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Abstract: Although the Clean Water Act and subsequent TMDL rules stop short of requiring 
implementation of TMDL plans, implementation is clearly the implied intent of the legislation in order to 
achieve our water quality improvement goals. Some states, such as Virginia, have passed additional 
legislation that explicitly requires implementation within all watersheds where EPA-approved TMDLs have 
been developed. This past year, in compliance with Virginia’s mandate, the authors have facilitated the 
development of implementation plans in three sets of TMDL watersheds in Virginia – Opequon Creek, Big 
Otter River, and Stroubles Creek. This paper details lessons learned throughout the public participation 
process outlined as organization and education aspects and including use of focus groups, the importance of 
good facilitation, the use of existing watershed groups, using maps as a focusing tool, the need and the role 
of education for all planners and stakeholder participants, and considerations on moving from planning to 
implementation. 
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INTRODUCTION 
 
The 1972 Clean Water Act (CWA) is the basis for the Total Maximum Daily Load (TMDL) program.  

This legislation requires states to identify and list waterbodies not meeting water quality standards. States 
are further required to perform studies that would identify the pollutants and their sources, and to calculate 
existing pollutant loads and a target maximum daily load of said pollutant that would allow the waterbody to 
meet water quality (concentration) standards and support its designated uses. Prior to the late 1990’s, most 
waterbodies affected by nonpoint source runoff pollution had been avoided due to the inexact nature of the 
science. However, about that time, the U.S. Environmental Protection Agency (EPA) – charged with 
carrying out the mandates of the CWA – was challenged in court by a variety of conservation and 
environmental groups in states all across the country to comply with the requirements of CWA and to 
address all sources of pollution. This resulted in court mandates or agreements in many states. The consent 
decree in Virginia consisted of a 10-year timetable of numbers of TMDL studies to be completed on an 
annual basis through 2010. 

 
While the intent of the CWA legislation is clearly the restoration of water quality so that all designated 

uses are supported, the enabling federal statutes do not require implementation of management measures 
needed to effect the reductions identified in the TMDL studies.  Therefore, many states have passed 
legislation to ensure full compliance with the CWA. In Virginia, the Water Quality, Monitoring, 
Information, and Restoration Act (WQMIRA) was passed in 1997, which requires implementation in all 
watersheds where TMDL studies have been completed and approved (§62.1-44.19:4 through 19:8 of the 
Code of Virginia). 

 
Since the first TMDL was completed in Virginia in 1999, 220 TMDLs had been completed through 

2004; another 222 are scheduled for development through 2006; and an additional 308 TMDLs are to be 
completed by 2010 under the consent decree (DEQ, 2006a). While good progress is being made in 
development of TMDLs, implementation has lagged behind. The first implementation plans (IPs) were only 
completed in Virginia in 2004. To date some 19 IPs have been completed that encompass 61 impaired 
stream segments.  

 
Other Work and Guidance on Implementation Planning 

In 2003, the Virginia Department of Conservation and Recreation (DCR) and the Virginia Department 
of Environmental Quality (DEQ) directed the development of a guidance manual for development of TMDL 
implementation plans in Virginia based on the experiences gained through three initial implementation pilot 
projects (DCR, 2003). This guidance outlines the components of an approvable TMDL implementation plan 
and provides examples of calculations and sources of information to assist contractors in developing 
consistent and complete TMDL implementation plans. The examples in this manual tend to focus more on 
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agricultural sources and solutions, as initial TMDLs were largely agricultural in nature. Early in 2006, DEQ 
held a workshop for stakeholders and contractors involved with TMDL implementation planning in the 
Shenandoah Valley region of the state, in an attempt to define the lessons learned from early implementation 
efforts in this area.  In 2005 and 2006, the Center for TMDL and Watershed Studies at Virginia Tech 
developed TMDL implementation plans in three sets of watersheds, which serve as the basis for the lessons 
learned in this paper. EPA has also published a draft version of an implementation handbook (EPA, 2005) 
that it hopes will be refined by stakeholders’ experiences around the country and is another welcome tool in 
any implementation planning contractor’s toolbox. Other sources of implementation guidance have also 
been developed by other states, e.g., Maryland (MDE, 2006), that may prove useful to stakeholders. 

