a ranggasfables relevant to TMDL implementation
progress and to the factors which drive it, as aglgeneral insights which contributed to our gbib
analyze the data we were compiling. Those intarg@iprovided information on range of important
measures of TMDL implementation progress: whetherd were state officials engaged in efforts to
implement the TMDLSs; whether specific projects lh@e&n undertaken (this information was
supplemented by information from written sourceg)gther groups in the watershed had taken
responsibility to foster TMDL implementation (alsopplemented by written information); whether
ambient monitoring was being undertaken; whethad leductions were occurring, and; whether there
were known instances of water quality improvemaeifisequent to implementation actions targeted
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toward pollutants and sources contained in TMDIke state officials we interviewed also provided
information regarding their views of the impactldfiDLs on efforts to reduce pollutant loads and
improve water quality. Key questions used to guigse interviews are listed in Appendix D, alorithw

key questions used in the review and coding obh&MDL reports in our sample.

Written Sources of |nformation

We also drew upon written sources of informatioidentify projects which implemented
TMDLs and to inform the overall project effort. &udition to the 63 TMDL reports which we coded, we
reviewed integrated Section 303/305b report subarisfrom the two states, information on the nature
and structure of TMDL and water quality programsne two states, and a range of other documents.

We were also able to use several kinds of publiglgilable documents to identify projects which
implemented TMDLs in the two states. These inalu8ection 319 annual summary reports for the two
states, as well as listings of watershed projectddd by the federal Office Surface Mining. Both o
these sources included information which was dedagéinough to identify not only that projects were
undertaken, but also their geographic relationshipe watersheds associated with the 63 TMDL rtspor
in our sample. In Ohio, we were also able to ifeprojects from the state’'s website listing obacts
funded by the Water Resource Restoration SpongoRioigram (WRRSP). Information on watershed

groups working in particular watersheds was alswolable in written form from web-based sources.

Assessing TMDL I mplementation in NPDES Permits

To address the question of whether recommendatiomi®ined in TMDLSs are being incorporated
into NPDES permits, we decided to focus on majomits located in the 63 TMDL limited watersheds
in our sample. We chose this approach becaus@ttgilook at all of the NPDES permits issued iesth
areas would not be possible given the resourcesimedavailable for the study. While this approach
ignores hundreds of minor permits that may affeatewquality in TMDL limited watersheds, it does

allow us to get a sense of the manner in whichmeaendations contained in TMDL Reports are
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implemented in NPDES permits. We further decidelinit our focus to changes in effluent limits in
permits because of the complexities involved ireassg compliance with a wide variety of other
NPDES permit provisions.

Through a web-based query of US EPA’s NPDES datahees generated a list of major NPDES
permits that contributed pollutants to Ohio and WA&gginia waters. We then cross-walked this Vigth
the permits that were contained in the 63 TMDL r&pwe coded. Through this process, we identdied
total of 51 major permits in Ohio and West Virgitilieat are located in the watersheds included in our
sample. The vast majority of these major permi#&9-of the 51 major permits (over 95%) -- are md®

We then reviewed the TMDL reports within which thesajor permits were located to determine
if they called for reductions in effluent loads fo¥DL limited pollutants. Through this process, we
were able to identify a total of 27 major permitsieh targeted effluent limits, and 19 of those edmed
clear recommendations to reduce effluent loadsvbtiose allowed in current permits. One of thege t
West Virginia major permits targeted effluent limmieductions. It is worth noting in this contexat we
found variations in the ways in which point soupegmit reductions were presented in the TMDLs we
reviewed and it was difficult in some cases to #agewhether or not reductions were being
recommended. It is possible in this context thatdé were cases in which permit loading reductfons
particular pollutants were appropriate, but werhd identify them as such from the language of the
recommendations in the TMDL Report. In the endcivese to focus more specific permit reviews only
on the nineteen major permits which contained adeemmmendations for effluent loading reductions.

We then obtained copies of these nineteen perrit@©hio, we were able to retrieve them from
Ohio EPA’s worldwide web site. The West Virginiarmit targeting effluent limit reductions was
obtained from the WV DEP directly, and we then egxed all of these major permits to ascertain whethe
they had actually implemented recommendations awedan the TMDL reports. The permits were
reviewed from several perspectives. First, we Bbtmdetermine whether or not the permit had been
issued since the date on which US EPA had apprthheedMDL. If it had been re-issued, we then sought
to determine whether or not it included at least ®WMDL targeted permit limit that was more stringen
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than it had been previously. Second, we sougtietermine whether permit limits contained in the re
issued permits were fully consistent with TMDL rewoendations (after they were fully implemented
following any required phase-in periods). And fipawe sought to ascertain whether the TMDL lirdite
pollutants were fully and currently consistent witle recommendations shown in the TMDL. Through
this process, we were able to get an initial sefslee relationship between TMDL recommendations fo

changes in effluent limits, and their subsequemiémentation in NPDES permits.

Tabulating Results

As was noted in Section 3 of this report, we rebedJS EPA’'s TMDL Program Pipeline
(Norton, et. al., 2007) to guide our compilatiordeta measuring TMDL implementation progress in
West Virginia and Ohio. The categories in the TMBlogram Pipeline also guided our tabulation of
data after it was compiled. The four major categpoof implementation progress forwarded by the
TMDL Program Pipeline and addressed in this repgt (1) management and planning; (2) the
implementation of controls; (3) partial recoverieswater quality improvements, and; (4) full wabedy
recoveries. The actual measures chosen for tatnlaflect progress in these categories and are
identified and described in Table 7. The quarntitatesults emerging their tabulation are presemted

Section 5 of this report.
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Table 7: Measures of TMDL Implementation Progress ad Information Sources

Measures

Description

Information Source(s)

PLANNING AND MANAGEMENT

Identifies whether we could identify a

To determine whether there was such an

gnsc;\&/lvtlsdgeabl state/f_ederal oﬁiciql who was knowlgdgeabl_e individual, we consulted the TMDI__ lead
Official? about implementation of the TMDL in question. developer, the State TMI_DL coordinator, and
) Coded 1 for yes, and 0 for no. anyone the TMDL coordinator could refer us to.
Information on projects was retrieved from:
Annual Section 319 grant reports for Ohio and
Measures whether there was at least one project | WV; watershed group grant lists from the federal
identified which seeks to reduce pollutants or Office of Surface Mining; OWRRSP project lists
Projects? improve assimilation of pollutants from sources in Ohio, and; interviews with knowledgeable state
recommended for action in this TMDL. Coded as | officials. The state officials were asked if they
1 for yes, and 0 for no. knew of projects targeting the sources and
pollutants identified for action in the TMDL
Report.
. . Interviews with knowledgeable State Officials —
. Ascertains whether or not there is a local or - N
Responsible : . . . the question asked, was “Is there a local or
Group? regional group that is working to implement the regional group that is actually working to foster
p g group y 9

TMDL. Coded as 1 for yes, 0 for no.

implementation of this TMDL?”

Water Quality

Identifies whether there has been monitoring of
water quality for TMDL limited pollutants since

Interviews with knowledgeable State Officials —
the question asked was, “has any post-TMDL
ambient or sediment monitoring been conducted

Monitoring? approval of the TMDL. Coded 1 for yes, and 0 for this pollutant (at locations downstream from
for no. implementation actions, but still in the area
covered by this TMDL Report?”
IMPLEMENTATION OF CONTROLS
Interviews with knowledgeable State Officials —
Ascertains whether the knowledgeable state the question a§ked whether the'state official
official we identified knew of or believed that non- knew c.)f or believed that F‘O”'po'”‘ source load
. ; : reductions had been achieved for pollutants
NPS Load point source loading reductions for pollutants of limited by the TMDL. Those interviewed were
reduction? concern in the TMDL had occurred since EPA y . . : .
approval of the TMDL. Coded 1 for yes, and 0 also asked to provide the ratlonale_ behind their
for no ' ' answer. If they answered yes to either of these
' questions, the answer coded was yes. Question
wording can be found in Appendix D.
Ascertains whether the knowledgeable state Interview with knowledgeable state officials — if
official knew of or believed that I?Jadin the state officials answer yes for the NPS load
Any Load - . 9 . reduction question above or yes for a similarly
- reductions of any kind for pollutants of concern in : : :
Reduction? worded question applicable to point sources, a

the TMDL had occurred since EPA approval of
the TMDL. Coded 1 for yes, and 0 for no.

loading reduction was coded to have occurred.
Question wording can be found in Appendix D.

Effluent Limits
in Major
Permits?

Ascertains whether effluent limits contained in
major NPDES permits reflect TMDL
recommendations. Each major permit was
assessed according to several criteria for
compliance (see discussion in Section 5 text for
more detailed information).

Information on recommended effluent limits
and/or waste-load allocations was drawn from the
applicable TMDL reports. Information on current
effluent limits was retrieved from the NPDES
permits themselves. Major Ohio NPDES permits
were accessed through the Ohio EPA worldwide
website. Major NPDES permits in West Virginia
were provided by the WV DEP.

