Kanawha River Basin Nutrient Trading Feasibility Assessment


WRI 111: Kanawha River Basin Nutrient Trading Feasibility Assessment
Priority I – Market Feasibility Assessment

Applicants: 
West Virginia University
NOTE: this proposal is submitted by the WVU Research Corporation on behalf of West Virginia University and will assign performance of the project to the West Virginia University Water Research Institute.

Proposal Number 1 of 1

Key Personnel:

West Virginia Water Research Institute at WVU:


Richard Herd


Jennifer Fulton


Julie Svetlik

WVU Davis College of Agriculture, Forestry and Consumer Sciences - Division of Resource Management:

Alan Collins, PhD

Michael Strager, PhD

World Resources Institute – People and Ecosystems Program:

Mindy Selman
Contact Email and Phone Number: 

Richard Herd 

Richard.Herd@mail.wvu.edu
Phone: (304) 293-2867 Ext. 5442

Proposed Geographic Location: 
Kanawha River – Within Ohio River Subbasin
8-digit HUCs:  
5050002
5050006



5050003
5050007




5050004
5050008




5050005
5050009

Total Project Cost: $254,719.76 

Federal Funds Requested: $190,951.58 

Cost Share: $63,768.19 

EXECUTIVE SUMMARY
The objective of this project is to evaluate the technical and economic feasibility of expanding West Virginia’s nascent Potomac River basin nutrient (nitrogen and phosphorus) bank and credit trading program to the Ohio River drainage of West Virginia. This project will focus on the Kanawha River basin which contributes the highest nutrient loading to the Ohio River of all WV drainages due to urban and industrial development and agriculture activity. The project team will work with West Virginia Department of Environmental Protection (WVDEP) personnel to collect pertinent water quality and NPDES discharge data and information from the Kanawha River drainage basin in WV. A range of appropriate levels of nutrient criteria as well as potential nutrient cap load allocations (trading program drivers) will be derived in cooperation with WVDEP by which to evaluate scenarios of potential credit supply and demand as well as the average marginal costs and potential benefits that could be realized through trading. Traditional engineering and economic analyses will be used to determine credit supply and demand along with the average costs of additional control by point and non-point nutrient sources.   This traditional cost analysis will be complemented with contingent market surveys of credit buyers and sellers to determine their likelihood of program participation under various market institutions and rules.   Supply and demand functions for nutrient credits will be derived using contingent market data.
The project will provide the following outputs:

· Inventory of relative nutrient source loading in the Kanawha basin (pounds/year);
· Potential water quality improvements and benefits to buyers and sellers resulting from nutrient trading;
· Average costs of additional nutrient controls for point and non-point sources;
· Preliminary estimate of nutrient credit demand under various regulatory scenarios for both current and future conditions;
· Preliminary estimate of potential credit supply resulting from application of a range of conservation practices on agricultural operations;
· Appropriate trading ratio to achieve optimum participation and water quality benefits;
· Assessment of buyer and seller willingness to participate in trading under different market institutions and rules.

The outcome of this project will provide the WVDEP knowledge of the feasibility of expanding nutrient credit trading program to the Ohio drainage and if so, whether the Potomac nutrient trading program draft rules should be modified to accommodate local needs in order to achieve success.  In addition, this project will also provide critical information to complement and inform the Ohio River Valley Water Sanitation Commission’s (ORSANCO) and Electric Power Research Institute’s (EPRI) proposed project to design and implement a nutrient trading program in the Ohio River basin.
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PROJECT NARRATIVE
Technical Approach
1. Pollutant Suitability Analysis
1.1. Pollutant Identification. 

Excess nutrient discharges from municipal and industrial point sources and agriculture and urban stormwater runoff are contributing to biological water quality impairments and taste and odor problems in West Virginia tributaries draining to the Ohio River and ultimately to hypoxia in the Gulf of Mexico. The two major WV tributaries of the Ohio River, the Monongahela and Kanawha Rivers, contribute 1.2% and 4.8% of the total nitrogen and 1% and 4% total phosphorus, respectively, of the nutrient loading to the Ohio River drainage. Although not as significant in terms of loadings from predominately agricultural states such as Ohio and Indiana, it is anticipated that all jurisdictions within the Mississippi River basin will be required to reduce nutrient loads to help reduce Gulf hypoxia. This effort is concurrent with EPA’s mandate that all states adopt water quality criteria to protect surface waters from the effects of excess nutrients. Currently the State of WV and the Ohio River Valley Water Sanitation Commission (ORSANCO) are developing nutrient criteria for rivers and streams. ORSANCO anticipates promulgating nutrient criteria in the 2008-2009 timeframe and WV is working to develop nutrient criteria by 2009. Once adopted, these criteria will be the basis of TMDLs in nutrient impaired waters and incorporated as nutrient limitations (most likely, within five years) into NPDES permits serving as the regulatory driver for a water quality trading program. Although current regulatory conditions in WV may not yet support substantial trading activity, growth of communities in watersheds regulated by mass-based TMDL limits could create conditions conducive to trading in the future; it is for this reason that a feasibility assessment is needed in West Virginia. 

Because WV has not yet promulgated nutrient criteria, it’s impossible to determine from the state’s 303(d) list of impaired waters the exact number of stream miles in the Ohio drainage that are impaired by sediments/nutrients. However, literally hundreds of biological impairments are listed throughout the WV Ohio River drainage. The cause of these impairments is, in most cases listed as unknown but many are suspected to be related to excess nutrients and/or sediment (WVDEP, 2008). 

Current findings by the USEPA Science Advisory Board (SAB) indicate the need for greater nitrogen and phosphorus reductions than was estimated in prior Gulf hypoxia nutrient loading reduction projections. The SAB report (Tennant, 2007; USEPA, 2004) places an emphasis on reductions of both N and P in point source discharges as well as atmospheric deposition reductions. Additional support for development of WQT programs within the Mississippi drainage comes with the 2008 Gulf Hypoxia Action Plan in which steps are outlined for reducing Mississippi River eutrophication impacts on the Gulf. The current nutrient loading assessment estimates that point sources contribute 22 percent of the N and 34 percent of the P loads to the Gulf. Non-point sources, which include atmospheric deposition, are estimated at 78 percent N and 66 percent P. The plan recognizes that achieving reduction goals will be expensive and difficult and therefore emphasizes that an adaptive management approach is needed to utilize and combine voluntary and regulatory programs.  One of the six guidance principles in the action plan stands out as supporting innovative institutional arrangements to achieve goals: “Identify opportunities for, and barriers to, innovative and market-based solutions” such as water quality trading.

Moreover, as additional justification for evaluating the feasibility of nutrient trading in WV’s Ohio drainage, a nutrient trading program is currently being developed in the state’s Potomac River basin which drains to the Chesapeake Bay. Under a Conservation Innovation Grant (CIG) from the USDA the WV Water Research Institute at West Virginia University is leading a project with WVDEP, the World Resources Institute and other key stakeholders; the result of which is a draft statewide water quality trading framework and basin specific nutrient trading guidance for the Potomac River and tributaries (West Virginia Water Research Institute 2008). The statewide trading guidance was developed at the request of WVDEP who envisions expanding the Potomac program to the Ohio River drainage and possibly integrating with trading programs in adjacent jurisdictions such as the PA, OH, VA and the Great Miami nutrient trading programs in order to expand the market opportunities for buyers and sellers. 
The nutrient trading feasibility assessment of the WV Ohio River drainage described in this proposal will also provide critical information to complement and inform the Ohio River Valley Water Sanitation Commission’s (ORSANCO) and Electric Power Research Institute’s (EPRI) proposed project to design and implement a nutrient trading program in the entire Ohio River basin.
1.2. Geographic Scope.

