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ABSTRACT  

 
Nitrogen discharges to surface waters from power plants are increasing as technologies such as 
selective catalytic reduction units, electrostatic precipitators, and flue gas desulfurization systems 
are installed to comply with more stringent air emission requirements. The nitrogen generated by 
these processes is being transferred to surface water discharges. Concurrently, water quality 
impairments by nitrogen, new instream nutrient criteria, and anticipated effluent limitations on 
total nitrogen discharges are now actively being pursued by regulatory agencies. Although only a 
few power plant National Pollution Discharge Elimination System (NPDES) permits reviewed 
during this 2008 feasibility assessment contain nitrogen limits (or monitoring requirements), the 
promulgation of nutrient criteria (which will be followed by effluent limitations), is anticipated 
for Ohio in 2008, Kentucky and along the main stem of the Ohio River by 2010, and West 
Virginia by 2011. A preliminary feasibility analysis, described in this report, presents a strong 
business case for power company participation in the development and promotion of a water 
quality trading program in the Ohio River Basin. Such a program has the potential to reduce 
costs of complying with water discharge restrictions.   
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EXECUTIVE SUMMARY 

Although the original business case contained company-specific information and details, all 
business confidential information has been blacked out from this report to allow for public 
publication. 

A preliminary feasibility analysis presents a strong business case for power company 
participation in the development and promotion of a Water Quality Trading (WQT) program in 
the Ohio River Basin. This business case has been prepared for the use and consideration of the 
Electric Power Research Institute (EPRI) and the EPRI Water Quality Trading Focus Group. The 
use of WQT can be shown to yield substantial benefits for management of nitrogen discharges 
associated with more restrictive wastewater discharge permit limits anticipated within the next 
five years in this basin. Specifically, the business case identifies potential opportunities for 
reducing costs associated with National Pollutant Discharge Elimination System (NPDES) 
permit compliance.  

An Ohio River WQT pilot project was selected following a review of three potential candidate 
locations including the Ohio River, the Chesapeake Bay and the Catawba River Basin (in North 
Carolina and South Carolina). The three pilot opportunities were presented to EPRI and the 
Water Quality Trading Focus Group at their meeting in Ashville, NC on June 27, 2007. Based on 
a consensus opinion, the Ohio River presented the greatest opportunity for a WQT pilot program 
involving power companies. However, meeting participants emphasized the need for a clear 
assessment of the business case for power company involvement in the more detailed review and 
feasibility assessment embodied by this document.  

Historically in the Ohio River Basin, as in most other water bodies of the United States, effluent 
limits for nitrogen have not been included in power company permits, or have been largely 
unrestrictive. Most nitrogen related effluent limits have typically been specified for ammonia as 
related to dissolved oxygen and aquatic toxicity in receiving waters. Moreover, nitrogen 
discharges from power plants were generally quite low in the past. However, these conditions are 
changing. Nitrogen discharges to surface waters from power plants are increasing as 
technologies such as selective catalytic reduction (SCR) units, electrostatic precipitators and flue 
gas desulfurization (FGD) systems are installed to comply with more stringent air emission 
requirements. The nitrogen generated by these processes is being transferred to surface water 
discharges. Concurrently, water quality impairments by nitrogen, new instream nutrient criteria 
and anticipated effluent limitations on total nitrogen (TN) discharges are now actively being 
pursued by regulatory agencies. Although only a few power plant NPDES permits reviewed 
during this feasibility assessment contain nitrogen limits (or monitoring requirements), 
promulgation of nutrient criteria, (which will be followed by effluent limitations), is anticipated 
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for Ohio in 2008, Kentucky and along the main stem of the Ohio River by 2010 and for West 
Virginia by 2011. 

This combination of stricter permit limitations on nitrogen and increasing nitrogen 
concentrations in power plant discharges will ultimately translate to increased wastewater 
treatment costs for most power companies. For example, one company must install SCR units 
and FGD systems in many of their plants within the project area. Of the ten such facilities in the 
pilot project area, five already have FGD systems installed on at least one unit, and by 2010 five 
more plants will be installing additional FGD systems on one or more units. In addition, five to 
seven plants within the pilot project area will be installing SCRs within the next five years. The 
others will begin operating SCRs year-round. The reductions in air emissions will result in 
greater nitrogen loadings in water discharges coincident with forecasted establishment of nutrient 
criteria in the region. Ironically, with nitrogen criteria only a few years away, the potential 
regulatory and compliance issues associated with nitrogen in power plant discharges are just 
emerging for some companies. 

Under the current regulatory conditions, the only option power companies on the main stem of 
the Ohio River have for complying with stricter water discharge limitations will be investment in 
on-site treatment capacity. WQT offers another option; purchasing wastewater effluent discharge 
offsets to maintain NPDES permit compliance. This involves making equivalent or greater 
discharge reductions at another location to offset the plant’s discharges that are in excess of their 
water quality based permit limits.  

As with other “make vs. buy decisions” for business, the potential gains to a power company by 
purchasing credits via a WQT program rather than investing in treatment capacity will depend on 
relative costs and risks. A WQT program must provide assurances for a reliable supply of cost-
effective credits. The potential uncertainty in a WQT program regarding credit supply may be 
considered too risky for a power company to depend on WQT for compliance. Thus, whether a 
power company will benefit from WQT depends on their wastewater treatment discharge 
restrictions, in-house wastewater treatment costs, the expected cost of WQT offsets and 
supporting conditions of the WQT market. 

This report presents preliminary findings that support the business case for power companies to 
promote the development of WQT because of the potential to reduce costs of complying with 
water discharge restrictions. The five key scenarios identified in this analysis that encourage 
power companies to participate in WQT program development and its use are based on providing 
cost-savings and flexible compliance options. These five scenarios include: 

1. Long-term Participation in WQT – A power facility could engage in long-term compliance 
options using the WQT option when the cost is significantly less than up treatment upgrades. 

2. Short-term Participation in WQT – A power company could choose to participate in WQT 
for a short duration to provide permit compliance schedule fulfillment for sites when upgrade 
facility planning and construction schedules are longer than otherwise might be stipulated in 
a NPDES compliance schedule. 
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3. Partial Compliance Use of WQT – A WQT program provides the opportunity to avoid 
upgrading a power facility for permit compliance when only maximum concentrations are 
discharged, despite average effluent concentration discharges being in compliance. 

4. TMDL Allocations – A WQT program can provide allocation capacity for new or expanding 
power facilities in areas with fully allocated TMDLs for nitrogen that would otherwise 
preclude the permitting of new loads. 

5. Generating Credits – A WQT program can provide economic opportunities for selling 
surplus nitrogen reductions when a power company’s facility provides nitrogen treatment 
beyond permit requirements. 

Treatment Cost Differences in the Ohio River Basin 

The actual discharges of nine power plants within the project area, plus a base case (representing 
average nitrogen discharges from a facility with FGD and SCR) were used to estimate future 
treatment costs associated with NPDES permit compliance. The estimated unit cost (dollars per 
pound) for some power companies to remove nitrogen from their discharges at concentration 
limits of 5 milligrams per liter (mg/L) and then 8 mg/L (at typical discharge volumes), is much 
higher than equivalent treatment costs for non-point sources (NPSs) and wastewater treatment 
plants (WWTPs) (Figure E-1). 

From a treatment cost perspective, Figure ES-1 suggests that power plants would benefit from 
purchasing discharge credits from NPS dischargers that can make equivalent discharge 
reductions for $4 per pound. Assuming a 2:1 trading ratio in a potential WQT program, credits 
selling for $8 per pound are still more cost-effective than a power facility minimally spending 
$14.41 per pound via in-house treatment upgrades. A potential savings of $6.41 per pound of 
nitrogen could be realized even with these relatively conservative (i.e., high) costs of NPS 
credits. Other administrative costs associated with executing a trade will reduce such savings, 
however, this is a good first approximation of the potential savings from trading between NPSs 
and power facilities. 

The limitations with this first conservative approximation of power company benefits will be 
critically influenced by decisions made over the initial years of WQT program development 
regarding: the units of exchange; the geographic range where trading can occur; who is allowed 
to trade; and, how transaction costs, trade risks and liabilities are allocated among buyers and 
sellers. Notably, power companies are not the only point sources to potentially benefit from a 
WQT program in the Ohio River Basin (Figure ES-1). Municipal wastewater treatment plants 
will also benefit, representing a much larger potential market demand than power companies, 
and especially considering that WWTPs will be faced with significant effluent limitations for 
both nitrogen and phosphorus. 
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NP1 Estimated Ohio River Agricultural NPS Credit at a 2:1 trading ratio  
NP2 Conservative Ohio River Agricultural NPS credit cost 
NP3  Actual GMR Agricultural NPS credit cost based on the Miami Conservancy District (MCD) WQT 

program results in the Great Miami River (GMR) watershed (for a combined TN+TP credit) 
WT1  Estimated Average Unit TN treatment cost for WWTP below 0.1 million gallons per day (mgd) in 

the GMR 
WT2 Estimated Average Unit TN treatment cost for WWTP between 0.1 and 1 mgd in the GMR 
WT3 Estimated Average Unit TN treatment cost for WWTP between 1 and 10 mgd in the GMR 
EP1 Estimated Average Unit TN treatment cost for Base Case power plant 
EP2 Estimated Average Unit TN treatment cost for Plant #1A 
EP3 Estimated Average Unit TN treatment cost for Plant #1B 
EP4 Estimated Average Unit TN treatment cost for Plant #1C 

Figure ES-1 
Overview of Potential Power Facility Cost Savings from WQT in the Ohio River Pilot Project Area 

Regulatory Flexibility and Risk Management 

Regulatory flexibility associated with WQT offers a NPDES discharger cost saving and risk 
management options. Often, the most cost-effective timing to participate in WQT is the period 
just prior to implementing fixed cost treatment upgrades. Long-term controls through on-site 
treatment are an attractive risk management option. However, even when upgrading there 
sometimes exist economic advantages in providing for longer upgrade periods than regulatory 
upgrade compliance schedules might dictate. Typical compliance schedules establish limits 
within the first five years of a new permit cycle (most often during the third year of the permit). 
For facilities planning to upgrade but needing more time to accommodate capital development, 
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design and installation, WQT can be used as an interim compliance mechanism. WQT can also 
be used for short-term compliance for facilities with scheduled upgrades for other purposes. 

Similarly, costly upgrades can potentially be avoided using WQT in partial fulfillment of a 
permit condition to provide relief only during the period when the facilities discharge at a 
maximum concentration. When maximum discharge concentrations are above an effluent limit, 
and atypical for average operating conditions within compliance, it may be more cost-effective to 
purchase offset credits than to upgrade. To assess these potential conditions, average and 
maximum discharges were compared to four, progressively more stringent discharge 
concentration limits for TN: 10, 8, 5, and 3 mg/L. As shown in Table E-1, average TN discharges 
of many facilities are below one or more of the discharge concentration limits evaluated. 
However, maximum discharges of most facilities are above even the highest limit. Without 
trading, facilities would need to invest in treatment to manage these maximum discharges. 
Alternatively, if a facility does upgrade, they may have the capacity to produce surplus credits 
(reductions in excess of their permit limitations and beyond a previous level of discharge) that 
could be used for intra-plant compliance or sold to other facilities. 

Table ES-1 
Current Discharges from Select Power Plants in the Ohio River WQT Pilot Project Area 

Facility 
NPDES 
Permit 

Number 

Calculated 
Average TN 

Concentration 
(mg/L) 

Calculated 
Maximum TN 
Concentration 

(mg/L) 

Actual 
Discharge 

(mgd) 

% Size 
vs. 

Base 
Case 

Base Case Not Applicable 47.65 97.3 0.5   N/A 

Plant #2  1.85 5.60 6.89 13.8 

Plant #1A  5.38 15.00 4.93 9.9 

Plant #3  25.05 38.57 0.27 0.5 

Plant #4  3.73 16.00 3.73 7.5 

Plant #1E  1.39 6.47 8.19 16.4 

Plant #5   2.77 41.30 0.0005 N/A 

Plant #1D  2.30 14.90 0.007 N/A 

Plant #1B  5.35 48.00 26.006 52.0 

Plant #1C  6.60 10.00 3.32 6.6 

Source: US Environmental Protection Agency (USEPA) Permit Compliance System Discharge data, downloaded into USEPA’s BASINS 
(Better Assessment Science Integrating Point and Nonpoint Sources) platform. 

Early Participation of Power Companies in WQT Development and Use 

If the provisions of a WQT system in the Ohio River Basin are determined primarily by a 
combination of credit sellers (e.g., agricultural interests) and the largest potential buyers of 
credits (e.g., WWTPs), a trading framework may be developed that is not favorable to power 
companies absent their involvement. The influence that the power companies could assert as a 
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participant in early WQT program development will shape the companies collective abilities to 
benefit from trading in all five of the key trading scenarios identified in this analysis. 
Additionally, the power industry should engage in the development of WQT now to ensure 
credits are available if and when they decide to exercise the option to buy. 

Active participation in WQT program development while the Ohio River Valley Water 
Sanitation Commission (ORSANCO), Ohio, West Virginia, and Kentucky are developing 
discharge concentration limits for TN, will also enable power companies to potentially influence 
regulatory decisions. Resulting benefits could include greater flexibility in implementation 
schedules and compliance options. 

Potential cost-savings, reduced compliance risks and increased compliance flexibility all justify 
the relatively low cost of pursuing a WQT strategy in the Ohio River Basin. Without investment 
in its development now, the power industry is allowing others, including sellers and regulators, 
to develop WQT rules. The resulting program is less likely to favor the power industry, making it 
less likely for individual power companies to garner potential benefits with trading. 

Stakeholder Readiness and Adequate Credit Supply 

Successful development of a functioning WQT program in the Ohio River Basin will hinge upon 
the willingness of buyer, seller and regulatory participation. A preliminary analysis of 
stakeholder readiness revealed that WWTPs, agricultural representatives, regulatory authorities 
(including ORSANCO and several states), as well as other non-profit organizations are both 
willing and able to support program development and actively participate in such an effort. A 
preliminary credit supply analysis targeting low cost reductions generated by agriculture 
suggests ample credits would be available for all power facilities facing future nitrogen permit 
limitations in the pilot project area. Credits generated from just ten percent of agricultural lands 
in select watersheds in the pilot area (assuming conservative safety factors addressing NPS 
loading uncertainty) would be sufficient to meet even the additional demand of certain municipal 
and industrial facilities also seeking to use WQT for NPDES compliance. 

In total, there appears to be substantial benefits and rationale for power company participation in 
an Ohio River WQT pilot program. There is robust and diverse stakeholder interest and 
willingness to participate in program development. High demand for WQT credits is anticipated 
from several sectors of NPDES dischargers including the power companies with the forthcoming 
nutrient criteria. An ample supply of low cost credits appears achievable. Other existing WQT 
successes at the local scale in the basin portend immediate opportunities to move forward with 
regional trading as most of the traditional roadblocks to trading have been overcome. Regulatory 
agencies find trading attractive for informing key decision-making processes in the next five 
years, along with the ability to achieve water quality goals through flexible permitting options. 
These attributes are the necessary and foundational elements for advancing a regional WQT 
program in the Ohio River Basin. 
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1  
INTRODUCTION 

Although the original business case contained company-specific information and details, all 
business confidential information has been blacked out from this report to allow for public 
publication. 

The Electric Power Research Institute (EPRI) is examining water quality trading (WQT) as a 
compliance tool for permitted surface water discharges of nitrogen by the power industry. Coal-
fired power facilities will be facing more stringent discharge compliance limits as regulatory 
agencies adopt new criteria for nutrients, particularly nitrogen. Where power facilities already 
have nitrogen limits for surface water discharges, most appear to be in compliance with the 
current, less stringent (or non-existent) limits and find no immediate need for WQT.  However, 
as regulations and permit conditions for power company emissions to air and water become more 
restrictive, treatment costs will rise. This will result in the need to examine significant cost 
tradeoffs as the preferred options for reducing one type of emission (e.g., flue gas desulfurization 
[FGD] for air) can increase other types of discharges (e.g., FGD water). The research described 
in this report addresses how power facilities can manage costs and risks associated with 
anticipated changes in nutrient discharge restrictions through WQT. 

The Shaw Team, comprised of Shaw Environmental, Inc. (Shaw), Kieser and Associates, LLC, 
King and Associates, and Siegel Environmental Dynamics, LLC, was contracted by EPRI to 
identify and research the feasibility of a WQT pilot program for the power industry. The analysis 
was to include at least one electric power company as either a credit buyer or seller to determine 
how power industry participants in a pilot project might benefit from WQT. A mid-project 
decision was made to select a pilot area that included multiple power companies, other point 
source (PS), and non-point source (NPS) nutrient dischargers (primarily agricultural) to examine 
both PS to PS and PS to NPS trading. 