Water Quality

Identifies whether there was a known
improvement in water quality downstream from a

Interview with knowledgeable State Officials — in
cases where post-TMDL monitoring was known
to have occurred, the officials were asked if they

Improvement? | TMDL implementation action for a TMDL limited knew of any improvements in water quality
pollutant. Coded 1 for yes and 0 for no. downstream from implementation actions since
EPA approval of the TMDL Report.
Water Body Ascertains whether the state regulatory agency Information was gathered from the 2006 Ohio

Restoration

has declared the water body restored in its
integrated 303/305 submission to US EPA.

and West Virginia integrated reports, and
consultations with the State TMDL Coordinators.
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We also tabulated results for three other setat#. dFirst, we tabulated information on a range
of characteristics associated with watersheds adddein the 63 TMDL reports that were used as the
basis for the analyses presented in this repdres@ characteristics include the dates on whicbrtgmn
our sample universe were approved by US EPA, nusrdnadt types of pollutants addressed in these
reports, and the sources of pollutants releasedwatersheds addressed by these reports. These
tabulations are presented in Sections 3 and 4i©feport.

Second, we tabulated results from a question wedaskknowledgeable state officials to
ascertain their views regarding whether or noftR¥DL process was useful in fostering pollutant
loading reductions and/or water quality improvemsent/e also asked them to tell us whether they
perceived any additional benefits from the TMDL g&ss, above and beyond fostering pollutant loading
reductions and improving water quality. The resoltthese tabulations are presented in Sectidrtfeo
report.

And finally, we tabulated information on a numbéwariables that have been identified in past
literature and which may serve as drivers of TMBipiementation progress. These variables relate to
the physical and social contexts in which TMDLs @rée implemented, group processes that are
potentially subject to manipulation, and two cohtrariables. These three sets of variables and the

information sources used to develop measures af #re summarized in tables 8, 9, and 10.
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Table 8: Potential Driving Factors — Contextual Vaiables

Context
Variable Description Source
The percentage of households with income
exceeding $50,000 per year in the eight digit
Hydrological Unit Code (HUC) area in which the
watershed covered by the TMDL report resides. National Oceanographic and Atmospheric
The area in the Upper Little Miami River Administration (NOAA) compilation of 2000
Wealth watershed in Ohio has the largest percentage of | census data by eight digit HUC code, accessed
people with household income exceeding through:
$50,000 in our sample at 63%, and Tug Fork http://www8.nos.noaa.gov/socioeconomics/
River Watershed, West Virginia has the lowest
percentage of population with household income
exceeding $50,000 p.a. at 18%
The percentage of the population who graduated
from college. The Mahoning River watershed National Oceanoaraphic and Atmospheric
area in Ohio has the highest % population who - : grap AtMosp
) Administration (NOAA) compilation of 2000
. are college graduates (32%). The Tug Fork River . =
Education O . census data by eight digit HUC code, accessed
Watershed, West Virginia and Guyandotte River
. L through
Watershed areas in West Virginia have the . . .
. http://www8.nos.noaa.gov/socioeconomics/.
lowest % of population who graduated from
college (7%).
Class A factor score which reflects a measure of class A derived score that is based on the wealth and
which is derived from educational and wealth. education variables described above.
Persons per square mile living in the eight digit National Oceanographic and Atmospheric
Population HUC area. Population density is highest in the Administration (NOAA) compilation of 2000
Deﬁsit Cuyahoga River Watershed, Ohio at 1273 and census data by eight digit HUC code, accessed
y lowest in the South Branch (and South Fork) area | through:
of the Potomac River in West Virginia at 19.9. http://www8.nos.noaa.gov/socioeconomics/
Percentage population who are non-renters in the | National Oceanographic and Atmospheric
eight digit HUC area. The percentage of non Administration (NOAA) compilation of 2000
Stability renters was highest in Lost River Watershed, census data by eight digit HUC code, accessed
West Virginia at 84% and lowest in Mill Creek- through:
Ohio River tributary in Ohio (59%). http://www8.nos.noaa.gov/socioeconomics/
Percentage population who are white. The . National Oceanographic and Atmospheric
highest percentage of homogenous population - . oo
. . ) . .| Administration (NOAA) compilation of 2000
Homogeneity/ | was found in Lost River Watershed, West Virginia . L~
. - census data by eight digit HUC code, accessed
Diversity at 98% and lowest percentage of homogenous throuah:
population was found in Euclid Creek Watershed, ht '/f(:\]/V\}vw8 N0S. N3 qov/socioeconomics/
Ohio at 66% P ‘nos-noaa.g
: : A fa_ctor score Whlc.h reflects a measure of SOC'.E.“ A derived score that is based on the stability and
Social Capital capital which is derived from measures of stability . . .
i homogeneity variables described above.
and homogeneity.
. Percentage reduction required for a particular The TMDL Report covering the watershed in
Pollution ; : . SR .
Severity # 1 pollgtant to restore th impaired water question. This is either agiven value or a
bodies/segments within the watershed. calculated value, depending on the report.
. . Pollutants identified in TMDL reports were coded
. A dichotomous measure reflecting whether the . . )
Pollution L as having potential human health impacts by the
. TMDL limited pollutant has human health - . . L ;
Severity # 2 project team. See discussion earlier in Appendix

impacts. Coded 1 for yes and O for no.

A for information on these pollutants.
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Table 9: Potential Driving Factors: Group Involvement Variables

Group
Involvement
Variable Description Source
The number of ways in which stakeholder groups
were involved in the TMDL development process. | Lead TMDL developer survey — state and federal
Stakeholders The ways tabulated included attending a TMDL officials who played roles in developing TMDLs

involvement in
TMDL
development

development meeting, writing a letter regarding
the TMDL report, providing data, writing some or
all of the TMDL report, and other forms of
involvement that were not specified. The values
for this variable can range from O for no
involvement to 5 for extensive involvement.

were asked to identify the specific ways in which
stakeholder groups were involved in TMDL
development, and this variable reflects the
number of forms of involvement that they
identified.

Watershed
Group Grants

The Ohio Department of Natural Resources
provides grants to fund watershed coordinators
for watershed groups in selected watersheds in
Ohio. West Virginia does not have a similar
program. This variable reflects whether or not a
watershed coordinator grant was provided for a
group in the area covered by the TMDL. ltis
coded as 1 for TMDLs with grants and O for
TMDLs without grants.

Information on watershed groups receiving
watershed coordinator grants in Ohio was
provided by the Ohio Department of Natural
Resources.

Group density

Number of confirmed watershed groups
operating in the area covered by the TMDL
report. The Lower Cuyahoga River Watershed in
Ohio indicated highest level of involvement
among Watershed groups with 9. There were a
number of watersheds in which no groups were
identified.

TMDL Reports, watershed group network
websites, and interviews with knowledgeable
state officials. For each TMDL, a list of
watershed groups in the affected area was
compiled based on watershed group network
websites and TMDL reports. These lists were
then adjusted by input from knowledgeable state
officials during the interview process.

Group intensity

A measure of the extent to which the most
involved group is engaged in TMDL
implementation. Values range from 1 to 3, with 3
meaning major engagement and 1 meaning no
engagement.

Knowledgeable official interview — those
interviewed were asked to identify the level of
engagement of involved watershed groups ona 1
to 3 scale, with 3 meaning major engagement
and 1 meaning no engagement.

Extent of State
Agency
Engagement in
TMDL
Implementatio
n

A measure of the level of involvement of State
Officials in TMDL implementation. The response
variables take on values between 0 and 9,
depending on the number of ways that State
Officials are involved in TMDL implementation.

Knowledgeable official interviews. The interviews
included questions about the ways in which the
implementation leads and other state officials are
involved in TMDL implementation. A total of 10
forms of involvement are identified, so the values
for this measure could range from 0 to 10.

Endorsement
of watershed
plan

In both Ohio and West Virginia, state agencies
endorse watershed plans for particular
watersheds.. Watersheds areas with endorsed
watershed plans are coded as 1 and those
without endorsed watershed plans are coded as
0.

Information on endorsed watershed plans was
provided by the Ohio Department of Natural
Resources and the West Virginia Department of
Environmental Protection.
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Table 10: Potential Driving Factors: Control Variables

Control
Variable Description Source

Months since EPA approval of the TMDL. ére)pirgxayl ((jj?)tceusnz(é:]toshd?nvr:gr?z?r:avgn f;g\Te(EPA
Time since Measured as the number of months between the 9 9 app

TMDLs in Ohio. West Virginia approval dates
were obtained from the TMDL reports
themselves.

EPA Approval date of approval, and February 2008 — the month
we began compiling data on implementation.

Size of TMDL Number of square miles covered by the TMDL
Watershed report.

TMDL report.

