
Project Oflicer: 

,- -, .. I 

INCENTIVE ANALYSIS FOR CLEAN WATER ACT REAUTHORIZATION: 

POINT SOURCFJNONPOINT SOURCE TRADING 
FOR NUTRIENT DISCHARGE RFJ>UCTIONS 

Mark Luttner 

Office of Water 


U.S. Environmental Protection A&ency 

Principal Contributors: 

Richard Kashmanian 

Mabesb Podar 


Ofnce of Policy, Plannin&, and Evaluation 
U.S. Environmental Protection A&ency 

Prepared by: 

Apo&ee Research, Inc. 
Bethesda, Maryland 

April 1992 



, 

This report was prepared by Apoaee Research, Inc., for the U.S. 
Environmental Protection Agency under Contract 68-CG-0083. Publication does 
not signify that the contents necessarily reflect the policies of the Environmental 
Protection Agency or any other or&anization identified in this document. 

• 

.. 



INCENTIVE ANALYSIS FOR CLEAN WATER ACT REAUl'llORIZATION: 


POINf SOURCE/NONPOINf SOURCE TRADING 


FOR NUTRIENT DISCHARGE REDUCTIONS 


Office of Water 


and 

Office of Policy, Planning, and Evaluation 

U.S. Environmental Protection Aaency 

Wasbinaton D.C. 20460 


April 1991 

• 
• 

-

' 

' 





TABLE OF CONTENTS 

EXECUTIVE SUMMARY . . . ............ . .. . . . . . . ........... .
.	 . i 

I. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 


A. SUMMARY OF THE SURFACE WATER PROBLEM ..... . . ... 2. . 

B. OPTIONS AVAILABLE TO ADDRF.sS REMAINING WATER 
QUALITY PROBLEMS ..... . .. . .. . . . . . . . ...... . . .... 4 


II. 	 PRINCIPLES OF POINT/NONPOINT SOURCE TRADING: THE ROLE OF 
POINT/NONPOINT SOURCE TRADING IN MEETING WATER 
QUALITY OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 

A. THEORETICAL CONSTRUCT . . . . . . . . . . . . . . . . . . . . . .. 6. . . 

B. NECESSARY CONDITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

C. HOW POINT/NONPOINT SOURCE TRADES ARE IMPLEMENTED . . 12 

D. OPTIONAL PROGRAM SCENARIOS . . . . . .. .. . . . . .. 13. . . . . 

1. Point/Point Source Trading . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

2. Point/Nonpoint Source Trading 	 . . . . .. . . .. . . .	 .... . . . . . . 14 . 

3. Nonpoint/Nonpoint Source Trading . . . . . . . . . . . . . . . . . . . . . 16 

4. Offsets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 


ID. EXPERIENCE TO DA TE IN TRADING PROGRAMS . . . . . . . . . . . . . . . . 18 


A. CASE STUDIES OF EXISTING TRADING PROGRAMS . .. . . . . . . 18. 

1. Chatfield Basin, Colorado . . . . . . . . .. . . . . . . . . . . . . .. . . 18. . 

2. Cherry Creek Reservoir, Colorado . . . . . . . . . . . . . . . . . . . . . . 19 

3. Dillon Reservoir, Colorado . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

4. Fox River, Wisconsin 	 . . . . . . . . . ... . . . . . ... 21 . . . . . . . . . .
¯

5. Tar-Pamlico River Basin, North Carolina . .. . . . . . . . . 23. . . . . . . 

B. LESSONS LEARNED FROM PROGRAMS 
IMPLEMENTED TO DA TE . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

1. The Absence of One or More Necessary Conditions Results 

in Delay of Trading . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 . 

2. The Presence of Necessary Conditions Supports Watershed-Based 
Water Quality Management and Provides an Administrative 
Framework for Future Trading . . . . ......... . .... 26 
. . . 

3. Costs and.Benefits Associated with Point/Nonpoint Source 
Trading Programs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 


http:ADDRF.sS


B .  

D .  

TABLE OF CONTENTS (continued) 

IV. POTENTIAL SCOPE OF POINT/NONPOINT SOURCE TRADING .. . .. 3 1  . . 

A .  USING THE WATERBODY SYSTEM TO F.STIMATE TRADING 
POTENTIAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1  

1 .  Potential Trading Scope in Waterbodies with Current Water 

Quality Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1  

2 .  Potential Trading Scope in Waterbodies Not Currently Water 

Quality-Limited . . .  . . .. ...  . ..... ... ... . .... . .  . .  35 

3. Limitations of the WBS Data . . . . . . .. . . . . . . . . . . . . . . . . . 37 


B. 	 ALTERNATE DATABASF.S EVALUATED FOR ASSF.SSING THE 

POTENTIAL UNIVERSE OF WA TERBODIF.S FOR POINT/NONPOINT 

SOURCE TRADING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 


V. POINT/NONPOINT SOURCE TRADING UNDER THE CLEAN WATER ACT 40 


A .  BACKGROUND . . . . . . .	^ 40. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


·THE TMDL PROCF.SS 	 . . . . . .. 40
. . . . .	 . . . . . . . . . . . . . . . . . . . 


C. THE CLEAN AIR ACT: A TRADING MODEL . . . . . . . . . . . . . . . 4 1  

ALTERNATIVE APPROACHF.S FOR CLEAN WATER ACT 
REAUTHORIZATION . . . . . . . .. . . .  . . . . .  . .  ........ . .  . .. 42 

1. Guidance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 


·2. Policy . . . . .	 . . . . . . . . .	.̂ . . . . . . . . . . . . . . . .. . . . . 43
. . . . 


3.  Technical Assistance 	 43
. . . . .	 . . . . . . . . . . . . . . . . . . . . . . . . . . 


4 .  Funding .. . .... ... .. .. ...... .. . . . . . . . . . . . . . . . . .  43 


BIBLIOGRAPHY . . . . . . . . .. . . . . . . . . . . . . . . .	¯ 44
. . . . . . . . . . . . . . . . . . 


APPENDICE'S 	 45
. . . . .	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


A .  NUTRIENT TRADING IN THE DILLON RESERVOIR . . . . . . . . . . A-1 

B .  NUTRIENT TRADING I N  THE TAR-PAMLICO RIVER BASIN . . . . B- 1 

C. 	 WATER BODY SYSTEM 305(b) DATA: WATERBODIF.S FOR 

WHICH POINT/NONPOINT SOURCE NUTRIENT TRADING 
APPEARS APPLICABLE NOW . . . . . . . . . . . . . . . . . . . . . . . . C-1  


D. WATER BODY SYSTEM 305(b) DATA: WATERBODIFS FOR 
WHICH POINT/NONPOINT SOURCE NUTRIENT TRADING 
APPEARS APPLICABLE IN THE FUTURE . .  . . . .  .... . .  ..  . D-1 


http:PROCF.SS


32 

33 

34 

LIST OF TABLES AND MAPS 

TABLE 1 Percent of Impaired River Miles, Lake Acres, & Estuary Square 
Miles Affe.cted by Nonpoint Source Pollutants . . . . . . . . . . . . . . . . . 3 

TABLE 2 WBS Participants and Non-Participants . .  . .  ........ . . . . . . .  .. . 32 


TABLE 3 Number of Waterbodies in WBS Not Fully Supporting Designated Uses 
That Could Benefit From Point/Nonpoint Source Pollutant Trading 

TABLE 4 Waterbodies for Immediate Nutrient Trading Consideration by State 

MAP l Distribution of Waterbodies for Which Point/Nonpoint Source Nutrient 
Trading Appe.ars Applicable Now . . . . . . . . . . . . . . . . . . . . . . . . 

MAP2 Waterbodies for Which Point/Nonpoint Source Nutrient Trading 
Appe.ars Applicable in the Future . . . . .. . . . . . .. . . .  . ... . .. .  . 36 


MAP A-1 Dillon Reservoir and its Watershed . . . . . . .. . . . . . . . . . . . . . . . A-6 

MAP B-1 Tar-Pamlico Drainage Basin . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-5 

... 





--

Poinl Sourct/Nonpoinl Source Trailing 

EXECUTIVE SUMMARY 

Since 1972, the nation has made much progress in surface water quality using 
technology-based effluent limits to control municipal and industrial point sources. As EPA and 
the states tightened the regulation of point sources (industrial facilities and wastewater treatment 
plants), the relative importance of nonpoint source pollution has increased. Recent evidence 
indicates that nonpoint source pollution from both urban and rural sources -- is now the 
dominant source of water quality impairment. The problem is large: EPA and the states 
recently identified over 18,000 specific waterbodies that will not attain water quality standards 
even if point sources fully implement controls to meet technology-based discharge requirements. 
For such waterbodies, solving the remaining water quality problems may require either or both 
(1) point source controls that go well beyond technology-based discharge requirements, or (2) 
nonpoint source reductions. 

This repon examines effluent trading as one option to achieve water quality objectives 
at least cost. Although it can take many different forms, effluent trading in principle allocates 
reductions in pollutant loadings across point and nonpoint sources using least cost as the 
criterion. While several options are discussed, this paper focuses principally on trading schemes­
in which regulated point sources are allowed to avoid upgrading their pollution control 
technology to meet water quality-based effluent limits if they pay for equivalent (or greater) 
reductions in nonpoint source pollution within their watersheds. This repon focuses on nutrient 
trading because trading programs to date have dealt with pollutants of this type and because of 
the large number of difficult issues specific to trades involving toxic pollutants. 

Conditions for Efficient and Effective Trading Programs 

Several conditions appear necessary for an efficient and effective point/nonpoint source 
trading program. A program is considered efficient and effective if it achieves ambient water 
quality objectives at the lowest aggregate cost, including point source controls, nonpoint source 
controls, and administrative costs. Key elements of such programs include: 

• The waterbody must be identifiable as a watershed or segment; 

• There must be a combination of point sources and controllable nonpoint sources 
that each contributes a significant portion of the total pollutant load; 

• There must be a water quality goal for the waterbody that forces action; 

• There must be accurate and sufficient data with which to establish targets and 
measure reductions; 

-

• Point sources, at minimum, must meet the technology-based discharge 
requirements of the Clean Water Act; 
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• There must be significant load reductions for which the marginal cost (per pound 

reduced) of nonpoint source controls are lower than for upgrading point source 

. controls; 

• Point sources must be facing requirements to either upgrade facility treatment 
capabilities or trade for nonpoint reductions in order to meet water quality goals; 

• There must be an institutional structure to facilitate trading and monitor results; 
and 

• Sufficient and effective implementation mechanisms (including appropriate 
enforcement measures) must be a component of the trading system. 

Ēons Learned from Case Studies 

Case studies of three trading experiences to date -­ Cherry Creek and Dillon Reservoirs 
in Colorado; and Tar-Pamlico River Basin, Nonh Carolina -­ indicate that the absence of one 
or more necessary conditions will result in the delay of trading or will necessitate a shift in focus­
of the trading program to facilitate continued pollutant (i.e., nutrient) load reductions. These 
experiences also illustrate the importance of other necessary conditions to program planning, 
design, administration, and enforcement. These lessons include: 

• The absence of one or more necessary conditions results in delay of trading. 
Specifically, in two programs, the marginal cost of point source reductions has not yet 
exceeded that of nonpoint source reductions, and point source loads are not yet limiting, 
i.e., actual load is less than allowed load. As a result there is neither economic incentive 
nor need to trade. 

• Where point source loads do not reach levels anticipated, nonpoint source controls will 
have to be more heavily relied upon for nutrient reductions. 

• The presence of necessary conditions supports watershed-based water quality management 
and provides an administrative framework for future trading. 

• Total maximum daily or annual pollutant loads provide a practical base against which to 
require and measure load reductions. 

• There must be enough data and infonnation about pollutant loading and water quality 
effects available to develop water quality targets and translate the targets into nutrient 
reduction goals and allowable loads. -

• It is necessary to have detailed infonnation about point source facilities in order to 
determine the relationship between the marginal costs of point and nonpoint source 
controls. 

ii 
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• A comprehensive basinwide management approach, rather than a focus on point sources 
in isolation, provides opportunities to achieve least-cost pollutant reductions. 

• A comprehensive approach also provides opportunities for targeting reductions to areas 
where they will be most effective and are most needed. 

• The administrative framework for the trading program is not only important for the 
development of the basinwide approach, but may be critical to achieving desired pollutant 
reductions through trading. 

• Implementation mechanisms (including appropriate enforcement measures) are important 
in creating compliance incentives where economic incentives are absent or fail. 

• The local community, including environmental organizations, must support a trading 
program as a method to achieve water quality objectives. Broad-based support is helpful, 
especially among community leaders, environmental organizations, the farm community, 

and industry. 

• If the program involves agricultural BMPs and will be implemented through a cost-share­
program, there must be sufficient farmer demand for funding in excess of the ongoing 
cost-share program to support point/nonpoint source trades in order to supplement, not 
supplant, ongoing nonpoint source control efforts. 

• 	 Regulatory requirements that increase the transaction costs associated with trading but 
that fail to provide an offsetting value in terms of compliance and enforcement may cause 
a trading program to faiL 

• 	 Trading ratios that account for uncertainty can be established without eliminating 
economic incentives to trade. 

• 	 It may be important to build flexibility into the trading program design, as conditions 
may change over the course of the program. 

Benefits and Costs of Trading Programs 

The dollar values of costs and benefits of point/nonpoint source trading programs will 
vary according to waterbody size, number and type of affected dischargers, and program design. 
The cost of project development and administration can be significant, especially for large or 
otherwise complex waterbodies. As an example of partial program costs, point sources at Tar­
Pamlico have thus far contii'buted $400,000 to the development of an estuarine computer model 
of the basin, and will contribute $150,000 for two additional staff positions at the agency 
implementing nonpoint source reductions, and a minimum of $500,000 for nonpoint source 
reductions even if they do not require point source load reduction credits through 1994. EPA 
also contributed approximately $453,000 to the Tar-Pamlico program: $400,000 for the 
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development of the basin nutrient model, and $53,000 for the monitoring and tracking of 
nonpoint source pollutants. 

A comparison of marginal costs for point source load reductions and nonpoint sources 
gives some indication of the potential for cost-savings. At Dillon, it was estimated that further 
point source reductions would cost between $860 and $7,861 per pound reduced, while nonpoint 
source load reductions would cost between $67 and $119 per pound. At Tar-Pamlico, extensive 
point source upgrades were estimated to cost between $250 and $500/kg reduced, while nonpoint 
source reductions were priced at $56 per kilogram point source credit for Association members 
and $62 for non-members. 

The following principal classes of costs and benefits are common among most trading 
programs: 

• 	 Monitoring and modeling beyond those • 
needed under current policy 

• 	 Permitting costs to establish discharge • 
levels for the "with trading" case 

• 	 Government transaction costs associated with 
review and approval of individual trades 

Nationwide Potential for Trading 

Benefits 

Direct cost savings to point 
source dischargers 

Improved water quality for 
people, commerce, and the 
environment 

Estimates developed from EPA's Water Body System (WBS), which is designed to track 
state assessments of water quality for surface water using information prepared for 305(b) 
reports, indicate that for the near term, the best opportunities are for trading nutrient allocations. 
Longer term opportunities may exist for trading pathogen or chloride allocations. Trading for 
toxic pollutants appears to be inconsistent with the goals of the Clean Water Act. The estimates 
were retrieved from the WBS using selection criteria that closely match those conditions 
identified as necessary for a successful trading program, including the presence of both point and 
nonpoint sources. 

The number of waterbodies that could potentially benefit from point/nonpoint source 
nutrient trading fall into two general groups: (1) those that currently are water quality limited 
(i.e, identified by the states as "not supporting" or "partially supporting" their designated uses); 
and (2) those that are not currently water quality limited. An estimated 943 water quality-limited 
waterbodies could potentiafly benefit from trading under current conditions. Most of these 

· immediate nutrient trading opportunities are in the east, in the mid-Atlantic region, and also in 
the Mississippi and Missouri River Valley states. The five states with the most opportunities 
are: Illinois, 221; Florida, 129; W.est Virginia, 78; Iowa, 56; and Mississippi, SO. Another 17 
waterbodies are not currently water quality-limited but have met all the other necessary 
conditions. At current growth rates, it appears that these waterbodies could benefit from nutrient 

iv 
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trading at some time in the future. These waterbodies are distributed as follows: Vermont, 5; 
Tennessee, 4; Washington, 3; Mississippi, 2; and Minnesota, West Virginia, and Wyoming, 1 
each. 

Clean Water Act Implications 

The Clean Water Act does not currently address effluent trading as a means of attaining 
water quality standards. The act does provide a mechanism to facilitate the development and 
operation of trading programs: states m required to establish total maximum daily loads of 
pollutants from point and nonpoint sources in water quality-limited water$heds. In order to 
increase the visibility of trading as a programmatic option for states and local governments, the 
Clean Water Act could be amended to specifically sanction (or even promote) effluent trading. 
In addition, EPA could broaden the options available to states and local governments for meeting 
water quality objectives by clarifying the acceptability of trading, identifying the potential 
benefits that can result from trading, and providing assistance to help these jurisdictions establish 
workable, successful trading programs . 

.. 
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I. INTRODUCTION 

The purpose of this report is to provide information and analysis pertaining to one of the 
key market incentives i.e., pollution credit trading between point and nonpoint sounu ­
being considered during the Clean W ater Act (CWA or the Act) reauthorization process. 
Several bills that would amend the CW A have been introduced in Congress, either in the House 
of Representatives or the Senate. Most of these bills are relatively narrow, focusing on one or 
a few aspects o f  sur face water quality. However, some bills (especially S. 1081) cover multipl e 
issues. Some of the bills propose relatively minor changes to the Act, while others represent 
significant depanures from the existing statute. While point/nonpoint source trading is not 
specifically addressed in amendments introduced to date (nor is it mentioned in the Act), 
language in both S. 1081 and H.R .  2029 would require EPA to strengthen existing state nonpoint 
source management programs. Point/nonpoint source trading is a potential tool for this program 
area. 

Current Approach to Attain Water Quality Goals 

The Clean Water Act currently provides a two-tiered approach to water quality 
protection. At a minimum, technology-based requirements limiting pollutant concentrations in­
effluents must be attained by all point source dischargers. These requirements take the form of 
nationally uniform standards for classes and categories of industries, and a parallel approach for 
publicly owned treatment works (POTWs) and their indirect dischargers. Dischargers are 
required to comply with these effluent limits, but there is no direct incentive for them tD take 
additional steps to funher reduce their discharges or otherwise improve water quality. 

The Act also requires that point sources meet more stringent effluent limitations in certain 
circumstances. States establish ambient water quality standards that specify goals for specific 
waterbodies. If technology-based controls are insufficient to protect water quality, water quality 
standards serve as the regulatory basis for developing more stringent effluent limitations to be 
applied to specific point sources. 

Analysis to Support CW A Reauthorization 

In consultation with numerous other agencies, the U.S. Environmental Protection Agency 
(EPA) is preparing analyses of the costs, benefits, and other impacts of selected provisions of 
the various amendments now being considered. EPA is also assessing the extent to which 
certain water quality problems can be addressed through the application of market-based 
approaches that supplement regulatory approaches. If the analyses show that market-based 
approaches are useful, the approaches may be incorporated in the CWA during this 
reauthorization. 

There are two major categories o f  reauthoriz.ation analyses. Impact Analysts are 
prepared for proposed CW A amendments that represent new or expanded sur face water 
programs that may be costly to implement and/or for which the water quality benefits are 
unknown or suspected to be small. Incentives Analyses are prepared to help detennine whether 
application of a market-based approach to surface water problems can efficiently and effectively 
supplement a statutory/regulatory approach. 

1 




•• 

PoinJ Source/NonpoinJ Source Trailing 

Purpose or this Analysis 

This incentive analysis is restricted primarily to evaluating the potential for point/nonpoint 
source nutrient trading to supplement existing point source regulation in order to achieve 
reductions in nonpoint source discharges and to meet water quality objectives for nutrients. To 
the extent that they offer useful lessons for point/nonpoint source arrangements, experiences with 
point/point and nonpoint/nonpoint source trading also are presented. As part of an evaluation 
of the potential for nutrient trading, this report analyz.es current programs that incorporate 
nutrient trading between point sources and nonpoint sources. It then presents statutory, 
regulatory and administrative options that could change the extent to which this practice is used 
in the United States to deal with water quality problems. 

This analysis focuses on trading to achieve water quality standards for nutrients for 
several reasons. Nearly all of the trading experiences to date have been with trading for only 
one type of pollutant -- nutrients. Further, nutrients constitute the largest pollutant common to 
both point and nonpoint sources. For the near term, nutrient trading presents the best 
opponunities for taking advantage of the benefits that a successful trading program can provide. 
Analysis of state data (described at length in Chapter IV) indicates that a significant number of 
waterbodies may meet the necessary requirements for nutrient trading and experience to date­
suggests that successful programs can be crafted. 

Preliminary research suggests that there may be future potential for trading to supplement 
existing point source regulation of such pollutants as pathogens or chlorides. In fact, areas that 
undertake nutrient trading may also realiz.e reductions in pathogens from nonpoint sources where 
nutrient trades result in additional and/or improved animal waste management practices. 

At the moment there appears to be little potential for trading to supplement regulation of 
toxic pollutants. EPA is particularly conceme.d that many toxic pollutants are persistent and/or 
bioaccumulative in nature. The Agency has long pursued elimination of such discharges. To 
the extent trading facilitates reductions of toxics, it might be a valuable strategy. However, the 
Agency is not currently investigating applying trading to toxics. 

This report will be considered by the Agency, the Administration, Congress, and other 
parties interested in the application of market-based approaches to environmental problems in 
general, and in solutions to nonpoint source pollution in particular. The information in this 
repon will be used to help formulate decisions concerning the potential inclusion of 
point/nonpoint trading principles and/or requirements in the reauthorized CW A. 

The remainder of this introduction summariz.es surface water quality problems and 
identifies options available to address them . 

A. SUMMARY OF THE SURFACE WATER PROBLEM 

Since 1972, the nation has made much progress in surface water quality through a 
program of technology-based effluent limits for industrial and municipal point sources. As EPA 
and the states tightened the regulation of point sources (industrial facilities and wastewater 
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treatment plants), the relative importance of nonpoint source pollution to water quality has 
increased. Recent evidence indicates that nonpoint source pollution -- from both urban and rural 
sources -- is now the dominant cause of remaining water quality impairment. Urban nonpoint 
sources include runoff from industrial sites, commercial development, and urban streets. 
Principal rural nonpoint sources include agricultural nutrients, pesticides, and soils; forestry
operations; and mining. 1 

Current federal law encourages nonpoint source controls in the Clean Water Act, but 
these controls are voluntary, not regulatory in nature. Local nonpoint source regulation varies 
across jurisdictions in scope, type of controls required, and strictness of the runoffloading limits 
of toxics, sediments, and nutrients. In the absence of local regulation, compliance generally 
remains voluntary. Nationally, nonpoint sources typically face significantly less stringent 
controls than do point sources, except within the coastal zone where states have greater authority 
to regulate all activities affecting water quality. Under the Coastal Zone Management Act, states 
must review any kind of development within the coastal zone to ensure its consistency with the 
state's coastal zone management plan (CZMP). To the extent that runoff resulting from 
development fails to meet state CZMP requirements, the state may impose a variety of 
requirements including stricter performance standards and or may deny permits if conditions are 
not met. 

Table 1 below presents data from the most recent national survey of surface water quality 
and indicates the scope of the nonpoint source pollution problem:2 

TABLE 1 

Percent of Impaired River Miles, Lake Acres, & Estuary Square Miles 

Affected by Nonpoint Source Pollutants 


Acres 

Agricultural 61 % 57% 18% 

Hydrologic/habitat Modification 15% 41 % 5% 

Storm Sewers/Runoff 12% 27% 31% 

Land Disposal na 24% 19% 

Silviculture 9% na na 
Construction 5% na 11% 

-

1 U.S. EPA, National Wa1er Quality /nven1ory -- 1990 Repon ro Congress, Washington, 
D.C. (March 1992). 

2 U.S. EPA, National Wa1er Quality /nven1ory 1990 Repon to Congress, Washington, 
D.C. (March 1992) Tables 1-3, 2-3, and 4-3 on pages 10, 23, and 53, respectively. 

3 
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Excessive nutrient (nitrogen or phosphorus) loading is a serious pollution problem 
attributed to urban and rural runoff.3 High levels of these nutrients accelerate algal growth and 
lead to eutrophication and its water quality effects -- low dissolved oďygen, fish kills, reduction 
in biodiversity, odor, etc. Where municipal point 90\ll'CCS have reduced their nutrient loads 
through pretreatment and secondary treatment, and in some cases advanced treatment, 
agricultural activities often account for the bulk of the remaining nutrient load. Urban nonpoint 
sources of nutrients, such as lawn fertilizers, septic systems, or stormwater runoff, can also 
contribute significant proportions of the nutrient load. While the runoff from rural areas 
contains natural levels of nitrogen and phosphorus loads, nutrients in fertiliurs, crops, and 
livestock residuals greatly increase rural loading. Farming and other land-disturbing activities 
also release nutrients in the soil and free sediment, further contributing to water quality 
problems. 

B. OPTIONS AVAILABLE TO ADDRESS REMAINING WATER QUALin' 
PROBLEMS 

EPA and the states recently identified over 18,000 specific waterbodies that will not attain 
water quality standards even if point sources fully implement controls to meet technology-based­
discharge requirements (secondary treatment for sewage treatment plants or best available 
treatment technology for industrial dischargers) because nonpoint source pollution is such a 
significant part of the problem there. For such waterbodies, solving the remaining water quality 
problems may require the implementation of alternative water quality improvement strategies. 
Options to resolve remaining water quality problems include: 

• Stricter point source controls beyond technology-based discharge requirements; 

• Significantly reducing nonpoint source contributions; andtor 

• A combination of controls on both point and nonpoint sources. 