Approximately 86% of West Virginia’s land mass drains to the Ohio River basin. The drainage area of the Kanawha River basin, the Ohio’s major WV tributary, comprises 41% of this area and contributes 4.8% of the total nitrogen and 4% of the phosphorus of the total nutrient loading to the Ohio River drainage. The Kanawha River is formed downstream of Fayetteville by the confluence of the Gauley and New Rivers. In addition to the New and Gauley Rivers, the Kanawha is joined at Charleston by the Elk River, at St. Albans by the Coal River, and at Poca by the Pocatalico River. The watershed drains 8,419 square miles and includes approximately 18,661 river and stream miles. The watershed drains all or parts of seventeen WV counties and includes the services of five WV Conservation District offices. 

The Kanawha River basin is considered to be an ideal test site for evaluating the feasibility of nutrient trading because it contains WV’s major urban and industrial center, Charleston, the state capitol. The large urban and industrial complex surrounding Charleston includes St. Albans, South Charleston, Dunbar, Marmet and Teays Valley.  
1.3. Buyer and Seller Identification.

Water quality trading programs for nutrient pollution are premised on the economic advantages created when marginal costs of installing technology for reduction of nutrient discharges from point sources such as municipal and industrial waste treatment facilities are greater than the costs of controlling non-point source nutrient loading with the use of best management practices (BMPs). Therefore, point sources should be inclined to achieve regulatory obligations in the most cost effective manner by purchasing credits from non-point sources or from other point sources which can more cost effectively reduce nutrient loads. In general, National Pollutant Discharge Elimination System (NPDES) permitted point source dischargers - such as sewage treatment plants (STPs) - and industrial facilities - such as coal fired power plants with nitrogen dioxide emission controls, coal mining operations treating wastewater with ammonia, food processing facilities, chemical plants and other nutrient dischargers - will provide the primary market demand once nutrient limitations and allocations are applied. The primary credit supply will be provided by agriculture operations and potentially point source dischargers who over-control nutrient discharges and have excess credits to sell into the market place. Producers will be interested in participating in a trading program to: offset or meet the cost-share requirements of the various USDA conservation practice programs; potentially generate additional revenue depending on the infrastructure and rules of the trading program; and help improve local water quality.

Most water quality trading programs are either using or are contemplating the use of  a credit aggregator for purchasing and selling credits, conducting inspections, verifications and facilitating trades to reduce transaction costs and risks to both buyers and sellers. The nascent WV Potomac trading program contemplates using the two conservation districts, or CD’s (Potomac Valley CD and Eastern Panhandle CD) in the Potomac River basin as a nutrient credit aggregator. The WVDEP will ultimately be responsible for certifying the validity of generated credits in cooperation with the CDs. We believe that this model would potentially be the most efficient structure in the Ohio drainage as well because CD staff is knowledgeable of BMP implementation and government cost share programs, and are familiar with producers, their needs and expectations. 
1.4. Estimate Credit Demand (Task 1).

In anticipation of the promulgation of nutrient criteria and the potential for a nutrient cap load allocation to reduce Gulf hypoxia, the WVDEP implemented nutrient monitoring requirements in all NPDES permits in February, 2004. We will therefore utilize the permit compliance system (PCS) and access the NPDES permit files and discharge monitoring reports (DMRs) to identify the level (mg/l) and loading (pounds/year) of nutrient discharges resulting from municipal and industrial facilities. A GIS layer will be created in the Watershed Characterization and Modeling System (WCMS) showing both the location and relative discharge concentrations and loadings of nutrients for all NPDES permittees with nutrient discharges.

These nutrient dischargers will be ranked according to both the concentration and annual loading of nitrogen and phosphorus. We will work with both ORSANCO and the WVDEP to determine a potential range of the most likely nitrogen and phosphorus water quality criteria that are being considered for adoption. We will then compare nutrient discharging facilities against the potential water-quality-based effluent limitations that will be applied to determine what facilities will likely need to install compliance technology.  Initial analysis indicates that, if the state and/or ORSANCO follow the EPA nutrient development guidelines, nutrient criteria of 1.0 mg/l N and 0.4 mg/l P could result.  However, we hypothesize that because nutrient concentrations in WV streams and rivers are relatively low, except in localized hot spots, relatively few point source facilities will be adversely affected by application of water quality based effluent limitations based on nutrient criteria.

Nevertheless, we believe that ultimately nutrient cap load allocations (CLAs) will be developed by the jurisdictions within the Mississippi watershed to reduce Gulf hypoxia in a manner similar to the Chesapeake Bay Tributary Strategies. Therefore, we will additionally analyze the effect of the application of an annual CLA on nutrient discharging point source facilities. We will work with the WVDEP to determine three most likely nutrient cap load allocation scenarios that will be applied to address the Gulf hypoxia problem. We suggest that the most likely CLA scenario for WV is a load allocation of 5 mg/l nitrogen and 0.5 mg/l phosphorus consistent with that developed through the Potomac Tributary Strategy stakeholder process. However, we propose to also analyze the effect of projected CLAs of 3 mg/l N and 0.3 mg/l P and 8mg/l N and 1.0 mg/lP to reflect the more and less stringent potential CLAs respectively. 

Annual facility nutrient loading rates will be calculated and compared to the CLA scenarios described above. The magnitude of nutrient reduction required under each scenario will be determined and the capital and O&M costs of technology required to achieve compliance will be calculated based on capital and O&M cost curves developed by USEPA (2007), Maryland Department of the Environment (2006), the Connecticut Department of Environmental Protection (2007), and confirmed with data developed by WVDEP and Potomac River point sources to meet WV Tributary Strategy goals.

An additional, but important component of this analysis will be based on the assumption that a nutrient cap will not provide allocations for future growth (i.e., all additional nutrient loads resulting from new or facility expansions must be offset).  We will estimate this demand using watershed-based growth projections (5, 10 and 20 years) and apply a per person multiplier of pounds of N and P that will need to be accommodated.  Additionally, in order for our assessment to more accurately reflect real decisions faced by point source dischargers, all of our estimations will include the cost of nutrient removal for point sources under the following three scenarios: (i) via the construction of entirely new facilities; (ii) through the adaptation of existing facilities to comply with tighter nutrient discharge restrictions, i.e., through modifications intended to provide a higher level of treatment for nutrient removal; and (iii) through the expansion of existing facilities to accommodate new growth and tighter nutrient discharge restrictions.  The output of Task 1 will be estimates of potential point source credit demand under various projected regulatory and business scenarios for both current and future conditions.
1.5. Estimate Credit Supply (Task 2).

We will estimate the potential credit supply from both the point and non-point source sectors. The potential for generating credits in the point source sector is directly related to the additional costs associated with controlling nutrients beyond regulatory obligations. Theoretically, the marginal cost of nutrient control is lower for larger facilities discharging a higher concentration and larger volume of nutrient load than smaller facilities with lower concentrations and loads (economy of scale). We will assume that the nutrient CLA adopted by the state will be 5.0 mg/l N and 0.5 mg/l P consistent with the WV Potomac Tributary Strategy. We will then estimate the number of credits and the marginal cost
 differential among dischargers of achieving nutrient load reductions of 20% and 40% (Enhanced Nutrient Removal, ENR) beyond the baseline for facilities discharging 0.5 MGD or more. These costs will be compared to the nutrient control costs incurred by facilities discharging less than 0.4 MGD (consistent with WV Tributary Strategy) to determine the potential credits that could be generated by point source dischargers.  We will assume that those facilities currently meeting the 5.0 mg/l N and 0.5 mg/l P CLA will not have an incentive to install nutrient control technology to generate credits. A supply function from point sources will be based on nutrient credit prices on a per-pound of loading basis.