All of the variables identified in the three pretegltables were used on our statistical analys@vidL
implementation progress. Appendix B outlines pnéliary analyses conducted to support those analyses
and describes key steps taken to produce them.adlgses themselves are presented in Sectioth@ of

report.
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APPENDIX B: ANALYZING POTENTIAL DRIVING FACTORS

Section 6 reports the results of our statisticatlei® predicting the likelihood that we observe (1)
a group working to foster implementation of a TMEnd (2) perceived pollutant load reductions
associated with TMDL implementation. We identify ihdependent variables that might affect the
presence of an implementation group, and 13 vaasatiat might affect perceptions of pollutant load
reductions. While the samples sizes addressdusistudy exceed those of previous studies of TMDL
implementation by a considerable margin, they atdarge when viewed in relation to the scope ef th
analyses undertaken in this study. The remainfigriappendix describes steps taken to assurdhtha
conclusions reached in this study are based ohédktstatistical evidence possible. Throughoust thi
report, we rely on the preponderance of overalievce in reaching our conclusions, rather than the
results of any single statistical test.

The Probit models we employ to predict the prolighif observing our dependent variables rely
upon the asymptotic (i.e., very large sample) prigxe of the estimators. Common rules of thumb
suggest that the asymptotic properties of maxinikatihood estimators are not manifest until thene a
30-50 observations per parameter estimate (AldriahNelson 1984). Our models predicting the
presence of an implementation group potentialljuite 10 parameters (9 independent variables and a
constant). This implies a minimum sample sizetdéast 300, or almost twice our maximum sample siz
of 174. Small sample sizes are essentially problefhtimited information, and this problem is fueth
exacerbated in our case by the fact that many oingependent variables are dichotomous or categjori
(i.e., they contain less information than continaigariables). For these reasons, we should rettiece
number of independent variables in our multivarrateels. We take a three stage approach to
eliminating predictors from our multivariate modélg., for imposing what econometricians typically
call “exclusion restrictions”). The next three ts@es describe the results from each of these stagbey
are followed by a technical description of theaméile for our effort to estimate Probit Models with
Endogenous Regressors.
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Simple Probit Models

In the first stage of the preliminary analysis, @gimate a set of simple Probit models where
each independent variable is used to predict eapbrdient variable individually. If the independent
variable is unable to predict the presence of gsldmentation group or a perceived load reducticthit
framework, it becomes a candidate for an excluséstriction. Hypothesis tests are conducted in two
ways; using traditional parameter standard errsssimed to be asymptotically normal, and using
bootstrapped standard errors that (require multgigamples from within our sample universe, thus
increasing the overall sample size and) do notupfn the assumption of normality or the asymptotic
properties of the estimator (Mooney and Duval 1999)

For the models predicting the presence of a graking responsibility for TMDL
implementation, the normal and bootstrapped stahelaors support the same conclusions. The results
from these simple models are presented in TableThe. simple models suggest that the variables
associated with problem severity are good candidatebeing excluded from our final multivariate
models. Briefly, Table 11 shows that:

e Both group process variables — stakeholder invobrégrm TMDL development and state

agency involvement in implementation -- are posiivwelated to the probability that there is
a group responsible for overseeing implementatfche TMDL.

« The probability that there is a group responsibleoiverseeing implementation of the TMDL
increases as the socioeconomic status of watersl@tents increases, and as the population
density of the watershed increases. Contrary peehations, however, levels of potential
social capital are negatively associated with ttudability that there is a group responsible
for overseeing implementation of the TMDL.

« Neither measure of problem severity is signifibantlated to the probability that there is a

group responsible for overseeing implementatiothefTMDL.
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e Larger watersheds appear to be more likely to laageup responsible for overseeing
implementation of the TMDL than smaller watersheds.
e The likelihood of a group taking responsibility foMDL implementation appears to be

lower for older TMDLSs than for newer ones.

Table 11: Results from Simple Probit Models Predighg Probability that there is a Group
Responsible for TMDL Implementation (N=174)

Parameter Asymptotic Bootstrapped
Independent Variable Estimate Z-score Z-Score
Stakeholder 0.671 3.31x* 5.80%***
Involvement in TMDL
Development
State Agency 0.493 4.31%*+* 6.61***
Involvement
Socioeconomic Status 0.322 2.23* 4.63*+*
Potential Social Capital -0.429 -2.84%** -5.56***
Population Density 0.004 3.28*** 5.60%**
Human Health Pollutant 0.149 0.59 0.57
Required Pollution 0.002 0.42 0.38
Reduction
Watershed Area 0.324 3.25%* 3.52%*
Age of TMDL -0.011 -1.70* -3.05%**

*p<.10, *p<.05, *** p<.01, two-tailed tests. Significance levels should properly be attached to parameter estimates rather than z-scores, but
we depart from this convention because parameter estimates are the same in the asymptotic and bootstrapped models.

The first stage in our preliminary analysis of @#ved loading reductions follows the same
strategy. Recall, however, that we expect sudoesarlier stages of the TMDL implementation pipeli
to positively affect success in later stages. &foge, the simple models in this stage of the aislgre
not bi-variate, but tri-variate (i.e., these modedtimate the effect of each group process, caméxdnd
control variable jointly with the effect of the gence of a group overseeing TMDL implementation).
Table 12 presents the results from our models gtiedi perceived non-point source pollutant load
reductions, while Table 13 presents the results foor models of any perceived load reductions.
Hypothesis tests are again conducted in two waginguraditional parameter standard errors assumed
be asymptotically normal, and using bootstrappaddsrd errors. Only the asymptotic standard errors
are reported in Tables 12 and 13. The simple aralghow that after controlling for the presencarnof

implementation group, we might employ exclusiornirieBons for many of the other variables that are
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candidates for inclusion in the multivariate mod&isoad reductions. Briefly, Tables 12 and 13who

that:

All models show a positive relationship betweenghesence of a group responsible for
TMDL implementation and the probability that stafécials perceive load pollutant load
reductions associated with TMDLs. In all of thesedels (except one, which could not be
estimated due to perfect collinearity), this pesiteffect of TMDL implementation groups
on perceived load reductions in statistically digfet from zero at a 99% confidence level.
While we need to be cautious in drawing meaningéulclusions from the simple models,
these results indicate a strong positive relatignsbtween stages of the TMDL
implementation pipeline.

Two of the group process variables are statisticatjnificant and help predict the
probability that state officials will perceive patant load reductions (in at least one of the
two models). As expected, the existence of majbDL implementation efforts on the part
of at least one watershed group are positivelyaatad with perceived non-point source and
any (point and non-point source) load reductiohise existence of an approved NPS
watershed plan is a statistically significant pogali of non-point loading reductions, but not
of the any load reductions variable. And, while Watershed coordinator grant variable
operates as expected in both models, its z-scor& iguite large enough to yield statistical
significance in the prediction of either perceild@S or any load reductions in these models.
It is also noteworthy that the variables measusitadseholder involvement in TMDL
development and state agency involvement that s@important in predicting the presence
of a group overseeing TMDL implementation do nqteqr to have strong and independent
relationships with the probability of perceived lptdnt load reductions.

None of the contextual variables help predict trabpbility that state officials will perceive

pollutant load reductions in statistically signiic fashion, though the population density
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variable does display a moderately strong negadlagionship with perceived non-point
source pollution reductions.

* Neither measure of problem severity appears tela¢ed to the probability that there is a
group responsible for overseeing implementatiothefTMDL.

« The probability that state officials will perceigegpollutant load reduction increases with the
age of the TMDL, but the size of the watershed app#o be unrelated to perceived load

reductions.

Table 12: Results from Simple Probit Models Predighg Probability of Known or Perceived Non-
point Source Pollutant Load Reductions Associated ith TMDLs (N=169)

Implementation

Independent Parameter Asymptotic Group Parameter Asymptotic
Variable Estimate Z-score Estimate Z-score
Stakeholder 0.677 0.42 2.142%* 4.42
Involvement in

TMDL

Development

State Agency 0.063 0.79 1.94 1 %** 3.34
Involvement

Watershed 0.474 1.31 1.979%* 4.14
Coordinator Grant

Density of 0.066 0.71 2.295%* 4.70
Watershed Groups

Intensity of 0.491*** 3.10 1.329%** 2.61

Watershed Group
Participation

Presence of NPS 0.6.70* 1.78 1.849%** 3.71
Watershed Plan

Socioeconomic 0.0.67 0.59 2.123*** 4.79
Status

Potential Social -0.104 -0.94 2.087*** 4.63
Capital

Population Density -0.076 -1.51 2.345*** 5.18
Human Health -0.011 -0.03 2.177%* 4.92
Pollutant

Required Pollution -0.001 -0.20 t

Reduction

Watershed Area 0.063 0.50 2.105*** 4.33
Age of TMDL 0.011* 1.68 2.480*** 4.84

*p<.10, *p<.05, *** p<.01, two-tailed tests
Unable to obtain parameter estimate due to perfect collinearity.
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Table 13: Results from Simple Probit Models Predighg Probability of Known or Perceived Point
and/or Non point (i.e. Any) Source Pollutant Load Rductions Associated with TMDLs (N=174)