In general, stricter point source controls will be expensive and will not reduce the large 
pollution loads associated with nonpoint sources. The relative cost of point versus nonpoint 
source control measures is an important consideration in choosing among alternative water 
quality improvement strategies. Given the increasing costs of environmental protection and 
competing needs for limited financial resources, future water quality improvement efforts must 
consider the efficiency of alternative approaches and use the most cost-effective control methods 
to achieve the nation's water quality goals. To the extent that market incentives drive decisions 
about how to achieve specified improvements in water quality, these improvements will be made 
in the most economically efficient manner possible. Therefore, strategies combining point 
source and nonpoint source controls with market-based approaches -- rather than strictly 
regulatory approaches -- mĐ offer the best opportunities to achieve significant reductions at the 
lowest cost. 

3 U.S. EPA, National Warer Quality Inven1ory -­ 1990 Report to Congress, Washington, 
D.C. (March 1992). 
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One non-regulatory, market-based method for achieving environmental quality objectives 
is the general concept of •effluent trading.• Although it can take many different forms, effluent 
trading in principle allows dischargers to allocate discharge reductions (beyond those required 
by technology-based standards) according to relative economic efficiency. This allocation can 
take many forms, including the buying and selling of marketable discharge permits, or one entity 
"buying" re.quired discharge reductions by funding (or otherwise arranging for) controls to 
reduce another discharger's effluent. 

When considered in the broadest possible sense, effluent trading does not necessarily have 
to be limited to one type of discharger or even to one type of pollutant. As a result, there are 
numerous potential models for a trading program, including trading between point sources only, 
between nonpoint sources only, and between point sources and nonpoint sources. An additional 
delineation can be made between new sources and old sources. where new sources may be 
re.quired to trade for reductions from old sources equal to (or even greater than) the amount they 
are anticipated to discharge. Finally, it is conceivable that trading could be used across pollutant 
types, such that a source discharging one type of pollutant that re.quires control may trade for 
a reduction in another type of pollutant that also re.quires control. In this case, trades among 
different types of dischargers would be structured to ensure that water quality objectives for all 
the types of pollutants involved were being met through the trading program . 

..... 
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11. PRINCIPLES OF POINT/NONPOINT SOURCE TRADING: THE ROLE 
OF POINT/NONPOINT SOURCE TRADING IN MEETING 

WATER QUALITY OBJECTIVES 

In point/nonpoint source trading program, point sources arrange for nonpoint source 
controls in lieu of more expensive plant upgrades that would otherwise be necessary to attain 
ambient water quality targets. Because point source/nonpoint source trading provides a means 
of controlling both point and nonpoint source discharges into a waterbody, usually through an 
allocation of permissible pollutant loadings to the waterbody across all dischargers and 
discharges, it generally represents a basinwide approach to controlling total pollution loading. 
In contrast, controlling discharges from point sources only is representative of traditional 
regulatory approaches. Trading is a way to supplement the technology-based requirements of 
the Clean Water Act by providing greater flexibility to the manner in which water quality goals 
are achieved. It is not a way for dischargers to avoid compliance with their minimum treatment 
requirements. 

Currently, nonpoint sources are unregulated under the Clean Water Act. Trading 
programs can help attain water quality objectives by reducing nonpoint source discharges. Point­
source discharges are regulated through National Pollutant Discharge Elimination System 
(NPDES) permits. By authorizing credits in NPDES permits in return for specified nonpoint 
source control efforts, trading programs can create economically attractive incentives for point 
sources to help reduce nonpoint source discharges. 

A. THEORETICAL CONSTRUCT 

The theory underlying point source/nonpoint source trading is based on marginal cost 
analysis.' For each of the variety of methods available to reduce pollutant loading, there is a 
specific cost associated with every increment of pollutant reduction (and accompanying increment 
of water quality improvement). The most efficient and effective approach to reducing pollutant 
loading re.quires implementing the least-cost method available for each additional increment of 
pollutant reduction. In a trading program, the lowest marginal cost of controlling both point and 
nonpoint sources can only be achieved by providing opportunities for point sources that would 
otherwise have to install high-cost technologies to pay for generally less expensive nonpoint 
source controls. 

Nonpoint source controls will be economically attractive alternatives to point source 
controls where the marginal cost of the amount of nonpoint source controls that can be 
exchanged for one unit of point source reduction is less than the marginal cost of one unit of 
point source pollutant reduction. As the less expensive pollutant control choice, nonpoint source 

-

4 There may be some circumstances where the result of marginal cost comparison is not the 
sole factor in the decision to trade.· See the discussion of Nonpoint/Nonpoint Source Trading 
and Offsets later in this sectiqn. 
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reductions traded for point source reductions are the most cost-effective control option. Whether 
or not the marginal costs for point and nonpoint sources are ever equal depends on technology 
costs (both point and nonpoint), local land use, the number of each type of source, and the level 
of loading from each, as well as on the trading ratio established for the program. 

The rate at which nonpoint source load reductions may be traded for point source load 
reductions -- the trading ratio -- is part of the marginal cost analysis. Ratios are determined at 
the outset of a trading program and reflect the volume of nonpoint source load reduction 
equivalent to one unit of point source reduction. Under a trading ratio of 1: l, a credit for one 
unit of point source load reduction is obtained by paying for or installing that level of nonpoint 
source control which will produce one unit of nonpoint source reduction. Under a ratio of 
greater than 1: l, more than one unit of nonpoint source reduction is necessary to obtain credit 
for one unit of point source load reduction. 

The trading ratio may be established at greater than 1: 1 for a variety of reasons, 
including the uncenainty in measuring nonpoint source reductions, both in terms of the amount 
of loading reduced for any given control and the permanency of the control once installed. 
Ratios are also set at greater than 1: 1 to offset point source and nonpoint source impacts from 
new growth. 5 

Despite the potential benefits of trading, point and nonpoint source loadings are imperfect 
substitutes for several reasons. Point source loadings are relatively constant, with the exception 
of combined sewer systems where loadings may increase significantly during storm events. 
Nonpoint sources are typically spread out within a watershed and loadings are more diffuse and 
random than point sources, and are generally more dependent on the weather and topographic 
conditions. Further, there is a greater degree of uncenainty about the effectiveness of nonpoint 
source control, especially about the actual reductions achieved and the permanency of those 
reductions. Point source loadings, while more costly to reduce (in most circumstances), are 
more easily monitored and regulated, whereas nonpoint sources are far more difficult to monitor 
and are largely unregulated. Under the Clean Water Act, pollutant abatement responsibility lies 
with point sources, despite the fact that nonpoint sources contribute the greater share of nutrient 
loadings in many waterbodies. 

5 High ratios will dOOPease the cost-effectiveness of nonpoint source controls from the 
perspective of the point source (each "credit" becomes more expensive as the ratio increases). 
Furthermore, nonpoint source reductions are more difficult to measure than point sources and 
the dependence of the program on nonpoint source reductions may complicate or hamper 
enforcement of water quality standards. Technological changes or shifting growth patterns may 
also make it difficult to structure load allocations and limits in a manner that will continue to 
facilitate trading as conditions change. 
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B. 	 NECESSARY CONDmONS 

EPA has identified several conditions necessary for a successful point/nonpoint source 
trading progTa.m.6 This report's updated evaluation of existing programs suggests additional 
requirements. In the absence of implementation costs (sometimes referred to as •transaction 
costs"), arry voluntary reduction in loadings through trading can be considered to be an 
improvement over the regulatory status quo because presumably a point source discharger would 
only fund nonpoint source controls if the necessary amount was less costly than point source 
controls that would reduce the required amount of pollutants. In practice, however, transaction 
costs, including those incurred by government to administer the program, may make trading 
inefficient. The following list of elements for a successful program is predicated on the 
assumption that the objective of trading is to meet water quality objectives through the loading 
reductions brought about by the program. In other words, a sufficient volume of reductions 
should be achievable through trading to make an impact on water quality and obviate the need 
for more stringent point source controls. Key elements of successful programs are listed below: 

a. 	 The waterbody must be identifiable as a watershed or segment; 

b. 	 There must be a combination of point sources and controllable nonpoint 
sources that each type of source must contribute a si&nificant portion of the 
total pollutant load; 

c.  	 There must be a water quality goal for the watershed that necessitates action; 

d. 	 There must be accurate and sufficient data with which to establish targets 
and measure reductions; 

e. 	 Point sources, at minimum, must meet technology-based discharge 
requirements as required by the Clean Water Act 

f. 	 There must be significant load reductions for which the marginal cost or each 
pound reduced of nonpoint source controls (multiplied by the trading rate) 
is lower than for up&rading point source controls; 

g. 	 Point sources must be facing requirements to either upgrade facility 
treatment capabilities or trade for oonpoiot reductions in order to meet water 
quality goals; 

h. 	 There must be an institutional structure to facilitate trading and monitor 
results; and 

"Beyond Categorical Limits: The Case 
for Pollution Reduction Through Trading," paper presented at the 59th Annual Water Pollution 
Control Federation Conference/Exposition, Los Angeles, California, October 6-9, 1986. 

6 Kashmanian, Jaksch, Niedzialkowski, and 
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Sufracleat and effective implementation mechanmm must be in plaee or 
enacted as part of the tndiq system (includiq appropriate enforumeat 
mech•nians). 

Many economic, technical, and institutional factors must be considered when designing 
a point/nonpoint source trading program. The necessary conditions indicate that trading will not 
be uniformly applicable in all watersheds. Where it is applicable, however, trading offers local 
jurisdictions the potential to reduce their cost of meeting water quality objectives. These 
identified necessary conditions are described in more detail below. 

a. ldentiraable Watershed. Confining trading to an identifiable watershed or segment 
facilitates the management of the trading program by establishing the boundaries in which 
trading is allowed and delineating the area that will be monitored for water quality improvement 
as a result of trading. 

b. Sufficient Point and Nonpoint Sources. The water quality problem must result from 
both point and nonpoint source pollutant loadings in order for trades to be possible between point 
sources and nonpoint sources. A trading system for nutrients is likely to meet these conditions -
because nutrients are frequently a large part of the water quality problem for individual 
watersheds, and they are a common constituent of both point sources and nonpoint sources.' 
In a given watershed, for example, if controllable nonpoint sources contribute small loadings. 
point sources may not be able to "buy" enough nonpoint source control meet water quality 
standards. Alternatively, if point sources contribute very small loads, then even under trading 
ratios of greater than 1: 1 there is little potential for significant increases in nonpoint source 
controls as a result of trading. Where point sources account for 20 percent of the load and 
nonpoint sources 80 percent, trading under a ratio of 2: 1 could effect a significant impact on 
water quality. 

c. Water quality &oal. The water quality objective, frequently expressed as an ambient 
water quality standard, pollutant loading reduction target, or total maximum annual load allowed, 
provides the basis for determining the alternative loading allowances for point source dischargers 
under a trading program. The objective and the resulting alternative loading allowances then 
serve as part of the basis for point source dischargers to evaluate the cost-effectiveness of 
additional controls to meet these limits. It also serves as the base against which reductions are 
measured and the effectiveness of the trading approach can be determined. 

d. Accurate and sufficient data. Sufficient and reliable water quality data, pollutant 
loading data, and an understanding of pollutant effects on water quality are necessary to 
determine maximum loadings allowable to achieve water quality standards, and to evaluate 
alterriative point and nonpoint source control strategies. Modelling may be required to 
accurately establish the relationship between loadings and water quality, to allocate loadings 

7 U.S. EPA, National Water Quality Inventory 1990 Repon 10 Congress, Washington, 
D.C. (March 1992). 
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across different types of sources, and to help determine appropriate trading ratios and pricing 
of reduction credits. 

Nutrient pollution is suitable for control through a trading program because it is the total 
concentration of nutrients (usually phosphorus or nitrogen, but not often both) in a waterbody 
that determines whether there is a risk of eutrophication, and the discharges from both point 
sources and nonpoint sources contribute similarly to the pollution problem. Total watersheds 
may be the most appropriate spatial scale to suppon nutrient trading because adverse effects 
from nutrient loadings may not be felt in the immediate receiving stream, but downstream in a 
lake or estuary where nutrient loadings can collect. 

The trading system must be able to track total discharge levels, point/nonpoint source 
trades, and total nonpoint source controls implemented. A significant amount of planning and 
analysis may be necessary if the relevant regulatory agency does not already have sufficient 
water quality and nutrient loading information to establish appropriate water quality goals and 
calculate allowable nutrient loads that will achieve desired water quality improvements or 
maintain a given water quality level . Where such information is not already available, it may 
be necessary to develop a water quality model of the proposed trading area to determine the 
maximum allowable nutrient loads necessary to meet certain water quality goals. 

When the necessary information is at hand, the relevant regulatory agency establishes a 
total maximum daily nutrient load (TMDL) designed to achieve a specifie.d water quality goal. 
The TMDL may reflect a reduction over current point source loadings, and may decrease over 
time, in order to compel water quality improvements. The TMDL is allocated among point 
sources discharging in the waterbody identified for trading, sometimes being expressed in terms 
of annual maximum allowed pounds or kilogram s of nutrient load . 

e. Technology-based discharge requirements met. All point s0urces must meet and 
continue to meet, at a minimum, the technology-based discharge requirements of the Clean 
Water Act (i.e.,  secondary treatment or equivalent for POTWs; BAT for industrial sources). 
Trading may not result in increased loading for any individual point source above that allowed 
by technology-based controls. 

f. Nonpoint source marginal costs less than point source marginal costs (accounting 
for trading ratio). Nonpoint source controls must be more cost-effective than point source 
controls necessary to achieve water quality goals. Otherwise, point source dischargers have no 
incentive to trade to achieve loading reductions. Additionally, because nonpoint source control 
effectiveness and costs are site-specific, it is imponant for both regulators and potential traders 
to have knowledge of the effectiveness of nonpoint source controls in reducing pollutant 
loadings, in part to establish a correct basi s for marginal cost and cost-effectiveness 
comparisons, and in part to establish an appropriate trading ratio. 

To facilitate the development of the trading program and trading itself, point sources need 
information on the marginal cost per pound or kilogram to reduce pollutants, and some entity 
(Soil Conservation Service, Depanment of the Environment, local planning agency, or 
developers' association) must be able to provide comparative marginal cost information on best 
management practices (BMPs), for urban, rural and farm nutrient reduction. Additionally, 
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wastewater treatment facilities and other point sources may have to conduct engineering studies 
to determine the marginal cost of additional reductions. Nonpoint source reduction 
demonstration projects on farms and in urban areas may be necessary to determine the average 
marginal costs of nonpoint source reduction controls. 

g. Point source allocations are limiting. Point source facilities must be under pressure 
to further reduce their discharge loads, otherwise there will be no reason to trade. Further, 
trading needs to result in significant reductions in nonpoint source loadings in order for a trading 
program to have a significant impact on water quality, and thus reduce the likelihood that point 
sources will be required to meet more stringent discharge limits. 

b. Institutional structure. While trading programs are based on market incentives, they 
cannot rely entirely on market forces to result in attainment of water quality standards. An 
organization must take the lead in designing, administering, and monitoring program results -­

to make the market, in effect. If one does not exist, or if a division within the institutional 
structure cannot appropriately assume this role, an organization or division must be cre.ated that 
can. Because trades affect the permit requirements of point source dischargers, there needs to 
be feedback to the agency responsible for permit issuance. review, and enforcement. 
Additionally, if water quality standards are not being met under a trading program, the -
implementing agency needs to be able to revise permit levels, program implementation rules, 
and possibly program design.8 To ensure the trading program's success, the implementing 
organization requires cooperation and coordination from the state, affected local jurisdictions, 
other organizations that may facilitate trading (such as a local conservation district, State soil and 
water conservation agency, or the USDA Soil Conservation Service), and the landowners in the 
area where nonpoint source controls will be implemented. 

i. Compliance incentives and enforcement mechanisms. Effective implementation 
mechanisms must be in place to ensure that the gain in cost-effectiveness of pollution reduction 
obtained through trading is not eroded by lack of clarity in the regulations or the inability or 
failure of point source dischargers to comply with other program or permit requirements. The 
strength of the NPDES system is the enforcement potential created by specified permit levels, 
monitoring, and fines. A program that depans from traditional point source permit requirements 
raises compliance concerns if there is the potential for lax enforcement or a weaker compliance 
incentive system. One party (the point source discharger) is subject to enforcement measures, 
yet it may be dependent on the actions of another party (the nonpoint source discharger) to bring 
about required reductions. This arrangement can create compliance issues under trading 
programs that are more complex than under traditional regulatory approaches. Careful 

... 

8 Water quality standards may not be met for a variety of reasons, including: the load 
allowances do not result in the anticipated water quality improvement, or the necessary nonpoint 
source controls are insufficient and do not result in the same per pound improvement as would 
point source reductions. 
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consideration needs to be given to the delineation of authority over trading and the authority over 
nonpoint source ·control implementation. 9 

C. 	 HOW POINT/NONPOINT SOURCE TRADF.S ARE IMPLEMENTED 

When a point source discharger exceeds its allotted nutrient load, it must amnge to fund 
one or more nonpoint source control measures that will provide the level of reduction required 
to meet its allowance. In some cases the trading program may require point sources to fund 
more than one unit of nutrient reduction from nonpoint sources for every unit of reduction for 
point sources. Point sources may fund controls implemented by nonpoint source dischargers 
(either directly funding specific projects, or indirectly through funding provided to a nonpoint 
source control program), or may implement nonpoint source control measures themselves. 10 

There are primarily three options available to provide the opportunity for point sources 
to trade nonpoint source load reductions for point source load reductions: 

1 .  	 A point source contributes a specified amount (based on the trading ratio) per unit of 
reduction needed into a fund that supports best management practices for nonpoinC 
sources; 

2. 	 Alternatively, a point source contracts with a third pany (e.g., Nonpoint Source 
Controls, Inc.) to install and maintain the level of nonpoint source control which will 
provide the necessary amount of nutrient load reduction to be credited to the point 
source; or 

3.  	 Point sources contract directly with a nonpoint source owner (e.g.,  developer, farmer, 
government agency) to install and maintain the level of nonpoint source control which 
will provide the necessary amount of nutrient load reduction to be credited to the point 
source. 

It would be administratively difficult for a trading program to offer more than one option; 
it is therefore likely that a trading program would provide only one option. Under options 2 and 
3 above where the point source contracts with another pany, it may be necessary for the point 
source to include monitoring and maintenance provisions in the contract, as well as require the 
contractor to post a performance bond against the controls. 

9 As discussed later in Section ill and in the Tar-Pamlico case study, in the Tar-Pamlico 
trading program the North Carolina Division of Environmental Management, in the Department 
of Environment, Health, and Natural Resources (DEHNR) has final decision- making authority 
with regard to the adequacy"'"of nutrient trades and allocations. The Soil and Water Conservation 
Commission has final authority with regard to agricultural best management practice (BMP) 
implementation. In this program point sources trade BMPs for point source loading reductions. 

10 Nonpoint source control obligations may have to be indexed to an established baseline 
because its nutrient removals at nonpoint sources are related to the amount of rainfall and 
topographic conditions. 

· 
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The tint alternative represents the most institutionaliu.d option. The fund into which 
contributions are made could be an· existing fund that supports nonpoint source controls, or a 
fund could be created specifically for the trading program. The reduction credits would typically 
be expressed in dollars per pound, where the price of the credit would be detetmiJled by 
multiplying the average marginal cost for nonpoint source load reduction by the trading rate. 
The other two alternatives represent less structured options, the third being somewhat ad-hoc in 
nature. Under these options, the reduction credit might typically be expressed in pounds 
necessary for one pound of nutrient load reduction, and the price per pound might vary across 
contractors. 

Depending on the distribution of nonpoint sources in the trading area and their relative 
contribution to the water quality problems, a program may focus on urban nonpoint source load 
reduction at new development sites and existing urban areas, or on rural nonpoint source load 
reduction on farms, or even on both. 

The regulatory form for a trade is a dual set of discharge limits in the point source 
discharger's permit: a stringent water quality-based limit which is applied (in addition to 
technology-based requirements) if point source reductions are the only means available for 
meeting water quality standards; and a less stringent requirement. typically expressed in terms_ 
of pollutant loading allowances, which is applied when trading is undenaken. The less stringent 
requirements are, at a minimum, equivalent to technology-based standards. Re-opener clauses 
should be included in permits because wasteload allocations may need to be altered in the event 
that water quality standards are not met. They provide the opportunity to revise total loading 
limits or set trading ratios at higher levels. 

D. OPTIONAL PROGRAM SCENARIOS 

To date, three distinct water pollution trading scenarios have emerged (see Section III): 
(1)  those that permit trades only among point sources (not the primary focus of this paper); (2) 
those that permit trades between point sources and nonpoint sources; and (3) those that permit 
trades between nonpoint sources. All are similar in that they allow one source to trade some 
level of pollutant loadings with another source in order to receive reduction credits. Under each 
type of trading, point sources must continue to meet technology-based requirements and nonpoint 
sources must meet any applicable local or state minimum performance standards. 

The three scenarios may be tailored to regulate existing sources only (with more strict 
or alternative standards applied to new sources), or they may be modified to target new sources. 
A fourth scenario, offsets, is a form of trading tailored to new sources that can . enable a 
waterbody to accommodate growth without exceeding an established loading allowance. The 
scenarios may be used alone, or in combination with one or more of the other scenarios. They-
are described below. 

1. Point/Point Source Tradin& 

Under point/point source trading, designated point sources trade permitted discharge 
allowances only among themselves. In this approach, a point source may negotiate w.ith another 
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point source in the trading area to buy a portion of the other's loading allocation. When point 
sources agree to trade, the administrating agency modifies their discharge permits to reflect the 
traded allowances. u 

The marginal costs of technological control measures differ among point sources. 
Point/point source trades would therefore be economically attractive if the cost to achieve 
reductions through in-plant modifications or facility upgrades was below that required to receive 
equivalent reduction credits through funding nonpoint source reductions. In point/point source 
trades, one or more plants would pay another to reduce its loading, thereby reducing the total 
loading of the group. Presumably, the plants might pay for reductions at the plant that could 
achieve the lowest pound-for-pound reduction costs until the reduction targets are met or until 
the marginal cost of treatment are equalized among the point sources. 

This scenario offers several advantages. First, it may be relatively simple to calculate 
new permits or loading allowances under point/point trading because there are existing permits 
to work from. Second, the actual results of point source trades should be relatively cenain 
simply because it is easier to monitor point sources than nonpoint sources. A disadvantage of 
this scenario (when it is not used in conjunction with point/nonpoint source trading) is that 
reductions may not be achieved at least cost due to the exclusion of nonpoint sources as trading­
panicipants. Among the four scenarios, this one is the most limiting in its scope because point 
sources cannot take advantage of cheaper, and often more abundant, nonpoint source nutrient 
reduction opportunities. This scenario thus fails to deaJ with a large source of waterbody 
impairment -- i.e., nonpoint sources. It docs not present a truly comprehensive solution to water 
quality problems. 

2. Point/Nonpoint Source Tradin& 

Under pointfnonpoint source trading, point sources pay for nonpoint source reductions 
(through contributions to a fund that supports nonpoint source control installation and 
management) and in exchange receive credits against their load allocations or reduction targets. 
Best management practices (BMPs) reduce pollutant loading from urban and rural nonpoint 
sources. Trades are cost-effective where the level of nonpoint source pollution control required 
to obtain credit for one pound of nutrient reduction is than the cost per pound reduced of facility 
modifications or upgrades at P01Ws and other point sources. 

Through the TMDL process, a regulatory agency allocates the total load allowance (water 
quality-based) among the point source dischargers in the trading area. Each point source's 
nutrient discharge must be less than or equal to its allotment. Under trading, in the event that 
a point source's actual load exceeds its allowed load, it can offset the difference with nonpoint 
source nutrient reduction credits rather than install additional treatment. P01Ws and other point 
sources receive reduction credits by funding or otherwise arranging for a specified level or dollar 
amount of nonpoint source-controls. Trading ratios may be set at greater than one to one to 

11 The program is similar to the bubble concept in the air pollution control programs where 
a firm may trade emissions reductions among stationary sources within its facility, or with 
another facility, to achieve a given level of emission reductions at least cost. 
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ensure adequate Rductions. For example, in areas with significant new growth, the resulting 
incra.ses in nonpoint source runoff and point source loadings may warrant setting trading ratios 
at greater than 1: 1, not only to account for uncertainty about the equivalency of Rductions, but 
to offset associated increases in new nonpoint sources. 

In point/nonpoint source trading programs, the group of dischargers may be considered 
a single trading-unit for the purposes of trading administration. A total aggregate allowable load 
is established for the group of dischargers and they decide among themselves how to allocate 
shares of the total load. The point sources jointly have to me.ct the aggregate total discharge 
level. In this type of program, individual plants will have two sets of permit requirements -
a "with trading" requirement and a "without trading• requirement, where the "with trading• 
allowance is usually determined by the group of point source dischargers through its allocation 
process. Individually, point sources are still subject to technology-based requirements and can 
face enforcement penalties in the event that its discharged load exceeds allowed levels and/or 
the less stringent requirements result in local water quality problems. This continuing 
responsibility provides incentive for the point source to insure that the other "traders" fulfill their 
agreements to use effective BMPs. 