The objective of this research was to focus on the benefits for power company participation in a 
self-sustaining, robust WQT pilot program rather than in a trading demonstration involving a 
single bi-lateral trade. A WQT program that sustains itself in a given region has inherent 
advantages. Such advantages include: cost-savings with distributing administrative overhead of 
market-related educational and support needs across many credit buyers and sellers; market-
based competition among credit generators; and, minimizing compliance risks by optimizing 
market opportunities for access to multiple sellers (ensuring ample credit availability).  Bi-lateral 
trades, sometimes referred to as, “regulator approved offsets,” will have varied outcomes 
regarding cost-effectiveness of engaging in an individual National Pollutant Discharge 
Elimination System (NPDES) permit-based water quality trade. Costs of an individual PS to NPS 
trade, for example, will depend heavily on local environmental conditions at the credit 
generating site, and the final effluent restrictions on the buyer. In addition, a small number of 



 
 
Introduction 

1-2 

WQT credits exchanged typically increases the administrative overhead per credit. Thus, water 
quality trades on a permit-by-permit basis are typically more expensive than trading programs 
with multiple buyers and sellers. 

With the possibility of stricter water discharge restrictions, limited compliance options currently 
available to power companies will likely dictate in-house discharge treatment facility upgrades. 
WQT offers a cost-effective alternative with the purchase of wastewater effluent discharge offset 
credits. This would involve the power company paying another discharger to make an equivalent 
or greater reduction to offset the plant’s discharged load that is in excess of their water quality 
based permit limit. 

Results from localized WQT programs in the Ohio River Basin suggest that typically, there are 
numerous sources of low cost water discharge credits that could supply necessary offsets for 
power companies (or other buyers) in a WQT program. Adequate supply of low cost credits 
would further suggest there is a potential to reduce power company compliance costs. The ability 
to meet discharge restrictions with WQT instead of in-house treatment upgrades provides a 
potentially useful basis for power companies to flexibly manage regulatory compliance risk in 
deciding when to invest in treatment capacity upgrades. 

As with other “make vs. buy decisions” for businesses, the financial benefits of power companies 
purchasing credits via a WQT program rather than investing in additional in-house treatment, 
depend on relative costs and risks. A power company may prefer to meet permit obligations by 
engaging in WQT if it is less expensive than expanding in-house treatment capacity. However, 
the WQT program must provide assurances for a reliable supply of cost-effective credits. The 
potential uncertainty in a WQT program regarding credit supply may be considered too risky for 
a power company to depend on WQT for compliance. Thus, whether a power company will 
benefit from WQT depends on their wastewater treatment discharge restrictions, in-house 
wastewater treatment costs, the expected cost of WQT offsets and supporting conditions of the 
WQT market. 

Following a review of three potential pilot opportunities focused on development of a robust 
WQT program (Shaw, 2007), a pilot project in the Ohio River Basin was selected for this 
feasibility assessment. This assessment therefore focuses on: 

• The feasibility of a regional WQT program; and 

• A business case for power company participation in promoting the development and 
participation in such a program. 

Drawing from established WQT programs and the Project Team’s cost-benefit analyses, this 
report argues the business case by examination of: 

• Reduced costs of complying with wastewater discharge restrictions; 

• Reduced risk in compliance excursions; and 

• Increased flexibility in terms of deciding when and how to invest in additional in-house 
treatment capacity. 
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Overview of the Water Quality Trading Pilot Setting 

The proposed WQT pilot project focuses on sections of the Ohio River Basin including segments 
that form a border between Ohio, West Virginia and Kentucky, stretching from the Pennsylvania 
border in the east to the Indiana border in the west (see Figure 1-1). The decision to pursue this 
geographic area stems from a previous analysis of WQT opportunities (Shaw, 2007). 

 

Figure 1-1 
Ohio River Basin Water Quality Pilot Project Focus Area 

The focus area for the Ohio River Basin WQT Pilot project is outlined in red. The watersheds 
outlined in white are watersheds identified for more detailed analysis through WARMF 
modeling, which is being completed as a separate EPRI project. 

The primary factors considered by the Shaw Team when selecting the focus area for this pilot 
project included: 

• High nutrient loading where pending regulatory programs will create potential WQT credit 
demand 

• The presence of multiple types and sources of discharged nitrogen 
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• A regulatory climate favorable to WQT 

• The presence and distribution of numerous coal-fired power plants 

Nitrogen loading and nutrient inputs from various sources provide an indication of the dynamics 
of nitrogen in the system and the relative balance of inputs among various sources. This balance 
will dictate the viability of PS to PS or PS to NPS trading programs. Along the reach of the Ohio 
River selected for this pilot project, nitrogen loading continues to build in concentration. Despite 
high nitrogen inputs to the river from Indiana tributaries, the river system starts losing nitrogen 
east of the border between Ohio and Indiana. The schematic provided in Appendix A shows the 
location of monitoring stations, power plants and major tributaries in relation to available water 
quality data for total nitrogen (TN) in these regards. 

Most reaches in this segment of the river show TN concentrations at or above 1.5 milligrams per 
liter (mg/L). Figure 1-2 illustrates the relative nitrogen inputs of various sources (PSs, 
agriculture, urban, etc.) within the study area. These maps show that the second highest nitrogen 
load from agriculture occurs in Ohio (Indiana is the highest), while loading from PSs and urban 
areas is relatively evenly distributed throughout the basin. 

Based on this information, the pilot project efforts have focused on the following areas of the 
Ohio River Basin for a more robust analysis of a regional WQT program: 

• Ohio River main stem including a wide range of power company facilities (see Appendix A 
and Section 2.0) 

• Two major tributaries to the Ohio River including the Great Miami and Muskingum Rivers to 
additionally examine potential WQT credit demand from other types of nutrient dischargers 
(primarily municipal wastewater treatment plants[WWTP]) (see Section 3.0) 

• Four major tributaries including the Licking River (Kentucky), and the Great Miami, Scioto, 
and Muskingum Rivers in Ohio to assess potential WQT credit availability generated by 
agriculture (see Appendices C and D) 
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Figure 1-2 
Nitrogen Loading from Various Sources within the Ohio River Basin 
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Water Quality Issues in the Pilot Project Area 

Potential drivers for trading include both localized and systemic water quality issues. On the 
local level, water quality issues in various reaches of the Ohio River and its major tributaries 
include local eutrophication (related to phosphorus), algal blooms (taste and odor problems), 
ammonia (local toxicity), bacteria (localized Combined Sewer Overflow discharges and 
background NPSs), temperature (aquatic life and ammonia), flow (urban stormwater, 
hydraulics), and acid mine drainage (US Environmental Protection Agency [USEPA], 2004; 
Kentucky Division of Water, 2006). 

On a systemic level, the Ohio River is a considerable source of flow to the Mississippi River and 
contributor to Gulf of Mexico hypoxia issues related to nitrates, total Kjeldahl nitrogen (TKN) 
and total phosphorus (TP) loading (Ohio River Valley Water Sanitation Commission 
[ORSANCO], 2003). Both nitrogen and phosphorus are parameters that are readily traded in 
WQT programs. Figure 1-3 shows the location and type of water quality impairments within the 
project area. 

 

Figure 1-3 
Ohio River Basin Water Quality Trading Pilot Project Focus Area 
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Nutrient Criteria as a Regulatory Driver for WQT 

The primary water quality issues that will drive regional WQT within the Ohio River Basin are 
development of instream nutrient criteria for Gulf of Mexico Hypoxia and protection of aquatic 
life in local reaches. Both issues will involve setting nitrogen and phosphorus reduction goals 
that will directly impact regulated (permitted) PS discharges with more stringent effluent limits. 

Current considerations by the USEPA Science Advisory Board indicate the need for greater 
nitrogen reductions, and now phosphorus reductions, than in past Gulf Hypoxia nutrient loading 
projections. Also introduced is an emphasis on PS load reductions of both nutrients, and on 
atmospheric deposition of nitrogen (Tennant, 2007; USEPA, 2004). These new reduction goals 
will translate to more stringent permit restrictions via promulgation of nutrient standards and 
thus, represent a primary driver for WQT. 

The congressionally designated interstate compact, ORSANCO, coordinates activities for the 
Ohio River Basin to implement an action plan to reduce the extent of Gulf Hypoxia and address 
localized main stem impairments. This will largely be accomplished with ORSANCO’s 
development of nutrient criteria. ORSANCO will be developing these criteria for the main stem 
of the Ohio River by 2008/2009 with incorporation into NPDES permits likely within five years 
(Table 1-1). Efforts to establish nutrient criteria are underway within all states covered by 
ORSANCO except Illinois. Both local and interstate opportunities may therefore exist for PS to 
PS and PS to NPS trading within the pilot project area. 

Table 1-1 
Anticipated Timeline for Development of Nutrient Criteria in the Ohio River Basin 

Milestones for Ohio River Nutrient Criteria Development (Expected) 

Authority/ Coverage 2007 2008 2009 2010 2011 

ORSANCO Ohio River  Nitrogen driver gulf hypoxia   

Illinois Tributaries Not currently embracing USEPA criteria approach 

Indiana Tributaries   On track   

Kentucky Tributaries  Already underway; desire more data  

Ohio Tributaries  On track    

Pennsylvania Tributaries Already underway; desire 
more data 

   

West Virginia Tributaries   In early stages 

Of particular note in forecasting potential nitrogen criteria, the USEPA (2000) has established 
guidance for developing nutrient criteria whereby a frequency distribution approach is 
recommended. In highly altered settings such as the Midwest, an upper percentile would be used 
to set numeric criteria. This approach is desirable since some of the streams in a random 
selection process are degraded. USEPA guidance also recommends that the percentile be set 
somewhere between the 5th and 25th percentile of all streams randomly selected in a stream 
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class. For the Ohio River, this could potentially result in a 1.2 mg/L TN instream standard. Most 
reaches of the Ohio River within the Pilot Project area show a TN concentration ranging from 
1.5 to 3.0 mg/L with a few tributaries having concentrations above these values (see Appendix 
A). If ORSANCO were to follow USEPA guidance, the instream standards for TN could be 
approximately 1.2 mg/L. While NPDES effluent limits may still be higher than instream nutrient 
standards, these data are a strong indication that lower, single-digit TN effluent limitations are 
likely. 

Regional Interest in Water Quality Trading 

A successful climate for WQT requires willing buyers, willing sellers and a willing regulatory 
community. There is a history of WQT within the region which provides a reasonable setting for 
an Ohio River Basin pilot project. The state of Ohio is home to one of the most robust WQT 
programs for nitrogen and phosphorus in the United States (i.e., the Great Miami River [GMR] 
program). In addition, promulgated trading rules in Ohio, trading policy in Pennsylvania and 
trading pilot projects in West Virginia provide a template upon which a regional pilot program 
can be constructed in the Ohio River Basin. 

Another strength for this potential pilot project is that public, private and environmental/ 
conservation groups have participated in WQT as buyers, sellers and aggregators. Specifically, 
there has been participation in WQT by public sector buyers in Ohio and Pennsylvania; private 
sector buyers in Illinois and Pennsylvania; and, WQT aggregators/brokers in Illinois, Ohio, and 
Pennsylvania. PS to NPS trades have occurred in Illinois, Ohio, West Virginia and Pennsylvania, 
while PS to PS trades have occurred in Pennsylvania. The agricultural sector has been involved 
in generating credits in Ohio, West Virginia and Pennsylvania. West Virginia University and 
Ohio State University agricultural departments are directly engaged in WQT pilot projects. 
Although Kentucky has not participated in WQT to date, there has been strong interest from state 
regulatory personnel to do so. Moreover, ORSANCO has expressed interest in a program that 
involves potential interstate trades in advance of standards. 

The background and experience with trading within these states and among these stakeholders 
would benefit a regional program in the Ohio River Basin. Typically, it takes significant time 
and resources to educate participants and stakeholders on WQT. A program in the Ohio River 
Basin would be able to build on an already well-developed foundation. 

Additional support for the development of an Ohio River pilot project comes with the 2008 Draft 
Gulf Hypoxia Action Plan released on November 9, 2007. In this updated plan, current progress 
and next steps are outlined for correcting Mississippi River eutrophication impacts on the Gulf of 
Mexico. A current nutrient loading assessment estimated PSs contributing 22 percent of the 
nitrogen and 34 percent of the phosphorus loads to the Gulf. NPSs, which include atmospheric 
deposition, are estimated at 78 percent phosphorus and 66 percent nitrogen. Approximately 54 
percent of the nitrogen from NPSs is attributed to fertilizer practices in the basin. The report 
outlines a high level strategy to achieve an approximate 45 percent reduction in both nutrients. 

The plan acknowledges that the Science Advisory Board no longer believes that reduction goals 
are obtainable by 2015.  Instead, the Board stresses using an adaptive management 
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implementation strategy and strengthening existing programs. The plan combines voluntary and 
existing regulatory approaches. 

The Action Plan identifies six principles as guidance to reach the three major goals of the plan. 
One in particular is germane to an Ohio River WQT pilot project: “Identify opportunities for, and 
barriers to, innovative and market-based solutions”. As an example of implementing progress 
now by using existing programs, the report goes on to state that: 

“…, under the purview of USEPA, [efforts] may involve the adoption of numeric  
water quality standards. Numeric water quality standards for nitrogen and phosphorus  
are essential for achieving the necessary reductions in nitrogen and phosphorus loading  
in the basin. Water quality standards provide the formulation for development of NPDES 
permit limits, TMDLs, and trading.” 

This report repeatedly stresses the need for innovative and adaptive applications of existing and 
new government programs to fully address the hypoxia issue. It provides a strong regulatory 
underpinning for a regional WQT pilot program in the Ohio River Basin. 

Power Plants in the Pilot Project Area 

The Ohio River Basin pilot project area includes several coal-fired power plants (Table 1-2). The 
linear diagram presented in Appendix A illustrates the relative position of these power plants 
along the main stem of the river. Most are located within proximity of the four major tributaries 
examined in this report for NPS potential credit generation. This is relevant to WQT 
considerations whereby pollutant loads will likely be offset by credits generated either upstream 
or within reasonable downstream proximity of the buyer. Although the Wabash River, which 
joins the Ohio River near the Indiana-Illinois border, contributes a substantial nutrient load to the 
Ohio River from agriculture, there are few power plants and no Duke or American Electric 
Power (AEP) facilities along this segment of the main stem. Thus, NPS loading reductions in the 
Wabash would not likely be saleable to power companies on the main stem. Other WWTPs 
within the Wabash or on the main stem below its confluence with the Ohio, could potentially 
engage in such trades. Since such opportunities are beyond the scope of this effort, they are not 
considered here. 
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Table 1-2 
Power Plants in the Project Pilot Area 

AEP Facilities (on main stem): 
1. Cardinal 
2. Kammer 
3. Mitchell (scrubber already) 
4. Philip Sporn 
5. Mountaineer (scrubber already) 
6. Gavin (scrubber already) 
7. Kyger Creek 
 
AEP Facilities (off main stem): 
8. Conesville 
9. Muskingum 
10. Amos 

Duke Facilities: 
• W.C. Beckjord 
• Miami Fort 
• Zimmer 
 
Allegheny Facilities: 
• Pleasants 
• Willows 

Potential Implications of Nutrient Criteria on Power Plants 

There are three primary sources of nitrogen in wastewater discharges from coal-fired power 
plants: selective catalytic reduction (SCR) units; electrostatic precipitators; and, FGD systems 
(EPRI, 2006). As more attention is paid to nitrogen in power plant discharges, it is also likely 
that other sources may be identified. For example, TKN may be present in the chloride purge 
stream (Lohner, 2007). An analysis of FGD wastewater treatment by CH2M Hill (2005), 
including analysis of the actual wastewater discharged by eight different FGD systems, found 
TN concentrations between 2.0 mg/L and 97.3 mg/L. Discharge rate from FGD depends on 
chlorine content in coal, and the concentration of inert materials in limestone. A flow rate of 100-
500 gallons per minute is typical (Pariseau, 2007). 

As more stringent air emissions control requirements are applied to the power industry, more air 
pollution control systems will likely be installed. In particular, AEP will be required to install 
SCRs and FGD systems in many of their plants within the project area. They will also be 
required to comply with a system-wide cap on nitrogen oxides and sulfur dioxide emissions. 
These will become more restrictive following rulings by the District Court for the Southern 
District of Ohio Eastern Division [USDOJ], 2007). 

Based on information provided by power company representatives, the number of plants in the 
project area with SCRs and FGD systems will increase over the next five to seven years. 
Currently, five of ten power plants operate FGD systems on at least one unit. About 70 percent 
of plants from two companies alone have installed SCRs on at least one unit. Five additional 
plants will be installing FGD systems on one or more units, the bulk of which will be operational 
by 2010. Five additional plants will be installing SCRs within the next five years and of the 
existing upgraded plants will begin operating SCRs year round. (Appendix B includes additional 
details on the two facilities within the pilot project area.) 