Implementation
Group
Parameter Asymptotic Parameter Asymptotic
Independent Variable Estimate Z-score Estimate Z-score
Stakeholder Involvement in -
TMDL Development 0.104 0.67 2.342 4.86
State Agency Involvement 0.108 1.46 2.000*** 3.60
Watershed Coordinator 0.235 0.63 2 g 4.62
Grant
Density of Watershed -0.086 -0.84 2541w 4.98
Groups
Intensity of Watershed 0,635+ 3.33 1.358%% 2.59
Group Participation
presence of NPS Watershed 0.445 1.10 2.186% 4.25
Socioeconomic Status 0.137 1.10 2.255%** 5.13
Potential Social Capital -0.193 -1.51 2.198*** 4.94
Population Density -0.001 -0.10 2.385*** 5.25
Human Health Pollutant 0.018 0.05 2.383*** 5.33
Reqwrgd Pollution 0.001 0.12 1
Reduction
Watershed Area -0.083 -0.58 2.513%* 3.55
Age of TMDL 0.190*** 2.76 3.105%** 4.97

Likelihood Ratio Tests from Multivariate Models

While these results from the simple models are ssiixe, we should have limited confidence in
their conclusions. Stronger evidence regardingeffect of these factors on implementation progretis
come from multivariate models because they codramultiple potential sources of causal influence.
The second step in our preliminary analysis iseteinine the joint effect of variables representhng
same general concepts; i.e., we want to find ocmimunity resources, problem severity, group
processes, and/or control variables jointly affeetprobability that there is a group responsibte f
overseeing implementation of the TMDL. In ordeestimate these joint effects, we first estimate a
model including all of the independent variablesirthe bi-variate analyses summarized in Table 13
(commonly referred to as the unrestricted modsgxt, we estimate a series of models that exclhee t
group process, community resource, problem seyeritgt control variables, respectively (commonly

referred to as the restricted models). Finally carduct likelihood ratio tests comparing the utireted
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model to each restricted model to determine whetiese groups of variables jointly help us pretliet
probability that there is a group responsible feerseeing implementation of the TMDL.

The results of the likelihood ratio tests from migderedicting the presence of a group
responsible for TMDL implementation are reported able 14, and show that while the group process
and problem severity variables improve our abiiityredict the likelihood that there is a group
responsible for TMDL implementation, the communiggource variables generally do not. These results
indicate that the community resource variables triighexcluded from the final multivariate models

predicting the presence of an implementation group.

Table 14: Likelihood Ratio Tests for Groups of Varable Predicting Probability that there is a
Group Responsible for TMDL Implementation (N=174)

Model -2LLR? Chi-Squared LR test
Unrestricted Model 162.2

Group Process Variable Restriction 78.4 83.8***
Community Resource Variable Restriction 159.8° 2.4°

Problem Severity Variable Restriction 151.8 10.4**

Control Variable Restriction 151.4° 10.8%*°

*p<.10, *p<.05, *** p<.01, two-tailed tests
-2 * Log Likelihood Ratio comparing model estimated to model fit with intercept only.
b These restricted models have a few more observations than the unrestricted models, so the likelihood ratio tests are approximate.

The results from the likelihood ratio tests fromdats predicting perceived load reductions are
summarized in Table 15The unrestricted models here include all of ttteependent variables from
Tables 12 and 13, respectively. Table 15 showsithde the group process and control variables
improve our ability to predict the likelihood thethte officials will perceive (point and/or non pbi
pollutant load reductions, the problem severity aachmunity resource variables do not do so
consistently. They appear to be somewhat helpfptédicting perceived NPS pollutant load reductjon
but not in predicting pollutant load reductionsrirany source. This suggests that these latteablas
are candidates for exclusion from the final multiste models. Note that these results are somewhat
different than those from the simple Probit modeisimarized in Tables 12 and 13, and we should have

more confidence in the likelihood ratio tests.
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Table 15: Likelihood Ratio Tests for Groups of Varables Predicting Probability of Perceived

Pollutant Load Reductions

Perceived
Nonpoint Load Any Perceived

Reduction Chi-Squared LR Load Reduction Chi-Squared LR
Model -2LLR? Test -2LLR? Test
Unrestricted Model 107.9 87.1
Group Process Variable 61.7° 46.9%** 53.6° 33.5%**
Restriction
Community Resource Variable 82.4 25.5%** 84.8 2.3
Restriction
Problem Severity Variable 91.2 16.7** 82.9 4.2
Restriction
Control Variable Restriction 79.1 28.8*** 64.3 22.8***

*p<.10, *p<.05, *** p<.01, two-tailed tests
a-2 * Log Likelihood Ratio comparing model estimated to model fit with intercept only.
b LR test is approximate since group process restriction model has 6 more observations than unrestricted model.

Unrestricted Multivariate Models

The third step in our preliminary analysis is te asir unrestricted models predicting the
presence of an implementation group and the paorepf pollutant load reductions to identify varie®
that might be excluded from the final multivariaedels. One common rule of thumb is that
independent variables displaying substantively spabmeter estimates and non-significant parameter
test statistics (t-scores or z-scores) can be dgdlfrom multivariate models. Given the relativemall
sample sizes used here, there is some concertinéhpower of this test might be insufficient (ixwe
may exclude too many variables), especially innthitiple equation models used for perceived load
reductions (see discussion later in this subsecti®ecent monte carlo studies, however, conclhde t
exclusion restrictions based upon hypothesis fesiadividual parameters in multi-equation Probit
models are generally unaffected in small sampletk@® and Fiebig 2008). This same research
concludes that the bias produced by not employiegd exclusion restrictions in small sample moidels
far larger than any bias than might arise by eniplpyhese exclusion restrictions. Therefore, vee ar
confident that the results of the final multivaeiahodels summarized in the body of this reporbaté

consistent and as robust as we can make them.
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Table 16 presents the unrestricted model predjdtie probability that we will observe a group
responsible for overseeing implementation of a TMMypothesis tests on the parameters from this
model suggest that only the measures of stakehwidelvement in TMDL development, state agency
involvement in TMDL implementation, watershed paiigdn density, watershed area, and age of the

TMDL should be included in the final multivariateodel.

Table 16: Results from Unrestricted Multivariate Probit Model Predicting Probability that there is
a Group Responsible for TMDL Implementation

Variable Probit Coefficient Asymptotic Z-Score
Stakeholder Involvement 1.37%** 3.03
State Agency Involvement 0.74** 2.58
Socioeconomic Class -0.20 -0.51
Potential Social Capital 0.58 0.92
Population Density 0.02* 1.92
Human Health Pollutant 0.65 1.18
Watershed Area 0.66*** 2.64
Age of TMDL -0.02** -2.20
Constant -8.76

Pseudo-R® 0.75

Sample Size 163

*p<.10, *p<.05, *™** p<.01, two-tailed tests

Table 17 presents the unrestricted models (SUBBeemingly Unrelated Bivariate Probit
Models — see discussion later in this subsectiosdipting the probability that state officials peire (a)
reductions in non-point source pollutant loads @)deductions in loadings from any pollutants,
associated with TMDL implementation. Hypothesitden the parameters from this model suggest that
the variables representing stakeholder involverimemMDL development, state agency involvement in
TMDL implementation, and the public health threasg@d by the pollutant can be eliminated from the
final multivariate models for both non-point sousral any load reductions because they do not shgw a
meaningful or statistically significant relationphito the two dependent variables (NPS Load reafucti

and Any Load Reduction).
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Table 17: Unrestricted SUBP Models for Perceived ®lutant Load Reductions

Nonpoint
Source
Pollutant Load Any Pollutant
Reduction Asymptotic Load Reduction Asymptotic
Variables Parameters Z-scores Parameters Z-scores
Perceived Load Reduction Model
Implementation Group 1.758** 2.38 1.350 0.77
Stakeholder Involvement -0.015 -0.04 -0.056 -0.24
State Agency Involvement 0.099 1.20 0.198 1.47
Watershed Coordinator Grant 1.208*** 2.67 0.886** 1.96
Watershed Group Density -0.286** -1.99 -0.334** -2.07
Watershed Group Intensity 0.213 0.89 0.650** 2.41
Approved Watershed Plan 0.733** 2.07 0.448 0.63
Socioeconomic Class 0.108 0.58 0.168 0.54
Potential Social Capital -0.751*** -3.33 -0.500** -2.45
Population Density -0.312*** -3.10 -0.170*** -2.61
Human Health Pollutant -0.182 -0.48 0.109 0.23
Watershed Area 0.287 1.60 0.063 0.38
Age of TMDL 0.034x** 3.64 0.034x** 3.83
Constant -5.854*** -4.60 -5.456*** -5.31
Implementation Group Model
Stakeholder 1.130%** 3.28 1.089*** 3.00
Involvement
State Agency 0.698*** 2.93 0.677** 2.50
Involvement
Population Density 1.101*** 2.78 1.044** 2.41
Watershed Area 0.814** 3.18 0.732** 2.34
Age of TMDL -0.024** -2.36 -0.019* -1.77
Constant -8.033 -3.15 -7.526%** -2.71