Point/nonpoint source trading offers several advantages. Increasing the classes and -
numbers of trading partners increases the potential for cost-effective reduction in pollutant 
loading. This is particularly true where the marginal costs of funher point source reductions are 
relatively high and where population growth and development have increased the relative 
contribution of nonpoint sources of pollution. Including both point and nonpoint sources also 
tends to force the development of a watershed-wide or basin-wide approach to pollution 
reduction. This component provides the opportunity to target reductions to protect and maintain 
localized areas of high water quality and improve localized areas of low water quality. Treating 
the discharge community as a single unit can facilitate pollution reduction accounting and 
permitting. Where point sources are treated as one unit, public costs may be reduced because 
some of the administrative costs associated with allocating the total allowable load is shifted to 
the point sources. 

Despite its advantages, point/nonpoint trading poses several obstacles that must be 
overcome in order to have a successful program. Trading places special responsibilities on 
authorizing agencies, program administrators, the participating dischargers, and those 
implementing the nonpoint source controls. Taking advantage of the opponunity to target 
nutrient reductions throughout the trading area may necessitate cooperation and information 
sharing between agencies without previous cooperative experiences (e.g., regulatory agencies 
with water quality authority and farmers' assistance programs). 

There may be some difficulty in establishing effective enforcement. Point sources may 
face the risk of being subject to more stringent effluent limits if nonpoint source reductions fail 
to result in the projected water quality improvement, but they themselves have little recourse to 
assure nonpoint source control implementation. Under the Clean Water Act and other relevant 
statutes, nonpoint source reduction programs are voluntary, incentive-based, and are normally 
not enforceable. Therefore, trading programs involving nonpoint sources may have to rely on 
similar mechanisms to encourage buy-in and participation. 
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Additionally, due to the differences in point and nonpoint source controls enumerated 
earlier, it may be more difficult to arrive at an appropriate trading ratio, as compared to 
point/point source trading. When trading for nonpoint source controls, some uncertainty about 
the consistency and longevity of nonpoint souroe controls is likely to remain. 

3. Nonpoint/Nonpoint Source Tracli.n& 

Nonpoint/nonpoint source trading provides a mechanism to achieve nonpoint source 
reductions beyond those obtainable through point/nonpoint source trading. New nonpoint 
sources are occasionally subject to stricter erosion and runoff standards under state and local law 
than are existing nonpoint sources. Where such requirements exist (e.g., for new urban 
development) nonpoint/nonpoint source trading allows new nonpoint sources to satisfy nonpoint 
source control requirements through a combination of on-site controls and off-site controls, 
affording the new nonpoint source the opportunity to meet its requirements at least cost. 
Presumably, on-site controls will be less expensive than off-site controls up to some level of 
control; at that level, off-site controls will become relatively cheaper than equivalent on-site 
management practices. With a trading ratio of greater than I :  I .  it is possible to achieve a 
greater level of nutrient reduction than the regulations for new sources provide at a lower cost 
to the new nonpoint source. 

In practice, nonpoint/nonpoint source trading has evolved from the point/nonpoint source 
scheme originally adopted for Dillon Reservoir. Due to improved operational efficiency of 
existing technology, the point sources discharging into Dillon Reservoir did not need reduction 
credits. The Dillon Reservoir trading program is now driven by reservoir phosphorus limits and 
a desire to offset new nonpoint source phosphorus with reductions elsewhere in the watershed. 
The experience at Dillon is described in more detail in Section III, and in the appended case 
study. 

Nonpoint/nonpoint source trading provides opportunities to achieve water quality goals 
at least cost where new nonpoint sources are entering a basin. where such new sources are 
regulated by state or local law, and where there is a sufficient number of existing nonpoint 
sources with which to trade. In combination with point/nonpoint source trading, 
nonpoint/nonpoint source trading maximizes the opportunities for meeting pollutant loading goals 
at the lowest cost per pound. The combination also relieves point sources of some of the 
financial burden of accommodating growth because it allows point/nonpoint source trading ratios 
to be set so as to only incorporate a safety/uncertainty factor. The nonpoint sources are 
responsible for mitigating the additional runoff they generate (see discussion of 2: 1 trading ration 
in description of Dillon Reservoir program in Section Ill). 

Nonpoint/nonpoint source · trading does not entirely solve the problems relating to 
uncertainty about the consistency and permanency of non point source controls, either by itself, 
or in combination with one or more other components. Neither does the nonpoint/nonpoint 
source trading program eliminate concerns about the ability of the organizations that currently 
have oversite responsibility for rural and urban nonpoint source control installation and 
maintenance as discussed above in the point/nonpoint source trading description. Despite these 
drawbacks, on-site and off-site controls are likely to be better substitutes than point and nonpoint 
sources. 
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4. Offsets 

The use of offsets, alone or in conjunction with other trading scenarios, provides a 
mechanism to accommodate new sources and expansions of existing sources without exceeding 
the established nutrient loading allowance. Under an offset provision, new and expanding 
sources must obtain sufficient reductions from other sources to offset the additional loading they 
will generate. Unless point sources are substantially under their loading allowance, and/or 
existing non point source loads are relatively low, new sources may face difficulty locating in the 
trading area and existing sources may face difficulty expanding because the loading allowance 
for the trading area effects a n<rnet-increase in loading. In fact, in some areas the goal will be 
to achieve a net reduction in loading. Under either policy, growth will not J>e possible without 
offset provisions or without revisions in the aggregate loading allowance and loading allocations. 

Offset ratios are arrived at in a manner similar to that for trading ratios, i.e., a 1:1 ratio 
provides an equivalent offset, while a greater than l :1 provides a safety factor and/or additional 
reduction. 12 Setting offset ratios for nutrient loads at greater than I :  1 would serve several 
purposes. Assuming new or expanded point source offset additional loads with nonpoint source 
reductions available under a trading program, a greater than 1 :  I offset ratio would incorporate­
a safety factor and account for the uncenainty about the equivalence of nonpoint source 
reductions. A greater than even ratio could also help offset additional nonpoint source loading 
associated with the growth necessitating additional point source capacity. Where new or 
expanding nonpoint sources are required to offset additional loading as a condition of siting or 
building permits, the offset ratio more appropriately be set at 1: 1, according to the 
substitutability of on-site and off-site nonpoint source controls. For nonpoint sources requiring 
offsets, a ratio of greater than 1: 1 would likely have the effect of exacting an entry or expansion 
premium in the absence of other reasons for a greater than 1 :  1 exchange rate. 

When designing new or modified point or nonpoint sources, the owner will attempt to 
reduce loadings at any cost per kilogram up to the going rate for a kilogram reduction credit 
(reduction cost per kilogram multiplied by the trading ratio) . . New and modified sources thus 
meet permit conditions at least cost, using a combination of on and off-site controls. While 
marginal cost analysis applies in most cases where offsets are considered, it may not always 
apply. In addition to comparing the marginal cost for on- and off-site reductions, a point source 
or nonpoint source may also consider the expected return on investment, and, under some 
circumstances, may be willing to purchase more offsets than marginal cost analysis indicates is 
economical because the total return on investment will cover the additional expenditure. 

-

12 A trading ratio of greater than 1: l ,  e.g., 2:1 means that the new source must arrange for 
two pounds of load reductions for each pound it will discharge. Under the Clean Air Act, 
offsets must provide a greater than I :  1 counterbalance against new emissions. 
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ID. EXPERIENCE TO DATE IN TRADING PROGRAMS 

A. CASE STIJDIES OF EXISTING TRADING PROGRAMS 

An evaluation of established trading programs confirms the importance of the conditions 
this report identifies as keys to the success of trading programs. Three programs have developed 
beyond the planning stage: Cherry Creek Reservoir and Dillon Reservoir in Colorado, and Tar­
Pamlico River Basin in North Carolina. While none of these programs has met all the 
conditions necessary for a successful trading program, Dillon Reservoir's has developed into a 
successful basinwide nutrient management strategy. Tar-Pamlico appe.ars to meet many of the 
conditions for success, but trading has not yet been necessary. A fourth trading program 
between point sources has been in place for the Fox River in Wisconsin for ten years, but has 
resulted in only one trade. It appears that a fifth program is in the development and planning 
stages at Chatfield Basin in Colorado. Information is presented on each of these programs; as 
they provide generally useful lessons for a trading option under the CWA. 

1. Chatfield Basin, Colorado 

Increased total phosphorus (TP) loading to the Chatfield Basin could greatly degrade the 
future water quality of the Chatfield Reservoir, the surface water body to which the Basin is 
a tributary. The Chatfield Basin is a 3,000 square mile area that includes portions of six 
counties in the Denver Area. In 1989, a phosphorus effluent limit of 0.2 mg/I total phosphorus 
(TP) was imposed on point source dischargers in one sub-basin. This restriction was anticipated 
to be protective of the TP standard until the year 2000, after which time nonpoint source 
controls would be necessary, perhaps coupled with further tightening of point source limits. 
Presently, no nonpoint source measures have been implemented specifically to control total 
phosphorus. Increasing development pressures in the Chatfield area wiH increase TP loads to 
the Basin beyond acceptable levels if specific controls are not implemented. 

To investigate the sources and extent of the phosphorus loading, a basinwide TP 
simulation model was developed to predict monthly and annual loads originating from each of 
30 sub-basins from the following sources: groundwater, point sources, developed land use 
nonpoint sources, and undeveloped land use nonpoint sources. The model was developed as part 
of the 1991 Chatfield Basin Nonpoint Source Management Program. 

A project is now being proposed to develop a mathematical model to determine 
economically optimal wasteload allocations among point and nonpoint sources based on their 
respective control option costs. 13 The TP simulation model would be incorporated in the 
optimization model so that the effects of alternative wasteload allocations on reservoir loads are 
quantified. 

-

13 Concept for Wasteload Allocarion Modeling in Chatfield Basin, Colorado. Woodward­
Clyde Consultants, January ü992; and personal communication with Bruce Zander, US EPA 
Region VIII, March 18, 1992. 
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The results of the optimal allocation model could be used to facilitate a point/nonpoint 
source trading program for phosphorus in the Chatfield Basin. Thus, the model is being 
advocated as a necessary precursor to the trading program, providing marginal cost information 
and serving as the basis for determining optimal trading ratios for point and nonpoint source 
controls. 

A number of conditions exist in the Chatfield Basin that would facilitate a successful 
point/nonpoint source trading program to reduce phosphorus. In particular, it has been 
determined that existing facilities contributing to increased phosphorus loads do not have the 
capability to significantly reduce discharges without major capital improvements. Although the 
State of Colorado has generally approved pollutant trading, the administrative framework to 
institute a point/nonpoint source trading program in the Chatfield Basin is not fully developed 
to date. 

2. Cherry Creek Reservoir, Colorado 

Several years ago, the Cherry Creek Reservoir in Colorado was experiencing strong 
development pressure and planners anticipated a population increase from 90,000 to 302,000 
between 1990 and 2010.14 In 1985, the Denver Regional Council of Governments (DRCOG) 
sought to prepare for the anticipated growth and its effects on water quality by developing a 
management plan that would prevent accelerated eutrophication in the reservoir. The Cherry 
Creek Reservoir is Colorado's most heavily used recreation area with 1 .5 million annual visitors. 
The surrounding area derives substantial economic benefits from this tourism. 

Phosphorus was identified as the critical pollutant. The Council estimated that the total 
annual loading of phosphorus from both point and nonpoint sources should not exceed 14,270 
pounds in order to meet the phosphorus standard of 0.035 mg/L established by the Colorado 
Water Quality Control Commission. Under growth projections at the time of program 
development, it was anticipated that the critical load of 14,270 pounds would be exceeded by 

1sabout 1990.

The Cherry Creek Reservoir trading program was designed to allow point sources to earn 
waste load allocation credits by installing, operating, maintaining, and monitoring nonpoint 
source phosphorus controls, enabling the point sources (POlWs) to accommodate population 
growth without expensive in-plant changes. Because nonpoint source nutrient loading was the 
greatest source of phosphorus, urban nonpoint sources were required to reduce their loading by 
50 percent before point sources would be allowed to contribute to nonpoint source reductions 
and trade them for point source waste load allocation credits. Nonpoint source reductions have 
not yet reached 50 percent, nor have total loading limits been exceeded because the region has 
not experienced the level of growth anticipated. Consequently, point/nonpoint source trades 
have not yet developed. 

14 Denver Regional Council of Governments, Cherry Creek Basin Water Quality 
Managemen1 Master Plan, September 1985, Table 3.  

15  Denver Regional Council of Governments, Cherry Creek Basin Water Quality 
Managemen1 Master Plan, September 1985, page 7. 
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When phosphorus loading docs approach the basinwide limit, point source effluent limits 
will directly depend on the success of effons to control nonpoint source loading. At that time, 
if the nonpoint source reduction goal is not achieved, the P01Ws will be unable to accommodate 
anticipated growth and development and the Colorado Water Quality Commission could reduce 
permitted point source effluent limits to compensate for unachieved nonpoint source loading 
goals. 

3. Dillon Rese"oir, Colorado 

The trading program for Dillon Reservoir was the first such program established in the 
nation.16 It was designed to enable .a small reservoir to meet water quality standards despite 
increasing levels of urban nonpoint discharges of phosphorus. For the Dillon Reservoir, the cost 
of funher reducing phosphorus loadings from point sources was relatively high because the four 
publicly owned t:rc.atment works (P01Ws) in the watershed required advanced technologies to 
meet stringent water quality standards. 

A 1 98417 study of the relative costs of point and nonpoint source control options for 
Dillon Reservoir concluded that appropriate incentives for point sources to trade appeared to 
exist; point sources and the cost of nonpoint source controls was significantly less than that of 
point source controls. The estimated cost per pound of phosphorus removed due to upgrading 
P01W s for phosphorus removal ranged between $860 and $7, 861 compared to $119  to remove 
a pound of phosphorus with urban runoff controls (based on a demonstration project). 11 The 
study also concluded that point/nonpoint source trading under a 2:  1 ratio would result in an 
estimated 51 % savings in total annual treatment costs compared to the base case of no trading 
(calculated by extending the cost comparison results to the entire drainage basin and incorporated 
the assumption of diminishing marginal returns for each additional level of reduction by nonpoint 
source controls). 

In 1984, Summit County adopted a point/nonpoint source trading system that allowed the 
four POTWs to receive phosphorus reduction credits by funding controls to reduce phosphorus 
loadings from existing urban nonpoint sources. Each of the JX>int sources was allocated a level 
of phosphorus loading, based on an overall allocation to JX>int sources and historic individual 

. point source loadings. The program established a 2: 1 trading ratio, wherein point sources 
received a credit of one additional pound of phosphorus above their allocation for every two 
pounds of phosphorus removed from a nonpoint source that existed before 1984. 

The 2: 1 trading ratio was not established primarily to achieve an environmental safety 
margin per se, but rather as a result of the potential for additional P01W discharges to be 

16 Kashmanian, Jaksch, Niedziallcowski, and Podar, "Beyond Categorical Limits: The Case 
for Pollution Reduction Through Trading," paper presented at the 59th Annual Water Pollution 
Control Federation Conference/Exposition, Los Angeles, California, October 6-9, 1 986. 

17 Industrial Economics, Inc., Case Studies on the Trading of Ejfl�nt Loads in Dillon 
Reservoir, 1984. Prepared for the U.S. EPA. 

II 1983 dollars. 
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associated with additional new nonpoint sources. New growth will contribute new nonpoint 
source runoff and increase point source loads; the 2: l ratio helps offset the inc:rase from new 

nonpoint sources. Furthermore, post-1984 nonpoint sources are subject to strict regulations that 
arc expected to reduce discharges from these sources by at lea.st half. As a tt.sult, one pound 
of point source discharge is expected to result in two pounds of new nonpoint source phosphorus 
loading in the absence of these strict controls, and less than one pound of phosphorus loading 
as a result of the controls. In order to achieve a net reduction in phosphorus loading, therefore, 
two pounds of old nonpoint source phosphorus must be reduced to off set one pound of credited 
point source loading and its associated pound of new nonpoint source loading.19 

By 1990, the approach and philosophy of the trading program had changed significantly. 
The sewage treatment plants, through improved operating efficiency of existing tertiary treatment 
technology, achieved the highest phosphorus removal capabilities in the nation. In contrast to 
the early 1980s, point source discharge is now only 2 percent of total reservoir phosphorus 
loading.20 Consequently, the treatment plants, discharging substantially less than their annual 
phosphorus allocations, do not face an immediate need for phosphorus credits, and so have no 
economic incentive to initiate trades at this time. 

Because the need for trading did not materialize, the focus of phosphorus control in the­
basin shifted away from the economic incentives of achieving point source reductions through 
cheaper nonpoint source phosphorus control. None of the thre.e trading projects were undertaken 
by point source dischargers needing additional phosphorus credits to meet permit conditions. 
The trading program in Dillon is now driven by the reservoir's phosphorus limit and a perceived 
need to offset new nonpoint sources of phosphorus with phosphorus removals elsewhere in the 
watershed -- some of the credits generated by trades will be used for this purpose. In effect, 
two of the three trades that have developed have been nonpoint/nonpoint source trades to offset 
new nonpoint source discharges to the reservoir, rather than point/nonpoint source trades to 
permit publicly-owned treatment works (POTWs) to receive discharge credits in excess of their 
wasteload allocations. 

4. Fox River, Wisconsin 

Although it is not an example of point/nonpoint source trading, a point/point source 
trading program implemented in Wisconsin provides useful insights for the design and successful 
implementation of point/nonpoint source trading programs. A description of this program is 
included here for that purpose. 

Since 1981, Wisconsin has allowed point sources (primarily paper mills and POTWs) 
along the Fox River to trade effluent allocations. To date, however, only one trade has occurred 
because several features of the program 's design have prevented interest in trades between mills 
from translating into actual trades. The single trade involved a paper mill that shut down its 

-

19 Industrial Economics, Inc., Case Srudies on the Trading of EjJluem Loads in Dillon 
Reservoir, 1984. Prepared for the U.S. EPA. 

20 Personal communication with Bruce Zander, EPA Region 8, July 25, 1991. 
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tMatment operation and traded its discharge allowance to the municipal wastewater facility that 
began receiving .the mill's wastewater. 

The Wisconsin Department of Natural Resources (WDNR) developed the program 
because existing technological controls on biological oxygen demand (BOD) were insufficient 
to assure compliance with applicable water quality standards. The Department prepared a total 
waste load allocation and imposed more stringent limits on what individual sources could 
discharge. In adopting stricter regulations, the WDNR included a limited program for 
cooperative modification of administratively determined waste load limits, allowing point sources 
to trade discharge allowances among themselves under certain circumstances. 

WDNR only allows trading if the facility buying the rights is new, is expanding 
production, or cannot meet the discharge limits in its permit even with the use of the required 
abatement technology; trades for which the sole justification is cost savings are prohibited. 
Trades are effective for a minimum of one year, but for not more than the amount of time 
remaining on the seller's discharge permit (at most, five years). There is also no guarantee that 
discharge allowances which were sold would be reassigned to the original permit holder after 
the sale period, making the sold allowances temporary rather than permanent. As a result 
discharge allowances are not freely tradeable, diminishing their value. These restrictions also­
create difficulties for the point sources in planning and making capital investment decisions. 21 

Numerous administrative requirements also added to the cost of trades and decreased 
incentives for facilities to participate. WDNR must approve the proposed trades and modify the 
permits of the trading facilities. This process can take a minimum of six months. The lengthy 
permit revision process further reduces the value of the potential discharge allocations. 
Additionally, transaction costs from trading became prohibitively high because there is no 
brokering or banking function. The administrative approval process is also complicated by the 
fact that the pollution problem is not limited to BOD, but includes toxic organic compounds from 
paper mill effluents. Some proposed trades might have led to high local concentrations of toxic 
pollutants and may not have passed administrative review. 22 

21 The difference between the life of the traded permits (minimum one year, maximum five), 
and the normal life of capital investments in treatment facilities reduces incentives for trading. 
For example, in considering a trade, a discharger would measure the cost of reduction credits 
over the permit period against the cost of reduction technology over the life of the technology. 
If the control technology costs $8 million (present value, PV), and credits cost $5 million (PV) 

of the control technology, then the discharger would buy credits. However, if the 
discharger believes technology will be necessary in 5 years at a cost of $8 million (PV), 
regardless of whether or not credits are purchased, the relevant cost comparison is $8 for 
technology now or $ 1 3  miffion (PV) for credits now and technology later; here the discharger 
is better off buying the equipment now and foregoing trading. 

22 The use of BOD as a surrogate for toxic compounds in the absence of specific effluent 
standards for these compounds appears to have the potential to impede the use of BOD trading 
programs. 
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5. Tar-Pamlko River Basin, North Carolina 

A point/nonpoint source trading program has been developed as part of the overall 
nutrient management strategy to protect the water quality of the Tar-Pamlico River Basin. 
Development of the program was a cooperative effort between the Basin Association, a coalition 
of publicly owned treatment works (PO'IWs), one industrial facility in the basin, state agencies 
and environmental groups. The state agencies with key roles in the program are the Division 
of Environmental Management (DEM) and the Division of Soil and Water Conservation 
(DWSC). The DEM is responsible for determining the adequacy of point/nonpoint source 
tradeoffs, compliance and surface water quality monitoring, and assisting in targeting nonpoint 
source controls to reduce associated nutrient loadings to the basin. The DWSC is responsible 
for the administration and allocation of funds generated from point/nonpoint trades to implement 
nonpoint source controls. 

The trading program adopts a broad approach to point/nonpoint source trading in that the 
Association of point source dischargers are considered a single unit for nutrient load accounting 
purposes. Further, monies generated by trading go to a fund . and are then dispensed to . 
implement nonpoint source controls in the basin, rather than being channeled directly to specific 
projects. The fund is administered through the existing state agricultural cost-share program that 
provides monies to local soil and water conservation districts to implement best management 
practices (BMPs) that reduce nutrient loadings. 

The Association's annual nutrient loading allowances have been determined for the first 
phase of the nutrient management strategy (1991-1994). Annual loading allowances gradually 
descend, with the 1994 amount reflecting a nutrient reduction goal of 200,000 kilograms per 
year. The Association must offset discharges that excee.d their total allowance in any given 
calendar year with nutrient reduction credits obtained by making monetary contributions to the 
BMP fund. Nutrient credits are available to the Association for $56 per kilogram of nutrient. 
The credit figure was determined based on a 3:  1 trading ratio and an average cost of nonpoint 
source controls. Existing facilities that are not members of the Association which expand their 
operations are subject to more stringent effluent limits, rather than a load allowance. Non­
Association members are eligible to participate in the trading program at a slightly higher rate; 
their effluent limits will be adjusted based upon a rate of $62 per kilogram of nutrient. 

To d :,  the Association has not reached its allowance -- the 1991 nutrient load was 20· 
percent belo"' the allowance due to relatively low-cost operational and capital improvements that 
were implemented at the POTWs. This alleviated the need to make an excess loading payment 
or allocate the loading allowance among member facilities. In the future, however, allocation 
of member facilities' loading allowances or the cost to offset excess discharges will likely be 
based on facilities' permitted flows as a percentage of the Association's aggregate permitted 
flow.23 

23 Personal communication with Malcolm Green, General Manager, Greenville Utilities 
Commission , and Chair, Tar-Pamlico Basin Association, March 12, 1992. 
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The Association's responsibility for offsetting excess discharges ends with its payment 
to the BMP fund. The DWSC maintains implementation and compliance authority for BMPs, 
relying on local Water and Soil Conservation Districts to work with farmers to ensure proper 
implementation and to conduct spot inspections to assure maintenance of BMPs. The DEM is 
the regulating authority for the point source discharge community, requiring compliance 
monitoring and submission of an annual report from the Association detailing nutrient loadings 
for each member facility. The DEM also has final decision making authority with regard to the 
adequacy of nutrient tradeoffs and allocations. This authority is exercised in OEM's 
responsibility for NPDES permitting. The DEM has the responsibility to impose strict effluent 
limits on the point sources in the program if water quality problems persist or increase because 
of (or in spite of) trading. 

The terms agreed to in the nutrient management strategy also call for the development 
of a estuarine computer model funded by the Association, and Association minimum payments 
to the BMP fund during the first phase in the event that trades do not occur. The results of the 
computer model will be used to establish total nutrient load targets and identify appropriate 
nutrient management practices in Phase II of the strategy, which will begin in January 1995. 

B. 	 LESSONS LEARNED FROM PROGRAMS IMPLEMENTED TO DA TE 

Point/nonpoint source trading has not yet been extensively demonstrated in practice. Real 
world complexities, such as variations in the effectiveness of nonpoint source controls, the 
number of point sources, and likely point source load reductions due to operational changes, 
make it difficult to estimate the potential impact of trading. It is clear, however, that the 
"necessary conditions" outlined in Section II will play a major role in determining whether a 
locality can benefit from developing a point/nonpoint source trading program (or variation 
thereon). 

1. The Absence of One or More Necessary Conditions Results in Delay of Trading 

Without exception, the absence of one or more necessary conditions (as identified in 
Section Il) has resulted in a delay in trading or necessitated a shift in program design in order 
for trading to occur. 

• 	 At Dillon and Tar Pamlico, the marginal cost of point source reductions bas not yet 
exceeded that of nonpoint source reductions. As a result, there is not yet an 
economic incentive to trade. 

Through operational changes and minor capital improvements, point sources at Dillon 
and Tar-Pamlico were able to significantly reduce their loadings prior to turning to nonpoint 
sources for reduction credits. This opportunity was identified by engineering studies that were 
part of the development of each program. 