Aggregate potential nutrient credit supply and associated costs resulting from installation of conservation practices on agricultural operations will be estimated by first determining the total watershed land area in production: the percentage of that area in hay, pasture, tillage production and feed lots. The Watershed Characterization Modeling System (WCMS) developed by WVU for application in WV will be used to determine land cover and estimate the nutrient loading resulting from various agriculture land uses. Another GIS layer will be created in the WCMS showing both the location and relative nutrient agriculture loadings. We will then run three model scenarios and combinations thereof applying selected conservation practices that may include but are not limited to: riparian buffers; low- or no-till; and nutrient management, to all agricultural land in the watershed. The BMP efficiency ratios that have been developed for the Chesapeake Bay Model will be used to determine the loading reductions resulting from implementation of practices. Average practice costs will be estimated based on aggregate data supplied by the WV Natural Resource Conservation Service (NRCS) and the WV Conservation Agency (WVCA). The output of Task 2 will be an estimate of the range of potential credits (pounds) available from application of a range of conservation practices (BMPs) on watershed agriculture operations.
1.6. Quantify Trade Ratios (Task 3).

The WV draft water quality nutrient credit trading guidance requires the application of a trading ratio for all point to point and point to non-point source trades. Part 2B of the framework describes the components of the trade ratio:

2. b) Application of trading ratios or credit calculation factors. Nutrient reductions must be calculated in a manner that accounts for factors such as location, reserve/risk, uncertainty, and/or other special needs. Trading ratios may need to be considered and used as appropriate to ensure that trading provides the desired level of nutrient reductions and water quality benefits. Examples of ratios that would apply to trades are below and their specific application to a Potomac program is explained in Appendix A.

Delivery Ratio is a function of the distance from the location where the nutrient activities are carried out, to the compliance point and the related estimated diminution of the effect of the nutrient reductions between upstream and downstream points. 

Reserve Ratio is applied where the Department determines that it is necessary to provide for possible failures in nutrient reduction efforts.

Uncertainty Ratio is applied to point-to-nonpoint trades to account for uncertainty in modeling and variation in BMP performance.
Special Concerns Ratio – Additional ratios may be applied to credits generated in watersheds which the Department deems to be of special water quality concern such as those with impaired streams (303d-listed) and otherwise as the Department deems necessary.

Part V.A of the draft Potomac River basin specific trading guidance (Appendix A) further quantifies the trade ratios for point to point and point to non-point source trades as well as relative value of the components of the trade ratio as:

A. Application of Ratios

1. Credits generated by all non-point sources and MS4s can be used by NPDES permittees at a ratio of 2:1 – for each pound of nutrient discharged above permit levels, the permittee must purchase two credits of non-point source reductions.  This accounts for both the risk reserve (0.3) and uncertainty (0.7) inherent in the generation of NPS credits.

2. Credits generated by nutrient-regulated point sources can be used by NPDES permittees at a ratio of 1.1:1 – for each pound of nutrient discharged above permit levels, the permittee is required to purchase 1.1 credit pounds of point source reductions. This accounts for the risk reserve (0.1). 

3. Credits generated by regulated point sources without nutrient requirements can be used by NPDES permittees at a ratio of 1.5:1 – for each pound of nutrient discharged above permit levels, the permittee is required to purchase 1.5 credits of point source reductions to account for risk 0.3 (Reserve Ratio) and the increased level of uncertainty 0.2 (Uncertainty Ratio) associated with this category of point sources due to the inadequate history of nutrient monitoring data. 

A nutrient regulated point source may take measures to control or eliminate discharge from an unregulated wastewater point source in order to increase its own nutrient allocation.  For example a PSD may choose to control the discharge from an existing package treatment plant or on lot sewage disposal system.  The PSD could claim credits from absorbing an unregulated point source at a ratio of 1.5:1 for the amount of credit-eligible load eliminated.
Our analysis of the effect of trade ratios on the feasibility of trading will be based on the assumption that point sources desire the lowest possible trade ratio in order to reduce the cost of credits and non-point sources desire a higher trade ratio in order to increase potential revenue from credit sales. We will evaluate the potential availability of sufficient credits to meet demand by applying two trade ratio scenarios:
 1. the base case contemplated by the Potomac trading program using trade ratios of 1.1:1 for point to point source trades and 2:1 for point to non-point source trades and; 2. the same point to point source ratio but a 3:1 point to non-point ratio. Credit availability will be determined by evaluating the potential credit demand against the potential credit supply for each scenario.  
To account for pollutant fate and transport, we will apply loss factors of 30% and 50% from the point of the BMP reduction (i.e. credit seller location) to the point of credit use (i.e. buyers discharge location), respectively. This exercise will compensate for the natural attenuation or loss of nutrients as they travel downstream to diminish credit value.  This approach will yield relatively conservative estimates for the potentially available NPS credits from agriculture. Higher trading ratios (i.e., > 2:1) will likely account for these fate and transport losses in a trading program.
Credit ratio preferences of point, non-point, and regulators will be examined.  Preferred credit ratio for point sources will be determined during personal interviews with nutrient credit trading decision-makers.  We expect their ratio preferences to be close to 1:1.  Credit ratio will be discussed with non-point sources (farmers) during focus group discussions to determine if this aspect of nutrient trading impacts their decision making.  Since point source demanders want nutrient credits and non-point suppliers want to be compensated for BMP implementation, farmers may make decisions based on their annual per acre return, rather than nutrient credit price, credit ratio, or BMP efficiency rating.  Thus, the components used to calculate annual return may not be as important as the “bottom line” in farmer decision making.   Finally, regulators will be asked about their own, their agency, and legislature preferences regarding credit ratios.
1.7. Prevent High Levels of Pollutants (Task 4).
There are two means by which to approach the issue of hot spot prevention. The administratively simple approach is to only permit upstream trading, i.e. credits can only be purchased from upstream sellers. In theory this approach will significantly limit the robustness of credit markets, and in a primarily rural state like WV, may significantly impede the success of a nutrient trading program. However, the major urban and industrial center in the Kanawha River basin is located in the lower two-thirds of the watershed, downstream of a majority of the agricultural operations. Therefore, we will use the GIS layers for potential credit supply and demand described in Tasks 1 and 2 above to test the efficacy of upstream-only trading. The evaluation will determine if sufficient upstream credits are available to meet potential downstream demand at various locations within the watershed by first focusing on the Charleston metropolitan area and then iterating, using WCMS, alternative credit demand/supply locations. 

The alternative - and most likely - approach is to evaluate each trade on the basis of downstream water quality to prevent “hot spots”. A fundamental precept of the draft WV trading guidance is that all trades must comply with the Clean Water Act. Section III.A of the state trading guidance states that: 

Nutrient Trading has the potential to achieve water quality and other environmental benefits more cost-effectively and generate greater economic and environmental benefits than traditional regulatory programs. Nutrient trading under this these guidelines must be consistent with legal requirements under applicable laws and regulations, including the federal Clean Water Act. 

Trading in a broader watershed area must not cause localized water quality impairment. Where a TMDL is established, trading must be consistent with the TMDL and associated implementation plans, approved by the Department.
Until WV adopts nutrient criteria the WVDEP is prepared to evaluate each trade to ensure that water quality impairments do not result.  The NPDES permitting section of DEP has the policy, tools and procedures in place to prevent hot spots. Once nutrient criteria are promulgated they will be incorporated into the agency waste load permitting model to help facilitate the trading process.

1.8. Lifetime of a Pollutant Reduction Unit.
Our analysis will assume that a nutrient credit has a shelf life of one year (pounds/year) and must be applied in the year in which generated. This is consistent with the WV draft trading guidance which provides for BMPs that have a longer lifespan than a year, credits can be generated for the life of the project but may need to be re-verified and must be accounted for each year. This approach allows for annual accounting and reconciliation if necessary and provides a reasonable assurance that water quality goals will be met.
1.9. Models and Methods.