*p<.10, *p<.05, *™** p<.01, two-tailed tests

Table 18 presents the unrestricted Bi-variate iProbdels with sample selection predicting the

probability that state officials perceive (a) retioies in non-point source pollutant loads and (b)

reductions in loadings from any pollutants, assedavith a TMDL. In the non point source reduction

model, hypothesis tests suggest that the variabfgesenting stakeholder involvement in TMDL

development, state agency involvement in TMDL impdatation, the intensity of watershed group

participation, and the presence of a pollutantcifig human health can be eliminated from the final

multivariate models. Information scarcity(produdgdmicro-numerosity and/or high levels of

collinearity) prevent us from obtaining paramefters stakeholder involvement in TMDL development,

socioeconomic class, and the presence of pollutenitsh may impact human health in the unrestricted

model predicting any perceived pollutant load reduc These variables show no meaningful or
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consistent statistically significant relationshifimperceived pollutant load reductions in the jpnélary

analyses in tables 13 and 15, however, so thelusion from the final multivariate models would &jap

to be inconsequential.

Table 18: Unrestricted Bivariate Probit Model with Sample Selection for Perceived Pollutant Load

Reductions
Non-point
Source
Pollutant Load Any Pollutant
Reduction Asymptotic Load Reduction Asymptotic
Variables Parameters Z-scores Parameters Z-scores
Perceived Load Reduction Model
Implementation Group 1.269 1.48 1.003 0.87
Stakeholder Involvement -0.196 -0.83 Na
State Agency Involvement 0.051 0.46 0.315*** 3.12
Watershed Coordinator Grant 1.099** 2.03 1.203*** 3.18
Watershed Group Density -0.098 -0.57 -0.232* -1.83
Watershed Group Intensity -0.436 -1.27 0.260 0.76
Approved Watershed Plan 1.356** 2.30 0.523 0.90
Socioeconomic Class 0.226 1.10 Na
Potential Social Capital -0.911*** -3.05 -0.510** -2.54
Population Density -0.355*** -2.93 -0.179*** -2.65
Human Health Pollutant -0.383 -0.45 Na
Watershed Area 0.316 1.51 -0.026 -0.12
Age of TMDL 0.032** 2.51 0.032*** 3.41
Constant -3.462* -1.89 -4,632%** -3.12
Selection Model
Stakeholder Involvement 0.459*** 2.58 0.502*** 3.13
State Agency Involvement 0.360*** 4.46 0.337*** 4.27
Watershed Coordinator Grant 0.409 1.32 0.792* 1.64
Age of TMDL 0.012* 1.70 0.008 1.34
Small Lake TMDL -5.951%** -13.42 -6.181%** -12.71
Constant -2.331*** -3.82 -2.118*** -4.13

*p<.10, *p<.05, *** p<.01, two-tailed tests

Estimating Probit Models with Endogenous Regressors

Seemingly Unrelated Bivariate Probit Models:

Two factors complicate our efforts to predict tmelgability that state officials perceive pollutdoad
reductions associated with TMDLs. First, we asstimaéthe outcomes during earlier stages of the
TMDL implementation pipeline affect the probability success at later stages of the pipeline. f®r t

models used here, this means that the presencgrotip overseeing TMDL implementation will affect
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the probability that state officials will perceipellutant load reductions associated with a TMDIhis

assumption has three implications for our analysis.

1.

It means that the implementation group variabknidogenous in our models predicting
perceived pollutant load reductions. This endoggmniolates the basic tenant of general linear
models that all predictor variables are exogenous.

If the un-measurable forces influencing whetheraupg arises to oversee implementation of a
TMDL also influence the probability that state oféils will perceive pollutant load reductions
associated with that TMDL, then the error termsrfthiese two equations will be correlated and
the parameter estimates in the models will be iciefit. Since we measure both the presence of
implementation groups and the perceptions of leddictions using surveys of the same state
officials, such a correlation seems likely.

A corollary of implications 1 and 2 is that the egenous implementation group variable may be
more likely to take on a value of 1 for those TMDAsere pollutant load reductions are more
likely. In this situation, not only will the paraater estimates in the perceived load reduction
models be inefficient, but the parameter estimaseeated with the implementation group
variable in these models will be biased, compramgigiur ability to test whether progress at an

earlier stage of the implementation pipeline affgmbgress at later stages.

The most common solution for implications 1 ang foi estimate a set of seemingly unrelated

bivariate Probit models (SUBP). Using SUBP, wénestte simultaneously a model predicting the

probability that an implementation group will exéstd a model predicting the probability that state

officials will perceive a pollutant load reductioMoreover, we allow the error terms from these two

models to be correlated, and use this correlaidmprove the precision of our parameter estimaidse

standard SUBP model is attributed to Poirier (198aY can be represented as:

z1=>bl'xl +el, yl=1ifz1 >0, 0 otherwise
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z2 =Yb2'x2 + €2, y2 =1if z2 > 0, O otherwise

[el,e2] ~ bivariate normal (BVN) [0,0,1¢,

Where [z1,z2] are the unobserved continuous prdibiabigiving rise to the observed dichotomous
dependent variables, and where we have a comgletpls on [y1, y2, x1, x2]. In this model,

represents the correlation between the error tarrige two equations being driven by the shared
unobserved factors discussed above. While thedPonodel is generally used to address only
implications 1 and 2, Greene (1993) illustratesudiethat the SUBP model also addresses the pagamet
inconsistency stemming from nonrandom assignmestriteed as implication 3. The results from our

SUBP models are summarized in Section 6 of thertepo

Bi-variate Probit Models with Sample Selection:

The second complicating factor for our load regiuctmodels stems from the measurement of the
dependent variables. As we explain in the mairylwidhe report, the measures of perceived load
reductions come from our interviews with stateaiffis. As a result, the variables representinggieed
load reductions can take on a value of O for tvasoas: (1) the state official is knowledgeable aloe:
TMDL’s implementation and has no reason to belig there have been pollutant load reductions, and
(2) the state officials has no knowledge of the TIMDmplementation and therefore is unable to
perceive a load reduction. In the SUBP modelsmake no distinction between these two types ofszero
in the perceived load reduction variables. Mangewbers, including members of the research teasn, ar
somewhat uncomfortable equating no knowledge af teductions with no knowledge of TMDL
implementation. A common response to this discomviould be to eliminate from our sample all
TMDL reports for which state officials have little or no implentation knowledge. In this restricted
sample, the perceived load reduction variable wtaltd on a value of O only when state officialsaver
knowledgeable about the TMDL and perceived no kealdiction. The obvious problem with such an

analysis is that it makes the implicit assumptiuat fTMDLs that state officials are familiar witheaa
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random sample of all TMDLs. We view this possiliis quite unlikely. Indeed, we expect that safne
the same factors affecting the probability thatDL watershed will experience reductions in polhita
loads will also affect the probability that staféadals are familiar with the TMDL’ s implementat.
Samples truncated in this manner — where our glilibbserve one variable (e.g., perceived load
reductions) is dependent upon the outcome of ansecariable (e.g., knowledge of the TMDL'’s
implementation) — are classic cases of selectias, lsind models employing such samples producedbiase
and inconsistent parameter estimates (Heckman 1979)

In a situation like ours where both dependentaldes are dichotomous, the standard approach is
to use the bivariate Probit model with sample sialiég developed by Van de Ven and Van Pragg (1981)

This model can be represented as:

z1 =3b1'x1 +ul
z2 =Y'b2'x2 + u2
yl=Yclkl +el, y1=1 of z1 > 0, 0 otherwise

y2=Yc2'k2 + e2,y2 =1if z2 > 0, 0 otherwise

[el,e2] ~ bivariate normal (BVN) [0,0,1,4],

Where [z1] represents the unobserved continuaalsapility that a state official has knowledge of a
TMDL implementation, [z2] represents the unobserveatinuous probability that a state official
perceived a pollutant load reduction associatet thi¢ TMDL’s implementation, and where our sample
is truncated in that we only observe [y2,k2] whéry. In this modelp represents the correlation
between the error terms in the two equations béiivgn by the shared unobserved factors discussed
above (i.e., the correlation between the processrgéing knowledge of the TMDL and the process
generating pollutant load reductions). The redutisy our Bivariate Probit models with sample sttat

are summarized in Section 6 of the report.
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APPENDIX C: POTENTIAL CHANGES IN PRACTICE AND

POLICY

Section 7 of this report outlines a range of pté¢changes in practice and policy that may foster
TMDL implementation progress. These potential ¢femhave been identified throughout the course of
this research, and have been derived from seveuatess. First, as we reviewed and coded TMDL
reports from the two states, we did so in an etfodefine recommended implementation actions so
follow up actions associated with them could besssd. Through this process, we identified paienti
changes in TMDL development practices that woulg ktarify recommended TMDL implementation
steps. These potential clarifications are incoafea as potential options for improving implemeotat
They are based on the assumption that clear recodatiens are more likely to be implemented than
recommendations that are not clear.