At Fox River (a point/point source trading program), the marginal cost of in-plant loading 
reductions never exceeded the mõginal cost of the tradeable reductions. Administrative and 
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transaction costs associated with trading appared to have played a significant role in increasing 
the potential cost of trading above the level where trading might otherwise be viable. 

• 	 At Cherry Creek, Dillon, and Tar-Pamlico, point source loads are Dot yet l.imlti.na, 
i.e., actual load ĥ less than allowed load. As a result, there is Do need to trade to 
offset excess loading. 

As a result of the improvements at point sources at Dillon and Tar-Pamlico, the point 
source discharges are below their allowed levels and trading is not necessary. The Tar-Pamlico 
point source load- is currently 13 percent below that allowed. Over the next several years, 
however, the allowed load decreases, potentially constraining point source discharges, 
compelling them to meet their allowed load through improved treatment or offset their excess 
load by funding nonpoint source controls. 

Cherry Creek point source loads have not yet approached allowed loads as a result of 
slower than anticipated population growth. It was originally anticipated that established levels 
would be exceeded in 1990. An additional condition for trading at Cherry Creek has also not 
been met (i.e., nonpoint source loads have not been reduced by 50 percent). 

• 	 At Dillon, point source loads are not considered significant. As a result, 
point/nonpoint source trading bas been delayed, and the program is now focussing 
on nonpoint source reductions. 

Point source phosphorus loads at Dillon now account for only 2 percent of total basin 
loading. This acts as a constraint to the volume of existing nonpoint source phosphorus that can 
be controlled through trading -- there is not point source phosphorous to "leverage" against 
existing nonpoint source loadings. Even under a hypothetical zero discharge limit for point 
sources, a functioning point/nonpoint source trading program in Dillon would remove only 400 
pounds of nonpoint source phosphorus -- out of an allocation of approximately 2,000 pounds -
based on current point source discharges and a 2: 1 trading ratio. 

As a result, the Dillon program now focuses on mitigating new nonpoint source loads 
through nonpoint/nonpoint source trading and offset requirements. For example, in one 
completed trade, reductions obtained through nonpoint source controls will be credited to a new 
public golf course under an offset program that requires any projects that contribute new 
nonpoint source phosphorus to obtain equivalent nonpoint source phosphorus removals 
elsewhere. 

In the design stages, it appeared that the necessary conditions for trading would be met 
and trading would begin soon after the three programs -- Cherry Creek, Dillon, and Tar-Pamlico 
-- were implemented. Certainly, the programs meet other important conditions, including: an 
appropriate waterbody with point and nonpoint sources of nutrients, suitable water quality data, 
water quality targets and established load allowances, technology standards, administrative 
framework, and enforcement mechanisms. At Cherry Creek and Dillon, anticipated population 
growth that would have driven point source loads to their limit has not yet materialized. At 
Dillon and Tar-Pamlico, point source engineering modifications unanticipated at the outset of 
the program have enabled point sources to stay well below their allocated load. 
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2. 	The Presence or Necemary Conditions Supports Watershed-Bued Water Quality 
Mana&ement and ProTides an Administrative Framework for Future TraclhJ& 

Despite limited trading, the experiences at the programs to date affirm the importance 
of the identified necessary conditions that were piaent in these programs and provide broad and 
useful lessons for program planning, design, administration, and enforcement. 

• Total maximum dally or annual pollutant loads provide a practical base qainst 
which to establish and measure load reductions. 

At Tar-Pamlico, annual maximum loads were established for the poinæ sources, making 
it clear when trading will be necessary: when actual loads exceed allowed loads. At Dillon, 
the establishment of the maximum load was, in some respects. more effective as a proactive 
planning tool, rather than as the primary method to improve waterçuality limited waterbodies, 
because an independent strategy to control nonpoint sources became necessary. 

• 	 Sufficient data and information about pollutant loadin& and water quality efl'ects 
must be available to develop water quality tariets and translate the tariets into 
nutrient reduction eoals and allowable loads. 

Both the Dillon and Tar-Pamlico programs illustrate the importance of these conditions, 
not only in designing the trading program, but also in establishing a basinwide approach to water 
quality planning and management. At Dillon, monitoring data are used in conjunction with the 
Dillon Water Quality model to evaluate current control strategies and predict the impact of future 
development. As modeling capabilities become more sophisticated and monitoring data 
accumulates, the load allocation process can be tailored more effectively to address the water 
quality problem. At Tar-Pamlico, program developers were able to translate a water quality-­
based goal into a nutrient reduction goal and a declining schedule of allowable point source 
nutrient loading. 

The importance of accurate and comprehensive data is reflected by Tar-Pamlico's 
investment (supported by significant EPA funding) in a more sophisticated estuarine computer 
model to provide information for the next phase of the program, and in Chatfield's investment, 
prior to formal consideration of trading, in basin modeling. The availability of monitoring data 
and sufficient models will directly affect the amount of time required to develop and allocate a 
maximum daily load and, if necessary, a trading program . 

A water quality-based regulatory approach, above and beyond technology-based 
requirements is only possible with adequate monitoring data and computer modeling capabilities. 
Water quality data and appropriate models must be available to evaluate relative impacts from 
point and nonpoint source loads along with the implications of alternative control strategies to 
meet a water quality 

controls. 

standard. 

• 	 It is necessary to have detailed inf onnation about point source faclllties in order to 
determine the relationship between the mariinal costs or point and nonpoint source 
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The engineering evaluation of the dischargers' facilities showed that the Tar-Pamlico 
basin could achieve significant nutrient reductions through relatively simple and inexpensive 
P01W modifications. This is an important condition of the trading program because it provides 
the regulator and the regulated community with beUcr information about the types of available 
reductions and their costs. It also establishes an accurate marginal cost basis for trades, 
providing a starting point from which to develop appropriate nutrient reduction targets and 
reduction credit fees. 

• A comprehensive basinwide management approach, rather than a focus on point 
sources in isolation, provides opportunities to achieve least-cost pollutant reductions. 

By including nonpoint source load reductions as alternatives for point source load 
reductions, load reductions can be achieved at least cost. For example, at Dillon, the least 
expensive in-plant upgrades were initially estimated at $730/lb reduction while nonpoint source 
load reductions appeared to be available for slightly over $200/lb (accounting for the 2: I trading 
ratio). At Tar-Pamlico, point source upgrades were anticipated to cost between $50 and $100 
million, $250 to $500/kg reduction, while nonpoint source load reduction could be achieved for 
$56/kg (accounting for an average 2.5:  1 trading ratio). When trading begins at these two 
programs, cost-savings could be substantial. 

• A comprehensive approach also provides opportunities for targeting reductions to 
areas where they will be most effective and are most needed. 

The Dillon experience illustrates this point. By considering the relationship between 
point, nonpoint, and background sources of phosphorus to the reservoir, local officials 
determined acceptable maximum pollutant loadings to meet an in-lake standard. As a result of 
this approach, it was determined that nonpoint sources pose the greatest threat to water quality. 
The consequent shift in the focus of the program will concentrate phosphorus removal at 
nonpoint sources. 

At Tar-Pamlico, the administrati.on of the trading program includes instructions to the 
agency implementing the nonpoint source load reductions to prioritize installing controls that 
have the highest potential and efficiency for nutrient removal. The program includes institutional 
mechanisms to facilitate targeting nonpoint source controls to local trouble spots and provides 
for annual repon and evaluations. 

• The administrative framework for the trading program is not only important for the 
development or the ba,sinwide approach, but may be critical for achievin& desired 
nutrient reductions through trading. 

When trading begins at Tar-Pamlico, it appears that the prospects for success are partially 
dependent on close cooperation between multiple control authorities, including a depanment 
responsible for water quality management and a depanment responsible for agricultural nonpoint 
source control. 

• Enforcement mecbanisms are important in creatina compliance incentives where 
economic incentives are absent or fail. 
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in addition 

At the Tar-Pamlico program, the regulating agency reserves the right to impose strict 
effluent limits on point sources participating in trading if local water quality problems persist or 
arise as a result of trading. This is imponant because in this program, the point sources bear 
no direct responsibility for the implementation and maintenance of the nonpoint source controls 
installed in exchange for point source load reductions. 

• 	 The loeal community, includin& environmental orpniz.ations, must support a tradin& 
procram as a method to achieve water quality objectives. 

An unusual coalition of traditional adversaries came together to develop Tar-Pamlico's 
nutrient trading program as a creative approach to overcoming water quality problems. Suppon 
from interested parties, particularly the regulated community, has traditionally been an important 
element in successful pollution control programs. 

• If the pro&nJD involves aencultural BMPs and will be implemented tbroup a cost­
share program, there must be sufficient farmer demand for funding in excࡻ or any 
ongoing cost-share program to support pointlnonpoint source trades in order to 
supplement, not supplant, ongoing nonpoint source control efforts. 

In the Tar-Pamlico basin, the trading program is designed to achieve specified load 
reductions from nonpoint sources to whatever reduction is being brought about 
through other nonpoint source control programs (specifically the effect of the existing cost-shí 
program). Therefore, it would be inappropriate for the new funding from point sources to 
replace (and thereby reduce) state funding for the existing nonpoint source control programs. 

Additionally, farmers typically panicipate in voluntary nonpoint source load reduction 
programs to the extent that it is cost-effective to do so, although profitability is not the only 
criteria that the farmer considers. Compliance with existing regulations is also an imponant 
factor. 

• 	 Regulatory requirements that increase the transaction costs as.sociated with trading 
but that fail to provide an offsetting value in terms of compliance and enforcement 
may be sufficient to cause a trading program to fail. 

Under some level of regulation, transaction costs and uncertainty about approval of trades 
will drive the marginal cost of the reduction cre.dit above that for point source controls, impeding 
the development or continuance of a trading program. Careful consideration should be given 
to the tradcoffbetween regulatory constraints on trading and the cost-effectiveness of trading and 
provisions that ensure compliance with environmental standards with a minimum of transaction 
cost. 

• 	 Tradin& ratios that account for uncertainty can be established without eliminatin& 
economic incentives to trade. 

The Dillon program established a trading ratio of 2: 1 to account for new nonpoint source 
loads, typically accompanying development, that produce additional point 90Ul'ce loads that 
necessitate trading. The Tar-Pamlico program established a 3: 1 trading ratio for cropland 
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nonpoint source controls and 2: 1 for animal and animal waste nonpoint source controls in order 
to provide a safety factor and account for the uncertainty in the effectiveness of the nonpoint
source controls. 

• 	 It may be important to build 11exibllity into the tradin& procram desip, as 
conditions may chan&e over the course or the procram. 

The Dillon program was flexible enough to continue pursuing nutrient load reductions 
even after point source reductions were no longer the most necessary and cost-effective option. 
The administrative framework was flexible enough to recognize and manage nonpoint/nonpoint. 
source trading and an increased dependence on offsets to achieve nutrient reduction goals. 

3.  Co.sts and Benefits As.sociated with Point/Noopoint Source Trad.in& Prosrams 

While the dollar values of costs and benefits of point/nonpoint source trading programs 
will vary across waterbody size and program design, the categories of costs and benefits are 
common among most trading programs.. One example, is the category of transaction costs, 
which includes the costs of program development. These costs can be significant. For example, 
EPA and point sources at Tar-Pamlico have respectively contributed $500,000 and 400,000 thus 
far to the development of an estuarine computer model of the basin, and point sources will 
contribute $150,000 for two additional staff positions at the agency implementing nonpoint 
source reductions, and a minimum of $500,000 for nonpoint source reductions even if they do 
not require point source load reduction credits through 1994. EPA also contributed 
approximately $453,000 to the Tar-Pamlico program: $400,000 for the development of the basin 
nutrient model, and $53,000 for the monitoring and tracking of nonpoint source pollutants. 

Benefits can be gauged by comparing marginal costs for point source load reductions to 
those for nonpoint sources. At Dillon, it was estimated that further point source reductions 
would cost between $860 and $7,861 per pound reduced, while nonpoint source load reductions 
would cost between $67 and $ 1 19 per pound. At Tar-Pamlico, extensive point source upgrades 
were estimated to cost between $250 and $500/kg reduced . while nonpoint source reductions 
were priced at $56 per kilogram point source credit for Association members and $62 for non­
members. 24 

The most common categories of costs and benefits are listed below. 

,.. Actual costs for nonpoint source reduction are approximately $19 per pound on cropland 
and $28 per pound for animal waste; the trading ratios are 3: 1 and 2: 1 ,  respectively. 
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COSTS OF POINT/NONPOINT SOURCE TRADING 

• 	 Initial modelln& to determine pollutant sources and wasteload allocations. 15 

• 	 Pennittin& costs to sabllsb dbcharae lenls in permits with and without tradin& 
("without" levels would be set in the absence or a tradin& procram). 

• 	 Review and approval or individual trades by a control qency. 

• or both tradin& and nonpoint source control procrams to emure 
compliance (assumin& that nonpoint source control procrams would not otherwise 
be pursued). 

• 	 Cost or negotiatin& and traosactin& tndes. 

BENEFITS OF POINT/NONPOINT SOURCE TRADING 

• 	 Direct cost-savings to the discharaers from bein& able to take advantaae of les.wr­
cost poUution control optiom. 

• Providing a &realer level or nonpoint source poUution control than would have 
occurred in the absence or trad.inc. 

• 	 The primary social benefit is the achievement or a desirable level or water quality 
at least cost. This has positive implications ror rashermen, recreational users, 
commercial and industrial users or water, etc. 

• 	 Increased awareness and use or nonpoint source control options, and some degree 
or regulatory involvement in ensuring the effectiveness or nonpoint source controls. 

An additional benefit may be increased emphasis on water quality standards and overall 
basin-wide cooperation in pollution abatement. Point/nonpoint source trading provides a 
framework and mechanism for instituting a watershed or water-segment approach to water 
quality management and planning. These types of benefits are not quantifiable from a benefit­
cost perspective, but in the long run, it will probably result in more sustainable environmental 

· protection, thereby producing diverse future benefits that could be quantified. 

25 This is not necessarily a cost of a trading program because models are needed for any 
TMDL approach. Costs for modeling are often site-specific depending on si7.e and comple�ty 
of the watershed and the number of discharaers. 
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IV. POTENTIAL SCOPE OF POINTINONPOINT SOURCE TRADING 

While not all waterbodies are likely to. fulfill the necessary conditions for implementing 
a trading program , it is possible to estimate the universe of waterbodies that could portntially 
benefit from trading. These waterbodies fall into two general groups -- those that currently have 
water quality problems, and those that are likely to develop water quality probtems as a result 
of rapid growth and associated increases in loadings. To be likely to benefit from trading, either 
type of waterbody must have both point sources and nonpoint sources contributing to the actual 
or potential water quality problem in the waterbody. 

A. USING THE WATERBODY SYSTE.1\1 TO F.STIMATE TRADING POTENTIAL 

The data available for evaluating the characteristics of waterbodies for policy and 
planning purposes is reponed in biennial status repons -- called Clean Water Act Section 305(b) 
reporu -- on the quality of surface and ground waters. EPA has developed a databank known 
as the Water Body System {WBS), designed to track state assessments of water quality for 
surface waters using information prepared for 305(b) repons. The WBS currently contains 
4 1 ,  733 waterbodies; 26 Table 3 identifies the states and territories that repon in the WBS and 
those not in the system. One "waterbody" may be an entire creek, river, lake, or estuary, or 
a segment or reach of a creek, river, lake, or estuary (depending on each state's reporting 
method). For example, Long Island Sound is reponed as one data item (one "waterbody•), 
whereas the St. Johns River comprises five data items. 

For each waterbody assessed , states provide information on whether waterbodies are fully 
supporting their state-defined designated uses and on the general causes and sources of pollution. 
These designations are the only available measure for identifying water-quality limited 
waterbodics. Ambient water quality monitoring in specific waterbodics is the method of 
gathering the raw data used by the states to make water quality assessments. Despite several 
limitations of the WBS (detailed below), the WBS provides the only national database to assess 
the number of waterbodies that might benefit from trading. 

1 .  Potential Trading Scope in Waterbodies with Current Water Quality Problems 

Several retrievals were made from the WBS to estimate the number of waterbodies in the 
country that may benefit from pollutant trading. Retrievals were made for waterbodies impacted 
by nutrients, toxics/general (including pesticides, organics, metals, ammonia and pollutants of 
unknown toxicity), toxics/metals only, pathogens, and salinity. As stated earlier in this report, 
toxics trading is not being investigated by the EPA; the two estimates for toxics were retrieved 
and arc provided for illustrative purposes only. Table 4 presents the potential universe of 

26 The WBS contains a total of 54,566 waterbodies, but does not have assessment 
information for 12,833 of them. 
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currently water quality-limited waterbodies that could benefit from tradin& u idmtified by the 
WBS . An explanation of the selection criteria used for each retrieval follows the table. 

TABLE 2 

WBS Participants and No&-Participants 

States &:: Territories ID the WBS 	 the WBS 

Arizona Minnesota Rhode Island Alabama 
Connecticut Mississippi South Carolina Alaska 
Delaware Missouri South Dakota Arkansas 
Dist. of Columbia Montana Tennessee California 
Florida Nebraska Texas Colorado 
Hawaii 
Illinois 
Iowa 
Kansas 
Kentucky 
Maine 
Maryland 

Nevada 
New Jersey 
North Carolina 
North Dakota 
Ohio 
Olclahoma 
Oregon 

Vermont 
Virgin Islands 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 

Gtorgia
Idaho 
Indiana 
Louisiana 
New Mexico 
New Hampshire
New York 

Massachusetts Pennsylvania Utah 
Michigan Puerto Rico 

TABLE 3 

Number of Waterbodies in WBS Not Fully Supportin& Designated Uses 

That Could Benefit From Point/Noopoint Source Pollutant Trad.in& 


NUTRIENT S 943 
TOXICS - GENERAL 1 ,288 
TOXICS - METALS ONLY 835 
PATHOGENS 835 
SALINITY 79 

The universe of water quality-limited waterbodies that might benefit from trading for 
various types of pollutants was retrieved from WBS using the following selection criteria: 

1.  	 State designated uses partially or not supported, or overall use partially or 
not supported; and 

2. 	 Industrial or municipal point sources present; and 
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3a. For NUTRIENT retrieval -- agriculture, or silviculture, or construction, 
or urban runoff/storm sewers, or resource extraction, or land disposal, or 
hydromodification sources present; 

3b. For all other retrievals -- construction, urban runoff/storm sewers, or 
hydromodification pollution sources present; and 

4. For each respective specific pollutant, causal factors of 
· a. Nutrients 

b. Pesticides, priority organics, nonprionty organics. total toxics, metals, 
pollutants designated as "unknown toxicity•. and ammonia 

c.  metals only 
d. pathogens 
e. salinity/total dissolved solids/chlorides 

It is estimated that 943 waterbodies could potentially benefit from nutrient trading. This 
estimate includes waterbodies with: (1) designated uses not supponed; (2) industrial or 
municipal point sources present; (3) nonpoint sources including agriculture, urban runoff, and 
land disturbing activities; and (4) nutrients as a causal factor. Map l on the next page 
graphically depicts the distribution of these 943 waterbodies. Table 5 identifies the number 
estimated for each state for which at least one waterbody was retrieved . An itemized list of 
these waterbodies appears in Appendix C .  

TABLE 4 

Waterbodies for Immediate Nutrient Trading Consideration 
by State 

Illinois 221 Pennsylvania 45 Washington 19 Rhode Island 7 
Florida 129 Maryland 29 Minnesota 17 North Dakota 5 
West Virginia 78 Massachusetts 27 Wisconsin 16 Texas 4 
Iowa 56 Vermont 27 Arizona 14 Delaware 2 
Mississippi 
Virginia 

50 
49 

New Jersey 
Nonh Carolina 

22 
22 

Kentucky 
Pueno Rico 

12 
10 

Ohio 
U.S. Virgin Islands 

2 
2 

Tennessee 47 Connecticut 19 Montana 9 Maine 1 
South Dakota 1 
Washington D.C. 1 

As the list above and Map 1 indicate, most of the immediate nutrient trading
opponunities are in the east, in the mid-Atlantic region. There also appear to be significant 
opponunities in the Mississippi and Missouri River Valley states. Because the WBS does not 
include data for all 50 states, there may be additional waterbodies in which nutrient trading may
be beneficial. 

Trading is likely to be feasible in only a subset of these waterbodies. This estimate of 
943 should be interpreted as a first-cut analysis of waterbodies where trading may be beneficial 
now or in the future. While the waterbodies m currently water quality-limited and have 
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nutrient pollution present, they are not necessarily water quality-limitedĬ nutrients -- some 
other pollutant may be responsible for this designation. Furthennore, while these waterbodies 
have nutrient pollution and both point and nonpoint sources, they do not receive 
nutticnt dischar]cs from both typcS of sources. Consequently, all of the 943 waterbodies may 
not meet the conditions necessary to benefit from trading. 

To obtain a complete set of waterbodies whĭre nutrient trading may prove to be 
beneficial, it is also necessary to estimate the number of waterbodies that are nQ1 currently water 
quality-limited for any pollutant, but have met all other criteria for trading. These waterbodies 
were retrieved from WBS and are discussed below. 

2. Potential Tradin1 Scope in Waterbodies Not Currently Water Quality-Limited 

The WBS contained only 142 waterbodics that are currently not water quality limited and 
have point sources. Of these, 65 had nutrients as a causal factor; of the 65, only 17 had 
nonpoint sources present and could potentially benefit from trading for nutrients. Th.is retrieval · 
was made using the following selection criteria: 

1 .  State designated uses supponed or threatened; or 
overall use fully supported or threatened; 

2. Exclude waterbodies where state designated use is partially or not supported, and 
waterbodies where the overall use is partially or not supported; 

3. Nutrient loading a causal factor; 
4. Construction, urban runoff/storm sewers, or hydromodification pollution sources 

present; and 
5 .  Industrial or municipal point sources present. 

The map on the next page graphically depicts the distribution of these 17 waterbodies. 
The waterbodies that may benefit from nutrient trading in the future are distributed as follows: 
Vermont, 5 ;  Tennessee, 4;  Washington,3; Mississippi, 2; and Minnesota, West Virginia, and 
Wyoming, 1 each. · This analysis retrieved very few waterbodies that are currently not water 
quality limited but that may become water quality limited due to nutrients in the future. This 
small number (17) is largely a result of the fact that there are very few waterbodies in the WBS 
that are not water quality-limited and also have point sources (only 142 waterbodies out of 
41 ,733). Again, the actual number may be higher because the WBS does not contain data for 
all states. 

The types of events that could drive these waterbodies to water quality-limited status and 
to a situation where they could benefit from trading can be grouped into three categories: 
population growth, facility aging and/or failure of existing technology, and exogenous factors. 
These events could also create circumstances in the group of the 943 currently water quality­
limited waterbodies that do not receive nutrient discharges from both point and nonpoint sources 
such that they would benefit from trading in the future. 

Population growth will influence the potential for trading by expanding the amount of 
nutrient loading and the number of sources. Since population growth increases wastewater 
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volume and greater nutrient loading, it may become necessary to expand existing facilities or 
build new ones. Expansions in industrial and commercial nutrient loadings may also accompany 
population growth, resulting in increased point source discharges of nutrients. New nonpoint 
sources and expansions of existing nonpoint sources almost always accompany population 
growth. 

Facility aging or failure could result in the need for expensive upgrades in order to meet 
technology-based and water quality standards. In lieu of expensive upgrades, it may be possible 
in some situations to make less expensive repairs to point sources and permit point-nonpoint 
source nutrient trading to meet established standards. 

Exogenous factors that may result in opportunities for trading include a pattern of severe 
weather events and/or land disturbances unrelated to population growth. 

3. Limitations of the WBS Data 

The WBS data are limited in several respects that affect the quality of the estimates 
presented above. Limitations include: inability to link causal factors with sources; an 
incomplete data set; counting segments of the same watershed as separate waterbodies; and 
incomplete or missing information about the number of sources. 

It is important to note that the waterbodies cited above were identified solely on the basis 
of data defining existing factors -- specifically. the presence of point sources, nonpoint JOUrces 
and the specified type of pollutant. While selection can be made on the basis of one or more 
causal factors (e.g. ,  nutrients), the fact that a waterbody is selected on the basis of causal factors 
and sources does not necessarily indicate that the waterbody is water-quality limited as a result 
of the type of pollutant being evaluated. It is also not possible to link the cause of pollution to 
the sources of pollution -- while both point source and nonpoint source may be present, they may 
not both contribute to all pollutant types present. The estimate, therefore, is most useful as a 
guide to the largest number of waterbodies where trading might be feasible, within a limited data 
set. 

The indication of potential waterbodies that could benefit from trading is not a complete 
representation of the nation-wide potential for two reasons: the WBS does not include all states; 
and the data for the panicipating states may be incomplete. Participation in the WBS is 
voluntary, so not all states have data in the WBS The WBS currently includes 37 states, the. 

District of Columbia, two of the four trust territories, and two interstate water commissiom, the 
Delaware River Basin Commission and the Ohio River Valley Sanitation Commission (see Table 
3). 

On the other hand, the WBS retrieval may over-report the potential waterbodies for 
trading in the participating states for two reasons. First, waterbodies arc defined in the WBS 
as one or more reach segments which can vary in size, (e.g., the Peace River in Florida is 13 
separate data items) so many of the "waterbodies" retrieved from WBS may be segments ofthe 
same waterbody and units smaller than a watershed. Second, the WBS cannot link the cause of 
pollution (i.e., nutrients) to the sources of pollution so the waterbodies retrieved from WBS may 
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not have both point and nonpoint source contributions to nutrient loadin&s (neither all point 
sources nor all nonpoint sources can be assumed to contribute nutrients). 