Given the air pollution control technology currently operating and planned, nitrogen discharges 
from several power plants will increase on approximately the same timeline as the schedule for 
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Ohio, West Virginia, Kentucky and ORSANCO’s instream nutrient criteria development (Table 
1-1). To date, ammonia in power plant discharges has received more attention from individual 
plants and regulators than TN discharges. Ammonia monitoring requirements and discharge 
limits are geared towards aquatic toxicity rather than eutrophication issues. However, permits 
from several facilities refer to nitrogen requirements that can be expected in the next permit 
cycle. The NPDES permits of four, for example, contain TN limits or monitoring requirements. 
In light of nitrogen criteria only a few years away, it is noteworthy that potential regulatory 
issues associated with nitrogen in power plant surface water discharges are not yet seen as 
compliance priorities for some companies. For an industry that depends on managing operational 
risk, some companies may be faced with very limited surface water compliance options that 
carry a high price. 
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2  
ECONOMIC CASE FOR POWER COMPANIES TO 
PROMOTE AND DEVELOP WQT 

A preliminary economic analysis for a WQT program in the Ohio River Basin for power 
facilities has been completed for the cumulative number of plant discharges in the pilot project 
area. A detailed business case for individual facilities to participate as buyers or sellers of water 
quality credits was not possible. This would have required disclosure of confidential and detailed 
cost information regarding the facilities of interest, or broad speculation due to the variability 
between characteristics with individual plant needs. Based on the more generalized economic 
analysis, a strong case can still be made for power company participation in promoting and 
participating in the development of an Ohio River Basin WQT program. In this chapter, potential 
cost savings and opportunities for risk management are examined in this regard. Risk 
management opportunities considered herein range from compliance alternatives to market 
positioning and community relations. Appendix B provides greater details and the methodology 
for the economic analysis presented herein. 

Potential Cost Savings with WQT 

Identifying potential treatment costs in a WQT market is essential for determining the potential 
value and viability of a trading program. In this section, treatment costs for several types of 
dischargers are described for electric power facilities in the pilot study area as well as for typical 
wastewater treatment facilities. These treatment costs are compared to NPS nitrogen reduction 
costs in Figure 2-1. Point source treatment costs are based on assumed discharge concentration 
limits ranging from 5 to 8 mg/L of TN, and typical volumes of discharge water treated for the 
various PSs shown. Cost differentials here suggest there is merit in specifically examining how 
each group may benefit from WQT, either as a buyers or sellers. 

If opportunities to benefit from trading are based purely on cost differentials, Figure 2-1 
indicates that agricultural NPS dischargers, (who can reduce nitrogen discharges for $4 to $8 per 
pound, assuming a 2:1 trading ratio), would benefit from selling credits. Power facilities may 
spend at least $14.41 per pound to reduce their discharges with end of pipe treatment, and would 
likely benefit from purchasing even the more expensive NPS WQT credits yielding potential 
savings of $6.41 per pound. 

In a functioning WQT program, transaction costs and other administrative fees related to 
verifying the basis of credit trades and managing trade risks, can be expected to absorb some of 
these potential gains. At this time, however, it is reasonable to assume that such costs would not 
necessarily eliminate all the potential gains from trading between NPSs and power facilities. The 
portion of these potential gains that will accrue to power company buyers and NPS sellers will 
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also depend on the rules of the WQT program, suggesting that power company participation in 
early program development would be vital to assuring they can maximize their benefits through 
trading. 

 

NP1 Estimated Ohio River Agricultural NPS Credit at a 2:1 trading ratio  
NP2 Conservative Ohio River Agricultural NPS credit cost 
NP3  Actual GMR Agricultural NPS credit cost based on the Miami Conservancy District (MCD) WQT 

program results in the Great Miami River (GMR) watershed (for a combined TN+TP credit) 
WT1  Estimated Average Unit TN treatment cost for WWTP below 0.1 million gallons per day (mgd) in the 

GMR 
WT2 Estimated Average Unit TN treatment cost for WWTP between 0.1 and 1 mgd in the GMR 
WT3 Estimated Average Unit TN treatment cost for WWTP between 1 and 10 mgd in the GMR 
EP1 Estimated Average Unit TN treatment cost for Base Case power plant 
EP2 Estimated Average Unit TN treatment cost for Plant #1A 
EP3 Estimated Average Unit TN treatment cost for Plant #1B 
EP4 Estimated Average Unit TN treatment cost for Plant #1C 

Figure 2-1 
Treatment Costs for Various Sources of Nitrogen in the Ohio River Pilot Project Area 
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Marginal Cost Curves 

Another way to examine potential cost savings for power companies from WQT is illustrated in 
Figure 2-2. The cost curve for power industry compliance with increasing nitrogen discharge 
limitations in NPDES permits reflects increases in incremental power facility wastewater 
treatment costs in dollars per pound for a “Base Case” power facility. The Base Case assumes 
that a facility is operating an FGD system and SCR unit as allowable discharge concentration 
limits are tightened from 10 mg/L to 3 mg/L. Also shown on Figure 2-2 is a hypothetical credit 
price of $8 per pound, reflecting actual NPS nitrogen reduction costs multiplied by a factor of 
two to account for a 2:1 trading ratio. Similar trading ratios are used in many other U.S. trading 
programs to address uncertainty and provide net environmental benefits. 

 

Figure 2-2 
Overview of Potential Power Facility Cost Savings from WQT in the Ohio River Pilot 
Project Area 

The incremental cost of reducing nutrient discharges for power companies increases as a facility 
attempts to meet stricter nutrient discharge targets. Stricter nutrient discharge restrictions 
increase the potential for a facility to gain from paying into a WQT program rather than treating 
discharge water. The numerous other factors considered when a facility evaluates whether to 
participate in trading or treat discharges in-house, will influence compliance strategies. These 
will include a variety of risk factors. However, given that the characteristics of these factors are 
largely facility-dependant, and are also related to specific WQT program design elements, the 
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analysis presented here focuses solely on cost differentials and potential demand based on 
current and potential future power company discharges. 

Treatment cost estimates for complying with five different levels of potential nutrient criteria 
were developed for an average facility Base Case, and for current actual discharges from nine 
facilities within the pilot project area. These facilities were selected based on the availability of 
monitoring data for TN in the Permit Compliance System database (which stores monitoring data 
that facilities submit as part of NPDES permit compliance reporting). Table 2-1 provides a 
summary of the average and maximum TN discharge concentrations and flow rates of these 
facilities used for the economic analysis. 

Table 2-1 
Current Discharges for a Base Case and from Select Power Plants in the Ohio River WQT 
Pilot Project Area 

Facility 
NPDES 
Permit 

Number 

Calculated 
Average 

TN (mg/L) 

Calculated 
Maximum 
TN (mg/L) 

Average 
Discharge 

(mgd) 

% Size vs. 
Base Case 

Base Case N/A 47.65 97.3 0.5 N/A 

Plant #2  1.85 5.60 6.89 13.8 

Plant #1A  5.38 15.00 4.93 9.9 

Plant #3  25.05 38.57 0.27 0.5 

Plant #4  3.73 16.00 3.73 7.5 

Plant #1E  1.39 6.47 8.19 16.4 

Plant #5  2.77 41.30 0.0005 N/A 

Plant #1D  2.30 14.90 0.007 N/A 

Plant #1B  5.35 48.00 26.006 52.0 

Plant #1C  6.60 10.00 3.32 6.6 

Source: USEPA Permit Compliance System discharge data, downloaded into USEPA’s BASINS (Better Assessment 
Science Integrating Point and Nonpoint Sources) platform. 

The Base Case was developed in consultation with internal Shaw wastewater treatment experts, 
and a study on treating wastewater from FGD systems by CH2M Hill (2005). Wastewater of 
eight operating FGD systems was averaged from TN concentrations that ranged from less than 
2.0 mg/L to 97.3 mg/L (CH2M Hill, 2005). 

The first critical and informative cost analysis based on more detailed annual operating treatment 
cost differentials from Appendix B is presented in Table 2-2. This analysis assumes that capital 
investments and annual operating costs do not change regardless of the daily discharge rate. 
According to Shaw wastewater treatment system design experts, capital and annual operating 
costs generally increase by 7/10 as discharge rates increase. Thus, if the discharge rate doubles, 
the capital and operating costs will increase 70 percent. This constitutes a very conservative 
assumption given that the key objective of this analysis is to determine whether WQT offers 
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power companies the opportunity to reduce costs. This assumption likely results in an 
underestimate of cost savings. Despite this conservative assumption, it is apparent that select 
plants could realize substantial cost savings by opting for WQT. It is also important to note that 
power company experience with biological treatment to remove selenium from FGD wastewater 
requires an additional step to reduce the selenite to elemental selenium. This adds additional 
costs not reflected here. 

Table 2-2 
Current Discharges from Select Power Plants in the Ohio River WQT Pilot Project Area 

TN Treatment Levels (effluent limits) (mg/L)  
10 8 5 3 

Base Case 

Capital costs $4,569,455 $5,180,258 $6,096,463 $9,903,536 

Total annual operating and debt $769,235 $835,914 $935,933 $1,441,961 

Total annual nitrogen removed 
(pounds) 

57,352 60,398 64,968 68,015 

Cost per pound nitrogen removed 
($/pound) 

$13.41 $13.84 $14.41 $21.20 

1. Plant #2 

Total annual operating and debt $769,235 $835,914 $935,933 $1,441,961 

Total annual nitrogen removed 
(pounds) 

Cost per pound nitrogen removed 
($/pound) 

Note a 

2. Plant #1A 

Total annual operating and debt $769,235 $835,914 $935,933 $1,441,961 

Total annual nitrogen removed 
(pounds) 

5,707.49 35,746.91 

Cost per pound nitrogen removed 
($/pound) 

Note a 
$163.98 $40.34 

3. Plant #3 

Total annual operating and debt $769,235 $835,914 $935,933 $1,441,961 

Total annual nitrogen removed 
(pounds) 

12,379.83 14,025.00 16,492.74 18,137.90 

Cost per pound nitrogen removed 
($/pound) 

$62.14 $59.60 $56.75 $79.50 

4. Plant #4 

Total annual operating and debt $769,235 $835,914 $935,933 $1,441,961 

Total annual nitrogen removed 
(pounds) 

8,295.57 

Cost per pound nitrogen removed 
($/pound) 

Note a $173.82 

 

 



 
 
Economic Case for Power Companies to Promote and Develop WQT 

2-6 

TN Treatment Levels (effluent limits) (mg/L)  
10 8 5 3 

5. Plant #1E 

Total annual operating and debt $769,235 $835,914 $935,933 $1,441,961 

Total annual nitrogen removed 
(pounds) 

Cost per pound nitrogen removed 
($/pound) 

Note a 

6. Plant #5 

Total annual operating and debt Low-flow or passive treatment option may be possible. 

Total annual nitrogen removed 
(pounds) 

Cost per pound nitrogen removed 
($/pound) 

Note a 

7. Plant #1D 

Total annual operating and debt Low-flow or passive treatment option may be possible. 

Total annual nitrogen removed 
(pounds) 

Cost per pound nitrogen removed 
($/pound) 

Note a 

8. Plant #1B 

Total annual operating and debt $769,235 $835,914 $935,933 $1,441,961 

Total annual nitrogen removed 
(pounds) 

27,730.40 186,189.85 

Cost per pound nitrogen removed 
($/pound) 

Note a 
$33.75 $7.74 

9. Plant #1C 

Total annual operating and debt $769,235 $835,914 $935,933 $1,441,961 

Total annual nitrogen removed 
(pounds) 

16,183.51 36,412.89 

Cost per pound nitrogen removed 
($/pound) 

Note a 
$57.83 $39.60 

Note: 

Sizing: as discharges increase, facility and treatment costs generally increase by 7/10. 

Average and maximum TN concentrations and flow rates are based on monthly monitoring data submitted to the 
applicable permitting agency. 

a  If nitrogen criteria fall into this range, average discharges from this facility are below this limit. However, 
facility would need to invest in treatment or make other arrangements to offset discharges above nutrient criteria 
because maximum discharges are above the potential criteria evaluated here. 

The variation in treatment cost per pound of TN removal clearly illustrates how discharge rates 
and initial concentrations affect unit treatment costs. The lower the discharge rates and initial 
concentrations, the higher the per pound treatment costs. For other facilities such Plants #1A and 
#1C, the ability to participate in WQT could provide a great cost advantage. It would also be 
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more cost-effective for a facility that is similar to the Base Case to participate in WQT than to 
invest in on-site treatment. 

The experience from the Miami Conservancy District (MCD) WQT program in the GMR basin 
in southern Ohio has been that the average cost per pound for a combined TN and TP credit 
generated by agricultural best management practices (BMP) has been about $2. (Payment to a 
farmer for BMP implementation yields both TN and TP reductions. Since both reductions are 
needed by municipal WWTP buyers, a combined TN/TP credit is calculated in the MCD 
program. Surplus credits, however, can be disaggregated and sold separately.) Trades in the 
MCD program require a trading ratio of 1:1, 2:1 or 3:1. The increasing trade ratio is dependent 
on whether: a) the participant is a founding participant of the WQT program; b) WQT is used to 
comply with a TMDL; and, c) a facility is entering the WQT program after the program is up and 
running. 

It is conservatively assumed here that TN credit costs are double (i.e., $4 per pound) those in the 
MCD program. Even with a conservative 2:1 trading ratio (making TN credits $8 per pound), it 
would still be more cost-effective for Base Case facilities and Plant #3 to engage in trading if the 
nutrient criteria were 8 mg/L. Here, the Plant #3 would save over $700,000/year. As shown in 
Table 2-3, the benefits and savings from trading would rise with more stringent nutrient criteria. 
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Table 2-3 
Analysis of TN Credit Demand and Potential Savings with a 8 or 5 mg/L TN Limit 

Concentration Limits - Based on Actual Flows 

8 mg/L TN  5 mg/L TN  

Facility 
Unit Cost  Pounds 

Reduced  

Potential 
Annual 
Savings  

Unit Cost  Pounds 
Reduced  

Potential 
Annual 
Savings  

  TN 
($/pound) TN   TN 

($/pound) TN   

Base Case  $ 13.84  603,989 $352,724.76  $14.41  64,969  
$416,184.07 

1.  Plant #2  N/A  0.0   N/A 0.0   

2. Plant #1A  N/A  0.0    $ 163.98  5,708  
$890,273.09 

3. Plant #3  $ 59.60  14,025 $723,714.61  $ 56.75  16,493  
$803,991.11 

4. Plant #4  N/A  0.0    N/A  0.0   

5. Plant #1E  N/A  0.0    N/A  0.0   

8. Plant #1B  N/A  0.0    $ 33.75  27,730  
$714,089.78 

9. Plant #1C   N/A  0.0    $ 57.83  16,183  
$806,464.95 

Resulting Demand 
for Credits  74,424 Credits  131,083 Credits 

    Assuming a $4.00 per pound TN reduction cost credit and a 2:1 Trading Ratio. 

Those facilities with average discharges below one or all of the potential nitrogen criteria 
considered in this analysis, (but with maximum discharge concentrations above the criteria) 
would still need to make arrangements to treat their discharges to avoid periodically violating 
NPDES permit limits. Without WQT, these facilities would have little choice but to install 
additional treatment systems at a high unit treatment cost. 

Summary of Likely Scenarios for Power Plant Participation in WQT 

Based on the cost analysis presented above, there are five key scenarios that support power plant 
participation in WQT. These are presented as follows. One or more are likely to apply to Ohio 
River dischargers pending development and implementation of nutrient criteria. 
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Scenario 1 – Long-term participation in WQT 

In this scenario, a facility could opt to participate in WQT as their long-term method of 
complying with nutrient criteria. High cost upgrades and effluent nitrogen concentrations that are 
low, but still above the nutrient criteria, would result in high unit treatment costs. In this instance, 
a facility could opt to enter into long-term credit purchase agreements and avoid investment and 
installation of additional wastewater treatment. Program design factors would weigh heavily in a 
facility’s decision to employ this strategy. Other factors such as fully allocated TMDLs with no 
room for future growth for new or expanding facilities, or very restrictive effluent limits would 
also likely be decision factors.  

Scenario 2 – Short-term participation in WQT 

In this scenario, a facility could choose to participate in WQT for a limited duration 
corresponding with facility planning, construction schedules, or other pending scheduled 
upgrades at a later date. The long-term control by onsite treatment is an attractive risk 
management option, however, even when upgrading there sometimes exist economic advantages 
in providing for slightly longer periods then NPDES typical compliance schedules allow. Typical 
compliance schedule requirements set effluent limit compliance dates within the first five years 
of a new permit cycle (most often during the third year of the permit). WQT could allow a 
facility to remain in compliance while addressing short-term delays in wastewater treatment 
upgrades. For instance, at older facilities there may be conditions that provide easier technology 
implementation in sequence with other planned upgrades for different purposes. These facilities 
may have planning processes in place that may involve a delay not in sync with a NPDES 
compliance schedule for the newly imposed and stricter nutrient effluent limits. This would be 
the case where such facilities may in the long run, wish to construct in-house treatment capacity. 