The chosen method for the pollutant suitability analysis will be to implement the Watershed Characterization and Modeling System (WCMS).  The WCMS was developed to support decision-making and the management of water resources at a state-wide level in West Virginia and currently includes all spatial land cover and hydrological datasets needed to conduct a nutrient trading feasibility analysis.  It was chosen to address water quality modeling and watershed management in West Virginia by the West Virginia Department of Environmental Protection (WVDEP) over other available systems such as BASINS (USEPA, 2001), AVGWLF (Evans et al. 2001), WARMF (Chen et al. 1999), GIBSI (Rousseau et al. 1997), and WAMADSS (Fulcher et al. 1996).  WVDEP uses WCMS to guide policy development and management decisions that address watershed and water quality issues throughout the state.

WCMS is unique because it contains specific hydrological analysis functions within a customized GIS interface to provide decision support capabilities to both technical and non-technical users.  Components of the current system include: an overland flow model that indicates optimum water quality sampling locations, flow estimation for all streams in an identified area, an instream water quality and loading model for pollutant levels, and a ranking model to prioritize treatment alternatives based on user defined criteria and preferences.  WCMS provides consistent technical information related to natural watershed processes and to predict the impacts of alternative management scenarios for decision makers.  

WCMS can accomplish the modeling requirements of our proposed work in the most accurate and cost effective manner.  Because the hydrologically corrected DEM, flow direction, flow accumulation, runoff and cumulative runoff are already assembled, it is possible to proceed with an analysis of common water quality and watershed management issues.  The WCMS performs analysis that allows users to visually and spatially identify streams that are potentially affected by a given pollutant source (certain land use) through an interactive menu-driven process.  Land use types can be potential sources of pollution to the streams based on runoff during a precipitation event.  The process of identifying streams that would be potentially affected by a given pollutant source begins with selecting the land use/cover dataset.  Next, one or more potential sources are selected from a listing of the land use/cover types.  For example, the user may want to select row crops and clear-cut land uses.  The location of these potential sources is then tracked cumulatively across the landscape.  The final stream grid then indicates the presence of runoff from the pollution sources.  The individual grid cell values are used to determine stream legend values for presentation to the user through on-screen maps or for additional modeling.  In general, the technical details of the analysis are suppressed and the qualitative results are clearly conveyed to the user with a legend indicating “potentially affected” or “no potential runoff problem”.

Other relevant data for characterizing watershed problems are in-stream concentrations and loadings of total nitrogen (N), phosphorous (P), and suspended solids (TSS).  Land cover data is a primary input for N, P, and TSS concentrations and loadings.  WCMS includes the ability to calculate expected mean concentrations for N, P, and TSS from urban, open/brush, agriculture, woodland, barren, and wetland land cover classes.  Each of the standard land cover classes has a unique loading coefficient for N, P, and TSS based on published regional values.  The values used in WCMS are from studies by Evans et al. 1994, Nizeyimana et al. (1997), Donigan et al. (1995), Adamus and Bergman, (1995), Tim et al. (1992), Haith and Shoemaker, (1987). 

Literature-based loading ranges are assigned to different land cover types and are used to estimate loadings within WCMS.  For example, a barren land cover class can contribute 2,200 mg/L sediment/hectare on an annual basis.  This is the average concentration for the barren land during the course of a rainfall event.  The loading values assigned to each land use and cover type are then multiplied by the runoff grid.  This creates a cell-based annual loading grid.  The cell based-loading grid is then tracked cumulatively across the landscape to calculate annual stream loadings for the streams in the watershed.  Dividing the annual loadings by the annual average stream flow can be used to calculate concentrations for every cell location.  If the analysis is applied using a seasonal runoff grid instead of annual average runoff, seasonal loadings and concentrations can be estimated.  

Within WCMS, the user is also given the opportunity to modify land cover loading coefficients from default literature based values.  This allows users to select values that better reflect local conditions such as soil type or topography.  In addition, instream sampling can be used to validate and update the loading values so that water quality estimates are validated.  The concentrations modeled by WCMS can be thought of as the maximum potential concentrations based on the available data and specific assumptions (Saunders and Maidment, 1996), including homogeneous stream width, depth, slope and bed roughness.  It is also assumed that all streams have the same re-aeration, pollution decay, and sediment oxygen demand rates.  The transport of pollutants is considered to be conservative (values get averaged over changing flow conditions only) and no loss or decay of pollutant mass is considered.  The methodology does not consider infiltration, interflow, ground water flow additions, or any atmospheric conditions such as temperature or evapotranspiration.  

Considering all assumptions and limitations, this approach is best used as a screening model to determine areas that are worse than others in a general sense.  The user can compare reasons why one watershed or region is better or worse and investigate the causes of the spatial variability.  Again, the goal of the WCMS water quality modeling effort is to provide a consistent and comparable modeling approach with limited data for the entire state.  It is a precursor to the development of more site-specific data and sophisticated instream modeling programs.  

1.10. Additional Factors – Choice Experiments (Task 5).

Many water quality trading programs exist, but the volume of trades between point and non-point sources has been low (Peterson et al. 2007), possibly due to factors such as liability and risk concerns, clear drivers and lack of enforcement, uncertainty, trading program rules, etc….  Buyers’ and sellers’ perceptions of risk associated with water quality trading can potentially affect their perceptions of the costs and benefits of water quality protection practices. For example, farmers may be slow to adopt conservation practices because they are uncertain how such practices will affect their costs and returns (Bosch and Pease 2000).  In order to explore the potential for non-price impacts of market participation decisions by non-point credit suppliers, choice experiment surveys will be conducted with non-point sources (farmers). Examples of the use of choice experiments applied to water quality and trading issues from the literature include Carlsson and Kataria (2008), Peterson et al. (2007), Collins, Rosenberger and Fletcher (2006), Farber and Griner (2000), and Blamey et al. (1999).  These experiments will provide additional insight into perceptions and concerns persons may have entering into agreements to buy and/or sell credits.  Details on the methodology of this approach are found in section 2.5 of this proposal.
1.11. Pollutant Suitability Determination.

According to Bartfeld (1993), a potential trading program must meet a set of necessary conditions in order for it to be considered a viable option; key among these conditions are:

· Location – Credit suppliers (nonpoint sources) and demanders (point sources) included in a trading program must be located within the same watershed.

· Sources – Both suppliers and demanders (point and nonpoint sources) must contribute significantly to the water quality problem in question.

· Relative Control Costs – For trading to be economically attractive to potential demanders, abatement costs for suppliers must be less than the cost of reducing pollution loadings by demanders.

· Type of Pollutant – “Conservative” pollutants such as nutrients are most suitable for trading programs, because water quality problems associated with nutrient pollution result from cumulative pollutant loadings throughout the watershed and usually do not cause highly localized effects or entail threshold damage levels.  