The WBS is useful for identifying waterbodies where trading may be beneficial. It 
cannot, however, be used to determine the actual pollution reduction benefits that might accrue 
due to trading. Imponant information that is not available through the WBS includes: 
(1) number of point and nonpoint sources in a waterbody; (2) the volume of discharge from each 
point or nonpoint source; (3) nutrient and other pollutant loadings from each source; and (4) the 
current level or technology employed for treatment. Once watert>odies have been identified, 
however, it may be possible to use other sources of data collected on the state or local level to 
determine whether trading is, in fact, a possibility, and what the potential benefits from trading 
might be. 

B. 	 ALTERNATE DATABASr EVALUATED FOR ASSrSING THE POTENTIAL 
UNIVERSE OF WATERBODIES FOR POINT/NOģPOĤT SOURCE TRADING . 

Despite the limitations outlined above, ·the WBS provided the best existing information 
for evaluating the potential scope of point/nonpoint source trading. There arc other databases 
that contain water quality information, but for one reason or another cannot currently provide 
information in a form that is usable to estimate the potential trading universe or the benefits from 
trading. Other databases investigated arc listed below, accompanied by comments about their 
primary drawback or limitations. 

RFF National Water Quality Model. The RFF Model covers individual point source 
and nonpoint sources at the county level . While the model is useful for modeling nonpoint 
source runoff from specific land areas, it is not useful for the purposes of assessing a national 
estimate of trading opponunities. 

Environmental Data Display Manaeer (EDOM). EDOM is not designed to make 
global searches for specific water quality characteristics. Consequently, the data retrieved from 
EDOM would be highly disaggregated on a site-specific basis and not in usable form for an 
estimate of the potential universe of waterbodies. EDOM is an interactive program to retrieve 
water quality data on a site-specific basis. Using EDOM, water quality data can be retrieved 
from STORET and EPA 's Permit Compliance System (PCS) for specific industrial/municipal 
dischargers by concentration (minimum, average, or maximum) or loading (average, maximum). 
Both permit limits and discharge monitoring reports can be retrieved from PCS. Finally, 
EDOM provides five selection criteria to retrieve water quality data: reach number, NPDES 
permit number, reach name and state, city name and state, or STORET station and agency code. 
The loading data available in EDDM appears to be from PCS. EDOM does not, however, 
include data on state water quality standards, which would be necessary to determine if ttading 
is, in fact, potentially beneficial, or the extent of potential benefits. 

STORET. This data base could be used to retrieve ambient monitoring data for selected 
waterbodies for specific water quality parameter codes representing nutrient discharges. 
Although information on ambient water quality can be aggregated through customiud STORET 
retrievals, it c:an be difficult to get such aggrqate information from STORET. Without 
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information on state water quality standards for nutrients, aggregate information from the 
database may be of limited use in identifying waterbodies that are violating state water quality 
standards for nutrients, if such standards have been adopted. 

Permit Compliance System (PCS). This database includes information about permit 
limits and discharge monitoring reports. lnfonnation can be retrieved on the basis of specific 
industrial/municipal dischargers by concentration (minimum, average, or maximum) or loading 
(average, maximum). Much of the point source discharge monitoring data is reported as 
concentration rather than loadings. To the extent that loading infonnation is incomplete, PCS 
is of limited value for a broad nationwide analysis of potential trading. 

A&ricultural Noopoint Sourc-e Trackio& System (AGTRACK). AGTRACK can 
identify specific waterbodies for which an agricultural impainnent was reported in the 1988 
section 319 or 305(b) reports. For those waterbodies, all reported water quality impainnents 
in addition to agricultural impainnents also are cited in AGTRACK. The major limitations of 
AGTRACK are: it provides information only for agricultural impairments; its coverage and 
quality varies from state to state ; and it does not contain nutrient loading data (although it does 
repon the contribution of nutrients to waterbody pollution in ordinal categories, i.e., high, 
moderate . slight). 

Section 319 List. These are state 319 nonpoint source pollution assessment reports. It 
is difficult to compare these lists among the states because each state compiled its list of waters 
with nonpoint source impainnents in a different way. 

Section 304(1) List. This 304 (l) Long List refers to those waterbodies identified by 
states (and approved by EPA) where water quality standards are violated for any pollutant at any 
time. While this list contains those waterbodies with a longstanding pattern of failure to meet 
water quality standards, the water quality problem that resulted in a waterbody's appearing on 
the 304 list may or may not have resulted in its appearing in the WBS, and it is not clear there 
is good translation between the 304(1) and WBS universes. 
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V. POINTINONPOINT SOURCE TRADING UNDER THE CLEAN WATER ACT 

A. BACKGROUND 

The Clean Water Act does not directly authoriz.e (nor does it prohibit) effluent trading. 
Nonetheless, existing trading programs involving nonpoint sources have not encountered 
difficulty in being established in a form that conforms to the existing CWA regulatory 
framework. The Act does contain provisions that help programs to meet the necessary 
conditions for success, and EPA and some states have taken initial steps to facilitate trading 
within their respective water quality and nonpoint source control programs. 

Both federal regulations and EPA guidance developed to implement TMDLs permit the 
use of trading within the initial wasteload/load allocations. EPA 's TMDL guidance explains the 
TMDL process for point and nonpoint sources, establishing the basis for point/point, 
point/nonpoint, and nonpoint/nonpoint source trading.77 

B. THE TMDL PROCESS 

For those waterbodies where water quality standards have not been met through effluent 
limitations, the next step is for states to establish a total maximum daily load for certain 
pollutants "at a level necessary to implement the applicable water quality standards with seasonal 
variations and a margin of safety which takes into account any lack of knowledge concerning 
the relationship between effluent limitations and water quality" [§ 303(d)(l)(C)]. States must 
also provide a system for allocating those maximum loadings among all dischargers in the 
affected waters [40 CFR 130. l . 15]. To do this, states establish wasteload allocations (WLAs) -

for point sources -- the portion of a receiving water's loading capacity (the greatest amount of 
loading that a waterbody can receive without violating water quality standards) that is allocated 
to one of its existing or future point sources of pollution -- and load allocations (Las) for 
nonpoint sources and natural background (the portion of a receiving water's loading capacity that 
is allocated to one of its existing or future nonpoint sources of pollution) in order to determine 
the TMDL. The TMDL is the sum of all WLAs and Las. 

The TMDL process fulfills many of the conditions necessary for establishing a trading 
program -- particularly the establishment nutrient reduction goals to achieve a water quality 
target and limiting allocations to point sources and nonpoint sources, as well as the need for . 
comprehensive data and modeling. 

The regulatory definition of total maximum daily load expressly states that "if best 
management practices or other nonpoint source pollution controls make more stringent load 
allocations practicable, then wasteload allocations can be made less stringent. Thus, the TMDL 
process provilks for MnpoiN source con1rol 1radeoffs• [emphasis added, 40CFR 130.2(i)]. 

'r1 Guidance/or Water Quality-based ɕcision.s: The TMDL Process. U.S. EPA, April 1991. 
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Herc, too, the regulations implementing section 303(d) of the CWA approach recogniz.e 
trading can be used to achieve water quality standards. The concept of tratkojfs here refers to 
trades between point source and nonpoint source load allocations as the allocations are being 
initially established in the development of the TMDL. The concept of trading is not explicit in 
these regulations; the use of the term •trading• in this context means that additional allocation 
shifts could occur after the TMDL was established, and would be a mechanism to meet the 
TMDL in the inost cost-effective manner. This concept is outlined in Appendix D of the 
Guidance for Water Quality-based Decisions: The TMDL 'Process. 21 Without language referring 
to trading, and in the absence of other language elsewhere in regulation or in the CWA, load 
allocations under a TMDL otherwise appear to be fixed. Language referencing trading could 
make the variable allocations (i.e., trading) a clearer option to states implementing programs to 
meet water quality standards. 

C. THE CLEAN AIR ACT: A TRADING MODEL 

The Clean Air Act contains language in several sections concerning emissions trading that 
could be used as a model in the CW A to permit point/nonpoint source trading. The most 
detailed language is found in § 403(b) (acid deposition). Here, new language (adopted in the 
1990 CWA amendments) specifically states that "allowances allocated under this title may be 
transferred among designated representatives of . . .  affected sources. "  Detailed requirements 
outlining allowance distribution, trading , tracking and other features of the program are outlined 
in the Clean Air Act. Title IV of the CAA amendments also includes market-based approaches 
to regulation . Language in Title JV permits utilities achieving emissions levels below legal 
standards to trade, auction , or sell emissions allowances to other utilities unable to reduce 
emissions more cheaply. 

More generally. there are other sections of the CAA that contain language that could be 
effective in the context of the CWA. "Economic incentives such as fees, marketable permits, 
and auctions of emissions rights" are included as options for control of standard air pollutants 
(i.e. .  not acid deposition) in state implementation plans [§ l lO(a)(2)(A) and (C)]. Plans for 
areas that do not attain air quality standards may include provisions for "economic incentives 
such as fees, marketable permits, and auctions of emissions rights. "  In "Serious" and "Severe" 
nonattainment areas, states may elect to adopt an economic incentive program that may include 
" . .  a nondiscriminatory system . . .  of marketable permits"[§ 1 82(g)(3)(C) and (4)(A)]. 

The CAA also contains some language about off sets for new sources that may be 
applicable to effluent trading, particularly for point/point source and nonpoint/nonpoint source 
trading [for example, see §173(b), (c)]. Under a TMDL, new sources will not have any 
allocation. Thus, authorities may not grant permits to facilities in water quality limited segments 
unless that facility will not cause or contribute to the violation of applicable water quality 
standards. Th.is approach is similar to that now applied to the location of new facilities under 
the Clean Air Act, where pressure for new industrial growth results in the imposition of 
increasingly stringent requirements on existing sources in order to permit new facilities to 

,. U.S. EPA, April 1991. 
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operate without violation of applicable standards. Under the CAA, if a proposed new source 
will increase a facility's cumulative annual emissions above the established amount for a given 
pollutant, an opcratin& permit will be denied unlC$S the applicant wi buy emissions offsets from 
a nearby facility. This approach could apply to both point sourc::e WLAs and to nonpoint sources 
Las under the CWA. 

D. 	 ALTERNATIVE APPROACHF.S FOR CLEAN WATER ACT 
REAUTHORIZATION 

1. Guidance 

EPA could draft guidance concerning the implementation of trading programs to meet 
water quality standards. Even in the absence of statutory changes, guidance that assists local 
agencies to implement trading programs, in addition to that already provided in establishing 
TMDLs, might be useful to those jurisdictions that determine that point/nonpoint source trading 
could help them to resolve nutrient pollution problems. Guidance would cover, at a minimum, 
the following topics: 

• 	 The theoretical basis and rationale for trading; 

• 	 Reference to existing TMDL guidance and a discussion of the role of a trading 
program in relation to TMDLs; 

• 	 Data requirements to establish a trading program, including water quality 
standards, potential point source reductions under existing technology, wasteload 
allocations, and anticipated nonpoint source reductions; 

• 	 Program design options, including delineation of the trading area and the potential 
impact of regulatory requirements; 

• 	 The selection of appropriate trading ratios 

• 	 Necessary permit requirements, including meeting CW A requirements and 
wasteload allocation regulations; 

• 	 Monitoring and enforcement of permit requirements; 

• 	 Nonpoint source control monitoring and implementation; 

• 	 Community acceptance issues; and 

• 	 Achievement of water quality standards under a trading program, including the 
need for permit re-opener clauses. 
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2. Policy 

The Clean Water Act could state that point/nonpoint source trading is an approved 
approach to meeting water quality standards. Alternatively, EPA could proactively establish a 
clear policy in the fonn of testimony before Congress, public addresses made by Aeency 
officials, and published articles and reporu. 

3. Technical A.uistance 

EPA could be required to provide technical assistance tojurisdictions that are considering 
implementing a trading program. Such assistance could include: publications analyzing 
examples of existing trading programs; developing models of state and local laws and regulations 
that may be necessary to implement a trading program; providing infonnation on types of local 
governmental jurisdictions that can oversee and implement trading programs; providing 
assistance with water quality modelling to determine maximum lOad targets; and providing 
assistance with cost-effectiveness evaluations to detcnnine whether adequate incentives for 
trading are likely to exist. Again, EPA could proactivcly pursue this option as resource 
constraints allow. 

4. Fundin& 

Funding for some aspects of implementing point/nonpoint trading programs may be 
available under a variety of existing EPA programs, especially training and demonstration grants 
available under Section 104(b)(3), Clean Lakes program grants under Section 314, or nonpoint 
source pollution control grants under Section 319. Identification of existing programs, their role 
in a trading program,  and steps necessary to apply for funding would be useful to a local 
jurisdiction that is interested in implementing a trading program. Another option that could 
stimulate point/nonpoint trading programs would be a CW A change that specifically expands the 
eligibility of such programs to coverage under the State Revolving Fund (SRF) program. 
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Nutrient Trading in Dill.on Reservoir 

INTRODUCTION 

Point/nonpoint source nutrient trading was developed as pan of an innovative nutrient 
reduction strategy to prevent eutrophication of Dillon Reservoir. a man-made impoundment 70 
miles west of Denver, Colorado. Situated in mountainous Summit County, one of the fastest 
growing counties in the nation, Dillon Reservoir provides several million dollars of economic 
benefits to the region in addition to over one-half the water supply needs of the Denver Water 
Board, owner and operator of the reservoir.1 

When phosphorus accumulation threatened the integrity of the reservoir in the early 
1980s, local officials developed the Dillon Water Quality Management Plan to protect future 
water quality. The plan includes limits on total phosphorus loadings to the reservoir (allocating 
the total load among all sources) and the nation ' s  first point/nonpoint source phosphorus trading 
program. The trading program was adopted as part of the plan after an economic study and 
erosion control demonstration project showed the greater cost-effectiveness of nonpoint source 
controls compared to available upgrades in wastewater treatment. 

Since 1990, however, the approach and philosophy of the trading program has changed 
significantly as a result of shifts in economic incentives. Wastewater treatment plants, through 
improved operating efficiency of existing teniary treatment technology, have achieved some of 
the highest phosphorus removal capabilities in the nation. In contrast to the early 1980s, point 
source discharges are now only a small fraction of total reservoir phosphorus loadings. 
Consequently, the treatment plants discharge substantially less than their annual phosphorus 
allocations and do not face an immediate need to obtain phosphorus reduction credits. None of 
the three trading projects that have been undenaken were initiated by point source dischargers 
in need of phosphorus credits to meet permit conditions. 

Because the need for point/nonpoint source trading did not materialized, the focus of 
phosphorus control in the basin has shifted away from the economic incentives of point sources 
achieving reductions through cheaper nonpoint source phosphorus control. Instead , the trading 

. program in Dillon has been driven by the reservoir's phosphorus limit and a perceived need to 
offset new nonpoint sources of phosphorus with phosphorus removals elsewhere in the 
watershed. In effect, two of the three trades that have developed have been between nonpoint 
sources to offset new nonpoint source discharges to the reservoir. rather than point and nonpoint 
sources to offset point sources' (POTWs) excess wasteloads. 

The following discussion explains the nutrient problem in Dillon, the cost efficiencies that 
initiated the original trading program, and subsequent events that reduced the need for 
point/nonpoint source trading to mitigate the phosphorus problem. In 1992, Dillon Program will 
undergo its triennial review and new strategies will be analyzed. Though the initial vision of 

1Fiscal Impact Sta1ement on the Assignment of a Phosphorus Standard to the Dillon 
Reservoir, Segment 3 of the Blue River. Adopted June 12, 1984; effective July 30, 1984. 
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point/nonpoint source trading has yet to emerge as originally intended, a cooperative spirit in 
the basin allows growth to continue while maintaining ambient water quality in the reservoir. 
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BACKGROUND 

Dillon Reservoir, owned and operated by the Denver Water Board, is located 70 miles 
west of Denver in mountainous Summit County (see Map A-1 ) .  Throughout the 1970s, Summit 
County had one of the highest growth rates in the nation . Although approximately 60 percent 
of the land in Summit County is managed by the U.S. Forest Service2, private lands in the 
valleys are experiencing strong development pressures. 

Economic and Recreational Value 

Since its construction in 1963 to meet growing water needs for the city of Denver, Dillon 
Reservoir has become a major recreation center. Several of Colorado's major ski resorts -­

Copper Mountain, Breckenridge, and A-Basin -- surround the reservoir. making it the focal point 
for Summit County's recreation-based economy. During the winter ski season, the basin's 
permanent population of 10,000 swells to over 60,000. 

In 1984, the Northwest Colorado Council of Governments (NWCCOG) estimated that 
the reservoir provides substantial economic benefits to the county including $500,000 in direct 
expenditures annually from recreationists, $4 million annually in additional sales as a result of 
these direct recreation expenditures (usually referred to as "multiplier" effects), and $ 1 1  million 
in real property value due to location and quality of the reservoir. 3 

Nutrient Problem 

Population growth and extensive land use changes in the basin resulted in increased 
phosphorus loading to the reservoir. New developments create new phosphorus loads through 
greater treatment plant discharge as well as the additional erosion and runoff associated with 
developing new sites. By the early 1980s, accelerated algal growth from the increased 
phosphorus transformed the deep blue waters to green and diminished reservoir oxygen levels. 
Dillon's economic value to the region, threatened by these changes, made its protection 
particularly important. 

After the Copper Mountain wastewater treatment plant (one of four dischargers in the 
basin) received one of the largest fines levied by EPA for violating its phosphorus limits, EPA 
funded a Clean Lakes study of the reservoir. The study, completed in 1983, identified 
phosphorus as the primary contributor to Dillon's eutrophication problem. Over half the 

2Recommended Water Quality Management Plan for the Colorado Water Quality Control 
Commission. January, 1984. Submitted for the Summit County Phosphorus Policy Committee 
by the Northwest Colorado Council of Governments. 

3See .5..um:a note 1 .  
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phosphorus entering the reservoir was attributed to precipitation, ground water and natural 
runoff. Naturally high "background" levels of nutrients in the reservoir result from spring 
snowmelt laden with heavy sediment from the mountain slopes. Human activities in the basin, 
through point and nonpoint sources, further exacerbate the phosphorus problem. 

According to the Clean Lakes study, which evaluated 1982 reservoir levels, nonpoint 
sources contributed over 20percent of total phosphorus -- over half of the phosphorus attributed 
to human activities. Sources of nonpoint source phosphorus include runoff from parking lots, 
golf courses, ski developments, and construction sites, along with seepage from domestic septic 
systems and other diffuse sources. Regulated point sources, primarily four publicly-owned 
treatment works (POlWs) that employ advanced treatment, discharged 18 percent of the total 
phosphorus load. These plants handle the wastewater treatment needs of the region. The Snake 
River plant in the Keystone area is managed by Summit County; the remaining plants -­

Breckenridge, Copper Mountain, and Frisco -- are part of special sanitation districts created to 
provide wastewater treatment for their respective municipalities. 

The Clean Lakes Study concluded that reliance on point source control alone, even at 
zero discharge, would be insufficient to prevent reservoir eutrophication if rapid regional growth 
continued. Consequently, nonpoint source phosphorus control would be necessary in order to 
prevent a sewer tap moratorium that would effectively freeze regional growth and put a cap on 
the point source load. All interests in the basin -- ·industry, municipalities, and environmentalists 
-- were equally threatened by either growth restrictions or continued degradation of the 
reservoir's water quality. 

Nutrient Control Strategy 

In 1983, faced with impending eutrophication and a potential regional growth 
moratorium, the Colorado Water Quality Control Commission asked local agencies to design a 
basinwide phosphorus reduction strategy that would accom modate future development without 
degrading Dillon Reservoir's water quality. Committee members, under the leadership of the 
Northwest Colorado Council of Governments, included representatives from the state and 
county, six surrounding municipalities, two unincorporated urban areas associated with ski 
developments, three sanitation districts, one mining company,  the Denver Water Board, 
environmental groups, EPA officials, and other parties with a significant stake in Dillon's water 
quality.4 

The Dillon Water Quality Management Plan is the result of these efforts. Adopted by 
the Colorado Water Quality Control Commission in 1984, the plan emphasized point and 

'Poi111 Sources-Nonpoi111 Sources Trading in the Lake Dillon Wa1ershed: A Final Repon. 
Northwest Colorado Council 'of Governments. p .  4. 

A-4 



q uality. 

Nulritnl Trading in Dillon Rtstnov 

nonpoint source phosphorus controls in order to maintain 1982 water quality conditions. 5 In 
order to effectively control phosphorus levels in the reservoir, total phosphorus loading from all 
sources -- background, point, and nonpoint --· was limited to the 1982 level of 10, 163 pounds, 
an amount considered acceptable to meet the reservoir's 0.0074 mg/l in-lake phosphorus 
standard. Pomt source dischargers received a share of the total available phosphorus load using 
1982 discharge levels as a guide. The consideration of total basinwide phosphorus loading to 
meet an in-lake standard marked a shift from the previous, and more traditional, approach that 
allocated phosphorus based on reservoir segments, an approach insufficient to protect water 

Through the wasteload allocation process, the available point source phosphorus load 
(1,510 pounds), was distributed among the four individual dischargers based on total flows in 
1983. At that time, point sources discharged substantially less than their allocations due to new 
tertiary treatment technology. The gap between actual discharge and allocated levels of 
phosphorus was expected to allow treatment plants to extend service to a greater population, 
thereby allowing regional growth to continue at a time when Summit County was experiencing 
one of the highest growth rates in the nation. 

Because spring runoff and annual precipitation affect the hydrology of the basin, a wet 
year creates a worst-case scenario for phosphorus loadings. The phosphorus concentration and 
reservoir volume in a very wet year -- 1982 -- was used as the hydrologic baseline against which 
to measure progress toward achieving phosphorus control objectives. The point source allocation 
remains the same regardless of precipitation, but the nonpoint source contribution is indexed to 
flow levels. 
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NutrienJ Trading in Dillon Reservoir 

IMPLEMENTATION OF NUTRIENT TRADING PROGRAM 

Objective 

Nutrient trading between point and nonpoint sources was incorporated into Dillon's 
basinwide phosphorus control strategy to encourage the most cost-effective means of preventing 
future nutrient loading increases. It was determined to be the most cost-effective means based 
on cost estimates of alternative phosphorus control strategies and the projÉtion that treatment 
plants' phosphorus allocations would be exceeded by 1990, restricting the availability of future 
sewer taps extended to new developments. A point/nonpoint source trading program would 
give POTWs two options to accommodate loads exceeding their allocation. They could either 
install additional treatment technology to reduce their own phosphorus load levels (the only 
option available to them in the absence of trading) or maintain their existing levels of treatment 
while at the same time controlling existing nonpoint source phosphorus to receive credit toward 
their allocation . 

The trading program provided a means to consider the cumulative impact of all 
phosphorus sources, including the contributions from new developments, which create new 
phosphorus loads through sewer connections to the treatment plant as well as increased runoff 
associated with a change in land use (phosphorus is carried in dissolved form and is attached to 
soil particles). 

Economic Justification 

Both Summit County and EPA were interested in the relative costs of point and nonpoint 
source control options to accommodate point source phosphorus loads in excess of allocations. 
In 1982, EPA funded a demonstration urban runoff control project that removed nonpoint source 
runoff at a minimum annual cost of $67 per pound.6 Through its Office of Policy, Planning 
and Evaluation , EPA funded a study in 1984 that compared nonpoint source control costs to 
advanced wastewater treatment technologies in order to estimate the potential cost savings 
generated by a trading program. 7 

Application of point/nonpoint source trading to Dillon Reservoir required several 
assumptions regarding future point source loads and available nonpoint source controls. For 

6Initial monitoring data from the project yielded an annual cost of $119 per pound, which 
was used for calculations in the economic studies. However, with additional monitoring data, 
this cost was reduced to $67 per pound. Sec PoinI Sources-NonpoinI Sources Trading in rhe 
Lake Dillon Watershed: A Final Repon. Nonhwest Colorado Council of Governments. 
September 1984. plO. 

1Case Studies on the Trading of EjJlue111 Loads in Dillon Reservoir. 1984. Prepared for 
Office of Policy Analysis, U.S. Environmental Protection Agency by Industrial Economics, Inc. 
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example, 1985 phosphorus load calculations were based on facilities' estimated service 
population and a per capita phosphorus loading factor that refle.cted 1981-1982 treatment 
capabilities. However, discharge levels in those years were extremely high, due to the fact that 
tertiary treatment, which was already installed at the facilities and anticipated to reduce 
phosphorus loadings by 70 percent, was not yet fully functional. Consequently, 1985 
Calculations estimated point source loads substantially above allocations -- 2, 744 pounds 
compared to an allocation of 1,313 pounds' -- and, hence, a large potential for trading. 

Ba.sod on anticipated large point source loads, several treatment technologies reserved for 
drinking water purification were the only alternatives considered to achieve the necessary load 
reductions. Estimated annual costs for activated alumina, the lowest cost alternative, averaged 
$730 per pound across all plants.9 Due to •1umpiness• of treatment technologies, ad.vanced 
treatment at all plants would reduce phosphorus loading substantially below allocated levels. 10 

Nonpoint source removal costs were derived solely from the urban runoff demonstration 
proje.ct. Results from this proje.ct were extrapolated to the entire basin assuming diminishing 
effectiveness -- and, as a result, increasing costs per pound -- for the smaller, less desirable 
sites. With diminishing marginal returns, however, the point source loadings that were 
anticipated to exceed wasteload allocations ("excess load") could not be reduced through trading 
alone, thereby requiring a combination of point source upgrades and nonpoint source controls 
to achieve the necessary load reduction. 