Scenario 3 – Partial Compliance Use of WQT 

A WQT program provides the opportunity to avoid upgrading a power facility when the average 
effluent concentration is well within permit effluent limit compliance but is necessary for 
compliance at the maximum concentrations discharged. As shown in Table 2-3, current 
discharges from Plants #1A, #1E, and #1C are below one or more of the potential TN criteria 
evaluated in this analysis. However, their maximum discharges are above some or all of the 
potential criteria.  Some of these exceedances are substantial as shown in Table 2-4. This table 
characterizes potential excursions of wastewater discharge concentrations in the upper 50th and 
upper 75th percentiles (over a one-day period at average discharge rates). For these facilities, the 
treatment cost per pound for in-house treatment would be very high, and without treatment, they 
would be at risk of violation or administrative penalties for each exceedance. This risk would run 
counter to corporate compliance goals (Lohner, personal communication, 2008). A WQT 
program would provide facilities with a relief mechanism to ensure compliance. They could 
assess the projected frequency and duration of excursions and purchase credits in advance of the 
need to offset such excursions. By purchasing WQT credits for risk management (even at a 
conservative 2:1 trading ratio), power facility managers can avoid costs associated with 
upgrading treatment on the order of millions of dollars. 
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Table 2-4 
Magnitude of Excursions above Set Nutrient Criteria 

 

 

Pounds TN After 1 Day of Exceeding Nutrient 
Criteria with Discharges at the 50th Percentile 
Above the Mean  

Pounds TN After 1 Day of Exceeding Nutrient 
Criteria with Discharges at the 75th Percentile 
Above the Mean  

Nutrient Criteria (TN mg/L) Nutrient Criteria (TN mg/L) 
Starting 
Concentrations 
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Upper 
50th 
per-
centile 10 8 5 4 3 

Upper 
75th per- 
centile 4 10 8 5 3 

Base Case 47.65 97.3 0.50 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

1. Plant #2 1.85 5.60 6.89 3.73 N/A N/A N/A N/A 42 5 38 N/A N/A N/A 96 

2. Plant #1A 5.38 15.00 4.93 10.19 8 90 214 255 296 13 354 8 90 214 395 

3. Plant #3 25.05 38.57 0.27 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

4. Plant #4 3.73 16.00 3.73 9.87 N/A 58 151 183 214 13 278 N/A 58 151 309 

5. Plant #1E  1.39 6.47 8.19 3.93 N/A N/A N/A N/A 64 5 N/A N/A N/A N/A 150 

6. Plant #5  2.77 41.30 0.0005 22.04 0.05 0.1 0.1 0.1 0.1 32 0.1 0.1 0.1 0.1 0.1 

7. Plant #1D 2.30 14.90 0.007 8.60 N/A <0.1 0.2 0.3 0.3 12 0.5 N/A <0.1 0.2 0.5 

8. Plant #1B 5.35 48.00 26.01 26.68 3,620 4,054 4,705 4,922 5,139 37 7,237 5,934 6,368 7,019 7,454 

9. Plant #1C 6.60 10.00 3.32 8.30 N/A 8 91 119 147 9 143 N/A 32 115 170 
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Scenario 4 – Total Maximum Daily Load Allocations 

A WQT program can provide allocation capacity for new or expanding power facilities in waters 
with fully allocated Total Maximum Daily Loads (TMDL). As more TMDLs are completed, 
these constraints will only increase. Fully allocated receiving waters with no room for future 
growth, or very restrictive effluent limits will become significant factors in business decisions. 
There are examples of facilities in other settings that have or may soon enter into long-term 
credit purchase arrangements in order to address these issues. For example, power plants in the 
Chesapeake Bay watershed in Maryland will be required to offset 100 percent of their nitrogen 
discharges. The Rahr Malting bilateral PS to NPS WQT trade in Minnesota is an instance of a 
facility that used WQT to fully offset a new wastewater discharge into a fully allocated receiving 
water. 

Scenario 5 – Generating Credits 

Some facilities may have opportunities to upgrade in-house treatment capacity in ways that 
reduce the incremental cost of treatment to the point where their reduced discharges are below 
their permitted discharge limits. With surplus reductions, these sources could become credit 
sellers. This could also allow certain companies with multiple facilities in the pilot project area to 
develop intra- or inter-company trades as long as the facilities are within a reasonable geographic 
distance. Rules for the WQT program will dictate geographic and other trading restrictions. 

Projected Demand for other WWTPs in the Great Miami and Muskingum Bas 

Potential demand by other wastewater sources for WQT credits was evaluated to ascertain the 
possible robustness of a broad scale trading program in Ohio River watersheds not restricted to 
power company demand for TN credits. A robust WQT market will yield administrative cost 
savings and greater water quality benefits (assuming trading ratios greater that 1:1). For facilities 
discharging treated domestic sewage and organic wastes (similar to domestic sewage), both 
phosphorus and nitrogen effluent limitations are considered here as these will be added to future 
NPDES permits. 

Treatment technologies such as biological nutrient removal (BNR) are capable of achieving the 
nutrient discharge levels of 1 mg/L TP and 6 to 8 mg/L TN (Metcalf & Eddy, Inc., 2003) that 
will likely appear in WWTP permits once nutrient criteria are promulgated. In order for WQT to 
be of value to WWTPs, the cost of BNR must exceed the cost of buying the number of WQT 
credits necessary for NPDES compliance. A preliminary analysis in this regard focused on the 
GMR and the Muskingum River 8-digit HUC code watersheds. The current wastewater load for 
each facility that would use BNR was compared with the loading goal (i.e., the reduced mass 
discharge of nutrients) equivalent to effluent limits of 1 mg/L TP and 8 mg/L TN. Any additional 
treatment required beyond these capabilities of BNR would most likely necessitate the use of 
chemical treatment. Though not included in this preliminary analysis, the use of chemical 
treatment substantially increases the cost of both capital upgrades and operation and maintenance 
(O&M), thus increasing the potential utility of WQT. 
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All continuously discharging facilities, small and large, were considered in the GMR based on 
previously compiled data (Kieser & Associates [K&A], 2004). Within the limited scope of this 
current effort, only data from facilities with at least 1 mgd capacity were considered in the 
Muskingum River watershed. Cost ranges are typically higher for smaller facilities lacking the 
advantage of economies of scale as plant performance often requires chemical backup. There are 
likely several small facilities in the Muskingum River watershed not considered in this 
evaluation that would therefore add to potential credit demand. Also not specifically estimated 
are the industrial sectors where BNR technology may not apply. A detailed description of the 
analysis conducted here is included in a Technical Memorandum provided to EPRI by the Shaw 
Team (in process, 2007). 

Wastewater treatment plant discharge data were downloaded into USEPA’s BASINS platform 
for each Muskingum facility. These included current flow values and concentrations of nitrogen 
and phosphorus species for each outfall and month spanning the period 1998 through 2007. 
GMR discharge data were taken from K&A (2004). Average discharge concentrations were 
computed for each primary WWTP outfall. Projected load reductions are calculated under 
different effluent limit scenarios in the Technical Memorandum (Shaw, in process, 2007). 
Current mass loadings used here assume effluent limits of 1 mg/L TP and 8 mg/L TN.  
Associated load reductions in the GMR using this approach are 400,030 pounds TP and 
3,110,210 of TN.  In the Muskingum, these reductions are estimated to be 656,801 pounds of TP 
and 804,881 of TN.   

These reductions are associated with a wide range of wastewater treatment plants. As such, unit 
cost per pound of reduction associated with BNR will vary. To assess WQT potential, BNR costs 
must be compared to the price of WQT credits to determine which facilities may participate. The 
potential volume of credits needed by participating WWTPs will be dictated by associated load 
reductions required to meet effluent limits. BNR cost estimations are therefore calculated for 
units of pounds TN, TP, or both. 

BNR costs were derived using a combination of two empirical methodologies, both of which are 
based on flow equations that account for economies of scale at each facility. Costs were first 
estimated according to Doran (1997), as cited by both K&A (2004) and Faeth (2000). Doran 
(1997) specifies the capital and O&M costs based on the design flow for facilities above 0.2 
mgd.  For facilities at or below 0.2 mgd, a fixed annual cost estimate was used to calculate total 
costs per flow. Annualized capital costs and present worth value assume a 20-year investment at 
a 3.65 percent annual interest rate. 

A second set of equations, summarized by USEPA (2007), considers the capital and O&M costs 
for small facilities of less than 100,000 gallons per day (Foess, 1998).  For facilities larger than 
0.1 mgd, actual costs for facilities are summarized by the Maryland Department of the 
Environment (2006) and the Connecticut Department of Environmental Protection (2007). To 
estimate the range of costs in like terms, small facility costs were converted to total costs per 
flow.  

The derived costs for BNR used here are an average of the two empirical cost estimation 
methods.  The unit cost of upgrading to BNR will vary by facility based on flow as described 
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above. Unit costs will also vary based on current loading levels compared to new permit limits 
for phosphorus, nitrogen or both.  To provide a more conservative estimate of demand for WQT, 
limits most likely to be achieved by BNR technology were selected; i.e., 1 mg/L TP and 8 mg/L 
TN.  Unit cost of dollars per pound of nutrient reduced were therefore calculated with BNR 
upgrades based on the number of pounds required for each WWTP in the Great Miami River 
watershed and the larger facilities in the Muskingum River watershed.  

Resultant cost estimates for all facilities considering only the phosphorus limit ranged from 
$1.47 to $469 per pound.  Likewise for facilities needing only to reduce nitrogen, the unit costs 
ranged from $1.05 to $134 per pound.  When considering facilities needing reductions for both 
nutrients, unit costs ranged from $0.92 to $104 for combined pounds.  

Comparisons between the unit costs per pound of nutrient(s) reduced via a BNR upgrade to those 
of WQT in Table 2-5 allows for an assessment of WQT benefits in lieu of treatment upgrades. 
Variable unit BMP costs and trading ratios were used to test the sensitivity of the WQT credit 
value and thus, market potential.  Higher trading ratios reflect potential program design 
variations while the increase in BMP cost reflects potential program inefficiencies.  

Preliminary estimates of WWTP credit demand in Table 2-5 suggest that many facilities, other 
than the power industry, could benefit from WQT thereby increasing the potential support for a 
regional program in the Ohio River Basin. The demand represented in this table is only from 
those WWTPs whose BNR costs are higher than the WQT credit costs used in this example 
comparison.  Concentration-based limits are more conservative in terms of estimating demand so 
WQT credit demand in Table 2-5 is only a fraction of the overall anticipated loading reductions 
that may need to occur amongst all permitted WWTPs with more stringent effluent limits. 
Smaller facilities (i.e., less than 1 mgd) represent a more likely source of constant credit demand, 
particularly if additional chemical treatment is needed to meet more stringent discharge 
restrictions. Facilities larger than 1 mgd will have greater credit demand when WQT is more 
cost-effective than BNR. This would be achieved by program efficiencies that reduce the 
effective WQT credit unit cost potentially below BNR unit costs.  

These preliminary results support the premise that there will be robust demand for WQT in the 
Muskingum and GMR watersheds. Accordingly, just as for power companies, WQT will offer 
WWTPs potential benefits such as: flexibility in the timing of plant upgrades; the ability to 
manage compliance deviations; and, accommodating future growth that may otherwise be 
hindered by stringent effluent limits or a cap on new loads under a TMDL. 
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Table 2-5 
Anticipated WQT Demand Associated with Different Trading Ratios for WWTP Discharges 

Pounds of Potential WWTP Demand with Concentration-Based Goals 
 

GMR Muskingum 

Under 100,000 gallons per day BMP = $2/pounda BMP = 
$4/poundb 

BMP = 
$2/pounda 

BMP = 
$4/poundb 

TP pounds 1,187 1,187   

TN pounds 5,540 5,540   

TN+TP pounds 6,727 6,727   

Between 0.1 and 1 mgd     

TP pounds 26,557 26,557   

TN pounds 185,897 185,897   

TN+TP pounds 212,454 212,454   

Between 1 and 10 mgd     

TP pounds 209,245 209,245 304,203 199,364 

TN pounds 505,321 55,295 273,047 63,497 

TN+TP pounds 278,173 33,024 278,897 51,631 

Over 10 mgd     

TP pounds 163,040 163,040 192,996 144,290 

TN pounds 162,133 27,275 0 0 

TN+TP pounds 31,172 31,172 0 0 

a  Cost per credit assuming a 1:1 trading ratio. 
b  Cost per credit assuming a 2:1 trading ratio 
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3  
NON-POINT SOURCE CREDIT GENERATION 
POTENTIAL 

Agriculture in the Ohio River Basin will be a likely source of low-cost nitrogen and phosphorus 
credits within any trading program. The baseline performance requirements which agricultural 
sources must satisfy before they are eligible to generate credits will affect cost and availability. 
Pennsylvania and Maryland, for example, have nutrient management requirements for 
agricultural NPSs in the Chesapeake Bay watershed. These requirements set high standards that 
must be satisfied before nutrient credits may be generated. As a result, one of the more 
successful methods for generating credits in Pennsylvania has been manure export to the Ohio 
River Basin and, consequently, NPS credit prices are relatively high (approximately $9 per 
pound TP) compared to $2/pound in the MCD trading program. 

To assess the potential demand identified previously in this section for power companies on the 
Ohio River main stem, as well as for WWTPs in the Great Miami and Muskingum River 
watersheds, a rudimentary assessment of potential agricultural credit generation was conducted 
(see Appendix C). Annual nutrient loads for TN and TP were first preliminarily estimated for the 
Licking, Great Miami, Scioto and Muskingum River watersheds using an empirical loading 
calculation method. This method calculates pollutant loads using event mean concentrations and 
imperviousness percent coverage values per land use category. The method provides a very 
coarse estimate of nutrient loads delivered by surface runoff for each land use category in a 
watershed. These calculated loads do not consider fate and transport channel processes and are 
therefore considered coarse estimates of TN and TP delivered to the Ohio River by each 
tributary. 

Two simple scenarios were applied to agricultural load predictions to estimate potential WQT 
credit volume from agricultural BMP implementation (Table 3-1). It was assumed for the 
purposes of this analysis that BMPs (or a suite of BMPs) with a 50 percent load reduction 
efficiency were applied to 10 percent (Scenario A) and 25 percent (Scenario B) of the cultivated 
agricultural land area from each watershed. The associated TP load reduction was calculated 
using simple proportions. The TN load reduction calculation used the P:N ratio of 1:2.6 
calculated from MCD WQT program BMP implementation projects in the Great Miami River. 
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Table 3-1 
Estimated Total Load Reductions (pounds per year) from Agricultural BMP Implementation 
on 10% and 25% of Cultivated Croplands 

Scenario A Scenario B 
Watershed 

TN TP TN TP 

Licking 67,823 26,086 169,558 65,215 

GMR 501,717 192,968 1,254,292 482,420 

Scioto 729,174 280,452 1,822,934 701,129 

Muskingum 395,282 152,032 988,205 380,079 

Scenario A: BMPs are applied to 10% of the agricultural land area. 
Scenario B: BMPs are applied to 25% of the agricultural land area. 

Factors to estimate loading reductions attributed to fate and transport losses are often included in 
trading ratios. These ratios can also account for uncertainty, net environmental benefits to the 
river and pollutant equivalency. Until an Ohio River trading program is developed, it is 
speculative to assume any one particular trading ratio here. Alternatively, to calculate the volume 
of potentially available credits for purchase, two separate fate and transport loss factors were 
applied to loads from Table 3-1. These are presented in Table 3-2 and Table 3-3 under 
assumptions of 35 percent and 50 percent fate and transport losses from the point of the BMP 
reduction to the point of credit use (i.e., buyer’s discharge location), respectively. Though no 
baseline performance expectation was assumed here, this approach yields relatively conservative 
estimates for the number of 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. 

Table 3-2 
Number of Credits Available Considering a 35% Loss Due to Fate and Transport 

Scenario A Scenario B 
Watershed 

TN TP TN TP 

Licking 44,085 16,956 110,213 42,390 

Greater Miami River 326,116 125,429 815,290 313,573 

Scioto 473,963 182,293 1,184,907 455,734 

Muskingum 256,933 98,820 642,333 247,051 
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Table 3-3 
Number of Credits Available Considering a 50% Loss Due to Fate and Transport 

Scenario A Scenario B 
Watershed 

TN TP TN TP 

Licking 33,912 13,043 84,779 32,607 

GMR 250,859 96,484 627,146 241,210 

Scioto 364,587 140,226 911,467 350,564 

Muskingum 197,641 76,016 494,102 190,039 

These preliminary credit availability estimates suggest there would be ample credits for the 
projected power company demand in Table 2-3 even assuming only 10 percent agricultural 
participation and 50 percent fate and transport losses within these watersheds. This most 
conservative projection of credit supply will also fully cover the additional TN demand from 
WWTPs in the Great Miami and Muskingum Rivers based on Table 2-5 projections for these 
dischargers. Associated costs of credits projected in Appendix C to be supplied by agriculture in 
these analysis are consistent with those used in Tables 2-3 and 2-5. Thus, it would appear there 
would be an ample supply of cost-effective credits for power company use in an Ohio River 
WQT program. 
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4  
STAKEHOLDER READINESS IN THE OHIO RIVER 
BASIN 

It has been the experience of many developing trading programs that demand for WQT credits is 
often ill-defined and/or very limited in their early stages. This shortcoming often results in 
narrowly defined conditions for trading, which become very constraining when the scope and 
scale of these efforts grow with interest or need. In the Ohio River Basin, it will be prudent to 
consider large-scale attributes for a robust trading program from initial development stages. This 
requires participation from a broad range of interests. As such, a preliminary assessment of 
stakeholder readiness has focused on: 1) agricultural considerations in the four pilot watersheds 
discharging to the proposed pilot project area in the Ohio River Basin; and, 2) generalized 
stakeholder/buyer interest and participation in the Ohio River Basin. Targeted agricultural 
watersheds were identified previously for their NPS credit production potential. Details of this 
assessment are included in Appendix D. A summary of this analysis is provided here. 