As described in Ribaudo et al. (1998), the nutrient problem in the Mississippi River basin (which includes the Kanawha River) meets most of these criteria without involving an in-depth study: nutrient discharges meet the definition of a conservative compound, and numerous point and nonpoint sources generate the pollutant.  The only unknowns are how much less the cost of pollution reduction is for nonpoint sources than for point sources, and whether nonpoint source nutrient loadings (potential supply of credits) meet or exceed the nutrient reductions required by point sources (potential demand for credits) under the possible cap load allocation scenarios imposed by the state.
Based on the results of the analyses in Tasks 1 – 5, we will determine the potential nutrient credit supply and demand and average cost of additional control between point and non-point source controls and the potential availability of credits to meet demand under current and future (growth) conditions for various regulatory scenarios.  These results, however, are insufficient to determine the viability of a nutrient trading program. A number of implementation challenges, including policy barriers, scale issues, regulatory drivers, and demand- and supply-side participation issues have prevented many trading efforts to date from being successful (Abdalla et al. 2007; Breetz et al. 2004; King 2005; King and Kuch 2003).  To address these additional factors we intend to conduct a series of choice experiments with potential credit sellers and buyers. These experiments will provide additional insight into perceptions and concerns persons may have entering into agreements to buy and/or sell credits. 
2. Economic Suitability Analysis

2.1. Willingness-to-Pay (Task 6).

Our analysis will analyze facility construction and upgrade costs to nutrient reduction technologies. These costs will include the capital, operation and maintenance costs of installing and maintaining these levels of treatment. Our cost information will come from three sources 1) interviews with individual plant managers within the study area to ascertain the costs they would face for facility upgrades; 2) literature review of typical upgrade costs faced by small, medium and large facilities [based on capital and O&M cost curves developed by USEPA (2007), Maryland Department of the Environment (2006), Connecticut Department of Environmental Protection (2007)]; and, information and data currently being developed by WVDEP and WV Potomac basin dischargers to meet WV Potomac Tributary Strategy nutrient reduction goals. In addition to facility construction and upgrade costs, we will look at costs and feasibility of alternate pollution control technologies such as reclamation and reuse and pretreatment. 

However, willingness-to-pay is based on factors other than costs. Traditionally, many point sources have chosen to upgrade facilities rather than trade because of the certainty afforded by technology-based solutions and the perceived risks of long-term credit purchases. Our study will look at these perceived transaction costs as a factor in willingness-to-pay by creating a contingent market survey.  This survey will be conducted after cost information interviews with plant managers and choice experiment workshops with farmers are completed.  

2.2. Quantify Credit Price (Task 7).

Our analysis will analyze projected prices of nutrient reductions from point sources as well as urban and agricultural nonpoint sources. Using the required nutrient reductions calculated in Task 1, we will estimate the capital and O&M costs of technology required for point sources to achieve compliance [based on capital and O&M cost curves developed by USEPA (2007), Maryland Department of the Environment (2006), Connecticut Department of Environmental Protection (2007) and confirmed with data developed by WVDEP and Potomac River point sources to meet WV Tributary Strategy goals]. As stated in 1.3, we will assume that a nutrient cap in the watershed will also include no allocations for new growth; therefore, demand is most likely to come from new and expanding facilities or large housing developments installing package plants. We will estimate this demand using watershed-based growth projections (5, 10 and 20 years) and apply a per person multiplier of pounds of N and P that will need to be accommodated. Additionally, we will estimate the cost of nutrient removal for point sources under the following three scenarios: (i) via the construction of entirely new facilities; (ii) through the adaptation of existing facilities to comply with tighter nutrient discharge restrictions, i.e., through modifications intended to provide a higher level of treatment for nutrient removal; and (iii) through the expansion of existing facilities to accommodate new growth and/or tighter nutrient discharge restrictions.
To determine nonpoint source prices we will identify average costs1 for implementing the three conservation practices identified in our supply-side scenario for non-point source credits (Task 2):  
Aggregate potential nutrient credit supply and associated costs resulting from installation of conservation practices on agricultural operations will be estimated by first determining the total watershed land area in production: the percentage of that area in hay, pasture, tillage production and feed lots. The Watershed Characterization Modeling System (WCMS) developed by WVU for application in WV will be used to determine land cover and estimate the nutrient loading resulting from various agriculture land uses. Another GIS layer will be created in the WCMS showing both the location and relative nutrient agriculture loadings. We will then run three model scenarios and combinations thereof applying selected conservation practices that may include but are not limited to: riparian buffers; low- or no-till; and nutrient management, to all agricultural land in the watershed. The BMP efficiency ratios that have been developed for the Chesapeake Bay Model will be used to determine the loading reductions resulting from implementation of practices. Average practice costs1 will be estimated based on aggregate data supplied by the WV Natural Resource Conservation Service (NRCS) and the WV Conservation Agency (WVCA). The output of Task 2 will be an estimate of the range of potential credits (pounds) available from application of a range of conservation practices (BMPs) on watershed agriculture operations. 

The average cost1 will be calculated for each individual practice and multiplied by the expected implementation rate as determined under Task 2. The total costs will be summed and divided by total expected reductions to determine the average break-even cost.
Our cost information for nonpoint and point source credits will be coupled with information gained from the choice experiments to determine non-economic factors and transaction costs that will factor into the ultimate credit price. Specifically, we will survey point source and nonpoint sources within the watershed to determine the extent to which risks, individual returns (e.g. benefits that a farmer receives from implementing improved management practices), and transaction costs such as monitoring, verification, and contract negotiations factor into the price of a credit. 

2.3. Trade Ratios.

Using the trade ratios identified in Task 3 (delivery ratio, reserve ratio, uncertainty ratio, and special concerns ratio), we will determine the possible effects on supply and demand when these ratios are applied to nutrient reduction.  Using our estimated supply and demand estimates from Tasks 1 and 2, as well as the price estimates from Task 7, we will determine trade ratio effects as follows:

· To calculate credit supply, divide units by trade ratio.

· To calculate credit demand, multiply unit demand by trade ratio.

· To calculate credit price, multiply the unit price by the trade ratio.

2.4. Estimate Costs of Stakeholder Involvement Process (Task 8).

Our analysis will evaluate the potential costs associated with involving stakeholders in the design and implementation of a market-based water quality trading program. We will examine stakeholder costs faced by other water quality trading programs in the region. Specifically, we will look at the stakeholder costs faced in the West Virginia Potomac Water Quality Trading program, as well as the costs faced by other regional water quality trading programs such as the Great Miami, Pennsylvania, and Maryland programs. Through interviews with program staff we will determine a range of costs for conducting a stakeholder process. Our estimate will also include the development of an electronic marketplace and registry to facilitate trades in the region—similar to the NutrientNet website being developed for the Potomac trading program in eastern West Virginia. 

As part of this task we will outline the types of stakeholders that should be involved, as well as potential education and outreach activities to be conducted as part of the development of a nutrient trading program.

2.5. Models and Methods.

Choice experiment surveys will be conducted at workshops presented to potential agricultural credit suppliers (farmers).  By having farmers fill out surveys in a workshop environment, researchers will be present to explain the details of nutrient credit trading and answer any questions that farmers may have prior to filling out the survey.   These workshops will be coordinated with WV Conservation Districts.  There are six Conservation Districts in West Virginia located in Kanawha River Basin.  These workshops will be held in those Districts with the most agricultural production and highest nutrient loadings based on WCMS.  In order to gather enough data for statistical analyses, at least five workshops involving a minimum of 20 farmers each will be conducted.  Prior to these surveys, we will conduct personal interviews with point source decision makers and DEP regulators along with at least three focus groups of farmers to determine the types of attributes along with the range of each attribute that are important to nutrient credit demanders, regulators, and farmers. 

Each choice question will include a combination of questions to determine farmer reaction to market rules and institutions:  (a) an initial question will require a yes/no response from farmer respondents about their willingness to consider participation in nutrient credit trading under a given set of market institutions or conditions, and (b) then a subsequent question will involve farmers making a choice among four market alternatives with different attributes.  Farmers will be asked to estimate the number of acres for both crop and hay/pasture land that they would implement BMPs under their market choice.  Part (a) will include the market institution or condition that proves to be the most contentious for participation in trading during focus group discussions with farmers.  In part (b), possible attributes will include annual per acre return from providing credits by BMP implementation, time length of a credit generation contract, market rules (e.g. method of verification), baseline requirements to qualify for trading, and type of BMP implemented.  The four alternatives presented for each part (b) will be randomly generated based on the number of combinations possible.  