Second, during the interviews conducted as agfahis research, we were able to gather a good
deal of information on processes and factors trelikely to foster improvements in TMDL
implementation. We were also able to compile datéthe extent of implementation progress for vagiou
TMDL reports. These interviews, and that data Whiey yielded, enabled us to identify an additiona
set of potential recommendations for improvememisractice and policy — all of which seek to fdatie
progress along the “TMDL Program Pipeline”.

And finally, the driving factors analyses presehnite Section 6 (and discussed in Appendix B)
provide information on variables that appear t@bed predictors of various levels of implementation
progress. In so doing, they enable us to focestin on potential changes in practice which iyt
to foster TMDL implementation progress. Some abramendations presented in Section 7 seek to
foster these practices in order to improve thdilio®d of TMDL implementation progress.

When viewed as a whole, we believe that these thoerces of data and information have
allowed us to provide empirically based guidancet@ps which may be taken to improve the rate at
which implementation progress is achieved.
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APPENDIX D: KEY QUESTIONS FROM SURVEYS AND
INTERVIEWS

We completed three major standardized informatmmpilation efforts as a part of this research.
The first effort involved compiling information fne the 63 EPA approved TMDLSs in the sample
universe. The second effort involved surveyingvitiials and organizations who had taken a leading
role in developing TMDLs. And the third effort iolved conducting interviews with state officialsavh
are particularly knowledgeable regarding TMDL implntation activities in the watersheds covered by
the approved TMDLs in our sample universe. Keystjoes for coding stemming from each of these

data compilation efforts are show in the subsestibat follow.

Key Coding Questions for EPA-Approved TMDL Reports

Data questionnaire for TMDL implementation

The questions in the coding report were split between questions that applied to the entire report, and
those that applied only to individual pollutants.

Report-level questions:

1. Full TMDL report name?

2. State?

3. When was the TMDL approved by US EPA?

Month: Day: Year:

4. What HUC(s) overlap the area covered in the TMIDcument?

Note: Use HUCs with the most appropriate numbetigits to cover the entire TMDL area. You may
need to find a different data source to identifyGHJ

5. How many square miles are covered by this TM&bort?

Pollutant-level questions

6. What single pollutardre you focusing on for this data sheet? (Choas¢ o
[ ] No pollutant: Please explain

[ ] Acid
[ ] Aldrin

124



L] “Aluminum” or “Aluminum (d)” or “Aluminum (d) (traut)”

[ ] “Ammonia” or “Ammonia-N”

[ ] “BOD” or “CBOD” or “Biochemical Oxygen Demand” dCarbonaceous Biochemical Oxygen
Demand”

[ ]d-BHC

[ ] Dieldrin

[] Dioxin

[ ]“DO” or “Dissolved Oxygen” or “Oxygen, Dissolved”

[] Endosulphan

[ ] Endrin

[] Fecal Coliform

(] Heptochlor

L] “Iron” or “Iron (trout)”

[ ] Lead

[ ] Manganese

[ ] Metals

[] Nitrogen

[ ] Nutrients

[ ] Pathogens

[ ]PCBs

[]pH

[] Phosphorus

[ ] Sediment

[ ] Sedimentation/Siltation

[ ] Selenium

[ ]“TDS” or “Total Dissolved Solids”

[ ]“TSS” or “Total Suspended Solids”

[ ] zinc
[] Other: Please specify

7. What percent reduction is required for thidygaht?
Note: Enter the percent reduction for the entiporeif that number is provided by the TMDL.

If that number is not provided by the TMDL, theruymay be able to calculate it using one of two
methods.

The preferred method, if data are available, isaloulate the total maximum daily load across all
impaired segments and divide by the existing l@amiess all impaired segments. Then subtract this
number from 1 to get the percent reduction. Fonga, if the total maximum daily load is 20 Ib/dayd
the existing load is 100 Ib/day, then the percedtction is: 1 — (20/100) = 0.8 = 80%.

If this is not possible, you may calculate an ageraf percent reductions shown for all impaired
segments.

[ ] 1. No percent reduction is given and none carebsutated

[] 2. Percent reduction is given: %
[ ] 3. Percent reduction is calculated: %
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8. What types of point sourcase targeted for actidior this pollutant in the TMDL?

[ ] None
[ ] Unknown

[ ] Agriculture
[] Confined animal feeding operations (CAFOs)

[] Mining (permitted)
] Mining: coal
] Mining: other than coal

[] Stormwater sources (permitted)
[] Municipal separate storm sewer system (MS4)
[] Construction sites (permitted)
[] Industrial storm water permits

[] Wastewater point sources (permitted)
[ ] Wastewater treatment plant
[] Combined sewer overflow (CSO)
[] Sanitary sewer overflow (SSO)
[ ] Other:

9. What types of non-point sourca® targeted for actidior this pollutant in the TMDL?
[ ] None

[ ] Unknown

[ ] Wastewater

[ ] Riparian protection

[ ] Agriculture

[ ] Legacy sources of pollution

[] Flow alteration

(] Mining

[ ] Forestry

[ ] Roads

[] Unpermitted nonpoint source urban stormwater

[ ] Other:
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Key Survey Questions for TMDL Development Leads

TMDL Report:___(insert TMDL report name)

1. Thinking of all the watershed groups with seevareas that overlap the area covered by the above
mentioned TMDL Report, please characterize theliraraent of this/these group(s) in the development
of this TMDL? (Check all that apply)

[ ]o-A. Don’t know

[_]0-B. No groups were involved

[ ]1. A group/groups attended a TMDL-related meeting
[]2. A group/groups wrote a letter regarding the TM@port
[ 13. A group/groups provided data used in the TMDL

[ 14. A group/groups was involved in writing the TMDL
[]5. Other group involvement: Please specify

2. Is there a person at a stagency (for example, OEPA, ODNR, or other statnay) with specific
responsibility to help foster implementation ofstfiiMDL?

[]1.No
[]2.Yes

If Yes:
2.a. Who?
3. Is there a person at a fedeagéncy (for example, NRCS, U.S. Army Corps of Begrs, Office of

Surface Mining, or other federal agency) with specesponsibility to help foster implementationtbis
TMDL?

[]1.No
[]2. Yes

If Yes:

3.a. Who?
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Interviews with Knowledgeable State Officials: Key Questions

Data questionnaire for TMDL implementation

The questions in the standardized interview template were split between questions that applied to the
entire report, and those that applied only to individual pollutants.

Report-level questions:

1. Have you personally taken steps to foster implaation of this TMDL?

[]1.No
[]2.Yes

If Yes, what projects have you been involved in?
2.a What steps have you personally taken? (Chausewomore, and fill in the appropriate blanks)\

2.b For each step you have personally taken, homymeojects?

2.a Step 2.b How many projects?

[ ]99. Don’t know

Number of projects:

Please list:
[ ] 1. Planned project(s)

Number of projects:
[] 2. Provided technica pro)

assistance to key
audiences which are
implementing parts of
this TMDL

Please list:

Number of projects:

[ ] 3. Drew funds into
the watershed for
implementation

Please list:

Number of projects:
[] 4. Project(s) you
planned and/or funded | Please list:
were actually
implemented
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Number of projects:

[ ]5. Other: Please

Please list:
specify

3. Have others in your organization (interpreteably as your agency and other state agenciegis w
taken steps to foster implementation of this TMDL?

[ ]1.No
[]2. Yes

If Yes, what projects have they been involved in?

3.a What steps have others in your organizatioaentaKChoose one or more, and fill in the approgriat
blanks)

3.b For each step others in your organization laken, how many projects?

3.a Step 3.b How many projects?

[ ]99. Don’t know

Number of projects:

Please list:
[ ] 1. Planned project(s)

) . Number of projects:
[] 2. Provided technica prol

assistance to key
audiences which are
implementing parts of
this TMDL

Please list:

Number of projects:

[ ]3. Drew funds into
the watershed for
implementation

Please list:

Number of projects:
[ ] 4. Project(s) you
planned and/or funded | Please list:
were actually
implemented
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Number of projects:

[ ]5. Other: Please

Please list:
specify

4. Is there a local or regional group that is altyuvorking to foster implementation of this TMDL?

[]1.No
[]2.Yes

If Yes:
4.a. Which group?

4.b. What projects has this group been involveahid what steps has this local or regional grouprtak
foster implementation? (Choose one or more, ahthfihe appropriate blanks)

4.c For each step that this local or regional ogion has taken, how many projects?

4.b Step 4.c How many projects?