Agricultural Interests 

Agricultural participation in WQT programs is typically based on two primary conditions: 1) the 
ability of agriculture to generate cost-effective credits in watershed areas with credit buyers; and, 
2) their willingness to engage in a trading program. Because agricultural participation in trading 
programs is voluntary, significant efforts are typically expended in early program development 
to actively engage farmers. Concerted and intentional efforts to understand agricultural 
perspectives are vital to their participation. 

Agriculture in targeted Ohio River Basin watersheds appears poised to: 1) engage in the 
development of a trading framework through agricultural agency participation; 2) implement 
BMPs to generate WQT credits; and, 3) build upon existing watershed or producer programs that 
would be enhanced by the development of a regional WQT program. The famed participation by 
agricultural agencies and producers in the MCD trading program of the GMR watershed has 
identified and addressed most barriers likely to be encountered by agricultural participants. Some 
of these concerns include fear of regulation, transferred NPDES permit liability, and inequities 
associated with WQT programs targeting only “low-hanging fruit” (i.e., producers with sub-
standard farming practices). Applications for WQT credit-generating projects (with highly 
competitive pricing) in the GMR that far exceed credit demand are a clear indication that these 
traditional hurdles with agricultural participation in WQT have largely been addressed.  
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Regulatory Agencies 

The need and opportunity for pursuing a broad scale WQT approach is evidenced by the 
potential credit demand reported earlier. As such, several regulatory and/or administering 
agencies, as well as PS representatives will need to be intimately involved in regional trading 
program development. In the Ohio River, this would particularly include stakeholders with 
relevant jurisdiction, prior trading experience or familiarity, and substantial need for the 
compliance flexibility offered by WQT. 

A developing program in the Ohio River will also need to align with current national, regional 
and/or local initiatives, especially considering multi-state trading options and existing trading 
rules or policy. This would necessitate the involvement of ORSANCO, the multi-state compact 
charged with developing nutrient criteria for the Ohio River main stem. Representatives from 
ORSANCO were actively engaged in discussions for a regional trading scheme during this 
feasibility analysis. Key feedback included: 

• ORSANCO has interest in interstate trading in advance of nutrient criteria that they will be 
developing to provide technical feedback and input regarding implementability and 
feasibility of attainment. 

• There is enthusiastic support for the trading framework development and implementation 
efforts in the MCD WQT program. 

• ORSANCO has previously examined WQT opportunities in the basin but did not pursue 
these due to a lack of funding and uncertainty with nutrient criteria development. 

• There is in-house staff trading experience. 

• Water chemistry along the main stem is routinely monitored through existing programs. 

• ORSANCO envisions direct participation in WQT program development and has identified 
specific contacts in state regulatory agencies that would also directly participate. 

• Applying existing collateral, i.e., excess nitrogen credits owned by WWTP buyers in the 
Great Miami, to foster early trades in the main stem of the Ohio River would be an incentive 
to bring buyers into the program development process. 

• MCD trading representatives should also be involved. Ongoing discussions with MCD have 
confirmed interest in such participation whereby the regional program could leverage first-
hand experience and testimonials. 

Point Sources 

Point sources in the basin will likely wish to participate in a regional program to be well-
informed of opportunities as well as shape policy to: 

• Address longer compliance schedules and variance procedures 

• Include provisions for implementation timing and application of NPDES program transition 
periods for compliance schedules, and 
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• Ensure there are economic alternatives for growth and expansion issues. 

Point sources now actively involved in credit purchases in the MCD WQT program were 
intimately involved in local program development. Absent their explicit participation and input, 
the program would not likely have resulted is the current “buyer’s market” they now enjoy. 
These PSs have been broadly and openly supportive of trading. Substantial cost-savings, coupled 
with ease of program entry have kept some of the largest municipal WWTPs actively promoting 
the program. ORSANCO has also indicated that participating WWTPs in the MCD WQT 
program would be instrumental in convincing other regulated facilities to participate in regional 
trading program development. 

In total, there appears to be substantial stakeholder interest and willingness to participate in an 
Ohio River WQT pilot program. Sufficient demand, ample credit supply, existing WQT trading 
successes at the local scale, regulatory interest, and willing stakeholders appear to be present in 
this setting. These will be foundational elements for advancing a regional program. Additional 
details for developing such a pilot program are provided in Appendix E.  
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5  
SUMMARY AND CONCLUSIONS 

A preliminary feasibility analysis was conducted to assess the business case for power company 
participation in the development and promotion of a WQT pilot program for nitrogen in the Ohio 
River Basin. The analysis was prepared for the use and consideration of EPRI and the EPRI 
WQT Advisory Group. The study targeted WQT as a means to address surface water discharge 
compliance options associated with increased nitrogen in wastewater discharges resulting from 
implementation of air emissions technologies such as FGD systems and SCRs. As water 
discharge restrictions are expected to become more restrictive over the next few years in the 
Ohio River Basin, coal-fired power facilities can expect to face more complicated management 
decisions as they attempt to meet permit requirements related to both air and water emissions, as 
well as manage compliance risks and costs.  

Currently, the only option power facilities have for meeting stricter water discharge limits is 
investing in more on-site wastewater treatment capacity. Because of their location and physical 
constraints, some power facilities may not be able to expand wastewater treatment capacity or 
may face high costs to do so. It may also be costly for some to expand in-house treatment 
capacity without including it as part of scheduled plant upgrades. Such upgrades may not 
coincide with increases in wastewater discharge capacity that would be required to meet permit 
limits. 

This study has shown that the use of WQT may yield substantial benefits for management of 
nitrogen discharges associated with tightening wastewater discharge restrictions. The business 
case identified potential opportunities for reducing costs associated with power company NPDES 
permit compliance under several conditions. These conditions included: 

• Long-term Participation in WQT – A power facility could engage in long-term compliance 
options using WQT when costs are significantly less than upgrading in-house treatment 
operations.  

• Short-term Participation in WQT – A power company could choose to participate in WQT 
for a short duration to provide permit compliance schedule fulfillment at locations where 
upgrade facility planning and construction schedules are longer than otherwise might be 
stipulated in a NPDES compliance schedule. 

• Partial Compliance Use of WQT – A WQT program provides the opportunity to avoid 
upgrading power facility treatment capacity when it is necessary for permit compliance 
associated with maximum discharge concentration compliance excursions despite average 
effluent concentrations remaining in compliance. 
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• TMDL Allocations – A WQT program provides allocation capacity for new or expanding 
power facilities in areas with fully allocated TMDLs for nitrogen that would otherwise 
preclude the permitting of new loads. 

• Generating Credits – A WQT program can provide economic opportunities for selling 
surplus nitrogen reductions when a power company’s facility provides nitrogen treatment 
beyond permit requirements. 

WQT would provide an option for power facilities to meet their permit obligations by purchasing 
discharge offset credits instead of investing in more in-house treatment capacity. Besides 
offering potential cost-savings, trading would also provide compliance flexibility and more 
capacity to manage compliance risks with the purchase of credits. Even on a temporary basis, 
WQT would allow for integration of investments for in-house capacity into routine equipment 
upgrade schedules. Opportunities to purchase offset credits would additionally provide a basis 
for power facilities to manage compliance risks and costs in cases where there was a need to shut 
down or reduce in-house wastewater treatment operations in order to maintain or repair 
equipment.  

Preliminary cost comparisons indicate that power facilities facing a range of discharge 
concentration limits, could have in-house wastewater treatment costs ranging from $14 to $136 
per pound of TN. These are approximately 58 to 90 percent higher than municipal wastewater 
treatment facilities discharging at a 5 mg/L treatment limit, and 71 to 97 percent higher than 
agricultural source reduction costs. This suggests that power facilities may have the potential to 
benefit from participating in a WQT market as regular or occasional buyers of discharge offset 
credits.  

These differences in discharge treatment costs provide only a first approximation of potential 
benefits to power facilities from WQT. Their ability to engage in trading and garner such 
benefits will depend on decisions made over the next few years regarding: the rules and units of 
exchange that will govern WQT; the geographic range where trading can occur; who is allowed 
to trade; and, how transaction and administrative costs, trade risks and liabilities are allocated 
among buyers and sellers. More facility-specific cost analyses will need to be performed to 
determine how and if individual power facilities would benefit from the development of a WQT 
program in the Ohio River Basin. However, it is clear that the range of potential benefits to 
power facilities with trading will depend upon how a WQT program is constructed.  

If the provisions of a WQT pilot program in the Ohio River Basin are determined primarily by 
likely sellers of credits (e.g., agricultural interests), and other potential buyers of credits (e.g., 
WWTPs) without active involvement of the power industry, the program is likely to favor 
primary participants. Latecomers to the WQT program could also be disadvantaged in terms of 
trading ratios applied to trades and the type of credits available for purchase; the least expensive 
credits having been bought first. It is therefore in the best interest of the power industry to 
engage in the development of WQT now to protect its interests and reduce the risks associated 
with trade rules that will give the industry a competitive disadvantage. Furthermore, the WQT 
demand analysis indicates there would likely be a robust demand for trading credits by other 
buyers (i.e., municipal WWTPs). An analysis of potential low-cost credit supply (provided by 
agriculture) suggests ample supply in an early market. Thus, early involvement by power 
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companies could help to ensure cost-effective credits are available if and when power companies 
decide to exercise the option to buy. 

While it may be premature to develop a facility-by-facility business case, it is not too soon to 
more broadly assert that the power industry should promote and engage in the development of 
WQT in order to ensure optimal benefits. The relatively low costs of pursuing this strategy, as 
opposed to waiting for others to develop the rules that will govern trading in the region, seem to 
be justified by the benefits associated with reducing compliance risks, increasing compliance 
flexibility and protecting potential cost savings. 

Working with other key stakeholders that appear ready for a regional trading program will also 
reduce political or institutional risks. This will yield dividends to the power industry in terms of 
goodwill, public relations, and active participation in development of nutrient criteria 
implementation plans by ORSANCO and state agencies. True to most PS to NPS WQT 
opportunities, NPS credit generation will also generate ancillary environmental benefits such as 
reductions in other pollutant loads (e.g., sediments), habitat improvements, and carbon 
sequestration. As active investors in WQT credit generation projects, the industry will also be 
able to tap into value of the ancillary benefits as other environmental markets develop. 

Conclusions 

The necessary elements for a regional WQT pilot program in the Ohio River Basin have been 
identified. There are willing buyers and sellers at the local scale (as evidenced by other smaller 
scale watershed trading efforts), and interest by key stakeholders for a broader regional trading 
effort. Supporting evidence from this report suggests there will be at least some power facilities 
that will realize substantial economic benefits from participation in WQT. Estimated costs to the 
power industry for supporting and engaging in the development of WQT are relatively low in 
relation to future compliance costs without trading. Potential benefits to power companies in 
terms of reducing and controlling costs and risks, as well as generating goodwill within their 
local service areas may be substantial. 

The potential benefits of WQT will vary from one power company to another. Benefits will 
ultimately depend on how the rules and units of exchange (credits) are established, and on what 
economic incentives are built into the program that promote trading. Power facility managers are 
likely to benefit from a properly constructed WQT program. Thus, there is an economic 
incentive for the power companies to protect their interests through WQT by actively 
participating in the development of the regulatory framework and administrative structures that 
will govern trading. The magnitude of potential benefits will be heavily influenced by early and 
consistent power company support for an Ohio River regional WQT pilot program. 

Next Steps for Developing a Water Quality Trading Program 

If a trading program in the Ohio River Basin is pursued, multiple stakeholders and trading 
partners will need to be involved. Trading partners would likely include power companies, other 
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buyers (e.g., WWTPs), regulators and NPSs. Other key stakeholders will include, but not be 
limited to conservation and environmental organizations as well as constituent interest groups. 

Program design will require intensive stakeholder involvement over three to five years. Critical 
design considerations for a properly constructed program will involve crafting a wide range of 
elements that govern all aspects of program administration, execution of transactions between 
credit buyers, credit sellers, third-party aggregators and interactions of all parties with regulators. 
The design of the trading framework will be shaped by several attributes that will constrain the 
overall program. These will include consistency with EPA policy, avoiding hot spots, and 
developing trading ratios or other factors to account for the position of the buyers and sellers 
over a large project area as well as for pollutant equivalency. In addition, arrangements will need 
to be made between states and ORSANCO to address whether and how interstate trading may 
occur. Development of trading zones (or districts) and rules governing where buyers may 
purchase credits are two possible methods that will need to be developed to account for 
geographic scale. The design of the Ohio River Pilot program will also need to consider existing 
Ohio trading rules, Pennsylvania trading policy and the MCD WQT program in the GMR 
watershed. Interactions and interrelationships between these programs will need to be carefully 
developed and established. 

The immediate next steps to develop and institute a viable trading program in the Ohio River 
Basin should include two primary efforts: 1) engagement of high level regional, state and 
selected local participants to identify and secure support for a regional trading scheme; and, 2) a 
broader regional trading analysis of supply and demand in the basin focusing on both nitrogen 
and phosphorus. These two steps will not address all of the necessary efforts to develop such a 
trading program, but will serve to solidify the need for trading and secure high level 
commitments necessary at the buyer, seller and regulator levels. These preliminary efforts would 
be conducted over a 10-month period of time. 

With buy-in from key constituents (including power companies), subsequent and substantial 
efforts with broader stakeholder involvement would be undertaken. These steps would focus on 
program design elements that would take two to four years to develop. They would primarily 
include: broad stakeholder program promotion; development of trading framework elements; 
and, construction of trading program infrastructure to facilitate trades. 

As with most trading programs in the U.S., funds for pilot program development will likely come 
from a variety of sources including contributions from potential buyers, non-profits, foundations, 
non-governmental organizations, in-kind contributions and potential state or federal grants. It is 
unlikely that any one source will be sufficient to fund the entire development and start-up of an 
Ohio River trading program. It will be useful, however, to identify one recipient and/or fiduciary 
agent to manage and distribute funds to construct the program. It is envisioned that the core 
group of stakeholders established in the recommended immediate next steps will guide the 
overall process. This supports the needs for and benefits of early power company participation. 
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Figure A-1 
Relevant Ohio River Main Stem Features, Part 1 
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Figure A-2 
Relevant Ohio River Main Stem Features, Part 2 
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Figure A-3 
Relevant Ohio River Main Stem Features, Part 3  
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Figure A-4 
Relevant Ohio River Main Stem Features, Part 4  
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Table B-1 
(a) Power Facilities on the Mainstem in Ohio River Pilot WQT Area 
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Table B-1 
(b) Power Facilities on Tributaries in Ohio River Pilot WQT Area 

 



 
 

Implications of Nutrient Criteria on Select Power Plants and Treatment Cost Analysis 

B-7 

 

 



 
 
Implications of Nutrient Criteria on Select Power Plants and Treatment Cost Analysis 

B-8 

Table B-2 
Base Case – Biological Treatment Costs for Similar Sized Municipal WWTP and Power Plants 
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Table B-3 
Actual Facility TN Concentrations and Flow Rates 
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Table B-4 
Estimated Treatment Costs Based on Current Actual Discharges 
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C  
PRELIMINARY NON-POINT SOURCE MODELING IN 
SELECT WATERSHEDS OF THE OHIO RIVER BASIN 
FOR ASSESSMENT OF POTENTIAL AGRICULTURAL 
CREDIT SUPPLY 

Overview 

Annual nutrient loads for total nitrogen (TN) and total phosphorus (TP) were estimated for the 
Licking, Great Miami, Scioto and Muskingum River watersheds using an empirical loading 
calculation method.1  This method calculates pollutant loads using event mean concentrations 
(EMCs) and imperviousness percent coverage values per land use category. The method 
provides a very coarse estimate of nutrient loads delivered by surface runoff for each land use 
category in a watershed. These calculated loads do not consider fate and transport channel 
processes and are therefore considered coarse estimates of TN and TP delivered to the Ohio 
River by each tributary. Preliminary loading calculations are used here to: (1) estimate the non-
point load from various land uses in each watershed; and, (2) assess the potential for non-point 
source credit generation of nutrients from agricultural lands in relation to a basin-wide Ohio 
River trading program. 

Empirical Modeling Methodology 

The following analysis used EMC values from available literature (Table C-1). Land use/land 
cover data were obtained from the 2001 National Land Use Dataset.2 Default imperviousness 
values (Table C-2) were derived from the Rouge River National Wet Weather Demonstration 
Project (Cave et al., 1994). Average annual precipitation values (1971-2000) came from the 
NRCS website (PRISM layers) and one average annual precipitation value was approximated for 
each watershed (i.e., not area-weighted) (Table C-3). 

 

                                                           
1 This method is referenced in the Michigan Trading Rules-Part 30 (1999). (These can be seen at: 

http://www.state.mi.us/orr/emi/arcrules.asp?type=Numeric&id=1999&subId=1999%2D036+EQ&subCat=Adm
incode).  