The number of choice questions asked will depend upon the number of feasible options in part (a).  For example, if the credit enforcement and verification agency was determined to be the most contentious market institution and there were three options identified (e.g. West Virginia Department of Agriculture, WVDEP, or a non-profit organization like a Conservation District), then a total of three choice questions will be asked, each consisting of parts (a) and (b).  Respondents who select a “no” response to part (a) will be referred to the next choice question.  Additional questions included in the survey will be those about respondent attitudes and perceptions towards water quality, demographics, and farm operation characteristics.  Collection of farmer demographic and farm operation characteristic information will allow researchers to compare our sample data to the West Virginia farm population (from agricultural census data) to  determine if any adjustments are needed when aggregating up from our sample to the farmer population. 

The data collected from these choice question surveys will allow researchers to derive nutrient credit supply functions based on nutrient credit prices per pound of loading.  These supply functions will reflect estimated farmer response from workshop data on choice questions and adjusted for any differences between sample and farmer populations.   The annual return from providing credits will be converted into per pound prices using fixed trading ratio and BMP efficiency assumptions. These supply functions will be estimated under various market institutions, rules, and regulations.  

The impact of factors such as market institutions and rules, farmer attitudes and perceptions, and farmer demographic characteristics on farmer decisions to participate will be estimated with a two-level nested logit model (for an example of such a model, see Collins, Rosenberger and Fletcher 2006).  The first level model examines what factors have a statistically significant impact on the decision to participate in trading and the second level involves estimation of the statistical impact of attribute level on trading choice and magnitude of participation.
As introduced in Task 6, the estimation of buyers’ willingness-to-pay for credits is complicated by the degree of difficulty associated with bringing buyers and sellers together, verifying credits, and negotiating and enforcing trades. We will explore these perceived transaction costs as a factor in willingness-to-pay by creating a contingent market survey.  This survey will be conducted after cost information interviews with plant managers and choice experiment workshops with farmers are completed.  Contingent market questions will consist of one set or a limited number of sets of market institutions and rules that have been found to be acceptable to a majority of credit demanders and suppliers.  Dichotomous choice (yes/no) questions will be asked and nutrient credit prices will be varied within a range that is attractive to farmers and point sources to supply credits and to point source demanders based on potential cost savings.  Subsequent to the dichotomous choice question, respondents answering “yes” to this question will be asked to estimate the number of credits that they would be willingness to purchase.  Respondents will be asked to reveal their willingness to purchase for one year and multi-year contracts.  
This survey will be conducted on all NPDES permittees within the Kanawha River basin.  For this population, we will send out an introductory letter and a return postcard.  This postcard will contain internet and mail survey response options.  Those respondents who select the internet mode will provide an email address.  We will use survey monkey to set up the survey instrument on-line. Using survey data, logit or probit models will be estimated to determine the median willingness to pay for nutrient credits under different market institutions and rules.
2.6. Additional Factors.

Not applicable.
2.7. Economic Suitability Determination (Task 9).

According to water quality trading theory, potential trades are driven by differences in pollution abatement costs between different sources. As the level of regulation on point sources increases, marginal costs of abatement increase, and the cost difference relative to the less regulated nonpoint sources also increases. Moreover, as the level of regulation for point sources increases, the abatement costs between point sources may also diverge if the returns to scale become more prominent, and the costs for small sources vary more significantly from those for large sources.
If a firm can purchase credits at a lower price than the cost of reducing discharges itself, it will purchase credits. If a firm can reduce discharges at a cost equal to or lower than the price of a credit, it will reduce discharges itself.  For trading to be financially attractive, the difference in abatement costs between dischargers must, at a minimum, be sufficient to cover trade transaction costs and offset any sense of increased risk. 
This research will approach a potential nutrient credit trading market in the Kanawha River Basin from two different perspectives:  traditional cost analysis (Tasks 1 and 2) versus contingent market surveys (Task 8).  These two perspectives will enable us to compare and contrast their results.    A traditional approach will generate average costs for point and non-point source abatement.  Thus, a range of credit prices can be derived from these cost estimates.  Using this range as a starting point, contingent market surveys will enable us to determine the degree of market participation by potential demanders and suppliers in this credit market under different market institutions and rules.  

Data from these surveys will be used to estimate demand and supply functions for this nutrient credit market.  Using these demand and supply functions, we will be able to derive a more precise estimate of what the potential nutrient credit price is for this market.  Contingent market analyses offer an addition benefit of being able to examine how demand, supply, and market price all change when market institutions or rules change.  This information should enhance an economic suitability analysis by allowing for an evaluation of the appropriate market structure for nutrient credit trading.     
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Environmental Results and Measuring Progress

Stated Objective/Link to EPA Strategic Plan.
The objective of the project proposed here is to evaluate the technical and economic feasibility of expanding West Virginia’s existing Potomac River nutrient credit trading program to the Ohio River drainage of WV by concentrating on the Kanawha River basin, West Virginia’s largest source of nutrient loading to the Ohio River.  Specifically, this project addresses Sub-objective 2.2.1 (Protect and Improve Water Quality on a Watershed Basis) and Sub-objective 4.3.5 (Improve the Health of the Gulf of Mexico) of EPA’s Strategic Plan.
Results of Activities (Outputs).

The project will provide the following outputs:

· An inventory of relative nutrient (nitrogen and phosphorous) source loadings in the Kanawha River basin, in lbs/year, that enter the Mississippi River system and are ultimately discharged into the Northern Gulf of Mexico;
· Estimates of potential water quality improvements and benefits to buyers and sellers resulting from nutrient trading in the Kanawha River basin;
· Marginal costs of nutrient controls for point and non-point sources located within the Kanawha River basin.

· A preliminary estimate of nutrient credit demand under various regulatory scenarios for both current and future conditions in the Kanawha River basin;
· Preliminary estimate of potential credit supply in the Kanawha River basin resulting from the application of varying conservation practices on agricultural operations;
· An estimate of the appropriate trading ratio needed to achieve optimum participation and water quality benefits;
· An assessment of willingness-to-participate in trading under different program attributes and rules.
· An estimate of the median willingness-to-pay for nutrient credits under different market institutions and rules.
Anticipated Environmental Improvement (Outcomes).

The outcome of this project will provide the WVDEP knowledge of the economic feasibility of expanding the Potomac nutrient credit trading program to the Ohio drainage and if so, whether the existing program’s draft rules should be modified to accommodate local needs in order to achieve success.  This project will also provide vital information to the project proposed by ORSANCO and EPRI for the design and implementation of a nutrient trading program in the Ohio River basin.

Milestone Schedule
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Budget Narrative

This is a two year project designed to accomplish maximum collaborative input to the project from the West Virginia Department of Environmental Protection (WVDEP), and key point source and non-point source stakeholders within the watershed to determine the feasibility of expanding the nascent Potomac, WV nutrient trading program to the Ohio drainage of WV. A traditional credit supply-and-demand and marginal cost differential analysis will be complemented with choice experiments to determine willingness-to-participate under various combinations of trading program attributes.  

West Virginia Water Research Institute (WVWRI).

Salaries will cover the project director, two resource economists, a research associate and technician, a GIS and water quality modeling specialist, a PhD student and administrative staff. The WVWRI staff and Institute Director will contribute a portion of salaries as cash cost share. A University tuition waiver for a PhD student will also provide partial cost share. WVWRI staff will be responsible for overall project management including project team and stakeholder meeting coordination and facilitation; data and information collection and analysis; Quality control and assurance; engineering and economic analyses; project administration including budgeting, contracting and reporting. Benefits are based on 27% of total staff salaries.