WATERSHED AND TMDL PROCESS CHARACTERISTICS  
 
Opequon Creek (OC) - The OC watershed (36,333 ha) includes portions of Clarke and Frederick 

counties and encompasses the City of Winchester.  Opequon Creek flows eastward into West Virginia and 
discharges into the Potomac River, which flows into the Chesapeake Bay.  Abrams Creek, a tributary of 
Opequon Creek, drains a mainly urban watershed, with the City of Winchester covering approximately 50% 
of the watershed.  Forest (22%) and agriculture (27%) comprise the remainder of the watershed.  The Upper 
Opequon and Lower Opequon watersheds are mainly agricultural (about 50%), characterized by a rolling 
valley.  The majority of the remainder of the Upper Opequon watershed is divided between forest (33%) and 
urban land uses (14%).  The majority of the remainder of the Lower Opequon watershed is divided between 
forest (29%) and urban land uses (19%). Five stream segments in the OC watershed are currently listed on 
Virginia’s 303(d) list of impaired waters.  Abrams Creek, Lower Opequon Creek, and Redbud Run are listed 
due to water quality violations of the General Standard (benthic impairment) and the instantaneous bacteria 
standard (bacteria impairment).  In addition, Upper Opequon Creek and Lick Run are listed as impaired due 
to violations of the bacteria standard.  TMDLs were developed for Abrams, Lower Opequon, and Upper 
Opequon segments in 2003 (Mostaghimi et al., 2003a, 2003b); Lick Run and Redbud Run were added to the 
303(d) list in 2004 and TMDLs have not been developed for those segments.  In the TMDL study, it was 
determined that sediment was the cause of the benthic impairment, so the TMDLs were developed for 
sediment.  The OC TMDL implementation plan was completed in 2006 (Wolfe et al., 2006).  Funds have 
not yet been provided by the state for implementation of the plan.    

 
Big Otter River (BOR) – The BOR Basin (100,500 km²) lies in portions of Bedford and Campbell 

counties and encompasses the City of Bedford and suburbs of the City of Lynchburg. The BOR discharges 
into the Roanoke River, which flows south into North Carolina and eventually discharges to the Albemarle 
Sound. The dominant land uses in the BOR Basin are forest (59%) and pasture (28%). The remainder of the 
basin is divided among cropland (2%), rural residential (7%), commercial/industrial (1%), and high density 
residential (4%), which includes the City of Bedford and parts of the City of Lynchburg. Five stream 
segments in the BOR (Sheep Creek, Elk Creek, Machine Creek, Little Otter River, and Big Otter River) 
were added to Virginia’s impaired waters list in 1998 due to violations of the fecal coliform (FC) bacteria 
water quality standard. TMDLs were developed for each of these stream segments in 2000 and approved by 
USEPA in 2001 (Mostaghimi et al., 2000). The BOR TMDL implementation plan was completed in 2006 
(Benham et al., 2006). Completion of the BOR IP has resulted in 319 funds being allocated to the BOR to 
begin the process of installing the corrective actions detailed in the plan.  