2 2001 National Land Cover Database downloaded from the Multi-Resolution Land Characteristics Consortium 
(MLRC) at http://www.mrlc.gov/index.asp. 
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Table C-1 
Event Mean Concentration values used in load calculations (Cave et al., 1994)  

Event Mean Concentration (mg/L) 
Land use  

TN  TP 

Open water 1.38 0.08 

Developed, open space 1.74 0.11 

Developed, Low intensity 5.15 0.57a 

Developed, Medium 
intensity 5.15 0.32 a 

Developed, High intensity 3.29 0.35 a 

Barren Land 1.74 0.11 

Forest 1.74 0.11 

Shrub, Grassland 1.74 0.11 

Pasture/Hay 2 0.16 

Cultivated crops 5.98 1.3 a 

Wetlands 5.98 0.08 

a  These values were based on the Lake Erie Study (Richards et. al., 2001). 

Table C-2 
Imperviousness coefficients from the Rouge River National Wet Weather Demonstration 
Project (Cave et al., 1994) 

Land Use  IMPL CI CP 

Low density residential 0.1 0.95 0.2 

Medium density residential 0.3 0.95 0.2 

High density residential 0.9 0.95 0.2 

Highways 0.9 0.95 0.2 

Urban open 0.05 0.95 0.2 

Agricultural 0.05 0.95 0.2 

Forest/rural open 0.05 0.95 0.2 

Water/Wetlands 1 0.95 0.2 

IMPL = fractional imperviousness off land use. 
CI = impervious runoff coefficient. 
CP = pervious area runoff coefficient. 
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Table C-3 
Average Annual Precipitation (in/yr) by Watershed 

Watershed Annual precipitation (in/yr) 

Licking  45 

Scioto 39 

Muskingum 38 

Great Miami 38 

Pollutant Load Analysis  

Annual loads for TN and TP are estimated for a range of land uses in Tables C-4 and C-5, 
respectively for a range of land cover categories. 

Table C-4 
Total Nitrogen Loads (lbs/year) for Each Land Use by Watershed 

TN Load (lbs/yr) 
Land use 

Licking Greater Miami Scioto Muskingum 

Open water 196,174 274,956 407,284 717,167 

Developed, open space 491,206 847,907 927,734 1,419,827 

Developed, Low intensity 455,440 1,691,195 1,981,078 1,748,227 

Developed, Medium intensity 233,113 858,554 1,339,059 853,637 

Developed, High intensity 86,740 417,960 730,483 503,649 

Barren Land 9,937 2,649 19,440 14,769 

Forest 4,949,948 1,031,093 3,950,866 8,161,301 

Shrub, Grassland 376,689 114,250 322,608 325,837 

Pasture/Hay 4,237,691 1,003,271 1,630,450 3,722,415 

Cultivated crops 779,967 17,753,063 25,801,534 13,986,898 

Wetlands 93,530 326,692 337,835 1,299,219 

Total 11,910,437 24,321,591 37,448,370 32,752,946 
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Table C-5 
Total Phosphorus (lbs/year) for Each Land Use by Watershed 

TP Load (lbs/yr) 
Land use  

Licking Greater Miami Scioto Muskingum 

Open water 11,372 15,939 23,611 41,575 

Developed, open space 31,053 53,603 58,650 89,759 

Developed, Low intensity 50,408 187,181 219,265 193,493 

Developed, Medium intensity 14,485 53,347 83,204 53,042 

Developed, High intensity 9,228 44,464 77,711 53,580 

Barren Land 628 167 1,229 934 

Forest 312,928 65,184 249,767 515,944 

Shrub, Grassland 23,814 7,223 20,395 20,599 

Pasture/Hay 344,312 81,516 132,474 302,446 

Cultivated crops 169,558 3,859,362 5,609,029 3,040,630 

Wetlands 1,251 4,370 4,520 17,381 

Total 969,037 4,372,357 6,479,854 4,329,382 

The empirically derived values in Tables C-4 and C-5 are only course estimates of TN and TP 
loads from each watershed. These EMC calculated loads are compared with total loads from the 
USGS SPARROW3 nationwide nutrient modeling study (Smith et al, 1997) in Table C-6 and 
Table C-7. SPARROW relates in-stream water quality measurements to spatially referenced 
characteristics of watersheds, including contaminant sources and factors influencing terrestrial 
and stream transport (data are available at http://water.usgs.gov/nawqa/sparrow/). It should be 
noted that data used to model nutrients in the SPARROW study covered the period 1974-1989, 
whereas the present analysis uses 2001 land use data.  

Overall, the preliminary estimates from this analysis are generally comparable to SPARROW 
results. In particular, TP loads from agriculture are relatively close in value and similar in 
ranking (i.e., highest to lowest) (Table C-7). TN results (Table C-6) show more variation. While 
loads are all within the same order of magnitude, rankings do not exactly match, especially when 
comparing TN loads from agriculture. 

EMC loads presented here were not calibrated with observed values. Therefore, some level of 
difference can be expected compared with SPARROW model results. However, this analysis is 
valuable to the extent that it demonstrates the order of magnitude TN and TP loading in each 
watershed. 

                                                           
3 SPARROW: SPAtially Referenced Regressions On Watershed attributes. 
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Table C-6 
Comparison of TN loads (lbs/year) 

Watershed 

EMC Method 

TN load from ag. 
+ pasture only 

SPARROW 

TN load from ag. 
only (fertilizer + 

livestock) 

EMC method 

Total TN load  

SPARROW 

Total TN load 
(excluding PS) 

Muskingum 17,709,313 (3) 32,324,446 (1) 32,752,946 (2) 49,006,923 (1) 

Scioto 27,431,983 (1) 30,853,863 (2) 37,448,370 (1) 43,187,967 (2) 

Great Miami River 18,756,334 (2) 26,745,945 (3) 24,321,591 (3) 33,409,411 (3) 

Licking 5,017,659 (4) 10,480,493 (4) 11,910,437 (4) 17,644,068 (4) 

Ranks (from highest to lowest load) are indicated in red. 
 

Table C-7 
Comparison of TP loads (lbs/year) 

Watershed 

EMC Method  

TP load from ag. 
+ pasture only 

SPARROW  

TP load from ag. 
only (fertilizer + 

livestock) 

EMC method 

Total TP load  

SPARROW 

Total TP load 
(excluding PS) 

Muskingum 3,343,076 (3) 2,781,252 (3) 4,329,382 (3) 3,237,843 (2) 

Scioto 5,741,503 (1) 2,993,366 (1) 6,479,854 (1) 3,305,662 (1) 

Great Miami River 3,940,877 (2) 2,808,587 (2) 4,372,356 (2) 2,982,728 (3) 

Licking 513,870 (4) 1,368,252 (4) 969,037 (4) 1,599,597 (4) 

Ranks (from highest to lowest load) are indicated in red. 

Potential for Non-point Source Water Quality Credit Generation 

Two simple scenarios were applied to preliminarily estimate potential water quality trading 
credit volume from agricultural BMP implementation (Table C-8). It was assumed that BMPs (or 
a suite of BMPs) with a 50% load reduction efficiency were applied to 10% (Scenario A) and 
25% (Scenario B) of the agricultural land area in cultivated crops from each watershed. The 
associated TP load reduction was calculated using simple proportions. The TN load reduction 
calculation used the P:N ratio of 1:2.6 calculated from Great Miami River Watershed Trading 
Program BMP implementation projects. 
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Table C-8 
Estimated Total Load Reductions (lbs/year) from Agricultural BMP Implementation on 10% 
and 25% of Cultivated Croplands 

Scenario A Scenario B 
Watershed 

TN TP TN TP 

Licking 67,823 26,086 169,558 65,215 

Great Miami River 501,717 192,968 1,254,292 482,420 

Scioto 729,174 280,452 1,822,934 701,129 

Muskingum 395,282 152,032 988,205 380,079 

Scenario A: BMPs are applied to 10% of the agricultural land area. 
Scenario B: BMPs are applied to 25% of the agricultural land area. 

The total estimated costs associated with the BMP load reductions Table C-9) were calculated 
using current costs per pound reduced from the Great Miami River Watershed Trading Program 
(one pound of TP reduced costs $4.65; one pound of TN reduced costs $1.78). 

Table C-9 
Total BMP Implementation Costs of Load Reductions (in $) 

Scenario A ($) Scenario B ($) 
Watershed 

TN TP TN TP 

Licking 120,665 121,374 301,663 303,436 

Great Miami River 892,611 897,856 2,231,528 2,244,640 

Scioto 1,297,283 1,304,905 3,243,206 3,262,262 

Muskingum 703,251 707,383 1,758,128 1,768,458 

The functioning WQT program in the Great Miami River was set up with a provision that credits 
must be generated upstream of the buyer. This was considered sufficient for decision makers to 
address nutrient losses downstream due to fate and transport processes. This program is grand-
fathered into the Ohio EPA WQT rules for ten years. However, in other Ohio River tributary 
watersheds, decision makers in a newly developing WQT program will need to determine how to 
address fate and transport losses for themselves. 

Factors to estimate loading reductions attributed to fate and transport are often included as a part 
of the trading ratios. These ratios can also account for uncertainty, net environmental benefits to 
the river and pollutant equivalency. As the framework for an Ohio River trading program is not 
yet determined, a range of trade ratios from 1.0 to 3.0 are examined in Table C-10 to provide a 
range of how the actual costs of credits generated in the Greater Miami River might transfer into 
other major tributary programs. A combined TN/TP credit cost is included in the table as an 
example of how the cost for one implemented BMP could be packaged and sold to a credit buyer 
at a significant cost savings. Such an approach is currently used in the Great Miami River WQT 
program. 
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Table C-10 
Potential Costs of Credits Based on Varying Trade Ratios 

Trade Ratio Cost of TN Offset 
($/lb) 

Cost of TP Offset 
($/lb) 

Cost of a Combined TN 
and TP Offsets 

($/lb) 

1:1 1.78 4.65 1.21 

1:1.5 2.67 6.98 1.82 

1:2.0 3.56 9.30 2.42 

1:2.5 4.45 11.63 3.03 

1:3.0 5.34 13.95 3.63 

To calculate the volume of potentially available credits for purchase, two separate fate and 
transport loss factors were applied to loads from Table C-8. This approach yields conservative 
estimates for the number of potentially available NPS credits from agriculture. Higher trading 
ratios (>/= 2:1) used in Table C-10, will likely account for these fate and transport losses in a 
trading program. Thus, costs per credit in this upper range of trading ratios may also be 
considered conservative (i.e., higher than might be encountered in a competitive credit trading 
market). The total number of potentially available credits is presented in Table C-11 and Table 
C-12 under assumptions of 35% and 50% fate and transport losses from the point of the BMP 
reduction to the point of credit use (i.e., buyer’s discharge location), respectively.  

Table C-11 
Number of Credits Available Considering a 35% Loss Due to Fate and Transport 

Scenario A Scenario B 
Watershed 

TN TP TN TP 

Licking 44,085 16,956 110,213 42,390 

Greater Miami River 326,116 125,429 815,290 313,573 

Scioto 473,963 182,293 1,184,907 455,734 

Muskingum 256,933 98,820 642,333 247,051 
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Table C-12 
Number of Credits Available Considering a 50% Loss in Fate and Transport 

Scenario A Scenario B 
Watershed 

TN TP TN TP 

Licking 33,912 13,043 84,779 32,607 

Great Miami River 250,859 96,484 627,146 241,210 

Scioto 364,587 140,226 911,467 350,564 

Muskingum 197,641 76,016 494,102 190,039 

Data from Tables C-10 and C-12 may be preliminarily used for assessing potential cost and 
volume of agricultural non-point source credits from these watersheds. Such estimates can then 
be used to determine whether there would be sufficient, cost-effective credits for point source 
demand associated with pending nutrient criteria in the Ohio River Basin for credit demand 
projected power company and WWTP demand.  
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D  
STAKEHOLDER READINESS ASSESSMENT 

Preliminary Assessment of Stakeholder Readiness to Establish Water 
Quality Trading in Targeted Ohio River Watersheds 

The Ohio River Basin encompasses portions of 14 states with an area of more than 200,000 
square miles, over 5 percent of the total United States land mass. The Ohio River forms in 
Pittsburgh at the confluence of the Allegheny and Monongahela Rivers. It extends 981 miles, 
forming the border between Ohio, Indiana, and Illinois to the north; and West Virginia and 
Kentucky to the south. Where it joins with the upper Mississippi River at Cairo, IL, it provides 
about two-thirds of the total flow of the Mississippi River at the confluence. It has a substantial 
influence on water quality in the Lower Mississippi River and, subsequently, the Gulf of Mexico. 
Overall, the Ohio River constitutes about 20 percent of the Mississippi Watershed and 
contributes about 35 percent of the river’s total flow. 

This preliminary assessment of stakeholder readiness focuses on: (1) generalized 
stakeholder/buyer interest and participation in the Ohio River Basin; and, (2) agricultural 
considerations in the four pilot watersheds discharging to the proposed pilot project area in the 
Ohio River Basin. These watersheds include the Scioto, Muskingum, Great Miami and Licking 
Rivers. Agricultural interests are discussed in the context of general characteristics of these 
watersheds, the potential types of BMPs that agriculture might implement to generate WQT 
credits and watershed or producer attributes that would enhance the development of a regional 
water quality trading program.  

This summary is based on Kieser & Associates’ existing trading efforts in southern Ohio 
watersheds, particularly the Great Miami River, the Shaw Team efforts to identify potential areas 
for a trading pilot program, and supplemental information provided by the American Farmland 
Trust (AFT) during the course of the pilot trading feasibility study. AFT is currently working on 
other WQT programs in the Upper Mississippi River Basin with Kieser & Associates. They have 
expressed direct interest in participating on a regional trading program on behalf of agriculture in 
the Ohio River Basin. The mission of AFT (www.farmland.org) is to stop the loss of productive 
farmland and to promote farming practices that lead to a healthy environment. 

Key Stakeholders/Buyers in the Ohio River Basin 

It has been the experience of many burgeoning trading program development efforts that demand 
for WQT credits is often ill-defined and/or very limited in these early stages. This shortcoming 
often results in narrowly defined conditions for trading, which become very constraining when 
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the scope and scale of these efforts grow with interest. In the Ohio River Basin, it will be prudent 
to consider large-scale attributes of a robust trading program from initial development stages. 
Such an approach will be necessary as opposed to basing the regional program a finite example 
of a singular trade, or an existing local program because of the diversity of sources of credit 
buyers, sellers and localized water quality conditions. The need and opportunity for pursuing the 
broader scale approach is evidenced by the potential credit demand reported in Section 2 of this 
report. As such, several regulatory and/or administering agencies, as well as point source 
representation will need to be intimately involved in regional trading program development. In 
the Ohio River, this would particularly include stakeholders with relevant jurisdiction, prior 
trading experience of familiarity and substantial need for the compliance flexibility offered by 
WQT.  

The developing program will also need to align with current national, regional and/or local 
initiatives, especially considering multi-state trading options and existing trading rules or policy. 
This would necessitate the involvement of Ohio River Valley Water Sanitation Commission 
(ORSANCO), a multi-state compact that is charged with developing nutrient criteria for the Ohio 
River among other regulatory responsibilities for the main stem of the river. Representatives 
from ORSANCO were actively engaged in discussions for a regional trading scheme during this 
feasibility analysis. Key feedback included: 

• ORSANCO has interest in interstate trading in advance of nutrient criteria that they will be 
developing to provide technical feedback and input regarding feasibility of attainment. 

• There is enthusiastic support for the trading framework development and implementation 
efforts in the Great Miami River WQT program run by the Miami Conservancy District 
(MCD). 

• ORSANCO has previously examined WQT opportunities in the basin but did not pursue due 
to a lack of funding and uncertainty with nutrient criteria. 

• Water chemistry along the mainstem is routinely monitored through existing programs. 

• Applying existing collateral, i.e., excess nitrogen credits owned by WWTP buyers in the 
Great Miami, to foster early trades in the mainstem of the Ohio River would be an incentive 
to bring buyers into the program development process. 

Point sources in the basin will likely wish to participate to be well-informed during the 
development process to allow for flexibility for addressing longer compliance schedules, 
variance procedures, considerations for provisions in implementation timing and application of 
NPDES programs, transition periods for compliance schedules, and economic alternatives for 
growth and expansion issues. WQT program benefits in these regards can only be identified from 
developing a broad-scale regional trading scheme.  

Agriculture in Select Watersheds 

Agricultural participation in WQT programs is typically based on two primary conditions: (1) the 
ability of agriculture to generate cost-effective credits in watershed areas with credit buyers; and, 
(2) their willingness to engage in a trading program. Because agricultural participation in trading 
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programs is voluntary, significant efforts are typically expended in early program development 
to actively engage farmers. Thus, concerted and intentional efforts to understand agricultural 
perspectives are vital to their participation. As such, a synopsis of relevant watershed attributes 
and agricultural stakeholder features is summarized as follows in the context of a regional 
trading program.  