· 

Using a cost minimization model, treatment plants in the basin would achieve their 
required phosphorus reductions through lower cost nonpoint source controls until the point at 
which the costs of such controls, on a per pound basis, surpassed the least expensive advanced 
treatment alternative. The least-cost combination of controls, using the assumptions above, 
would require one plant to upgrade its facility, with the balance of phosphorus reductions derived 
from nonpoint source controls, at an estimated total annual cost of $241 per pound, a 66 percent 
savings (on a per pound basis) over advanced treatment alone. 11 

The choice of a trading ratio further affe.cts the maximum load reduction and cost-savings 
achieved through trading. Under a 2: 1 trading ratio, for instance, a point source receives one 

'The initial 1 , 3 1 3  pound allocation, used in calculations, was later raised to 1 ,510 pounds 
in regulations governing the trading program. See SlU2Ii note 2 at p.3. 

9Annual costs (before tax) for all calculations are based on conversion of one-time capital 
costs to annual equivalent capital costs using a 10 percent discount rate and ten year capital 
recovery period. Selection of the discount rate was based on Office of Management and Budget 
Circular A-94, which recommends use of a 10 percent discount rate for analysis of federal 
projects. See SlU2Ii note 7 at p.2-2. 

10see SlU2[i note 7 at p.3-10, and Exhibit 3-7. 

"See SlU2[i note 7 at p.l-13, and Exhibit 3-12. 
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pound of credit for each two pounds of existing (i.e., pre- 1984) nonpoint source phosphorus 
reduced. Without sufficient nonpoint sources with which to trade, maximum reductions will be 
limited to the availability and relative proportion of nonpoint sources. Additionally, from the 
perspective of the point source discharger, the cost-effectiveness associated with nonpoint source 
control is less· under a higher trading ratio because (assuming a 2: 1 ratio) every two pounds of 
nonpoint source phosphorus removed results in only one pound credited to the point source 
reduction requirement. Therefore, a point source must control twice as much existing nonpoint 
source phosphorus as would be necessary in a 1 :  1 trading ratio (a discussion of the ratio selected 
for the Dillon program and its rationale is presented in "Program Details• below). Using the 
assumptions described above, the least-cost combination of controls necessary to reduce the 
excess phosphorus load would result in an annual average cost of $508 per pound of phosphorus 
credited to the point source allocation, 30 percent cheaper (on a per pound basis) than advanced 
treatment alone. 12 

All of the calculations described above assume that ÷;schargers are required to meet the 
aggregare point source limit imposed on them, rather than mo1vidual wasteload allocation limits. 
That is, the least-cost combination of controls reflects the lowest cost to the point source 
dischargers as a group, not to the individual discharger. However, the Dillon trading program 
is structured such that each discharger must meet its individual limits by either further reducing 
its discharge or controlling nonpoint sources in order to maintain existing levels of point source 
discharge. Using the model employed for the initial cost-effectiveness estimates, it is not 
possible to develop comparable estimates for the program implemented at Dillon.13 

Program Details 

The trading program developed for Dillon involves the four POTWs in the basin and 
nonpoint sources that existed prior to adoption of the plan in 1984. By granting POTWs credit 
for operating and maintaining controls on existing urban nonpoint sources while at the same time 
continuing advanced treatment for phosphorus removal, additional development can occur 

12See SYJ2.[a note 7 at p.3-17, and Exhibit 3-16. This combination of point and nonpoint 
source controls reflects the costs associated with twice as much nonpoint source control as is 
reflected in credits. For instance, the least-cost combination required 5 1 8  pounds nonpoint 
source credit, which resulted from the control of 1 ,036 pounds of nonpoint source phosphorus. 

13The analysis assumed that there was a limit to the total pounds of possible nonpoint source 
reductions. Further, the total was estimated to be less than the required point source load 
reductions. For this reason the assumption of a perfectly functioning market was the only basis 
for determining which point source dischargers may be able to purchase sufficient credits and 
which will be required to implement facility upgrades. In a perfect market, nonpoint source 
control "prices" reflect the value to the point source discharger with the highest-cost facility 
upgrades. In fact, purchase of nonpoint source controls is likely to be on a first-come-first­
served basis, with prices not bid up by individual facilities. 
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without limiting future sewer taps. Dillon's trading program includes four major elements; they 
arc described below. 

Baseline. 1982 levels of phosphorus were used as the common basis for measuring 
progress in controlling basinwide phosphorus loading. Water volume was very high that year, 
and nonpoint source loads would also have been high. Point source allocations arc based on 
1982 loadings, and nonpoint source reductions will be indexed to 1982 water volume and 
loadings. 

Trading Ratio. A 2: I trading ratio, chosen for technical and economic reasons, requires 
that a treatment plant control two pounds of phosphorus from an existing nonpoint source for 
each pound of phosphorus it discharges above its allocation. For. instance, installation of a 
nonpoint source control device that removes 100 pounds of phosphorus would generate 50 
pounds of phosphorus credit toward a point source's total allocation. Available data indicated 
that a 2: 1 ratio would offset the increased new nonpoint source phosphorus loading that would 
result from new development generated by a one pound credi1 at the point source. As noted 
above, it also represented a 30 percent savings, on an annual cost per pound (of phosphorus 
credit) basis, over the cost of meeting phosphorus limits through point source control upgrades 
alone. 

Controls on New Nonpoint Sources. Nonpoint source loads from new development 
occurring after the plan was adopted in July 1984 arc controlled separately, and cannot generate 
phosphorus credits. As part of the plan, local governments are re.quired to adopt regulations that 
control nonpoint source runoff from all new developments, resulting in a 50 percent reduction 
below anticipated nonpoint source loadings. Trading will only be considered in localities with 
appropriate land use and erosion control ordinances. 

NPDES Penn.it. Each discharger involved in a trade will be given an NPDES permit 
that incorporates its phosphorus credit and notes the party responsibility to operate, maintain, 
and monitor the nonpoint control device(s) for which credit will be granted (responsibility 
assigned by the Water Quality Control Commission) . These permits must contain, at a 
minimum, the following provisions: (1) a record of the point source credit amount and the 
original phosphorus allocation; (2) construction requirements for the nonpoint source control 
devices; (3) monitoring and reporting requirements for the party responsible for the nonpoint 
source controls; and 4) operation and maintenance requirements to assure continuous nonpoint 
source control. 

Enforcement and Compliance 

When a trade is approved, a treatment plant's NPDES permit is modified to include two 
levels of discharge limits -- one, considerably more stringent, in the event that trading is not 
used or is not successful, which is equal to discharge limits required to meet wasteload 
allocations and requiring point source upgrades, and one that credits the discharger's wasteload 
allocation based on their implementation of successful nonpoint source reduction projects. By 
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including the trading provision in the permit, nonpoint source management and control are linked 
directly to the Clean Water Act enforcement provisions of the NPDE.S pennit.14 If a discharger 
does not achieve the required level of nonpoint source control specified in the permit, its 
allocated load and permit level will automatically reven to the more stringent limits. For the 
plan to be effeetive, permit conditions must be enforced and violations must be subjected to the 
appropriate administrative or criminal procedure. 

Technological Feasibility 

Sufficient and reliable water quality data, and accurate modeling are essential to develop 
a basinwide water quality protection plan as well as a trading program. For Dillon Reservoir, 
a computer model developed as part of the Clean Lakes study indicated the maximum 
phosphorus loading that the basin could accommodate and still achieve the in-lake phosphorus 
standard. Further refinements to the Dillon Water Quality model will allow predictions 
concerning the phosphorus impacts of future basin development. 

The Clean Lakes Study assumed that one pound of total phosphorus discharged from a 
point source would have the same water quality impact as one pound of total phosphorus 
discharged from a nonpoint source, and the same impact as discharges from different locations. 
This was substantiated in water quality model predictions that were within 5-10 percent of the 
observed levels for 1981 and 1982.U 

Effective, low-cost nonpoint source control measures are also necessary for a trading 
program . In the Dillon watershed, the EPA pilot urban runoff facility demonstrated one 
potential type of inexpensive nonpoint source control. Several other options for nonpoint source 
control, including connecting subdivisions on failing septic systems to wastewater treatment 
facilities, are also appropriate in the Dillon area. 

Administrative Framework 

Regulations by the Colorado Water Quality Control Commission outline the general 
program structure for the Dillon trading program. The Commi ssion . appointed by the Governor, 
assigns total phosphorus limits and credits, and assigns responsibilities for operating, maintaining 
and monitoring all nonpoint source controls for which credit is received. The Northwest 
Colorado Council of Governments (NWCCOG) serves as staff to the Summit Water Quality 
Committee, and took the lead overseeing development of the trading program. 

14Clean Water Act, Section 402. 

1sKashmanian, Richard, et. al, 1987. An Application of Point Source!Nonpoinr Source 
Trading: A Case Study of Dillon Reservoir, Colorado. U.S. EPA Office of Policy, Planning and 
Evaluation, Staff Paper, pl2. 
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Point source regulation lies with the Water Quality Control Division of the Colorado 
Department of Health through its EPA-approved NPDES permitting program. The 
pointlnonpoint source trading provisions are 'incorporated into the NPDES permit by including 
both point so¿rce discharges and nonpoint source controls in the pennit. 

In accordance with Clean Water Act requirements for state-managed NPDES programs, 
the Environmental Protection Agency, through its Region 8 office. reviews all permits for 
compliance with Dillon management regulations and water quality standards. EPA reviews and 
approves all trades recommended by the State that confonn to regulations and are used to attain 
or maintain the in-lake phosphorus standard.16 

Local governments share basinwide water quality responsibilities through the Summit 
Water Quality Committee, formed by intergovernmental agreement to provide a coordinated 
approach to protecting water quality. The Committee developed the administrative procedures 
for credit transactions that were approved by the Water Quality Control Division. Its present 
responsibilities include: extensive monitoring of water quality trends in the reservoir, tributary 
streams, and nonpoint source controls; identification of sites for non point source control devices; 
distribution of phosphorus credits gained from the nonpoint source controls; and development 
of septic tank control programs. 

16Personal communication with Bruce Zander, EPA Region 8, July 25, 1991. 
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PROGRAM STATUS 

The Dillon program became the first operating point/nonpoint source trading program 
in the nation after it received state and EPA approval in 19S4. Local officials expected that the 
trading program would be a major component of the overall phosphorus control strategy for the 
basin due to the impact of rapid growth on point source phosphorus loads. The trading program 
was designed to aecommodate new development in the region by bringing control of existing 
nonpoint sources of phosphorus under the umbrella of point source regulation. 

However, several events in the late 1980s diminished the immediate need for 
implementing trades. In addition to an economic slump in the late l980s that slowed basinwide 
development and corresponding increased levels of point and non point phosphorus loadings, the 
POTWs in the basin achieved impressive phosphorus load reductions through minor plant 
alterations and improved operating efficiency of existing treatment technology. 

Without resorting to additional, expensive treatment technology. the treatment plants were 
able to reduce their discharge substantially below projections. The four POTWs discharging into 
Dillon now boast some of the highest phosphorus removal efficiencies in the nation. For 
instance, the Snake River Plant, which has won several EPA awards for its phosphorus removal 
capabilities, now discharges as little as 20 pounds of phosphorus (at 0.02 mg/I) out of its annual 
allocation of 340 pounds. 17 

In contrast to the early 1980s, point source loading is now a relatively minor source of 
phosphorus to Dillon. Even with increased flows, combined POTW discharge, with an annual 
allocation of 1,510 pounds, totals less than 250 pounds out of the annual reservoir limit of 
10, 163 pounds. 18 Even at full buildout of the basin, treatment plants are not expected to reach 
their allocations.19 Consequently, point/nonpoint source trading has played only a minor role 
in the overall basinwide phosphorus mitigation strategy .  The limit on nonpoinr phosphorus 
loading, implied by the total basinwide phosphorus load allowed. has proved to be the major 
constraint to future development. 

Although total annual phosphorus loading was only 5 .449 pounds in 198�0 -- 54 percent 
of the total phosphorus allowed -- nonpoint source phosphorus poses the most important 
problem. Local officials are developing a phosphorus mitigation policy that will require new 

17Personal communication with Buck Wenger, Utility Manager, Snake River Sanitation 
District. July 17, 1991 . 

11From 1989 Annual Monitoring Report, Table 9, as cited in Swnmit Water Quality 
Committee 1990 Annual Report. February .1991 . Prepared by Lane Wyatt. 

19See Sl!J2Ii note 18  and £\mri note 17. 

õ note 19, Table 1 1 .  
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nonpoint sources to offset their phosphorus impact by controlling existing nonpoint sources, in 
addition to the stringent controls already required for new developments. For a program review 
in 1992, a new county committee has been formed to evaluate supplements to the current trading 
program along with new strategies to control nonpoint source phosphorus. 21 

To date, only one point/nonpoint source trade has been completed under the original 
regulations. Two additional nonpoint source control projects have been implemented by point 
sources, and arc currently being monitored to determine their phosphorus removal capabilities. 
These will generate credits for the treatment plants or others to use in the future to offset new 
nonpoint source loads. The following discussion describes these projects. 

Breckenricl&e Sanitation Districtn 

In 1988, the Breckenridge Sanitation District, which operates the largest of the four 
P01Ws in the basin, received 1 1  pounds of additional phosphorus credit for sewering of the 
Lake View Meadows subdivision. Prior to 1984, the subdivision had been serviced by 
individual septic systems, the largest collective source of nonpoint phosphorus entering Dillon 
reservoir. 

Available data on septic system phosphorus yields indicated the potential for 22 pounds 
phosphorus removal if the homes were connected to the sewer system. Based on the 2: 1 trading 
ratio, this generated 1 1  pounds credit to the Sanitation District, reflecting a total allotment in its 
revised NPDES permit of 675 pounds. 

From an administrative perspective, the completed trade illustrated that the process 
outlined in regulation worked smoothly. However, the Sanitation District did not pursue the 
trade based on the economic incentives of nonpoint source control, as it currently uses only 15 
percent of its phosphorus allocation. Instead, it applied for credits after the county responded 
to requests for sewer connections from a subdivision that had been experiencing septic system 
failures. 

Because the sewer project was incorporated into a planned county road improvement 
project, the capital costs attributed to sewer construction were substantially below the county 
average. Of the total $5,600 assessed each lot in the subdivision (including undeveloped lots), 
only $700 was attributed to sewer costs. In contrast, the average cost for running sewer lines 
to residences located near existing trunk lines is $4,000 per residence, in addition to a $3,000 

21Personal communication with Lane Wyatt, Northwest Colorado Council of Governments, 
July 19, 1 99 1 ;  McKee, July 29, 1991; Wenger, August 8, 1991.  

22Personal communication with Bill McKee, Senior Planner, Basin Management, Colorado 
Department of Health. July 16, 1991;  Milt Thompson, Breckenridge District Manager. July 17, 
1991; Rick Pocious, County Engineer, August 12, 1991. 
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tap fee.23 Although the county financed the entire project through bonds, Breckenridge 
Sanitation District received credits based on the amount of phosphorus removed by converting
existing homes from septic systems to sewer service. 

Fruco Sanitation Districf' 

Frisco is a small mountain community that experienced storm drainage problems. In 
order to counteract storm water accumulation in two alleys behind Main Street, the Frisco district 
built a series of concrete vaults (manholes) that drain stormwater runoff and settle heavy 
sediment. The first project, built in 1985 to alleviate the drainage problems, also demonstrated 
phosphorus removal benefits: filtering water through perforated pipes removed 50-70 percent 
of phosphorus. 

From this experience, the district built a second series of vaults to drain a different 
section of town and decrease phosphorus loading to the reservoir. The project qualified for . 
federal funds administered through the Clean Water Act Section 319 nonpoint source 
management program, which provided $38,000 out of a total cost (including monitoring) of 
$63,000. The town of Frisco and the Frisco Sanitation District shared the non-Federal portion 
through a combination of cash and in-kind services. 

However, like Breckenridge, Frisco did not need additional phosphorus credits: out of 
its current allocation of 341 pounds per year, it uses less than 50 pounds. On behalf of the town 
of Frisco, all credits obtained from the Frisco project will be applied to a planned town golf 
course in keeping with a proposed phosphorus mitigation policy that will require any projects 
that contribute new nonpoint source phosphorus to obtain equivalent nonpoint source phosphorus 
removals elsewhere. 25 In effect, the trade is an example of nonpoint/nonpoint source trading, 
under the umbrella of a point/nonpoint source trading program. 

23Lewis, William M . ,  Jr. Methods for Calculating rhe Value of a Pound of Phosphorus in 
the Lake Dillon Watershed for Purpose of Phosphorus Mitigation. Prepared for the Summit 
Water Quality Committee, April 18,  1990. p.3. A residential unit on a septic system yields 
an estimated 1 . 4  pounds of phosphorus per year. Therefore an annualized capital cost per pound 
of phosphorus removed by connecting the home to a sewer is $465, not including the tap fee. 
Lewis reports a value of $5,000 per pound of phosphorus, which includes the tap fee in the total 
cost, and does not represent annualized costs. 

24Personal communication with McKee, July 16, 1991; Butch Greene, Plant Manager, Frisco 
Sanitation District, July 16, 1991.  

25The proposed phosphorus mitigation strategy will require phosphorus reductions equivalent 
to a proposed impact of a new project, essentially a 1 :  1 trading ratio. Therefore, controlling 
one pound of nonpoint source phosphorus results in a one pound credit to another nonpoint 
source. This should be distinguished from a 2 :  1 trading ratio where two pounds of nonpoint 
source phosphorus must be removed to generate one point source pound credit. 
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Phospt !'US removal capabilities from the project will be determined by monitoring 
incoming and ..:·utgoing water. Based on initial results, the project is expected to generate ü50 
pounds phosphorus credit to the Sanitation District in 1994.16 Assuming 50 pounds of 
phosphorus removal, the total annualiud cost of this project is S10,253, or $205 per pound of 
phosphorus. However, the federal grant reduces the Sanitation District's cost substantially -
its $12,500 share of total costs results in an annual cost of $40 per pound.77 

Snake River Wastewater Treatment Facility2' 

The county-owned Snake River treatment plant, which services the Keystone arc.a, is also 
involved in a nonpoint source control project designed primarily to offset the impact of new 
nonpoint source contributions to the reservoir. As pan of the overall management of Dillon 
reservoir, the Denver Water Board, owner and operator of the reservoir, plans to divert a stream 
with a high phosphorus concentration into Dillon reservoir. In keeping with a proposed 
phosphorus mitigation strategy for the reservoir, the Water Board has agreed to offset the 
anticipated 200 pound phosphorus impact of the stream diversion with equivalent phosphorus 
reductions elsewhere in the basin. 

The Snake River project, the first nonpoint source control project identified to meet the 
Water Board's offset objective, will reduce the phosphorus loading from Soda Creek, which 
drains the Snake River district and has the highest phosphorus concentration of any stream 
entering Dillon reservoir. In order to reduce phosphorus loading from Soda Creek, the 
treatment plant built a discharge structure in April 1991 using the existing road causeway over 
the reservoir as a dam to intercept stream flow. When reservoir levels are low, the wall filters 
water entering the reservoir, removing up to 50 percent (75 pounds) of phosphorus under the 
best conditions. After modeling is completed, the Denver Water Board will receive half of the 
credits generated from this project. 29 

26Again, in this case, the amount of credit received will ý the amount of phosphorus 
removed, thus cost calculations reflect a 1 :  1 ratio between credits received and pounds removed. 

27For consistency with the initial economic study, calculations are based on a 10 percent 
discount rate and a ten year capital recovery period. See SJ.uml note 9. 

28Personal communication with McKee, July 16, 1991; Wenger, July 17 and August 8,  199 1 .  

29See £umi notes 24 and 25. The total amount of nonpoint source phosphorus removed 
from this project will result in phosphorus credits shared equally between the Snake River Plant 
and the Denver Water Board. 
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Project costs for the detention pond totaled $106,000, including a $46,400 grant from 
Clean Water Act Section 201 funds administered through the State Water Quality Division.)() 
The remaining costs were shared by the Snake River plant and the Denver Water Board. The 
Snake River project comes under the trading program umbrella because of regulations that 
require trades· to be sponsored by a P01W. However, like the other treatment plants in the 
basin, Snake River uses only a fraction of its phosphorus allocation: 20 out of its allocated 340 
pounds. 

Assuming the project removes 75 pounds of phosphorus. total capital costs 
would be $17,251, or $230 per pound.31 However, costs · to the treatment plant for its share 
of credits are substantially reduced by the federal grant and Denver Water Board contribution, 
resulting in an annual cost of $130 per pound.32 These costs do not include operating and 
maintenance costs, which will be shared by the Snake River plant and the Denver Water Board. 

Ïnder Section 201, the Construction Grants program (now phased out), up to 20% of a 
state's construction grants money for P01Ws could be used for •any innovative and alternative 
approaches for the control of nonpoint sources of pollution" (20l(g)(l)(B)). Until Congress 
appropriated Section 319 nonpoint source management program money in 1990, Colorado used 
pan of its 201 allocation to fund nonpoint source projects. 

31See .£wu] note 30. 

32See .5..umJ note 25. 
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CONCLUSION 

Dillon Reservoir has frequently been cited as an example of the potential cost savings 
generated by a point/nonpoint source trading program. Indeed, the ease with which Dillon's 
completed trades occur illustrates that the administrative framework operates as designed. 

To date, however, the program has not developed as envisioned largely due to the 
impressive load reductions achieved by the P01Ws. By achieving some of the highest 
phosphorus removal capabilities in the nation, the treatment plants obviated the need for point 
source phosphorus credits to accommodate future growth. Although point/nonpoint source 
trading now plays only a minor role in overall basinwide phosphorus management, several 
valuable lessons emerge from the Dillon experience regarding the role of trading in basinwide 
water quality management. Particularly important is the realization that nonpoint/nonpoint 
source trading will be necessary in maintaining the water quality of Dillon Reservoir. 

Maximum Basinwide Loads 

Primarily, the Dillon experience illustrates the importance of a comprehensive basinwide 
management approach rather than focusing on point sources in isolation. By considering the 
relationship between point, nonpoint, and background sources of phosphorus to the reservoir, 
local officials determined acceptable maximum pollutant loadings to meet an in-lake standard. 
This basinwide planning approach represented a shift from the conventional regulatory approach 
which, for the most part, has been limited to point source control. As a result of Dillon's 
proactive planning, 1989 phosphorus loads to the reservoir totaled only 53 percent of the critical 
load. 33 

Several sections of the Clean Water Act address a comprehensive approach to water 
quality problems where point source control alone is insufficient to meet designated water quality 
standards. Section 302, water quality related effluent limitations, requires establishment of 
effluent limitations (including alternative effluent control strategies) for point sources that can 
reasonably be expected to contribute to the attainment or maintenance of water quality.34 A 
trading program appears to be an acceptable alternative control strategy. 

Additionally, Section 303, water quality standards and implementation plans, outlines the 
total maximum daily load (TMDL) process35 as a mechanism for water quality-based control 
actions where technology-based controls alone are not adequate. A TMDL is the maximum 
amount of a pollutant that can enter a water body without violating water quality standards. 

33See Î note 17. 

34Clean Water Act, Section 302(a). 

35Clean Water Act, Section 303(d); 40 CFR 130. 
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Recent guidance by EPA explains the role of TMDLs in evaluating the cumulative impact of all 
pollution sources, as well as available options for point and nonpoint source control.36 

Although TMDLs can be difficult to establish where multiple sources impair water 
quality , this type of integrated basinwide management is essential to control the remaining water 
quality problems. The wasteload allocation experience at Dillon illustrates the multiple factors 
that must be considered when allocating the available load. Where point sources arc able to 
achieve load reductions substantially below initial allocations, as at Dillon, reallocation may be 
necessary to maintain incentives for point/nonpoint source trading. 

Within a comprehensive basin wide management strategy. however, alternative control 
measures, such as a trading program, can only be considered when all point source dischargers 
are, at a minimum, in compliance with technology-based requirements. Under the Clean Water 
Act, only point sources are subject to federally enforceable controls. 37 Therefore, a strategy 
that also relies on nonpoint source reduction to meet water quality standards must include 
assurances that such reductions will occur. At Dillon, this assurance is provided in the NPDES 
permit that defines the point source's obligation to build and maintain nonpoint source controls. 
Failure to do so would result in a more stringent point source discharge restriction . 

Monitoring and Modeling 

A water quality-based regulatory approach, above and beyond technology-based 
requirements, is only possible with adequate monitoring data and computer modeling capabilities. 
Water quality data and appropriate models must be available to evaluate relative impacts from 
point and nonpoint source loads along with the implications of alternative control strategies to 
meet a water quality standard. 

At Dillon, monitoring data is used in conjunction with the Dillon Water Quality model 
to evaluate current control strategies and predict the impact of future development. As modeling 
capabilities become more sophisticated and monitoring data accumulates, the load allocation 
process can be tailored to address the water quality problem most effectively. 

The availability of monitoring data and sufficient models will directly affect the amount 
of time required to develop and allocate total maximum daily loads and, if necessary, a trading 
program. In some cases, a TMDL may be more effective as a proactive planning tool, rather 
than as the primary method to improve water-quality limited water bodies, where independent 
regulation of nonpoint source control may be necessary. 

The trading program at Dillon was designed to preventfature water quality deterioration 
in a rapidly expanding region, rather than to mitigate an existing problem. Local officials, faced 

36Guidancefor W01er Quality-based Decisions: The TMDL Process. April 1991.  Office of 
Water Regulations and Standards, United States Environmental Protection Agency. 