WVWRI staff includes:

Dr. Paul Ziemkiewicz, WVWRI Director 

Mr. Richard Herd, Program Coordinator-Project Director

Ms. Julie Svetlik, Research Associate- resource economist

Ms. Jen Fulton, Research Associate-GIS mapping and spatial analysis 

Michael Strager PhD, Assistant Professor, Resource Management-Watershed Characterization and Modeling System (WCMS) application

Dr. Alan Collins PhD, Professor of Resource Management-Choice experiments

PhD student (WVU Division of Resource Management)

Research Assistant 

Travel:

WVWRI estimates travel to approximately twenty personal interviews, focus groups and workshops of 300 miles roundtrip over two years.  We assume that all travel will be made by personal car at a reimbursement rate of $0.58/mile (6,000 mi X $0.58= $3,480.

Materials:

· Cost per participant includes food, place rental (if necessary) and participant compensation (needed for workshops).

· Three focus groups: $450. ($30 per participant, 5 participants per group)

· Five workshops: $4,000 ($40 per participant, 20 participants per workshop)

· NPDES survey: $1,000 (mail survey materials and survey follow-up expense)

Total Budget:

The total budget is $254,719.76 ($190,951.58 EPA request; $63,768.19 matching funds).  We believe that this is a reasonable budget in light of the fact that we are enhancing the traditional engineering and economic trading feasibility analysis with choice experiments to assess potential participants willingness-to-participate under various trading program attributes. 

Task Budget Narratives:

Task 1. Estimate Credit Demand:

Total: $14,059.06 (EPA $12,532.67; $1,526.40 matching)

Working with WVDEP we will identify a range of probable nutrient criteria and cap load allocations to be adopted for WV’s Ohio drainage. Using PCS AND DMR data we will then identify and rank point source (PS) dischargers according to effluent concentrations and loadings. This information will be incorporated into a PS layer in the Watershed Characterization and Modeling System (WCMS). Capitol and O&M costs for achieving nutrient reductions under various regulatory scenarios will be projected for both current and future growth conditions.

Task 2. Estimate Credit Supply: 
Total: $14,059.06 ($12,532.67 EPA; $1,526.40 matching)

The potential nutrient credit supply from both point and nonpoint sources (NPS) will be estimated in this task. We will calculate and compare the marginal cost of reducing nutrient loads beyond projected regulatory obligations for both large and small facilities in the watershed to determine potential PS sector credits. The aggregate range of potential credit supply resulting from three scenarios of BMP implementation on agriculture land will be modeled with WCMS and displayed as another GIS layer.

Task 3. Quantify Trade Ratios: 
Total: $13,240.42 ($11,714.02 EPA; $1,526.40 matching) 

This task will determine the availability of sufficient credits to meet potential demand based on the information produced in tasks 1 and 2 under two PS to NPS trading ratios: 2:2 and 3:1. Loss factors will be applied to account for diminution of credit supply resulting from nutrient fate and transport within the watershed. Interviews and choice experiments will be used to determine stakeholder trading ratio (discount) preferences.

Task 4. Prevent High Levels of Pollutants: 
Total: 13,240.42 ($11,714.02 EPA; $1,526.40 matching)

By utilizing the GIS layers of potential credit supply and demand generated in WCMS in Tasks 1 and 2 above, we will test the efficacy of upstream-only trading by iteration.

Task 5. Choice Experiments: 
Total: $71,106.52 ($52,730.10 EPA; $18,376.42 matching)

Through the use of choice experiments with potential credit buyers and sellers, this task will evaluate perceptions of various trading program attributes to determine willingness- to-participate.

Task 6. Willingness-to-pay: 
Total: $10,760.86 EPA

This task focuses on the costs of nutrient reduction technology for point sources and their perceived risks associated with purchasing credits.  We will construct contingent credit markets based on the information gained in Tasks 1, 2 and 5 to derive demanders’ willingness-to-pay for nutrient credits.

Task 7. Quantify Credit Price: 
Total: $10,760.86 EPA

In this task, cost information gained from Tasks 1 and 2 will be coupled with the choice experiments to determine non-economic factors and transaction costs that will factor into the ultimate credit price.  

Task 8. Estimate Stakeholder Process Costs: 
Total: $10,028.36 EPA

By examining stakeholder costs faced by other water quality trading programs in the region, including the WV Upper Potomac Water Quality Trading Pilot, the Great Miami, and state programs in Pennsylvania and Maryland, we will determine a range of costs for conducting a stakeholder involvement process.

Task 9. Determine Nutrient Trading Feasibility: 
Total: $50,612.64 ($31,884.99 EPA; $18,727.65 matching)

Outcomes and information gained from Tasks 1-8 will be synthesized and analyzed to determine whether willingness-to-pay meets or exceeds credit price, and whether sufficient supply and/or demand exists in the watershed.

Task 10. Project Management/Administration/Reporting: 
Total: $46,851.54 ($26,293.01 EPA; $20,558.52 matching)

This task entails overall project management, administrative support, quality assurance and control, and producing quarterly progress and financial reporting.

Programmatic Capability

Organizational Experience  

The West Virginia Water Research Institute (WVWRI) has over three decades of experience with the development and delivery of environmental technologies needed by regulatory agencies, industry, and citizens to remedy historic water pollution and minimize new sources.  The WVWRI provides services in the areas of project development, project management, technical support, and outreach related to environmental issues at the local, regional, and national levels.  The WVWRI is recognized as an international leader in the development of water and land remediation tools and technologies. It disseminates research through reports, personal contacts, site visits, publications, web sites, and press releases.  The Institute produces workshops and conferences on remediation issues and provides on-location technical support to practitioners including watershed associations, regulatory agencies, and industry.  It works with WVU researchers and universities nationwide.  WVWRI has managed a research consortium for the Department of Energy, and provides technical service to Appalachian Watershed Remediation Associations and state agencies through a cooperative agreement with Office of Surface Mining.  Over the past six years, WVWRI has managed $20.5 million in federal contracts and matching funds in support of 117 research and technical service projects.

Geospatial technologies and programming have been integral parts of the research and teaching programs of West Virginia University’s College of Agriculture, Forestry and Consumer Sciences (CAFCS) since the early 1980's.  Today these capabilities support a wide range of research and teaching activities involving faculty with backgrounds in environmental planning, environmental and natural resource economics, forest and wildlands recreation, wildlife management, forest ecology, and land and water resource reclamation.  Capabilities within the College have been specifically developed to support programs that are traditionally a part of the College of Agriculture, Forestry and Consumer Sciences while complementing GIS and Remote Sensing capabilities that are present throughout other parts of the University.

GIS and Remote Sensing capabilities within the College revolve around the Natural Resources Analysis Lab within the Division of Resource Management and new capabilities being implemented in the Division of Forestry.  Major research hardware includes multiple workstations linked to a multi-processor file server with over 5 terabytes of online storage and 10 GB of RAM.  Faculty computers are linked via Ethernet and the entire local network is linked to WVNET and the Internet via the campus backbone.   Hardware resources also include; scanners, digitizers, plotters, other output devices.  Software resources include Arc-Info licence version of ArcGIS 9x, PCI Easi-Pace, ENVI and the Land Analysis System (LAS) for remote sensing, MIPS, GRASS, SPlus, and other statistical packages, applications builders, and expert system software. 