Upper Scioto River Watershed 

The Upper Scioto River watershed covers 718 square miles and includes parts of nine counties. 
Hardin, Marion, Union and Delaware counties comprise nearly 88 percent and Allen, Auglaize, 
Logan, Wyandot and Crawford counties make up the remaining 12 percent. About 85 percent of 
the watershed is either in row crops (72 percent) or grassland (13 percent) and 62 percent of the 
river is bordered by agriculture. The most common crops are soybeans with corn a close second, 
wheat and hay. Crop rotations alternating corn and soybeans every year occur in about 65 
percent of the grain fields. About 20 percent rotate a year of corn to two years of soybeans. 
About 15 percent have one season of wheat every five years in their rotations. The watershed 
also supports livestock production with some confined animal feeding operations. According to 
Ohio EPA, the watershed is primarily impaired by nutrient enrichment, sedimentation, and other 
habitat alterations. Similar to many of the other watersheds, the majority of the river miles are 
impacted by nutrient enrichment. Such severe river and stream impairments commonly result 
from human development, inadequate agricultural practices and land use changes in the 
surrounding area. 

The Delaware Soil and Water Conservation District published the Upper Scioto River 
Watershed Action Plan in November 2006. They identified two agriculturally-led efforts to 
address water quality issues: the Heart of Ohio Resource Conservation and Development 
(RC&D) effort (Delaware and Marion counties) focuses on drainage improvements, and Ohio 
Farm Bureau’s Agricultural Watershed Awareness Resource Evaluation (AWARE) is a member-
based voluntary education and assessment program. Producers can also participate in the Scioto 
River Watershed Conservation Reserve Enhancement Program (CREP) for cost-share on a 
planned 70,000 acres of filter strips, riparian buffers, wildlife habitat, wetlands and tree 
plantings. CREP partners include USDA FSA and NRCS, OH Department of Natural Resources, 
OFSWCD and 31 SWCDs, Ohio EPA, OSU extension, Nature Conservancy, Pheasants Forest, 
Ducks Unlimited, OHFB, OH Corn Growers Association, OH Soybean Association and Ohio 
Cattlemen’s Association.  

The Upper Big Walnut Creek watershed in the Scioto River watershed is one of USDA’s 24 
Conservation Effects Assessment Projects (CEAP). This watershed is being extensively 
monitored (2004-2009) to evaluate the effects of conservation practices on soil quality, water 
quality and quantity and wildlife habitat. The primary issue is runoff from corn-soybean farms 
carrying excess herbicides, sediments and nutrients to Hoover Reservoir, the drinking water 
source for about 800,000 Columbus, OH residents. The small watershed is 122,000 acres, about 
59 percent cropland (14 percent forest and 13 percent urban) and extensively tile drained. 

The Scioto River is designated as one of 11 Focus Watersheds in Ohio selected as Ohio’s highest 
quality watersheds (based on physical characteristics, biological diversity and integrity, and 
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recreational opportunities. EPA Region 5 is doing a baseline assessment of tributaries to the 
Ohio and Upper Mississippi Rivers including the Scioto River (Regional Environmental 
Monitoring and Assessment Program – REMAP), due by the end of 2007. 

The Muskingum River Watershed 

The Muskingum River is 111 miles long and flows generally southward through the eastern hill 
country of Ohio. It is the largest stream in the state and drains 8,038 miles, about one-fifth of 
Ohio. The basin contains five counties and portions of 22 others and extends from the Ohio 
River at Marietta to within 25 miles of Lake Erie. The basin has an estimated population of 
2,000,000 people and contains two large cities, Akron and Canton, and several smaller cities 
including Mansfield, Newark, Dover, New Philadelphia, Zanesville and Marietta. Nearly half the 
population is in the northeastern counties of Summit, Stark and Medina. The southeastern 
portion of the basin is within the fringes of Appalachia where the population as well as economic 
growth have lagged the remainder of Ohio. In a review conducted by The Nature Conservancy 
national office, the Muskingum watershed was listed as one of the most critical watersheds in 
North America to conserve fish and mussel diversity. The Muskingum River is also designated 
as one of 11 Focus Watersheds in Ohio selected as Ohio’s highest quality watersheds. 

Farming accounts for about 60 percent of the basin’s land use. Coal production is also important 
in the basin, particularly in eight southeastern counties. The impacts from farming and mining 
activities, particularly erosion, sedimentation, and acid mine drainage have resulted in significant 
changes in the natural environment of the basin.  

The Ohio State University recently completed a survey of Muskingum River watershed 
landowners/operators on their willingness to participate in federal conservation programs (2006 
SWCS Annual Meeting). Also, EPA Region 5 is doing a baseline assessment of tributaries to the 
Ohio and Upper Mississippi Rivers including the Muskingum (Regional Environmental 
Monitoring and Assessment Program – REMAP), due by the end of 2007.  

Great Miami River Watershed 

The Upper Great Miami River Watershed ends at the confluence of the Wolf Creek and Great 
Miami Rivers at Dayton, Ohio and stretches north into ten counties, primarily Shelby, Logan, 
and Miami. Principal tributary streams include Loramie Creek, Honey Creek, and Spring Creek. 
The land use within the Upper Great Miami River Watershed is primarily agricultural, but also 
includes several urbanized areas including Sidney, Piqua, and Troy. The northern, upper part of 
the basin is primarily agricultural land (primarily soybeans and corn) while the southern, 
downstream part of the basin is dominated by urban land in and around the cities of Springfield, 
Dayton, Middletown and Hamilton. Agriculture is responsible for about 28 percent of the 
pollution in this upper subwatershed of the Great Miami. Nutrient inputs to the three agricultural 
basins are primarily from application of commercial fertilizers and manure onto corn and 
soybean fields. The overall 3,800 square miles Great Miami River watershed is about 83 percent 
agriculture with significant nitrogen and phosphorus loads to the main stem of the Ohio River 
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(see also Appendix C). The Great Miami River is also designated as one of 11 Focus Watersheds 
in Ohio selected as Ohio’s highest quality watersheds. 

The Miami Conservancy District (MCD) in Dayton, Ohio started the Great Miami River 
Watershed Water Quality Credit Trading Program circa 2002. This program is widely acclaimed 
in the Ohio River Basin. It uses “reverse auctions” to determine the most cost-effective means to 
reduce loadings of total nitrogen and total phosphorus from nonpoint sources in the watershed. 
After MCD requests proposals for projects, soil and water conservation districts work with 
farmers to submit plans outlining the amount of nutrients to be reduced and the proposed price 
per pound based on practice implementation costs and local soil and water conservation district 
assistance. These reductions are quantified using a spreadsheet developed by the Ohio 
Department of Natural Resources. Based on recommendations from MCD, an advisory board 
selects projects to receive funding. Credits generated by the program are allotted among the five 
participating WWTPs on the basis of treatment plant size. After two rounds of soliciting bids, 
MCD has approved 34 projects that are expected to reduce phosphorus and nitrogen loadings by 
a combined total of 150,000 kg (330,000 lb). At a total cost of $409,000, the projects achieve 
their reductions at an overall average cost of approximately $2.75/kg ($1.25/lb). 

Licking River Watershed 

The Licking River and the smaller streams in the region drain a diverse watershed, with forested 
hills in the upper reaches, rolling farmland along the middle regions and urban/industrial 
development near the confluence with the Ohio River in Northern Kentucky. The Licking River 
– named for the mineral springs and salt licks that attracted buffalo and other animals – begins in 
the highlands of the Allegheny Plateau in Magoffin County. The river flows northwest through 
the Eastern Bluegrass for about 300 miles before emptying into the Ohio River between Newport 
and Covington. The two principal tributaries are the North Fork, which joins the main stem of 
the river near Milford, and the South Fork, which joins at Falmouth. The river drains an area of 
roughly 3,600 square miles, or about ten percent of the entire state. A dam near the town of 
Farmers on the Rowan-Bath county line – 173 miles upstream from the Ohio River – forms Cave 
Run Lake, an 8,300-acre reservoir that impounds 38 miles of the main stem and the lower 
reaches of several tributaries. Smaller, low-water dams are found on Slate Creek, Stoner Creek, 
the South Fork, and other locations. 

The streams along the Ohio River drain mostly steep, hilly areas of pasture, small farm plots and 
some mixed forest lands. The headwaters region is characterized by forest vegetation typical of 
the Eastern Mesophytic Forest, one of the most biologically diverse resources in North America. 
Current timber stands are second or third generation trees, with mixes of oak-poplar-hickory and 
pine species throughout the upper third of the watershed. While there is still a good diversity of 
tree species and some excellent stands scattered throughout the region, the quality of forest 
resources overall is mixed due to a general lack of resource planning, poor management practices 
and impacts from poor harvest techniques and skid roads. Pressure on forest resources is 
increasing as demand for timber rises and smaller trees become useable as chip or laminated 
beam stock. 
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Farms along the middle reaches of the river produce tobacco, corn, hay, and cattle, with much of 
the agricultural land in pasture year-round. Urban development is more extensive near the mouth 
of the Licking, particularly in northern Kenton and northwestern Campbell counties. Vegetation 
along the lower reaches is mostly turf, pasture and managed landscape, with a few remaining 
patches of unconnected forest. Impervious surfaces that shed water quickly – roofs, parking lots 
and roads – are more common and concentrated in the Northern Kentucky area, which lies across 
the Ohio River from Cincinnati. 

Resources of the area are threatened by land conversion, poor land-use practices, direct and 
indirect physical alteration of the area’s rivers and streams, acid mine drainage, destruction of 
wetland habitats, and both point- and nonpoint-source discharges of pollutants. Herbicides, 
insecticides, nutrients, and sediment are significant components of the agricultural runoff that 
adversely affect aquatic systems throughout the area. The expansion of urban and suburban areas 
within the ecosystem and the concurrent loss of forest, wetlands, agricultural lands, and other 
types of open space associated with this expansion have reduced the quantity and quality of 
natural habitats available to fish and wildlife. 

Potential Agricultural BMPs for Credit Generation 

A variety of agricultural BMPs could potentially generate water quality trading credits in the 
Scioto, Muskingum and Great Miami River watersheds that could be used by downstream buyers 
including WWTPs and power companies. These are suggested as follows based on existing 
interests, programs and local directives in the three Ohio watersheds. Similar BMPs could be 
considered in the Licking, however, the uniqueness of concerns in this Kentucky river basin will 
require additional attention not covered here. 

Nutrient Management (reduction in N and P) 

Forty-six percent of the farmers in the Midwest and Chesapeake Bay area have not reduced their 
fertilizer application rates although 76 percent are concerned or very concerned with the over-
application of fertilizer by farmers in their area (AFT unpublished farmer survey information). 
Room for improvement includes: 

• 12 percent do not test fields for phosphorus 

• 25 percent routinely applied commercial fertilizer to fields that had manure applied within 
the last year and did not reduce the amount 

• 64 percent harvest without using a yield monitor 

• 67 percent do not use variable rate application for nutrients for corn 

• 16 percent did not reduce the amount of commercial fertilizer on corn fields following 
soybeans 

• 90 percent do not use in-season testing and application for nitrogen fertilizer in corn 

• 63 percent do not use banded application of fertilizer for corn 
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Drainage management (reduction in N and P) 

• Drainage management (regulating the flow of water from tile lines) in Ohio has been found 
to reduce the amount of nitrate-nitrogen exiting from farm fields by more than 45 percent and 
the total annual volume of drainage water by 40 percent. It requires a control structure that 
costs about $1,500 and can serve 60 acres and works best on soils of slopes of 0.5 percent or 
less (1.1 million acres in Ohio). Impacts on yield are negligible or slightly higher (5-10 
percent) over the long term. [Agricultural Drainage Management Systems Task Force 
(ADMS) and Agricultural Drainage Management Coalition (ADMC)] 

• Channel restorations: Oxbow Restoration redesigned Powder Lick Run (Upper Scioto River 
watershed) in 2003, engineering in a series of meandering curves and creating benches of 
sand and gravel that serve as riffles between pools. The straight channel now winds in a path 
that is five times wider than the former ditch. A vegetated flood plain extends beyond the 
channel. The result is slow-moving water, more surface area and a floodplain for water to 
cover during flood periods – dramatic improvement in habitat as well as a marked 
improvement in nitrogen assimilative capacity (which jumped to 11.9 mg/L per hour). 

Conservation tillage (reduction in sediments, P and N; carbon sequestration) 

• Recent AFT farmer surveys from 2005 show that conventional tillage is still practiced on 
about 44 percent of Ohio’s nearly 10,000,000 acres of cropland, mainly on corn, soybeans 
and wheat (56 percent use conservation tillage). More importantly: 

– 67 percent of corn acres do not use no-till 

– 33 percent of soybean acres do not use not-till 

• In a survey of Ohio growers in 2001, 56 percent felt farmers should be required to use 
reduced tillage practices in order to receive farm program benefits. Forty-nine percent of the 
surveyed farmers agreed with requiring 20-foot buffer strips along waterways. However, 
support declined to 24 percent for requiring post-harvest cover crops and use of no-tillage 
practices (perhaps seen as more intrusive on the part of government). 

• Converting additional land to no tillage in Ohio would sequester 0.4 tons of carbon per acre 
per year for 15 years with 9.9 tons per acre total accumulation; converting additional land to 
forests would sequester 1.2 to 3 tons per acre per year for 50 years or 60-150 tons per acre 
total accumulation. 

Buffer Strips and Filter Strips (sediment trapping; nutrients) 

• Properly designed buffers can trap up to 25 percent of the sediment passing through them; 
the most effective buffers range from 66 to 100 feet in width on each side of a stream or 
ditch, allowing an extensive root system to stabilize soils on the banks and dense formations 
of plant stems to filter runoff water.  

• One acre of filter strips protects 15 acres, providing benefits of $1.04 per ton GSF and $5.01 
per ton offsite (based on work in Maumee River Basin in northern Ohio). 
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• Wetlands act as filters because surface water recharges aquifers. In agricultural areas, this 
helps remove pesticides and nutrients, such as nitrates. By the end of 2003, in addition to the 
18,000 miles of buffer strips installed in northern Ohio, some 1,700 acres of wetlands had 
been constructed. 

Cover Crops and Mulches (sediment trapping; nutrients; carbon sequestration; 
slow runoff) 

• In 1997, only nine percent of Ohio cropland used cover crops or grassland plantings. 

• Cover crops would show some reduction in nitrate losses on 70 to 80 percent of all corn and 
soybean acres. Cover crops may be less effective in the northern parts of the region due to 
cold temperatures. Reductions in N load range from 13 percent in Minnesota to 94 percent in 
Kentucky and reductions in total P losses range from 54 percent to 94 percent. Seed 
establishment of a rye cover crop may cost up to $25/acre and costs per pound of N 
prevented may be $1.42 to$0.57/lb.  

• Living mulches should reduce N and P losses as much or more than cover crops because they 
would be present all year. They can and should be used in orchards, vineyards and tree 
plantations. Establishment of an alfalfa living mulch may cost up to $40.35/acre and costs per 
pound of N prevented may be $2.27 to $0.90/lb. 

• 20-30 percent of corn and soybean acres could be converted to perennial crops if 
infrastructure, processing facilities and markets were encouraged and supported. 

Additional WQT Considerations 

Pilot watersheds and their contribution to the Mississippi River Basin 

Nitrogen is a component of fertilizer that contributes to Gulf hypoxia. About 65 percent of the 
nitrogen reaching the Gulf originates from agriculture and most of it originates in parts of nine 
states—southern Minnesota, Iowa, Illinois, northern Missouri, Indiana, and western Ohio, 
eastern Nebraska, southeastern South Dakota, and western Kentucky. While Corn Belt 
watersheds account for less than nine percent of the land that drains into the Mississippi, land in 
these watersheds contribute about one-third of the nitrogen reaching the Gulf. In particular, five 
watersheds in three states—the Great Miami River watershed in southwestern Ohio; Upper 
Illinois River watershed in Illinois; and the Des Moines River, Iowa River and Skunk River 
watersheds in Iowa—contribute far more nitrogen than other parts of the 31-state river basin.  

Recruiting Sellers 

Recruiting farmers to sell nutrient credits in various trading programs has been difficult. They do 
not typically look favorably on water quality trading, despite the opportunity of financial gain 
which trading offers. In these cases, NPSs have been concerned that the monitoring and 
assessment of NPS pollutant loads necessary to facilitate trading could lead to increased 
regulation of NPS discharges. These nonpoint sources perceive monitoring by regulatory 
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agencies as intrusive, unreliable, expensive, and a precursor to further regulation. The 
Kalamazoo River Phosphorus Trading Demonstration Program (1997-2000) provided some 
valuable lessons learned regarding this topic. They recommended that when trying to involve 
farmers in a trading program:  

• Avoid unnecessary publicity; protect their anonymity as much as possible 

• Use an approach that emphasizes what is in the best interest of the farm  

• When formalizing a point/nonpoint source trade, use private contracts rather than include the 
farmer in a PS discharger permit 

• Remember that farmers understand commodities – pollution credits viewed as a commodity 
should be attractive to them. 

Involving Producers 

The best strategy for involving producers is to develop partnerships with currently established 
networks. A review of the literature demonstrates that producers who have started their own 
watershed group and later reached out to academics or state outreach staff have a high 
probability of succeeding (self-selection model). These producer-driven efforts appear to have 
the greatest long-term impact, surviving beyond the initial project.  