 
Upper Stroubles Creek (USC) – Upper Stroubles Creek is a 2,476-ha watershed comprised of a 

moderately urbanized area (46% urban/residential), with the Town of Blacksburg and the main Virginia 
Tech campus comprising the upper third of the watershed; mixed farm, open space and residential in the 
middle third; and primarily forest in the downstream third. Most of the tributaries have been enclosed in 
conduits beneath the campus (Yagow et al., 2006). This watershed is somewhat unique in that its 
agricultural area is managed by just two entities – the Virginia Tech farm and the Virginia Tech Foundation, 
a separate, non-profit real estate management agency. Stakeholder interaction in this watershed was 
enhanced by citizens in this watershed being rather web-savvy as Blacksburg was one of the first towns in 
the nation completely wired for internet access beginning in 1993. The university community participated in 
a variety of ways at stakeholder meetings, and the implementation planning meetings have promoted a 
greatly enhanced cooperative spirit between the Town and University. Two years passed between 
completion of the TMDL study and the beginning of implementation planning. The Upper Stroubles Creek 
watershed did not receive priority for 319 funding from the state because of an administrative oversight and 
has started out in its early implementation years looking for alternative sources of funds for implementation. 

 
The OC and USC watersheds contain mixed land uses with significant urban components, while BOR is 
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primarily agricultural in nature. In OC and USC, much discussion ensued around trying to understand the 
variety of sources, existing ordinances and controls, interaction with storm water management programs, 
and the variety of other potential sources of pollution that were of concern in the watershed, in addition to 
the pollutants specifically targeted in the TMDL studies. In contrast, discussions in BOR focused more on 
the solutions specifically related to identified pollutant (bacteria) sources. 

 

LESSONS LEARNED 
 

Organization 
In Virginia, the state generally contracts with various consultants and universities to perform scheduled 

TMDL studies and to assist in development of implementation plans. Contractors are facilitators in the 
development of implementation plans and must provide the framework for the decision-making to be 
performed by the stakeholders in this process. In all three watersheds discussed in this paper, 
implementation planning was organized around three entities: focus/working groups, a central steering 
committee, and a project resource team. The project resource team consisted of representatives of the state 
TMDL agencies, the contracted entity, and possibly one or more local partners. This team was responsible 
for organizing the public meetings, performing the required computer simulations, and for assembling the 
final implementation planning report. The focus/working groups were stakeholder interest groups that were 
generally formed around different constituencies. All three watersheds had groups for Agricultural/Rural 
and Urban/Residential issues; in addition, USC had a group focused on Public Works. The steering 
committee was composed of stakeholders and reviewed decisions and suggestions arising from the focus 
groups, resolved any conflicting suggestions among focus groups, reviewed the IP report, and planned for 
the transition to implementing the completed plan. 

 
One basis for organization centers around the use of existing watershed groups. This varied considerably 

between these three watersheds. In OC, The Opequon Watershed, Inc. and the Friends of the Shenandoah 
River groups were already active and were important partners in the implementation planning process. In 
USC, there was no single active watershed group, although there had been a variety of volunteer and 
research monitoring performed in the watershed over the years, and there was a group of interested 
stakeholders that included students and concerned citizens.  No watershed organizations existed in the BOR 
watershed. 

 
In USC, structure was provided in the form of a direction and a path as a starting point, so that groups 

could quickly become engaged, without limiting their choices, but without overwhelming them with too 
much information at any one time.  

 
Different organizational approaches were used in the three watersheds based on the stakeholders who 

participated among other considerations. USC relied on a central resource team member located within the 
watershed to provide the essential organization and communication needed to make the process work, while 
other stakeholders were drafted to lead discussions and take notes in each of the Focus Groups. OC also had 
a central resource team member located within the watershed, who was an active member of the local 
watershed group as well.  OC used professional facilitators (members of the resource team) to efficiently 
focus discussion and to build consensus for group decisions; while BOR depended on state agency and 
university members of the resource team to facilitate discussion and decision-making.  

 
Communication is an important component of the IP process, not only during meetings, but between 

meetings as well. Communication is essential to keep stakeholders informed of sub-group meetings, 
contractor modeling, report drafts, and changes/opportunities in the watershed. In USC and OC, a web-
based forum was used together with email lists to keep stakeholders informed between meetings; the web-
based forum was not as effective OC as in USC. There was little communication in BOR with stakeholders 
between meetings (except to advertise meetings); the majority of such communication was between 
members of the resource team and individual stakeholders, primarily for gathering information.  