CAFCS has developed Geographic Information System (GIS) methods for the watershed characterization and assessment of pollution from abandoned mine lands in West Virginia.  Our modeling capabilities allow us to estimate stream flow for all streams in the watershed, map potentially affected streams from non-point source runoff, define subwatershed catchment areas for project area ranking, and use water quality data to estimate loadings and concentrations throughout the watershed.  Proposed reclamation sites and their effect on downstream conditions can also be modeled to show how water quality can be improved from remediation.  The predicted water quality and stream flows have been found to represent actual measurements at the water quality sampled locations.  The potentially affected stream locations use flow direction and cumulative runoff grids to identify all streams which could be affected from surface runoff.  As an initial characterization of the watershed, this helps identify additional areas in which to sample in the watershed.  The subwatershed delineation and ranking of the subwatersheds based on average cumulative loading, allows work to be focused in the highest problem areas.
Staff Expertise/Qualifications
Paul Ziemkiewicz, Director, WVWRI.  Dr. Ziemkiewicz focuses on developing water and energy-related research opportunities, assembling and managing research teams and responding to the needs of sponsoring agencies.  Dr. Ziemkiewicz serves on both State and Federal policy advisory committees focusing on mine reclamation and water pollution.  Dr. Ziemkiewicz holds a B.S. in Biology, a M.S. in Range Ecology, and a Ph.D in Forest Ecology.

Rick Herd, Program Coordinator. Mr. Herd specializes in environmental project management, water quality and solid waste, and regulatory policy.  He is currently leading the Potomac, WV Nutrient Bank and Credit Trading Program whose objective is to develop and implement a nutrient trading program that will help reduce nutrient loadings to Chesapeake Bay. He has provided strategic environmental management leadership to corporate business, designed and implemented environmental information systems, implemented cost-effective innovative compliance programs and control technologies, developed ecological risk assessments, water quality models, toxicity identification and reduction evaluations.  He holds B.S. and M.S. in Biology/Ecology and a M.S. in Environmental Engineering.

Alan Collins, Professor, Division of Resource Management.  Dr. Collins currently serves as Chair and Undergraduate Coordinator of the Agricultural and Resource Economics Program in the Division of Resource Management at West Virginia University’s Davis College of Agriculture, Forestry and Consumer Sciences.  In addition to teaching natural resources economics at the graduate and undergraduate level, Dr. Collins has extensive research experience in watershed management, water quality valuation, and solid and agricultural waste management.  Dr. Collins holds a Bachelor’s degree in Range Management, a Masters degree in Range Resource Economics, and Doctorate in Agricultural and Resource Economics.

Mike Strager, Assistant Professor. Dr. Strager is an Assistant Professor in the Division of Resource Management at West Virginia University.  He specializes in applying GIS and spatial analysis for natural resource management. He has developed numerous spatial decision support systems to help integrate spatial data with hydrology, water chemistry, economics, and prioritization.

Jennifer Fulton, Research Associate.  Ms. Fulton coordinates and conducts field, laboratory, and GIS activities of the WVWRI.  Her expertise includes stream ecology, GIS mapping, and statistical analysis.  She currently manages environmental research programs funded by OSM, DOE, and the coal industry.  She holds a B.S. in Biology and a M.S. in Marine, Estuarine, and Environmental Science.

Julie Svetlik, Research Associate.  Ms. Svetlik has expertise in economics, natural resource management, and spatial and statistical analysis.  She currently conducts applied econometric research and spatial analysis for environmental valuation. Ms. Svetlik holds a B.S. in Wildlife and Fisheries Science, a M.S. in Agricultural and Resource Economics, and is expected to complete her Ph.D. in Resource Management and Sustainable Development in 2009.

Mindy Selman, Senior Associate in the People and Ecosystems Program at the World Resources Institute (WRI).  Her current research covers a variety of issues including U.S. water quality trading, eutrophication, and agricultural policy. She is working on the use of nutrient trading and other performance-based mechanisms for improving water quality in the U.S.  As part of this work she is managing NutrientNet, WRI’s online water quality trading tool that is being adopted by several water quality trading programs across the country.  In other research she is evaluating the global extent of eutrophication and the actions and policies that are necessary to mitigate the impacts of eutrophication.  Before joining WRI, Mindy completed her MS in Sustainable Development and Conservation Biology from the University of Maryland; she holds her undergraduate degree in International Relations from Mary Washington College.

Past Performance

Programmatic Past Performance
For the projects we manage at the WVWRI, we submit quarterly technical progress reports and quarterly financial reports in accordance with guidelines set forth in the agreements established by the sponsoring agencies and include adhering to the appropriate Federal guidelines and regulations.  Quarterly reports are submitted within 30 days of the end of the reporting period.  Progress reports describe status of the project, work progress, preliminary results, outline any difficulties encountered and plans for correction, and plans for the upcoming quarter. Financial reports are also completed within 30 days of the end of the reporting period.  In addition, a final report is prepared that includes an abstract, executive summary, description of the project, methods, results and discussion, conclusions, and associated appendices.  Final reports are generally submitted to the sponsoring agency 30 – 90 days following the end date of the project depending upon the sponsoring agency’s requirements.  Annual performance reports are also developed which outline performance measurements, lessons learned, partnerships, and plans for making adjustments in moving forward. Other common reporting includes equipment inventory reports, minority and women owned business reports, and hazardous materials reports. Materials for dissemination are reviewed by the sponsoring agency prior to release.  Such materials include press releases, fact sheets, newsletters, requests for proposals, training materials, workshop and conference agendas, etc. 
The following is a listing of currently funded federal projects managed/sub-contracted and implemented by the WVWRI:
Effective Strategies for Reducing Nutrient Loads from the Opequon Creek Watershed of Virginia and West Virginia

Sponsoring Agency: U.S. Environmental Protection Agency, Chesapeake Bay Targeted Watersheds Grant Program

Program Value: $1,350,000

Program Period: August 1, 2006 – May 31, 2009



A Hierarchical Classification System for Identifying Restoration and Protection Priorities in Mined Appalachian Watersheds
Sponsoring Agency: U.S. Environmental Protection Agency, National Center for

Environmental Research, Science to Achieve Results (STAR) Program

Program Value: $607,566 

Program Period: March 26, 2004 – January 31, 2008

West Virginia Environmental Job Training Grant

Sponsoring Agency: U.S. Environmental Protection Agency

Project Value $161,505

Project Period: June 12, 2006 – June 11, 2009

Performance Evaluation of Advanced Onsite Wastewater Treatment Options

Sponsoring Agency: U.S. Environmental Protection Agency, Chesapeake Bay Program

Project Value: $126,301 
Project Period: June 19, 2006 – September 30, 2009

WV Stormwater Program Assessment

Sponsoring Agency: U.S. Environmental Protection Agency

Program Value: $67,520 

Program Period: September 25, 2006 – October 24, 2008 
WV 237 - Development and Implementation of a Water Quality Bank and Trade Program for the Potomac River Watershed, WV 

Sponsoring Agency: U.S. Department of Agriculture, NRCS      
Program Value: $1,054,142 ($527,071 Federal; $527,071 matching)

Program Period:  August 16, 2006 – August 15, 2009

Environmental Results Past Performance

A list of federally funded projects can be found in the Programmatic Past Performance section.  The WVWRI has not missed or provided sub-standard products for any federal or state grant reporting requirements.  The Institute has a solid history of meeting reporting guidelines and disseminating project results and lessons learned through peer-reviewed research publications, hosting and presenting at conferences and workshops, and web-publishing (http://wvwri.nrcce.wvu.edu).
Quality Assurance/Quality Control

Upon receipt of the EPA funding award, we will develop Quality Assurance/Quality Control practices for 1) the data produced by the WCMS model; and 2) secondary data compiled from literature and databases. [image: image2.png]
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� Despite its importance in economic theory, marginal cost is unobservable in most production settings. Most cost accounting practices use average cost calculations as a proxy for the unobservable marginal cost. However; these practices may bias the short-run pricing and output decisions of firms, so care must be taken when using this information as a base for decisions which may have significant ramifications.
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