Unique Watershed Attributes 

Each of the targeted watersheds will have unique characteristics (watershed partnerships, 
watershed coordinators, etc.). A pilot trading program involving agriculture will have the 
greatest success if piggybacked onto other projects that have occurred in each watershed and tap 
into the expertise already developed. By collaborating with established groups (e.g., ORSANCO, 
OEPA and ODA), critical information can be acquired rapidly. These groups can also help 
implement the snowball-effect to identify potential participants.  

Reliability of Monitoring Data 

Producers in Ohio have been reluctant to accept the water quality data produced by the OEPA. 
The hiring of an outside consultant to review water quality data will increase the comfort of 
participants. A monitoring plan that provides a sampling regime to ensure compliance with the 
project as well as give producers an margin of error which will allow events outside the their 
control to not remove them from the program. Supplemental support should include educational 
programs and activities, and discuss the impact of storm water on their commodities, the benefit 
to stream restoration upland restoration and water quality monitoring.  

Agricultural Organizational Support 

The Ohio Farm Bureau Federation 25-year vision (roadmap) strongly endorses pollution credit 
trading with priority given to industry-driven efforts that create markets for pollution credit 
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trading, encourage risk management strategies and implement conservation practices by 
lowering associated costs such as insurance ratings and bank loan character ratings. The Ohio 
Farm Bureau Federation and other supportive agencies with a focus on environmental markets 
for agriculture should be enlisted in trading program development. 

Stakeholder Readiness Summary 

This preliminary assessment of stakeholder readiness generally focused on: 1) buyers and key 
administrative interests; and, 2) agriculture in relation to water quality trading credit generation. 
Potential credit demand and supply have been examined in other sections of this report. Analyses 
suggest significant demand for both phosphorus and nitrogen credits. There appears to be 
corresponding interest by buyers and sellers based on need, opportunity and existing trading 
examples.  

There is strong interest from the interstate compact, ORSANCO, which will be instrumental in 
developing nutrient criteria for the main stem. These criteria will need to reflect local 
impairments (primarily for phosphorus) and far-field water quality impairments in the Gulf of 
Mexico. Ohio River nutrient criteria will also need to be approved by states within the compact, 
and thus, the state interests expressed for development of a regional trading program lend 
themselves to regulatory cooperation that will be necessary for interstate trading suggested by 
such a trading scheme. 

The establishment of water quality trading rules in Ohio and Pennsylvania, and active interest 
with trading in West Virginia and Kentucky will draw additional interest for regional trading. 
This will be particularly true with the development and implementation of nutrient criteria in the 
main stem of the Ohio River, and through subsequent criteria adoption by states.  

This preliminary assessment suggests that agriculture, particularly in Ohio, should have ample 
opportunity to participate given its footprint in targeted watersheds and the various BMPs that 
could be implemented. Active participation in USDA, state or local watershed management, 
water quality and/or water resource programs would portend willingness to engage in a water 
quality trading program. The roll out and high level agricultural interest in the Great Miami 
River trading program should be sufficient to build a broader regional trading scheme with 
producers playing a significant role through tried and tested trading frameworks. 
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PILOT PROJECT DEVELOPMENT STRATEGY 

Design Elements and Considerations for Multi State Program 

Power companies would be key stakeholders involved in developing the Ohio River Basin WQT 
program. However, a viable trading program in the Ohio River Basin will require multiple 
trading partners including other point sources, regulators and nonpoint sources. The program 
design will involve intensive stakeholder involvement over three to five years. In this appendix 
we outline program design elements, design considerations and a general timeline for program 
development and implementation.  

Program Design Elements 

Program design will involve crafting a wide range of program elements which will govern all 
aspects of program administration, execution of transactions between credits buyers, credit 
sellers, third-party aggregators and interactions of all parties with regulators. In addition, 
development of each program element will involve input and ultimate approval from key 
stakeholders, including regulators, point and nonpoint sources and interest groups. The elements 
that the program design will need to include are listed as follows. Some of these related 
specifically to benefits attributable to power company participation, particularly trading scenario 
development  

• Understanding of tributary loadings to the Ohio River main stem. (Initial data were gathered 
during the feasibility assessment to complete this report. WARMF modeling by EPRI 
subcontractors is currently underway for the Muskingum River basin.) 

• Develop more detailed trading scenarios involving power companies to determine how they 
will play a role as buyers or sellers in a trading pilot under the following trading scenarios. 

– Point/point trading types:  

o Intra-plant trading 

o Intra-power company 

o Municipal point sources 

– Point/nonpoint trading 

– Assess opportunities for regional versus upstream only credit generation from nonpoint 
sources in: 

o Unimpaired waters 



 
 
Pilot Project Development Strategy 

E-2 

o Pre-TMDL watersheds 

o TMDL waters  

– Consider two categories of generated credits associated with the type of NPS activities 
generating credits 

o Ag BMPs 

o Wetland/riparian BMPs 

– Assess opportunities for downstream tributary credits (buying credits generated in upper 
tributaries for main stem corrections to eliminate the local hot spot issue) 

– Buying BMPs for Total Nitrogen (TN) and reselling Total Phosphorus (TP) credits 

• Assess opportunities for power companies to leverage land holdings in program (e.g., 
generate nonpoint credits through land stewardship and restoration projects)  

• Secure administrative willingness and buy-in for the program 

– Salient programs to learn from (MCD) 

– Willing partners--likely will include Soil and Water Conservation Districts (SWCDs), 
state offices and aggregators, 3rd party administrators, such as: 

– ORSANCO ties it into their program; could be the lead on interstate cooperation  

– American Farmland Trust  

– Scientific Advisory Board (SAB) team hypoxia inputs 

o Illinois – corn 

o Indiana – pork 

o Kentucky – cattle 

o Ohio – Farm Bureau 

o Pennsylvania – dairy 

o Tennessee – soy beans 

o West Virginia - forestry 

• Assess the overall potential demand for WQT beyond the current champions. Illustrate to 
overall demand  

– Identify other NPDES permitees that will also be affected by nutrient criteria and assess 
overall demand from these sources (initial analysis completed for Greater Miami River 
Basin and Muskingum River Basin. 

– Estimate potential cash flow that will be generated by credit sales.  

– Use this analysis to create a coalition for promoting WQT to regulators and NGOs 

• Develop clearer picture of the timing and nature of nutrient standards or drivers 
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– Work with regulators and other stakeholders to negotiate permit compliance schedule 
flexibility  

– Refine information on timing of nutrient criteria and TMDLs 

• Develop program mechanics to govern trading and minimize transaction costs 

– Characterize fate and transport 

– Main stem or complete tributary/regional, main stem of tributary 

– Characterize WQ targets (e.g., mixing zone, hypoxia, low flow) 

– Determine parameters to trade and establish equivalencies between parameters (if 
applicable) 

o TN 

o TP 

o Flow 

o Sediment 

o Temperature 

– Bacteria (surrogates, sediment and flow)  

– Incorporate source water considerations (e.g., drinking water intakes) in design of trading 
zones and trading ratios 

o Low flow pressures on D.O. in stream 

– WWTP water reuse 

– Assess opportunities for incorporating multiple markets and for stacking of ecoservices 
credits geographically and temporally. 

o Drinking water utility 

o Air quality carbon trading 

o Alternative Energy credits 

– Habitat  

o Determine types of BMPs eligible for generating credits and develop mechanisms for 
facilitating transactions 

o Integrate current monitoring and modeling efforts of ORSANCO and states within the 
pilot project area with program development and performance monitoring. 

Program Design Considerations 

Program design will be shaped by several attributes which will constrain and shape the overall 
program. A fundamental requirement of this and all trading programs is consistency with EPA 
policy related to avoiding hot spots. The trading ratio and any factors used to account for the 
position of the buyers and sellers in the project area will be established to ensure this basic 
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requirement. In addition, modeling completed to assess the results of potential trades and 
monitoring performed to assess the effect of trades will be applied to verify this requirement is 
satisfied by EPRI.  

A second attribute is the large size and multi-state scope of the project area. The size of the 
project area will necessitate design elements that account for the large geographic scale. In 
addition, arrangements will need to be made between states and ORSANCO to address whether 
and how interstate trading may occur. Development of trading zones and rules governing where 
buyers may purchase credits are two possible methods that will need to be developed to account 
for geographic scale. 

The location of the MCD program within the project area will also influence overall program 
design. The MCD could serve as model for the Ohio River Basin project, which could streamline 
program design. Furthermore, the education and outreach performed to support the MCD 
program could be leveraged for those stakeholders that the two programs have in common. The 
design of the Ohio River Pilot program will also need to account for the fact that a successful, 
active WQT program is included within the program area; interactions and interrelationships 
between the two programs will need to be carefully developed and established. 

Key Project Phases and Timeline 

The next steps to develop and institute a viable trading program in the Ohio River Basin should 
include two primary efforts: (1) engagement of high level regional, state and selected local 
participants to identify and secure support for a regional trading scheme; and, (2) a regional 
trading analysis of supply and demand in the basin that focuses on nitrogen and phosphorus. 
These two steps will not address all of the necessary efforts to develop such a trading program, 
but will serve to solidify the need for trading and secure high level commitments necessary at the 
buyer, seller and regulator levels. These two steps are outlined as follows as a Phase II. These 
should be conducted over a 10-month period of time. 

Phase II 

Task 1 – High Level Stakeholder Engagement 

This task will identify high level participants and engage in discussions of: the regional trading 
framework concept; regulatory drivers and timelines; levels of state commitment to a regional 
trading program; supply and demand; and, a strategy to proceed if desired. Participants would 
likely include ORSANCO, EPRI, AEP, Duke, a wastewater industry representative, a regulatory 
agency representative from each state, an AFT and/or a supportive farm organization, a MCD 
representative, Region III and V representatives, and a supportive environmental/conservation 
group. Expected outcomes would be: a consensus to pursue regional trading; a commitment to 
the process; and, the path forward. Externally funded efforts, such as “listening sessions” with 
agriculture, could still occur but high level consensus and commitment is the focus here. There is 
no longer the need to “sell the idea” of trading because there are local and successful examples. 
There is, however, the need for a commitment from key stakeholders. 
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Task 2 – Regional Trading Market Analysis 

This task would include an analysis that specifically focuses on only phosphorus and nitrogen in 
relation to pending nutrient criteria. The analysis will include point source demand by 
tributary/watershed, and the potential credit supply by agriculture, urban or other sources. 
Categorical demand (i.e., type of discharger) would be analyzed. This task would not include 
WARMF model applications, though there would be interactions between the WARMF 
modeling effort and the market analysis. Data from the supply/demand analysis will be 
integrated into Task 1 discussions to support the advancement of trading.  

Phase III 

During Phase III, broad stakeholder involvement would be undertaken to develop the program 
design elements described in section D1.1. Phase III would last two to four years and would 
include, but not be limited to: 

1. Broad stakeholder program promotion – this assumes that a “champion(s)” would lead 
selling the concept of the program to other stakeholder and the community. 

2. Expanded market supply and demand for other environmental credits. 

3. Pilot Framework Attributes 

a. Technical Committee meetings  
b. Pollutants to trade 
c. Types of trades for consideration  
d. Overlapping market opportunities  
e. Water quality trading areas  

4. Trading framework elements  

a. Restrictions on trading 
b. Eligibility of participants 
c. Baselines 
d. Trading ratios 
e. Insurance/risk management 

5. Trading program infrastructure 

a. Registry 
b. Training/certifications 
c. Program administration 
d. Actual trades 
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Funding Strategies 

The current strategy to secure funds for Phase II is to obtain an additional Innovative Technology 
Grant from EPRI. Other funds to finance Phase III through implementation of the program 
would be solicited during the Phase II timeframe in order to align future funding to implement 
other critical and necessary elements for a successful trading program. It is be important to 
ensure that sufficient funding for Phase III is secured before initiating that detailed stakeholder 
involvement. Otherwise, there would be a risk losing momentum developed midway through the 
process. Potential funding sources for the Phase II could include the following: 

• EPRI Supplemental Project: Water Quality Trading in the Ohio River Basin 

• Other Grant Funding 

– EPA 2007 Targeted Watershed Grant option (MS River Regional Trading-$1M) 

– American Farmland Trust ($1M) 

– ORSANCO (in-kind for monitoring) 

Entry fees paid by early adopters that buy in to the program receive more favorable credit prices 
or trading ratios. 

 

 

 



 



Electric Power Research Institute 
3420 Hillview Avenue, Palo Alto, California 94304-1338 • PO Box 10412, Palo Alto, California 94303-0813 USA 

800.313.3774 • 650.855.2121 • askepri@epri.com • www.epri.com

Electric Power Research Institute 
3420 Hillview Avenue, Palo Alto, California 94304-1338 • PO Box 10412, Palo Alto, California 94303-0813 USA 

800.313.3774 • 650.855.2121 • askepri@epri.com • www.epri.com

Program:  

Technology Innovation

1018861

The Electric Power Research Institute, Inc.  

(EPRI, www.epri.com) conducts research and development relating 

to the generation, delivery and use of electricity for the benefit of 

the public. An independent, nonprofit organization, EPRI brings 

together its scientists and engineers as well as experts from academia 

and industry to help address challenges in electricity, including 

reliability, efficiency, health, safety and the environment. EPRI also 

provides technology, policy and economic analyses to drive long-

range research and development planning, and supports research 

in emerging technologies. EPRI’s members represent more than 90 

percent of the electricity generated and delivered in the United 

States, and international participation extends to 40 countries. 

EPRI’s principal offices and laboratories are located in Palo 

Alto, Calif.; Charlotte, N.C.; Knoxville, Tenn.; and Lenox, Mass.

Together…Shaping the Future of Electricity

© 2010 Electric Power Research Institute (EPRI), Inc. All rights reserved. Electric Power 
Research Institute, EPRI, and TOGETHER...SHAPING THE FUTURE OF ELECTRICITY are 
registered service marks of the Electric Power Research Institute, Inc.


	1  INTRODUCTION
	Overview of the Water Quality Trading Pilot Setting
	Water Quality Issues in the Pilot Project Area
	Nutrient Criteria as a Regulatory Driver for WQT
	Regional Interest in Water Quality Trading
	Power Plants in the Pilot Project Area
	Potential Implications of Nutrient Criteria on Power Plants


	2  ECONOMIC CASE FOR POWER COMPANIES TO PROMOTE AND DEVELOP WQT
	Potential Cost Savings with WQT
	Marginal Cost Curves

	Summary of Likely Scenarios for Power Plant Participation in WQT
	Scenario 1 – Long-term participation in WQT
	Scenario 2 – Short-term participation in WQT
	Scenario 3 – Partial Compliance Use of WQT
	Scenario 4 – Total Maximum Daily Load Allocations
	Scenario 5 – Generating Credits
	Projected Demand for other WWTPs in the Great Miami and Muskingum Bas


	3  NON-POINT SOURCE CREDIT GENERATION POTENTIAL
	4  STAKEHOLDER READINESS IN THE OHIO RIVER BASIN
	Agricultural Interests
	Regulatory Agencies
	Point Sources

	5  SUMMARY AND CONCLUSIONS
	Conclusions
	Next Steps for Developing a Water Quality Trading Program

	6  REFERENCES
	A  LINEAR DIAGRAM OF RELEVANT OHIO RIVER MAIN STEM FEATURES
	B  IMPLICATIONS OF NUTRIENT CRITERIA ON SELECT POWER PLANTS AND TREATMENT COST ANALYSIS
	C  PRELIMINARY NON-POINT SOURCE MODELING IN SELECT WATERSHEDS OF THE OHIO RIVER BASIN FOR ASSESSMENT OF POTENTIAL AGRICULTURAL CREDIT SUPPLY
	Overview
	Empirical Modeling Methodology
	Pollutant Load Analysis 
	Potential for Non-point Source Water Quality Credit Generation
	References

	D  STAKEHOLDER READINESS ASSESSMENT
	Preliminary Assessment of Stakeholder Readiness to Establish Water Quality Trading in Targeted Ohio River Watersheds
	Key Stakeholders/Buyers in the Ohio River Basin
	Agriculture in Select Watersheds
	Upper Scioto River Watershed
	The Muskingum River Watershed
	Great Miami River Watershed
	Licking River Watershed
	Potential Agricultural BMPs for Credit Generation
	Nutrient Management (reduction in N and P)
	Drainage management (reduction in N and P)
	Conservation tillage (reduction in sediments, P and N; carbon sequestration)
	Buffer Strips and Filter Strips (sediment trapping; nutrients)
	Cover Crops and Mulches (sediment trapping; nutrients; carbon sequestration; slow runoff)

	Additional WQT Considerations
	Pilot watersheds and their contribution to the Mississippi River Basin
	Recruiting Sellers
	Involving Producers

	Unique Watershed Attributes
	Reliability of Monitoring Data
	Agricultural Organizational Support
	Stakeholder Readiness Summary



	E  PILOT PROJECT DEVELOPMENT STRATEGY
	Design Elements and Considerations for Multi State Program
	Program Design Elements
	Program Design Considerations
	Key Project Phases and Timeline
	Phase II
	Phase III

	Funding Strategies