37Clean Water Act, Sections 301, 304. 
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with a potentially serious water quality problem, recognized the need to consider the total 
pollution load to the reservoir in order to maintain an acceptable level of water quality. The 
trading program is part of a larger basinwide phosphorus control strategy that also includes 
separate nonpoint source control requirements for new developments. 

Estimatin& Cost-Savin&S Attributed to Trad.in& 

Point Sources. Using an economic rationale, point/nonpoint source trading is expected 
to occur when the marginal cost to control otherwise unregulated nonpoint sources is lower than 
equivalent reductions achieved at treatment plants through advanced treatment technology. The 
Dillon experience illustrated the sensitivities involved in the initial economic analysis of potential 
cost savings. 

The economic analysis used to project cost savings attributed to the Dillon trading · 
program considered the aggregate discharge limit for all point sources, rather than adherence to 
individual discharge limits. This analysis, which assumes a regulatory ·bubble" applied to point 
source dischargers, yields the greatest economic efficiencies. as the lowest cost control 
combination would be evaluated across all dischargers; individual plants would be subject only 
to maintaining the aggregate discharge limit, not necessarily forced to reduce individual 
discharge levels beyond compliance with technology-based regulations. However, in practice 
this type of bubble approach could lead to several enforcement problems, specifically related to 
responsibility and accountability for violations, if individual permits did not reflect the 
requirement to adhere to individual facility wasteload allocations. The Dillon program does not 
use this bubble approach, which makes the initial reported cost savings difficult to interpret. 

Additionally, although tertiary treatment had been installed at all the Dillon plants at the 
time of the study, projections of future loads were based on previous discharge levels without 
such technology. Consequently, projected load levels were inflated. The true conditions 
substantially altered the economic efficiencies underlying the original trading program. 

The Dillon plants were able to further reduce phosphorus loads by increasing operating 
efficiency of their existing technologies. As a result, they achieved phosphorus removal 
capabilities even below those predicted for the advanced treatment alternative recommended in 
the study. As illustrated at Dillon, the possibility for low-cost capital improvements and 
improved operating efficiency to reduce discharge levels must be considered. When faced with 
a limit on allowable discharge in addition to a maximum effluent concentration, point source 
dischargers are more likely to look beyond mere permit compliance to find more efficient 
operating procedures. The appropriate cost comparisons should evaluate additional plant 
improvements needed if plants are operating at their highest efficiency, versus the cost of 
nonpoint source controls. 

Nonpoint Sources. Effective, low-cost nonpoint source controls are essential to develop 
a successful trading program. However, calculating nonpoint source control costs and the 
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potential cost savings attributed to a trading program is a difficult process, as actual nonpoint 
source control options vary considerably, both in effectiveness and cost. 

In the original Dillon study, the costs for nonpoint source controls were based solely on 
cost efficiencies extrapolated from the type of urban runoff control facility considered most 
likely to be used for nonpoint source control. However. the nonpoint source control projects 
actually developed as part of the trading program included several different approaches and none 
yet utilize the type of runoff facility evaluated in the study. In Dillon, the most significant 
opponunity to recover nonpoint source phosphorus is to extend sewer service to residences 
serviced by septic systems, the single largest nonpoint source of phosphorus. Construction costs 
are assessed to homeowners in addition to a sewer tap fee. All estimates for nonpoint source 
control costs are site-specific, based on hydrogeographic conditions. 

Trading Ratio. The choice of a trading ratio further affects the maximum load reduction 
and cost efficiencies that can be achieved through trading. At D1llon. the 2: 1 trading ratio was · 
chosen to offset the phosphorus impact associated with new developments, which increase 
phosphorus though additional loads to the treatment facility as well as the runoff associated with 
land use changes (even under stringent controls to reduce such runoff) . Despite their apparent 
simplicity, as POTW treatment efficiencies improve and as new growth occurs there is a 
potential that the initially established trading ratios may need to be revised. In some cases, it 
may be necessary to reevaluate and even increase ratios to ensure that the trading ratio still fully 
mitigates runoff from new growth. 

Treatment plants in the Dillon Reservoir improved their operating efficiency, enabling 
them to treat more influent per pound of phosphorus discharged. Thus, under improved 
efficiencies, a one pound credit represents a larger volume of influent -- enabling the sale of a 
greater number of sewer taps, and potentially, servicing a greater area of land -- than under 
initial efficiencies where a pound credit of phosphorus discharge represented a lesser volume of 
influent. 

Under improved POTW treatment efficiencies, trades may not be necessary in order to 
sell taps and permit development so long as a plant' s loading remains below its permit limiL 
As development continues and POTW phosphorus loadings approach the limit as a result of 
development, a plant operator will have to choose between trading or facility upgrades to enable 
the sale of more taps to permit more development. 

The problem with existing trading ratios appears at the point that POTWs choose to trade 
after efficiency improvements and after limits are again being approached. The trading ratio, 
in this case 2 :  1 ,  was established based on the original efficiency of the POTWs. For example, 
at the time the existing ratio was established under the old efficiency, a single 2: I trade enabled 
a POTW to sell taps representing a specified acreage of development. Under this 2: I trade, one 
pound of nonpoint source runoff reduction (at existing sources) would offset the one pound of 
additional point source discharge resulting from the development's sewer taps, and the other 
pound of nonpoint source reduction (at existing sources) offset the one pound of new nonpoint 
source runoff from the same development, following on-site control. 
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Under improved POTW trt=atment efficiency, a 2: 1 trade would still permit a POTW to 
sell the number of taps whose influent would result in an increase of one pound of additional 
point source discharge, but the number of taps will have increased. Suppose that improved 
efficiencies enabled the plant to treat influent from twice as large an area as previous efficiencies 
allowed, and still discharge a single pound of phosphorus. A single 2: I trade would now enable 
the P01W to sell taps for twice as much land. A development that is twice as large, however, 
will, in most cases have more nonpoint source runoff. The previous ratio was designed to 
mitigate one additional pound of nonpoint source loading, but it will not necessarily mitigate the 
runoff from development of twice as much area. In this scenario, the ratio may need to be 
increase.cl to as much as 3: 1 to fully mitigate the nutrient loading associated with the additional 
growth that is permitted as a result of plant improvements (assuming that twice as much area 
results in twice as much nonpoint source loading). 

As illustrated in the example above, the initial trading ratio may not fully offset the 
nonpoint source runoff associated with the equivalent acreage the improved efficiency can now 
permit. The opposite argument would hold for improvements in controls of new nonpoint 
sources: the trading ratio could perhaps be revised downward (e.g . .  from 2: 1 to 1.5: 1 or 1 :  1)  
rather than upwards. Additionally, improvements in POlW treatment efficiencies may postpone 
or aven the need to trade, as was the case at Dillon Reservoir. 

Federal Subsidies. Incentives to trade may be enhanced by the presence of federal 
support for nonpoint source control projects. Limited federal grant money is available for 
nonpoint source control projects through the Clean Water Act's Section 319 nonpoint source 
management programs. If a nonpoint source control project receives funding through this 
program, the costs to the point source participating in the trade will be reduced, therefore 
increasing the incentives to trade. The Construction Grants Program,31 which provided funds 
for construction and upgrading of publicly owned treatment plants, has been replaced by the 
State Revolving Loan Fund, which increases the local share of upgrading treatment facilities. 

Potential Impact of a Trading Program 

In order for a trading program to successfully mitigate a nutrient problem, significant 
contributions of phosphorus must result from both point and nonpoint source dischargers. In 
Dillon today, for instance, point sources contribute only 2 percent of total phosphorus, 39 which 
acts as a constraint to the volume of existing nonpoint source phosphorus that can be controlled 
through trading -- there is not sufficient volume of point source phosphorus to •1everage" against 
existing nonpoint source loadings. Even under a hypothetical zero discharge limit for point 
sources, a functioning point/nonpoint source trading program in Dillon would only remove 400 
pounds of nonpoint source phosphorus -- out of an allocation of approximately 2,000 pounds for 
point sources -- based on current point source discharge and a 2: 1 trading ratio. 

31Clean Water Act, Section 201. 

J9See Suma note 17. 
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Although point/nonpoint source trading has not yet been necessary at Dillon, the lack of 
trading does not obviate the need for a trading program. Rather. it shows the careful planning 
and analysis necessary to develop a trading program as one component of an integrated 
basin wide management strategy. 

Unless regulatory nonpoint source controls become re.quired. a trading program provides 
one method to incorporate nonpoint source control into the regulatory reach of the Clean Water 
Act. If initial conditions are not correctly analyzed, however. the potential for trading to solve 
water quality problems could be greatly exaggerated. Nonpoint source control, independent of 
a trading program, may still be re.quired to alleviate remaining site·specific water quality 
problems. 
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NutritnJ Trading in the Tar-Pamlico River Basin 

INTRODUCTION 

North Carolina designated the entire Tar-Pamlico River watershed as Nutrient Sensitive 
Waters (NSW) in 1989 after increased sediment and nutrient loads threatened the Pamlico River 
estuary's valuable fisheries. Consequently, the Division of Environmental Management (DEM), 
pa.rt of the Department of Environment, Health, and Natural Resources, proposed nutrient­
reduction effluent limits for point source dischargers. The Tar-Pamlico Basin Association, a 
coalition of wastewater treatment plants in the river basin, and state and regional environmental 
groups proposed an alternative two-phased interim nutrient management strategy. The strategy 
was most recently revised in February of 1992. 

The strategy includes point/nonpoint source nutrient trading, allowing the Association to 
fund less expensive nonpoint source controls, and thus avoid anticipated high compliance costs 
associated with achieving nutrient-reduction through major facility upgrades. Under the 
established rules, it is anticipated that trading will achieve equivalent or better water quality than 
would have been achieved under originally proposed effluent limits. Phase I of the strategy 
establishes the administrative and institutional framework for the implementation of the trading 
program. The state will hold the Association members jointly responsible for achieving an 
annual nutrient loading allowance for the entire Association , in lieu of individual plant effluent 
restrictions. Within the nutrient loading allowance, members may allocate individual discharge 
levels among themselves. The Association must offset nutrient discharges exceeding the total 
allowable load by funding nonpoint source reductions in the basin . 

Association-funded nonpoint source reductions will be implemented through the existing 
North Carolina Agriculture Cost Share Program, which provides funds to farmers to implement 
nonpoint source controls known as Best Management Practices (BMPs). This arrangement 
restricts monies the program receives from the Association to nonpoint source controls within 
the Tar-Pamlico watershed. Association funds will supplement state cost share money already 
designated for the Tar-Pamlico Basin. There should be ample opportunity to trade nonpoint 
source reductions for any point source discharges above the allowable load because a significant 
portion of nitrogen and phosphorus loading results from nonpoint source runoff associated with 
agricultural practices that dominate the 5,400 square-mile watershed. 

The Association has conducted engineering evaluations of its facilities and is in the 
process of implementing operational and minor capital improvements to reduce nutrient 
discharges, as required by Phase I of the strategy.  This has allowed its members to avoid 
exceeding the loading allowance maximum for the first year, averting the need to conduct 
nutrient-reduction trading by funding nonpoint source controls. The agreement does, however, 
include a requirement for funding a minimum level of BMPs each year. Despite current loading 
below allowable levels, the inclusion of a trading scheme as part of the management strategy has 
initiated an effort to gain a better hydrologic understanding of the basin, and its pollution 
problems. The establishment of an administrative structure for a trading program will be 
particularly important to achieving water quality objectives in a cost-effective manner in the 
event that future nutrient discharge targets are reduced. 
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BACKGROUND 


Nutrient Problem 

The Tar-Pamlico River Basin encompasses a 5,400 square-mile watershed surrounding 
the Tar and Pamlico Rivers and their tributaries. The rivers run through portions of 17 counties 
before emptying into the Pamlico River Estuary and Pamlico Sound (sec Map S.1). The Pamlico 
River Estuary's valuable fisheries are vulnerable to the algal blooms and low dissolved oxygen 
that result from excessive nutrient and sediment loading. In Tar-Pamlico's estuarine 
environment, nitrogen is considered to be the limiting nutrient, determining the existence and 
extent of algal blooms, although phosphorus also appears to contribute to localiud water quality 
problems. 

Point sources contributing to nutrient loadings in the basin include publicly-owned 
treatment works (POTWs), and industrial and mining operations discharging into the Tar and 
Pamlico Rivers and their tributaries. In addition, a substantial portion of total nutrients is 
estimated to result from agricultural nonpoint sources. 1 

Existing Controls 

Prior to the Environmental Management Commission's (EMC) approval of the Nutrient 
Sensitive Waters Implementation Strategy (described in the following sections), no major 
nitrogen control measures had been adopted by the state for the Tar-Pamlico River Basin. 
Despite the lack of regulatory nitrogen control measures, a voluntary program -- the North 
Carolina Agricultural Cost Share Program -- has provided assistance to farmers installing best 
management practices (BMPs) to control levels of nitrogen and phosphorus in agricultural 
runoff. 

The state did institute a major phosphorus control measure in 1988 a phosphate ban -
- that resulted in significant reductions in loadings to the basin.2 Additional reductions are 
anticipated when Texasgulf Industries completes renovations in 1992 that are expected reduce 
the plant's current loadings by 90 percent. Agriculture and forested lands are now the primary 
nonpoint sources of phosphorus, and are estimated to contribute 60 percent of the total loading.3 

1 Tar-Pamlico River Basin Nutriem Sensitive Warers Designation and Nutriem Managemem 
Straregy. April 1989. Department of Natural Resources and Community Development, Division 
of Environmental Management, Water Quality Section, p. 18. 

2 .llllit. p. 18. 


3 Ihid. p. 18. 
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Nutrient Semitive Waters Desipation 

In 1989, increasing eutrophication problems and outbreaks of fish diseases prompted 
EMC to formally designate the entire Tar-Pamlico watershed as ·Nutrient Sensitive Waters• 

This designation requires the identification of nutrient sources, establishment of 
nutrient-reduction goals, and development and implementation of a nutrient management 
strategy.• 

A nutrient budget prepared by the state for the entire basin showed that the majority of 
nutrient loading results from nonpoint source runoff associated with the agricultural practices thal 
dominate the basin. Specific point s0urces found to contribute substantially to nitrogen and 
phosphorus loading are POTWs with permitted flows exceeding 0.5 million gallons per day, and 
a large Texasgulf Industries phosphate mining operation near the terminus of the Pamlico River. 

North Carolina has not established water quality standards for phosphorus or nitrogen, 
but instead employs chlorophyll a, a plant pigment used by algae to convert sunlight energy into 
food energy. as a direct measure of algae growth and an indicator of eutrophication. The state 
has established water quality standards for NSW designated waters to address isolated 
eutrophication problems. 

The basin's designation as NSW and the results of the nutrient budget, prompted the 
Division of Environmental Management (DEM) to propose a year-round phosphorus effluent 
limit and a seasonally varying nitrogen limit for new and expanding wastewater treatment plants 
to mitigate the growing nutrient problem. The effluent limits proposed by the DEM were: 
2mg/l for phosphorus year round; 4mg/l for nitrogen in summer; and 8mg/l for nitrogen in 
winter. 5 At that time, both phosphorus and nitrogen effluent levels in the basin were higher 
than the proposed limits. Total phosphorus effluent concentrations ranged from 0. 7 to 3.35 
mg/I, with a basin wide average of 2.25 mg/I. Total point source nitrogen concentrations ranged 
from 5.4 to 22.95 mg/l, with a basinwide average of 14.38 mg/1.6 It was anticipated that these 
limits would result in the desired water quality improvements. 

Several dischargers, anticipating needed expansions in the future, expressed concern over 
the potentially high costs of achieving the specified limits proposed by the DEM. A preliminary 
estimate indicated that facilities in the basin would spend between $50 and $100 million 

'The state's NSW designation applies to waters that are experiencing or are subject to 
excessive vegetative growth that impairs the best usage of the water. 

5Tar Pamlico River Basin NutrienJ Sensitive Waters Designation and NutrienJ ManageďnJ 
Strategy, North Carolina Department of Natural Resources and Community Development, 
Division of Environmental Management. April 1989 (Report 89-07). 

6 Jllli1. 
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improving plants to meet the state-proposed effluent limitations.' These high cost estimates 
reflect the fact that some treatment facilities do not have biological treatment capabilities, and 
would face expensive upgrades to meet effluent limitations. 

7 Personal communication, Malcolm Green, General Manager, Greenville Utilities 
Commission, and Chair, Tar-Pamlico Basin Association, July· 31 ,  1991 . 
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Nutmnt Trading in tht Tar-Pamlico River Basin 

NSW IMPLEMENTATION STRATEGY 

As an alternative OEM's proposed nutrient effluent limits, the Tar-Pamlico Basin 
Association (a coalition of point source dischargers in the basin), and state and regional 
environmental groups proposed a two-phased strategy to achieve nutrient-reduction goals. In 
December of 1989, the Nonh Carolina EMC approved the strategy as the formal Tar-Pamlico 
NSW Implementation Strategy (the strategy). The strategy provides for, among other things, 
a nutrient-reduction trading program during Phase I (1990 - 1994> .  In Phase II, beginning in 
1995, a long-term nutrient-reduction strategy will be implemented based upon the results of an 
estuarine computer model scheduled for completion by July 1993. 

The nutrient-reduction trading program was approved as both an interim strategy until 
basinwide permitting becomes effective in the basin in 1995, and .as an integral part of the 
overall strategy. It offers point sources the option to achieve the desired reduction goal by 
paying for lower-cost nutrient-reduction measures in lieu of more costly capital improvements. 

In February 1992, the parties involved formally agreed to the terms of the first phase of 
the strategy, including the interim nutrient-reduction trading program. They are: the DEC; the 
North Carolina Environmental Defense Fund; the Pamlico-Tar River Foundation; and the Tar­
Pamlico Basin Association. 

During the first phase of the strategy, the parties are obligated to a fulfill their role in 
number of tasks, which include the following: development of an estuarine computer model for 
the basin; engineering evaluations of wastewater treatment plants and implementation of 
operational and minor capital improvements; effluent monitoring of wastewater treatment plants; 
and implementation of the nutrient-reduction trading program. 

The Association is funding the development of the estuarine computer model scheduled 
for completion in July 1993. The results of the model will be used to establish total nutrient 
load targets and identify appropriate nutrient management practices in Phase Il of the strategy. 
Specifically. the model will be developed to perform the following functions: assess the relative 
importance of nutrients from point and nonpoint sources, sediments, and atmosphere to algal 
growth and oxygen stress; recommend future nutrient target reductions; and track and target 
BMPs. 

The Association completed engineering evaluations at individual member plants to 
identify operational or minor capital improvements that could reduce nutrient discharges. 
Evaluations indicated that most plants met the originally proposed phosphorus limit of 2 mg/l, 
while nitrogen levels typically exceeded the originally proposed limits. However, the 
improvements implemented in response to the engineering evaluations allowed plants to achieve 
both sets of proposed limits collecrively through simple and inexpensive changes to current 
operations, at a much lower cost than originally anticipated. Because only two larger 
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Association member plants have nitrogen removal capability, they will likely face the bulk of 
nitrogen removal burden required under the adopted strategy.• 

Association members are responsible for monitoring their phosphorus and nutrient 
loadings and submitting a composite annual report to DEM every March 1 detailing data results 
for the previo·us calendar year. The March 1 ,  1992 report included monitoring data for the 
period January 1 - December 3 1 ,  1991.  These annual reports will be used to determine the level 
of compliance with the strategy. 

The interim nutrient-reduction trading program's administrative framework is in place 
and annual loading allowances for the twelve-member Association have been set for the calendar 
years 1991 - 1994.9 If the nutrient discharges of Association member facilities exceed the 
loading allowance, they must contribute to the nonpoint source reduction fund. The Association 
has not yet initiated trading -- funding lower cost nonpoint source controls to offset discharges 
above an allowable load -- because the Association's loading has not exceeded its allowance as 
specified by the strategy.  The agreement does, however. include a requirement for funding a 
minimum level of BMPs each year. The ability of the Association to achieve a nutrient loading 
level below their specified allowance in the first year of the NSW Strategy (1991) was primarily 
a consequence of operational improvements and minor capital investments that members agreed 
to implement in response to engineering evaluations. The Association's 1991 nutrient load was 
approximately 13 percent below their loading allowance for that yea.r.10 

Existing non-Association members that expand their operations are subject to the effluent 
limitations originally proposed by DEM. The Tarboro plant. a non-Association member, 
recently expanded and its new permit reflects these limits. Non-Association members do have 
the option to participate in the trading program. and may obtain nutrient-reduction credits, but 
at a higher cost per nutrient credit than Association members. New dischargers are subject to 
the most stringent effluent limitations and do not have the option to participate in the trading 
program. 

'Nutrient Removal Study, March 1991.  Tar-Pamlico Basin Association, Inc. p.5-1. 

9National Spinning, an industrial discharger, is a member of the Association. However, the 
facility's discharges are not incorporated in the calculation of the Association's loading of total 
nutrients 

10 Personal Communication with Beth McGee, North Carolina Department of Environment, 
He.alth, and Natural Resources, Division of Environmental Management, March 23, 1992. 
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NUTRIENT TRADING PROGRAM DET¬ 

Nutrient Reduction Goal 

The nutrient reduction goal of the NSW Strategy reflects the nutrient reduction level that 
would have presumably been achieved through the originally proposed effluent limits -- facilities 
expanding their flow capacity to 0.5 million gallons per day or greater would have been subject 
to effluent limits for nitrogen and phosphorus. The originally proposed effluent limits were 
calculated based on concentration liîits and projected flows for three facilities planning to 
expand before 1995, and would have resulted in a total nutrient reduction of 200,000 
kilograms. 11 Thus, the Association 's nutrient reduction goal for 1994 (the last year of the 
NSW Strategy Phase I) was set at 200,000 kilograms. 

AUowable Nutrient Loading 

It was determined that the Association's total nutrient load would reach 625,000 kg/yr 
by 1994 in the absence of nutrient loading restrictions or effluent limits.12 To achieve the 
Association's nutrient reduction goal of 200,000 kg/yr, a declining schedule of total load 
allowances for the calendar years 1991-1994 is incorporated in the NSW Strategy, culminating 
with a maximum load allowance of 425,000 kg in 1994 -- 200,000 kg below the baseline 
estimation. The annual loading allowance schedule for the Association is as follows: 525,000 
kg/yr in 1991; 500,000 kg/yr in 1992; 475,000 kg/yr in 1993; and 425,000 kg/yr in 1994. 

Association members include twelve POTWs, which are considered a single unit for 
nutrient reduction accounting purposes. 13 There will be no new members admitted to the 
Association during Phase I (1991 - 1994) because annual load allowances were calculated based 
on the projected flow and nutrient load of the facilities that were members when the strategy was 

1 1  Tar-Pamlico NSW Impleme111ation Strategy, December 14. 1989. State of North Carolina 
Department of Environment, Health, and Natural Resources, Division of Environmental 
Management, in July 1 ,  1991 memo from David Harding. Also, personal communication with 
Steve Levitas, Environmental Defense Fund. June 28, 1991; Doug Rader, Environmental 
Defense Fund. July 1 ,  1991; Steve Tedder. North Carolina Division of Environmental 
Management. July 2, 1991. 

12 Based on a projected 1994 flow of 30.555 MGD. 

13 The twelve POTW member facilities include: Belhaven, Bunn, Enfield, Franklin Water 
and Sewer Authority, Greenville, Louisburg, Oxford, Pine Tops, Rocky Mount, Spring Hope, 
Warrenton, and Washington. National Spinning is also a member of the Association. While it 
may contribute to nonpoint source nutrient reduction fund, its nutrient discharges are not 
incorporated in the Association's annual loading calculation. 
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approved. Association membership may be reopened in Phase ll to other nutrient 
dischargers. 1' 

The Association's total nutrient load did not exceed its allowance in 1991, averting the 
need to obtain nutrient reduction credits through the trading program. Operational improvements 
and minor capital investments that members agreed to implement in response to engineering 
evaluations resulted in a total 1991 nutrient load approximately 13  percent below their 
allowance.15 However, the Association's nutrient load allowance will gradually decrease over 
the next three years of Phase I, as it approaches the 200,000 kg/yr reduction target. As the 
Association' s  nutrient load approaches and exceeds its allowance, trading to obtain nutrient 
reduction credits and offset discharges above the allowance should become an increasingly cost­
effective means for the Association to maintain compliance. 

Tradin& SpecU.cations 

The trading program provides the Association the opponunity to achieve its nutrient 
reduction goal by paying for lower cost nonpoint source nutrient reduction control measures as 
an alternative to costly plant upgrades. Within the Tar-Pamlico Basin, agricultural best 
management practices (BMPs) provide low-cost methods to reduce nutrient loading, and typically 
include such controls as grassed waterways and livestock manure treatment lagoons. 

If the Association's total nutrient load should exceed its load allowance in any remaining 
years of Phase I, it must offset the excess discharge by obtaining nutrient reduction credits 
through monetary contributions to the state Agricultural Cost Share Program for BMPs in the 
Tar-Pamlico Basin. Nonpoint source credit is available to the Association at a rate of $56 per 
kilogram of nutrient per year, and to non-Association members at a rate of $62 per kilogram of 
nutrient per year -- their permitted effluent limits will be adjusted accordingly.16 The BMP 
cost equivalent per kilogram of nutrient reduction per year was derived from nonpoint source 
control experiences in the Chowan Rjver Basin. The cost includes a safety factor or 3: 1 for 
cropland BMPs and 2: 1 for animal BMPs. 