[ ]99. Don't know

Number of projects:

. Please list:
[ ] 1. Planned project(s)

Number of projects:
[ ] 2. Provided technica pro)

assistance to key
audiences which are
implementing parts of
this TMDL

Please list:

Number of projects:

[ ] 3. Drew funds into
the watershed for
implementation

Please list:

Number of projects:
[] 4. Project(s) you
planned and/or funded | Please list:
were actually
implemented
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Number of projects:

[ ]5. Other: Please

Please list:
specify

5. Please consider the list of watershed orgapizabelow, which we believe have service areds tha
overlap with this TMDL area. Please help us adceorove groups to make this list as accurate as
possible. Please make sure that the group you nami@destion 3.a is listed as well.

6. What level of effort has each group put intpliementingthis TMDL, either now or in the past?

Watershed group name (Q 4) Level of effort (Q 5)

99.[ | Don't know
3.[] Major effort
2.[ ] Some effort
1.[ ] No effort

99.[ ] Don't know
3.[] Major effort
2.[ ] Some effort
1.[ ] No effort

99.[ ] Don’t know
3.[] Major effort
2.[] Some effort
1.[] No effort

99.[ ] Don’t know
3.[] Major effort
2.[] Some effort
1.[ ] No effort

99.[ ] Don’t know
3.[] Major effort
2.[] Some effort
1.[ ] No effort

99.[ | Don't know
3.[] Major effort
2.[_] Some effort
1.[ ] No effort

7. Based on your experience, does the TMDL prokelsfoster pollutant loading reductions and/or
water quality improvements?

[]1.No
[]2.Yes

If No:

7.a. Why not?
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8. Other than loading reductions and/or waterityusthprovements, what are the two most important
benefits of the TMDL process? (Choose up to two)

[ ]99. Don’t know

[ ] 0. There are no (other) benefits

[ ] 1. Provides a scientific basis for reaching agesemon needed actions

[ ] 2. Provides a basis for determining needed loddatéons

[] 3. Provides regulatory incentive that is needed

[ ] 4. Enables the supply of needed funds for impleatam

[ ] 5. Forces stakeholders to be attentive to the faradater quality improvements

[] 6. Other, please specify

Pollutant-level questions

9. Has any post-TMDL ambient stream/sediment nooimiyy been conducted for this pollutant (at
locations downstream from implementation actions,dbill in the area covered by the TMDL report)?

[ ]99. Don’t know

[ ]1.No
[]2.Yes

If Yes:
10.a. Who conducted this monitoring? (Choose ormaae)

[ ] 1. Watershed organization(s)
[] 2. State agency(ies)

[ 13.US EPA

[] 4. University(ies)

[]5. Other: Please specify

11.b. Please provide contact information for thegbe who conducted this monitoring.

Name:
Organization/agency:
Phone number:
E-mail address:
Mailing address:

11.c. Please consider the monitoring data youmsitioned and any TMDL implementation actions that
have been undertaken. Do you know of any locatitmvenstream from these actions, but still within the
TMDL area, where data show water quality improvetsdor this pollutant since approval of this

TMDL?

[ ]99. Don’t know

[ ]1. No, don’t know of any data that show improvetaen
[ ] 2. Yes, know of data that show improvements
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If Yes:

11.c.1. Can you please provide copies of thes€data

[]1.No

[ ]2. Yes. If Yes, please send it to us.
We will now ask specific questions about each typeon-point source that is targeted by the TMDL fo
implementation actions.

Note to interviewer: Only include those types ohfpmint sources that are checked as targeted fimnac
in the TMDL Report checklist, Question 1
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Source: [Write in the Source(s) in this TMDL thaipéy/]

WA-1. Has any implementation occurred for this seuand pollutant?

[ ]99. Don’'t know (Skip the rest of the questionstfis source and pollutant)
[ ] 1. No (Skip the rest of the questions for thisrsewand pollutant)

[]2.Yes

If Yes:

WA-2. Please describe the nonpoint source impleatiemt that has occurred.

WA-3. Please code these implementation actiongjubim following categories as possible and

applicable:

Implementation action (Check all that apply)

Intitich and completed efforts

[|Fix failing septics

Number already initiated or completed:

1.[] Initiated
2.[ ] Completed

[] Eliminate straight pipes (raw wastewater)

Number already initiated or completed:

1.[] Initiated
2.[ ] Completed

[] Connect to centralized system

Number already initiated or completed:
1.[] Initiated
2.[ ] Completed

[ ] Get NPDES permits

Number already initiated or completed:
1.[] Initiated
2.[ ] Completed

[] Other: Please specify

Number already initiated or completed:

1. Initiated

2.[ ] Completed

WA-4. For this source and pollutant, has a fundiognmitment been made to carry out nonpoint source

implementation?

[ ]99. Don't know

[]1.No
[]2. Yes
If Yes:

a. What funder(s) have made the commitment(s)?

b. How much money has been committed?

a. Funder b. Amount
1. $
2. $
3. $
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12. Please select one of the following statemehiswbest reflects the state of your knowledgehis t
guestion.

12.a. Thinking about the nhonpoint souicglementation described in the previous questidos/ou
know the proportion of the totakeded reduction in loadings for this pollutarécfied in the TMDL
report that has been achieved to date as a résubhpoint sourcémplementation activities undertaken
since approval of the TMDL?

[ ]99. 1 do not know

[ ]1. 1 have no reason to believe that any reductiom®npoint sourcévadings have been achieved to

date

[ ] 2. Conditions have been put in place that willdeduture_nonpoint sourdeading reductions

[ ] 3. | believe there have been reduced nonpointsdoadings since EPA approval of the TMDL

[] 4. | know some reduction in nonpoint soulsadings has been achieved to date:

[ ] A. 1 cannot provide an educated estimate of tdecton in_nonpoint sourdeadings achieved to date

[ ] B. | can provide an educated estimate of the mi@u@ nonpoint sourcadings achieved to date:
%

12.B. Please provide the rationale for your choicstatements in the previous question.

13. Please select one of the following statemehish best reflects the state of your knowledgehis
guestion.

13.a. Thinking about implementation of point souscévities, do you know the proportion of the tota
needed reduction in loadings for this pollutantcsiped in the TMDL report that has been achieved to
date as a result of point souicgplementation activities undertaken since appro¥éhe TMDL?

[ ]99. 1 do not know
[]1. 1 have no reason to believe that any reductiop®int sourcéoadings have been achieved to date
[] 2. Conditions have been put in place that willdaduture_point sourceading reductions
[] 3. I believe there have been reduced point sdoaxings since EPA approval of the TMDL
[] 4. | know some reduction in point soutoadings has been achieved to date:
[ ] A. I cannot provide an educated estimate of tdecton in_point sourcadings achieved to date
[ ] B. I can provide an educated estimate of the mémlu point sourcdoadings achieved to date:
%

13.b. Please provide the rationale for your chofc&tatements in the previous question.

135



APPENDIX E: WATERSHED SUMMARIES FOR OHIO AND WEST VIRGINIA

Table 19: Ohio TMDL Reports: A Summary

Number
Approval of
TMDL Date Pollutants | Pollutants Point Sources Non-Point Sources
Dissolved
Cuyahoga River Watershed (middle) 10/11/2000 3 Oxygen/CBOD Wastewater Flow Alteration
Nitrogen Riparian
Ammonia
Plum Creek (Rocky River) Watershed 12/4/2001 2 Nitrogen Stormwater Wastewater
Phosphorus Wastewater Riparian protection
Agriculture
Flow Alteration
Bokes Creek Watershed 9/27/2002 2 Phosphorus Agriculture Wastewater
Sediment Wastewater Riparian protection
Industry Flow Alteration
(MINOR IMPACTS) Agriculture
Sugar Creek Watershed 11/20/2002 3 Sediment Agriculture Riparian protection
Phosphorus Wastewater Agriculture
Nitrogen Flow Alteration
Mining
Forestry
Wastewater
Raccoon Creek Watershed (upper) 3/20/2003 2 Acidity None Mining
Metals
Little Miami River Watershed (upper) 71212002 2 Phosphorus Agriculture Wastewater
Sediment Wastewater Riparian protection
Stormwater Agriculture
Stormwater
[ Mill Creek Watershed (tributary to Scioto River) 9/2/2003 10 CBOD5 Wastewater Wastewater