 
Timing of meetings is also an important organizational consideration. While evening meetings suited 

more of the agricultural stakeholders in the BOR watershed and the university community in USO, luncheon 
meetings were the preferred choice for the stakeholders in OC. In USC and OC, Focus Group meetings were 
generally held as breakout sessions of an overall stakeholders meeting that included a joint introduction to 
common tasks assigned to groups at the beginning and a wrap-up summary at the end. This arrangement 
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Education 
Visual aids were used both to engage stakeholders and to communicate the planning process to 

stakeholders.  Large maps (at least 24”x36”) (Figure 1) were an essential tool in all three watersheds for 
eliciting site-specific concerns from the citizenry and ideas for improvements. These maps were appropriate 
for laying out on a table in the middle of a small group to allow everyone input. Drawing and writing on the 
map and the use of highlighters were encouraged along with sticky notes to draw people into the discussion 
and to get them actively involved in the search for solutions. 

allowed stakeholders to move between Focus Groups during the meetings and to explore where they were 
most interested in participating.  In contrast, in BOR, separate meetings were held for the two working 
groups. 

 

 

 
Figure 1. Upper Stroubles Creek planning map used by Urban Focus Group 
 
Another visual aid that was used in all three watersheds was some variation of the Implementation 

Planning Matrix shown in Figure 2. This tool was used to help stakeholders visualize how pollutant sources 
were related to site-specific corrective actions, costs, and funding sources. The matrix helped chart planning 
progress and decisions forwarded to the Steering Committee by individual Focus Groups. This matrix also 
served as a check on incorporating all essential elements of an IP as required by state guidance, and then 
flowed into identification of implementation target dates, milestones, and responsibilities. 
 

Education is an important part of the planning process, not just for stakeholders, but for planners as well. 
While contractors usually have modeling expertise, and state agency personnel have expertise in the TMDL 
process and funding sources, stakeholders have expertise in the nature and sources of pollution in their 
watershed. The planning process should be approached as a mutual education opportunity. The TMDL 
contractor has expertise in modeling and performing calculations, but needs to be educated in the workings 
of the watershed. Stakeholders need to understand how they can benefit from being involved, and how they 
can get involved.  
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Look for educational opportunities in each step of the implementation planning process, from 
understanding the sources of pollutants, to learning about control options for various sources. When 
quantifying costs and benefits of various control measures, look for opportunities to incorporate volunteers, 
such as planting trees and cleaning up trash from streams. This not only lowers the cost of restoration, but 
also actively engages stakeholders in restoring their watershed. When considering other watershed planning 
efforts that overlay your watershed, look for synergistic or complementary ways to meet multiple goals at 
the same time and to recruit more participants in your planning effort. Finally, education must prepare the 
stakeholders to understand what it takes to progress to the next step once the implementation plan is 
complete, that of actual implementation. While the following are included as IP components, they should 
also be considered as opportunities for education: setting a timetable of implementation, arranging for 
appropriate resources (coordinator, funding, technical and administrative assistance), and planning for 
monitoring and evaluation. 

SUMMARY 
 
The path to development of an implementation plan will vary by the complexity of the watershed, the 

nature of the pollution problem, and the composition of the stakeholder community. Although the exact path 
in each watershed will be unique, there are organizational and educational aspects that are common to each 
planning effort. It is hoped that in the sharing of the lessons we learned, that others might have a smoother 
path to their planning efforts. Our experiences have also led us to develop workshops that share our methods 
and approach.  Since completion of the three implementation plans, the state of Virginia contracted with the 
Center to develop a workshop to share our modeling experiences with the HSPF and GWLF models for 
developing implementation plans. The focus of the workshop was on how to take the output from TMDL 
studies, update them with current land use and management changes, quantify site-specific management 
measures needed in an implementation plan, and incorporate all of the necessary components, while at the 
same time remaining stakeholder-driven. 
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