Number

Approval of
TMDL Date Pollutants | Pollutants Point Sources Non-Point Sources
Phosphorus Stormwater Agriculture
Aldrin (Pesticide) Industry Legacy Pollution
d-BHC (Pesticide) Riparian
Dieldrin (Pesticide)
Endosulfan |
(Pesticide)
Sediment
Endrin (Pesticide)
Heptachlor (Pesticide)
Ammonia-N
Duck Creek Watershed (tributary to Ohio River) 9/23/2003 6 Aluminum None Mining
Iron Riparian protection
Manganese Agriculture
TSS (Siltation) Wastewater
BOD/Dissolved
Oxygen
Ammonia
Cuyahoga River Watershed (lower) 9/26/2003 2 Phosphorus Stormwater Riparian protection
Fecal Coliform Wastewater Flow Alteration
Industry Wastewater
Stormwater
Stillwater River Watershed 6/15/2004 2 Phosphorus Wastewater Wastewater
Nitrates Stormwater Riparian protection
Agriculture Agriculture
Stormwater
Other-erosion control
Wabash River Watershed (U.S. EPA TMDL) 7123/2004 3 Phosphorus Agriculture Wastewater
Nitrate+Nitrite Wastewater Riparian protection
Total Suspended
Solids Stormwater Flow Alteration
Agriculture
Auglaize River Watershed (upper) 9/23/2004 4 Sediment Wastewater Wastewater
Phosphorus Stormwater Agriculture
Ammonia Riparian protection
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Number

Approval of
TMDL Date Pollutants | Pollutants Point Sources Non-Point Sources
Fecal Coliform Stormwater
Big Walnut Creek Watershed 9/26/2004 3 Fecal Coliform Wastewater Wastewater
Phosphorus Stormwater Agriculture
Sedimentation Riparian protection
Flow Alteration
Cuyahoga River Watershed (upper) 9/27/2004 2 Phosphorus Wastewater Stormwater
Sediment Riparian protection
Wastewater
Flow Alteration
Agriculture
Mill Creek Watershed (tributary to Ohio River) 4/26/2005 2 Phosphorus Stormwater - MS4 Agriculture
Nitrogen Wastewater Riparian protection
Wastewater
Stormwater
Euclid Creek Watershed 9/27/2005 1 Phosphorus Stormwater Wastewater
Wastewater Riparian protection
Flow Alteration
Huron River Watershed 9/28/2005 3 Sediment Stormwater Wastewater
Nitrate+Nitrite Wastewater Agriculture
Phosphorus Other-Package Plant Flow Alteration
Riparian protection
Little Beaver Creek Watershed 9/28/2005 4 Phosphorus Agriculture
Ammonia Mining Flow Alteration
TSS Stormwater Wastewater
Fecal Coliform Wastewater Riparian protection
Stormwater
Old Woman Creek and Chappel Creek Watershed  8/31/2005 1 Sediment Stormwater Flow Alteration
Agriculture
Riparian protection
Stormwater
Monday Creek Watershed 9/22/2005 3 Aluminum None Mining
Iron
Acids
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Number

Approval of
TMDL Date Pollutants | Pollutants Point Sources Non-Point Sources
Big Darby Creek Watershed 3/31/2006 3 Phosphorus Wastewater Agriculture
Fecal Coliform Stormwater Flow Alteration
Sediment Riparian protection
Wastewater
Other-Development
Toussaint River Watershed 9/22/2006 1 Phosphorus Stormwater Wastewater
Wastewater Riparian protection
Agriculture
Flow Alteration
Wakatomika Creek Watershed 9/28/2006 6 Fecal Coliform None Wastewater
Iron Agriculture
Manganese Legacy-Mining
Aluminum Riparian
Alkalinity
Total Dissolved Solids
Mahoning River Watershed (U.S. EPA TMDL) 9/17/2004 1 Pathogens Wastewater Agriculture
Stormwater Wastewater
Riparian protection
Stormwater
Sandusky River Watershed (upper) 9/30/2004 3 Pathogens Wastewater Wastewater
Phosphorus Stormwater Riparian protection
Sediment/QHEI Other-DFFO Agriculture
Flow Alteration
Stormwater
Sunday Creek Watershed 3/31/2006 3 Fecal Coliform None Mining
Sediments Wastewater
Acids Agriculture

Riparian protection
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Table 20: West Virginia TMDL Reports: A Summary

Approval Number of
TMDL Date Pollutants | Pollutants Point Sources Non-Point Sources
Blackwater River 2/1/1998 2 BOD Wastewater None
NBOD
South Branch Potomac River 2/1/1998 1 Fecal Coliform None Agriculture
South Fork South Branch Potomac River 2/1/1998 1 Fecal Coliform Industry Agriculture
Buckhannon River 9/1/1998 2 Iron None Mining
Manganese
Burches Run Lake 9/1/1998 2 Phosphorus None Agriculture
Sediment Forestry
Stormwater
Hurricane W S Rs 9/1/1998 3 Iron None Agriculture
Phosphorus Forestry
Sediment Stormwater
Other - Barren land
Lost River 9/1/1998 1 Fecal Coliform None Wastewater
Agriculture
Other — Forest
(wildlife)
Mountwood Park Lake 9/1/1998 1 Sediment None Agriculture
Forestry
Stormwater
Other - Barren land
Tenmile Creek 9/1/1998 1 Iron Mining Mining
Tomlinson Run Lake 9/1/1998 1 Sediment None Riparian protection
Agriculture
Forestry
Stormwater
Other - Barren land
Bear Rock Lake 9/1/1999 2 Phosphorus None Wastewater
Sediment Agriculture
Forestry
Stormwater
Castleman Run Lake 9/1/1999 2 Phosphorus None Wastewater
Sediment Agriculture
Forestry
Stormwater
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Approval Number of
TMDL Date Pollutants | Pollutants Point Sources Non-Point Sources
Ridenour Lake 9/1/1999 3 Iron None Wastewater
Phosphorus Agriculture
Sediment Forestry
Stormwater
Turkey Run Lake 9/1/1999 3 Iron None Wastewater
Phosphorus Agriculture
Sediment Forestry
Stormwater
Saltlick Pond 9 7/1/2000 1 Sediment None Agriculture
Forestry
Roads
Kanawha River, Pocatalico River and Armour Other - Contaminated
Creek 9/1/2000 1 Dioxin Wastewater groundwater
Other - Contaminated
soil
Other - In-place
sediment
Little Kanawha River 9/1/2000 1 Iron None Agriculture
Mining
Forestry
Stormwater
Roads
Ohio River (Dioxin) 9/1/2000 1 Dioxin None Legacy
Cheat River 3/1/2001 4 Iron Mining Mining
Manganese Stormwater
Other — Rural
pH landuses
Zinc
Tygart Valley River 3/1/2001 3 Iron Mining Agriculture
Manganese Mining
pH Forestry
Stormwater
Elk River 9/1/2001 3 Iron Mining Agriculture
Manganese Mining
pH Forestry
Stormwater
Flat Fork Creek 9/1/2001 1 PCBs None Legacy
Paint Creek 9/1/2001 3 Iron Mining Mining
Manganese
pH
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Approval Number of
TMDL Date Pollutants | Pollutants Point Sources Non-Point Sources
Stony River 9/1/2001 3 Iron Mining Mining
Manganese
pH
Unnamed Tributary at Sharon Steel 9/1/2001 2 Iron None Legacy
Manganese
Dunloup Creek 9/1/2002 4 Fecal Coliform None Wastewater
Iron Mining
Manganese
pH
Fourpole Creek 9/1/2002 1 Fecal Coliform Stormwater Wastewater
Monongahela River 9/1/2002 3 Iron Mining Mining
Manganese
pH
Ohio River (PCB) 9/1/2002 1 PCBs None Legacy
Tug Fork River 9/1/2002 3 Iron Mining Mining
Manganese Forestry
pH Roads
Other - Oil and gas
West Fork River 9/1/2002 3 Iron Mining Mining
Manganese
pH
Guyandotte River 3/1/2004 6 Aluminum Mining Wastewater
Fecal Coliform Stormwater Agriculture
Iron Mining
Manganese Forestry
pH Roads
Selenium Stormwater
Other - Oil and gas
Other - Barren land
Other — Other
nonpoint sources
Upper Kanawha 1/1/2005 6 Aluminum Mining Wastewater
Fecal Coliform Riparian protection
Iron Agriculture
Manganese Mining
pH Forestry
Sediment Roads
Upper Ohio North 1/1/2005 6 Aluminum Stormwater Wastewater
Fecal Coliform Wastewater Riparian protection
Iron Agriculture
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Approval Number of
TMDL Date Pollutants | Pollutants Point Sources Non-Point Sources
Manganese Mining
pH Forestry
Sediment Roads
Stormwater
Coal River 9/1/2006 7 Aluminum Mining Wastewater
Fecal Coliform Stormwater Riparian protection
Iron Wastewater Agriculture
Manganese Mining
pH Forestry
Sediment Roads
Selenium Stormwater
Other - Oil and gas
Lower Kanawha River 9/1/2006 5 Aluminum Stormwater Wastewater
Fecal Coliform Wastewater Riparian protection
Iron Agriculture
pH Mining
Sediment Forestry
Roads
Stormwater
Other - Oil and gas
North Branch Potomac River 9/1/2006 4 Aluminum Mining Riparian protection
Iron Agriculture
pH Mining
Sediment Forestry
Roads

Other - Oil and gas
Other - Barren land
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