Nutrient reduction credits for BMPs have a useful life of ten years unless otherwise 
specified by the Department of Soil and Water Conservation under the trading program. The 
assignment of a useful life to credits assumes that BMPs, funded through the cost share program 
in exchange for nutrient reduction credits, will effectively control nonpoint source nutrient 
loadings for ten years. A monetary contribution to reducing nonpoint source nutrient loading 
is therefore recognized in the year the contribution is made, as well as the following nine years. 
The implication is that at a credits expiration of life, it will have to be re-purchased or renewed. 

1'Tar-Parnlico NSW Implementation Strategy, Revised February 13, 1992. 

is Personal communication with Beth McGee, North Carolina Department of Environment, 
Health, and Natural Resources, Division of Environmental Management, March 23, 1992. 

Tar-Pamlico NSW Implementation Strategy, Revised February 13, 1992. 
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The assignment of a ten year useful life to credits is based on the assumption that the trading 
program will continue beyond Phase I. 

BMP Payments 

To ensure the availability of funds for agricultural BMP implemØntation through the 
nutrient-reduction trading program, the Association will make a minimum payment to the 
Agricultural Cost Share Program each year. Minimum payments during the Phase I period will 
total $500,000. In the event that the Associati-on's annuaJ payment for excess nutrient loading 
amounts to less than the scheduled minimum payment, the Association will supplement the 
annuaJ excess loading payment to account for the difference. The Association will receive credit 
for minimum payments and excess loading payments made in prior years to account for the ten 
year useful life of nutrient reduction credits. 

The Association's annuaJ payment to the nonpoint source nutrient reduction fund will be 
the greater of: (1)  the scheduled minimum payment; or (2) the excess loading payment. The . 
calculation for determining the Association's excess loading payment. which takes into account 
prior minimum and excess loading payments that were made to the fund in exchange for credits 
whose life has not expired, is displayed below. 

Excess Loading Paymenr = 	 [Actual Loading (kglyr) - Allowable loading (kglyr) x $56 (kg/yr)] -
[Prior Paymenrs (minimum and excess loading)] 

Association's AUocation of Costs and Loading Allowance 

Basin Association members have determined operating rules and financial obligations 
among the themselves. Program cost allocations to date have been a function of individuaJ 
members' permitted flows, as a percentage of the Association's aggregate permitted flow. 
Because the Association was able to meet their loading allocation in 1991 (525 ,000 kg) through 
operational improvements and minor capital investments, it was not necessary to allocate the 
loading allowance among member facilities, nor was the Association required to make an excess 
loading payment for that year. The Association estimated that its total nutrient loading level 
would have exceeded the 1991 allowance by approximately 38 percent (200,000 kg) if minor 
operational and capital improvements had not been made. Instead, it managed to reduce nutrient 
loading to 13 percent below the allowance. 17 

As the Association's total nutrient load approaches its declining annual allowances in 
Phase I, allocation of the allowance and/or costs to offset discharge levels exceeding the 
allowance will be determined in the same manner as are program and membership costs 
presently -- based on members' permitted level as a percentage of the Association's aggregate 
permitted level. 

17 Personal communication with Beth McGee, North Carolina Department of Environment, 
Health , and Natural Resources, Division of Environmental Management, March 23, 1992. 
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Non-Ģtion Members 

Existing non-Association member facilities that expand their design flows to O.S million 
gallons per day or greater are subject to nutrient effluent limits rather than constraints on their 
total nutrient discharge levels. They are subject to the effluent limits originally proposed by the 
DEM for expanding facilities - 2 mg/I total phosphorus. and 4 mg/I (summer) and 8 mg/l 
(winter) total nitrogen. These facilities may also participate in the nutrient-reduction trading 
program, subjecting themselves to less stringent limitations by contributing to the nutrient­
reduction fund. Their effluent limits will be adjusted based upon contributions to the cost share 
fund, where 1 kilogram of reduction credit is available to them at a rate of .$62/kg/yr. A one­
time up-front payment to the fund is required, and calculated as follows: 

BMP Paymenr($) = 	 New Design Flow (MGDJ x Ex.cess Nurrienrs (mg/I) 
x $62/kglyr x Conversion Factor. 

where: 

=Excess Nurrienrs 	 (Tora/ Phosphorus Limir - 2 mgl/J 
+ (Total Nitrogen Limir - 6 mRll) 

=Conversion Factor 	 1382 

New facilities will be subject to effluent permit limitations similar to those originally 
proposed by the DEM. New facilities with design flows of .05 million gallons per day or 
greater are limited to 2 mg/I total phosphorus. New facilities with design flows of 0.1 million 
gallons per day or greater are limited to 2 mg/I total phosphorus. and 4 mg/I (summer) and 8 
mg/I (winter) total nitrogen. New dischargers cannot participate in the nutrient-reduction trading 
program. 
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NSW STRATEGY ADMINISTRATIVE FRAMEWORK 

The success of the NSW Implementation Strategy, and the nutrient reduction trading 
program in particular, will require cooperation between several state agencies as well as the 
Basin Association. The Division of Soil and Water Conservation (DSWC), part of the 
Department of Environment, Health and Natural Resources (DEHNR), is the state's lead agency 
for agricultural nonpoint source pollution under the Clean Water Act Section 319, and oversees 
the existing Agricultural Cost Share Program. Under the cost share program, funds are 
allocated to local Soil and Water Conservation Districts which enter into voluntary contracts with 
farmers to implement state-authoriz.ed BMPs. The program provides funding, instruction, and 
technical assistance to farmers in this effon. Through the existing cost share program, the 
Division of Soil and Water Conservation (DSWC) will administer funds generated by the 
nutrient-reduction trading program, allocating and targeting them within the Tar-Pamlico Basin. 
The DSWC will prioritize funding to BMPs that have the highest potential and efficiency for 
nutrient removal.18 

Rather than establish a competing program, contributions from the trading program will 
augment existing nonpoint source controls in the watershed. Consistent with the existing cost 
share program, these funds will cover 75% of the cost of BMPs. Both the State DSWC and 
local Soil and Water Conservation Districts will have important roles in BMP selection, 
installation, evaluation, and financial management under the cost share program. The 
Association has already provided $150,000 to the DSWC for two additional staff positions. 
These employees will begin tracking, targeting, administering and implementing BMPs. 

The Division of Environmental Management (DEM) maintains responsibility for National 
Pollutant Discharge Elimination System (NPDES) permits and appropriate nutrient levels. The 
DEM serves as staff to the Environmental Management Commission (EMC), a 17 member 
governing board appointed by the governor. In addition to NPDES permitting, OEM's 
responsibilities with respect to the Tar-Pamlico nutrient-reduction trading program include: 

• 	 final decision-making authority as to the adequacy of nutrient tradeoff and 
allocations; 

• 	 compliance monitoring; 

• 	 tracking of nutrient reduction progress; 

• 	 monitoring surface water quality; 

• 	 assisting DSWC in choosing small watersheds to target for BMP implementation; 

• 	 determining funding levels contributed to the BMP fund and the status of BMP 
control; and, 

18Tar-Pamlico NSW Implementation Strategy, Revised February 13, 1992. 
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• requiring individual point sources to remove nutrients where a water 
quality problem exists. 

The Association is responsible for meeting its annual nutrient loading allowance through 
reduced plant discharges or offsetting excess discharges with BMP funding. To date, the 
Association has contributed $400,000 for the development of a basinwide nutrient computer 
model which will serve as the basis for developing PhaSe II of the strategy, and $150,000 for 
additional staff positions at DSWC to establish a tracking system for existing and installed 
BMPs. 

The approved NSW Strategy also provides for the creation of an ad-hoc advisory 
committee to address nonpoint source and related water quality· issues with.in the Tar-Pamlico 
Basin. The Secretary of the DEHNR will appoint the committee, which will include 
representatives from municipal dischargers, counties, Soil and Water Conservation Districts, 
environmental groups, the DEM and DSWC, the state Agricultural Task Force, and other state 
agencies. 

Enforcement and Compliaoce19 

Because Association dischargers are considered one unit, the nutrient reduction-trading 
program will not be successful should the collective group fail to meet the annual loading 
allowance or offset excess loadings through sufficient BMP funding. Should the terms of the 
Phase I agreement be violated, all existing facilities with design flows of 0.1 million gallons per 
day or greater (which includes all Association facilities) would be subject to the same effluent 
limits as new facilities -- total phosphorus of 2 mg/I and total nitrogen of 4 mg/I (summer) and 
8 mg/1 (winter) -- within three years from the date of EMC action following the strategy's 
failure. These limits would be potentially more stringent than the constraints imposed on most 
facilities under the NSW Strategy. The Association, therefore, faces strong incentives for 
compliance and self-enforcement. 

New dischargers will be restricted by an additional requirement in the event that 
agreement terms are violated. All new dischargers will be required to evaluate non-discharge 
alternatives as their primary option, and implement a non-discharge system unless they can 
demonstrate that it is technically or economically infeasible. If implementation of a non­
discharge system is not feasible, new facilities will then be subject to the same effluent limits 
as those stipulated in the strategy. New facilities with design flows of .05 million gallons per 
day or greater will be limited to 2 mg/I total phosphorus. New facilities with design flows of 
0.1 million gallons per day or greater will be limited to 2 mg/I total phosphorus, and 4 mg/I 
(summer) and 8 mg/l (winter) total nitrogen. 

The Association is not involved in the implementation of nonpoint source controls beyond 
the point of providing nutrient reduction funds to the cost share program. The Association has 
no responsibility or authority to ensure that BMPs funded through trading are either implemented 

19Tar-Pamlico NSW Implementation Strategy, Revised February 13,  1992. 
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correctly or maintained. Furthermore, it does not have any input as to specific locations for 
BMP implementation within the basin. The DSWC is responsible for targeting and 
implementing BMPs, and it relies heavily on local Soil and Water Conservation District officials 
to make inspections of BMP projects, and work with farmers to assure compliance. 

This atrangement relieves the Association from the risk of noncompliance if the BMPs 
are not successful in achieving nutrient load targets. If there is a localized nutrient water quality 
problem, however, individual members of the Association are at risk of the DEM instituting 
more stringent effluent limits on them, regardless of their panic1pation in the Association and 
monetary contributions to the BMP fund. 
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CONCLUSION 

The primary achievements of the Tar-Pamlico nutrient reduction strategy thus far are the 
initiation of the estuarine computer model's development from which nutrient reduction goals 
can be refinecf, the design of a trading program that will facilitate the most efficient means of 
reducing nutrients to attain established goals, and initial nutrient loading reductions through 
operational and minor capital improvements to POTWs. 

The estuarine computer model will establish a meaningful baseline from which nutrient 
loading goals will be established. The results of the model will serve as the basis for modifying 
the nutrient reduction strategy as factors and conditions change in the future. 

The institutional framework to suppon point/nonpoint source nutrient reduction trades 
is in place. Under the trading program, Association members. are recognized as a single unit 
and are subject to an agreed upon annual nutrient loading allowance, rather than the effluent 
limits that govern non-Association members individually. If the Association exceeds its loading 
allowance, it may offset its excesses by funding nonpoint source nutrient reduction controls. 

The terms and allowances of the trading program will apply during an interim period 
while the computer model is completed. However, as the nutrient reduction strategy evolves 
into its second phase, point/nonpoint source trading is expected to remain an important 
component. 

Engineering evaluations of Association member facilities, required under the terms of the 
strategy, revealed that plants could reduce nutrient loadings through operational and minor 
capital improvements, at a substantially lower cost than originally estimated. Association 
members implemented most of the recommended improvements. and funher benefitted by 
joining together to collectively meet the nutrient loading allowance cap. The Association 
estimated that its total nutrient loadings would have exceeded the 1991 allowance by 
approximately 38 percent if operational and minor capital improvements were not made. As a 
result of the improvements, however, the Association's loadings were 1 3  percent below their 

201991 allowance.

In addition, the establishment of an administrative structure for a trading program will 
be panicularly important in achieving water quality objectives in a timely fashion, in the event 
that stringent nutrient discharge targets are established as a result of the nutrient model. 

20 Personal communication with Malcolm Green, General Manager, Greenville Utilities 
Commission, and Chair, Tar-Pamlico Basin Association, March 18, 1992. 
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Prospects for Success 

Overall, the nutrient reduction strategy has already achieved some degree of 
effectiveness, and shows potential for future improvement of the water quality in the Tar­
Pamlico Basin. 

The ability of the Association to reduce nutrient loadings below their 1991 allowance 
(through minor operational and capital improvements) does not explicitly imply that trading will 
not occur during the first phase of the nutrient reduction strategy. The Association's nutrient 
load allowance will gradually decline over the next three years of Phase I, culminating in a 
nutrient reduction target of 200,000 kg/yr. If the Association· s load approaches, or exceeds its 
allowance, trading to obtain nutrient reduction credits or offset discharges above the allowance 
will be the most cost-effective method of maintaining compliance with the terms of the nutrient 
reduction strategy agreements. 

However, the trading program raises some questions with regard to the implementation, 
enforcement and targeting of nonpoint source controls. including the implementation of BMPs 
through the Nonh Carolina Agricultural Cost Share Program. enforcement and reliability of 
BMPs, and targeting BMPs for funding. The discussion below identifies the potential drawbacks 
and possible mitigation strategies. 

21Implementation of BMPs through the Agricultural Cost Share Program

A potential problem with the cost share approach is that farmers will most likely 
participate only to the degree that private returns from a conservation investment exceed private 
costs. However, profitability is not the only criteria that will determine farmer participation in 
the voluntary program -- compliance with other regulations will factor into their decision. 

Cost share funds cover 75 percent of the average cost of BMPs -- based on statewide 
averages, not individual projects. As a result, some BMPs for some farmers may prove to be 
profitable, while others may be more costly to farmers than anticipated. In adverse economic 
conditions, costly BMPs could be abandoned. Insulating water quality improvement from 
economic cycles will be more difficult when attainment is dependent on potentially costly 
voluntary nonpoint source controls. 

Enforcement and Reliability of BMPs 

Under the framework of the cost share program, the DSWC relies heavily on local Soil 
and Water Conservation Districts to work with farmers to ensure that BMPs are implemented 
correctly and maintained. Even if implemented and maintained correctly, the effectiveness of 

21Nonh Carolina Agriculture Cost Share Program for Nonpoinr Source Pollution Control, 
May 1987. Nonh Carolina Department of Natural Resources and Community Development, 
Division of Soil and Water Conservation. North Carolina Administrative Code Title 15, Chapter 
6, Section 6E. 

· 
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nonpoint source nutrient controls is more difficult to measure and monitor than that of point 
source nutrient controls. These factors incorporate a degree of uncertainty about the benefits 
derived from BMPs 

The uncertainty associated with funding BMPs poses a risk to Association members. 
With no recou.rse to enforce BMPs, and no guarantee that they will result in the projected water 
quality improvement, Association members are at risk of the DEM instituting and enforcing 
more stringent effluent limits. If this risk is factored into the Association's decision as to how 
they can me.et the loading allowance, they may choose to fund the expansion of an existing 
member facility. Although this option may cost more initially. the Association would have 
control of the facility's removal capability, and thus greater cenai nty that water quality standards 
would be achieved. 

Targeting BMPs for Funding 
While the DEM can assist the DSWC in choosing small watersheds to target for 

implementation of BMPs funded through the trading program. it does not have explicit authority 
to specify BMP locations (nor does the Association), making it difficult to ensure improvement 
of local nutrient levels within the large Tar-Pamlico Basin. 

Just as the DEM takes the lead in regulatory enforcement of point sources, the DSWC 
is responsible for regulatory compliance issues relating not nonpoint source controls. The 
DSWC's responsibilities under the cost share program, and thus the Tar-Pamlico nutrient 
reduction strategy include targeting, implementing, and evaluating BMPs. Implicit in these 
responsibilities is the management of the BMP fund reserved for BMPs in the Tar-Pamlico River 
Basin. The DSWC relies heavily on local Soil and Water Conservation District officials to make 
inspections of BMP projects, and work with farmers to assure compliance. 

If local water quality problems arise within the basin . individual point sources may be 
subject to effluent limits that are more constraining than their current effluent limits, or 
allocation of the loading allowance as an Association member. DEM maintains the authority to 
impose effluent limits on individual point sources if the local situation warrants such action. The 
Association 's lack of authority to target BMPs and the possibility of stricter effluent limits on 
individual point sources present another uncertainty risk to Association members and facilities 
interested in trading independently in that there is no guarantee they will not be subject to 
increasing constraints on nutrient discharges. 

Thre.e program modifications could help alleviate this problem. First, the DEM, in 
conjunction with cost share program managers, could develop a list of potential nonpoint source 
reduction sites and prioritize them according to the severity of the nutrient problem in local 
waters near the site. The DSWC would then be obligated to implement BMPs funded with 
Association monies at locations where local nutrient problems are either severe, or would 
otherwise not be corrected. Second, to help implement the priority list, the program could 
develop incentives for the dischargers and the cost share program to fund priority sites. And 
third, local Water and Soil Conservation District officials could be required to perform annual 
spot checks on all BMPs implemented with funds from the Association, rather than on 5 percent, 
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which is the standard procedure under the existing cost share program. These modifications, 
however, do not fully resolve the potential that point source dischargers may incur stricter 
permit requirements if anticipated benefits from BMPs are not fully realiud. 

Lessons from Tar-Pamlico 

The DEM, point source dischargers, and environmental groups will be evaluating the 
trading program in the Tar-Pamlico Basin as a trial for future statewide application in North 
Carolina. The Neuse River Basin, a neighboring watershed, will begin basinwide permitting in 
1993 using only traditional technology-based effluent standards and end-of-pipe controls and 
nonpoint source programs. Experiences in the two basins should provide a good comparison of 
the benefits and drawbacks of the trading and traditional approach to nutrient reduction. Even 
if water quality conditions in the Tar-Pamlico Basin do not lead to trading in the near future, the 
Tar-Pamlico experience to date holds several lessons for other basins in North Carolina and 
elsewhere that may be considering point/nonpoint source trading. 

• 	 An unusual coalition of traditional adversaries came together to develop Tar­
Pamlico' s nutrient trading program as a creative approach to overcoming water 
quality problems. Support from interested parties, particularly the regulated 
community, has traditionally been an important element in successful pollution 
control programs. 

• 	 The engineering evaluation of the dischargers' facilities showed that the basin 
could achieve significant nutrient reductions through simple and relatively 
inexpensive plant modifications. This is an important condition of the trading 
program because it provides the regulator and the regulated with better 
information about what types of reductions are available at what cost. It also 
establishes an accurate marginal cost basis for trades, providing a starting point 
from which to develop appropriate nutrient reduction targets and reduction credit 
fees. 

• 	 Cooperation between the Association of point sources discharges and the state 
thus far has benefitted all parties. The terms of the nutrient reduction strategy 
exempted Association members from increasingly stringent effluent limits in 
Phase I (1991-1994). The imposition of these limits would have required 
expensive capital cost improvements. In return for this exemption, the 
Association agreed to evaluate engineering practices and make minor 
improvements as recommended by nutrient reduction specialists, fund the 
development of the estuarine computer model , fund two additional staff positions 
at the DSWC, and contribute minimum payments to the BMP fund. The 
Association's contributions directly benefit the state. These benefits are already 
being realized -- Association members reduced their loadings significantly due 
to operational and minor capital improvements, funding for positions at the 
DSWC has enabled them to begin tracking and targeting BMPs, and the 
Association's funding of the estuarine computer model has relieved the state of 
this burden. The state will realize future benefits when BMPs funded by the 
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Association in exchange for nutrient reduction credits (excess loading or minimum 
payments) will generate further nutrient reductions in the basin. 

• 	 Cooperation among state agencies has also facilitated the development of an 
effective nutrient management strategy. The DEM and DSWC, both divisions of 

·the 	 Department of Environment, Health and Natural Resources, have 
complementary responsibilities in the trading program. The DEM is responsible 
for matters pertaining to the maintenance of water quality and regulatory 
oversight of sources contributing to water quality degradation. Although the 
DEM may assist the DSWC in targeting BMPs it does not have the final decision­
ma.king authority in this determination. However, the DEM does have final 
decision-making authority as to the adequacy of nutrient tradeoff and allocations. 
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APPENDIX C 

WATER BODY SYSTEM 305(1') DATA: 

WA TERBODIES FOR WHICH POINTINONPOINT SOURCE ,\'L'TRIENT TRADING 
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't6l llÅl-OJ 81 ACKSIOllE lllVtM A 9.00 II 
()
I 


4U llAU-01 lAllllfOll Ill V̋A R 1 9 .  60 11
t,Ul.O "''-
llAU-06 SAi SOllllV Pl Alli AllO llAH I H U  RIVERS A 7.60 II 

11462-15 
 Rllnrono RI VER R 7 . 10 tl465 HAU-25


"" 
I..UOY COVE tlllllOI( 
llEllASl\Er AIVlR 

N 0.80 ItllAU-Z6 R 5 . 4 0  I I 
"" 11471-0J llVSflC AIVlR E 2.00
468 11472-0J
"" 

s
UIARI ES RI Vt II 


III Vtff 

R J . 10 II 


.11 

II 


llAH-01 llU'Ol ISE I 
 N U . 10 
llASllUA RIV(A R J . 70 
NJVLll ltt:IO(of'I OIUJOI( 

'e70 ltA81-IO 
t, 1 1  llAeZ A - 1 1  A 6 . 10 II
ttAeza-oz AS:iAllEl lllVER o z  A J . f> OO S  llA8Z8-0't ASSAllEI NIVER 

II 

A 7 . , 0  I I 


8 . 6 047'o ttA828·05 ASSAOEI RIVER I I 


It 
A

475 


411 


llA828-06 ASSA8Ef RIVER A l .  20 

Hl8't8·01 tlOlf SllAllP AllD lllll 
HAU-05 GOlUlllllAl l  llllUUK 

llllOOK A 1 . 90 II


A J . 3 0  It478 


480 


HOJ-06 
 llORJll NIVER E 2 . 70 sllOS-08 UASS MIVfR E 1 . .50 
 sUOJ-10 
 fURESl RIVER E O.!iO s481 1104-01 
 COllASSE r llAllBOA E 0.8J slt8l l10-0ZlS010S- E - l l  hlo of Hi1̌·l a.. y ttORCESlEA 
HOllC.tSI lit 

E 6 . 8 0  s481 
 ll1..,.'1>U1· l llAy lnon·lid .. 1 1  


'oB't llll·OZ130207-E- l l  lliu A1w101R11uo>< 1tivu1· I ti.t .. 1 1  SOllEMStr 
r..... 1 


110·02150105-A-ll R ) 0 . 5 0
I I  . S O  

I t
E s 

A'o85 IID·OZl.50Jll't · l- 2 1  ti11.: 0111 c () 
00111:llE S I  ER 

l Hilt .00·'°'•••oo•
'o86 ll0·02 l SO't0S 
'o 0 7  IMJ-02UO'o03-E-l l 
488 IW·OZl SOSOZ · E · l l  

ll •̇p l.1ࡰ .k A ivnr 
I ot<u1· Nivur 1 l  id .. l 1  
llilu• Ill vu1 

I uuor 1 9 .011 
126. ,0 

II 

::; 

A
OllllCllE S I L R  
1 Al our 

l • ,.Ulr ll1uslur llivu1· 1 l id .. l 1  Qllltll AllllS 
h Nivuo· t lࡲ,.9 i.1,,1 I llA II f 111111 


t:
E1 1 1.1 .. 1 1  
 1 1  Joo s

"8' IW·OZJ 30505-E - l l  
ll0·021J010l · E - l l 

E 6't.20
E 

s
I Z . 011 s

110·0 2 1 'SOOOl · E · l l  G•1'11t•11lur Hivtll' I litl .. 1 1  llAI J lllllllE
I uc.I• lt̍v"'' H.u:a..ut vui1· 

2 1  .211 
 sE

I. 
'o9l
It'll'eH llO-OZI S0805 · l - 1 1  llAI 1 lllOllE Z•ollll.011 •
llll·llZUO,llS · E  1 1  8..-1 t i•o• u U.u l•ut - £ I I  rk::n:.̏̐̑"1 ,U!'1'·1

1 
1 


llAI 1 llllHCt C 1 1  Y H . '111 :;E 

4 9" '̎ :mɄ :nm:u i 'fl : 1:: 
pn- olp)noz m-oz s our, E • 

http:6111>11.UU


It 

ɀm: 


5U(o 

501> 

515 

5 1 9  

546 

5't8 

SI• 

"" 'u• Uu•ly Sys lo .. Hc-l'u• I 
L i s i  o f  li.at... euJie& 

oos tlBIO lllllAllE tllSCOlll HO IVl'E 1111\Atl r 

4'11> llO·OZIJIOOS-E-ll Ol11nr llus I Clto••pu ..ku llnoiuaue CAI VfH r E O . !>O s
4ï1 1111-0ZUI IOI Paluxcul llaiu. lu1• llu11ll1 lu 1 ., 1·r·y ' ""'lin!J CAl vucr R Jł .1111 II
498 110-0Z U 110 I· t -1 l 1•., 11.,.unl ll«i11•luH1 llu111lo lu l u 1 1 y  l11<l!J l t iJ.. 1 1  CAI vucr f 4 1 .  /U s 
4Y9 llO · OZ IH I U2 1•.,twccnl 11.. i ... t..... I "" y 1 .. nJi1111 lo M t .  214 Allllf AMŃIOH R 18 . 00 II
500 110-02UllOS lies ten• 8r.a11do PMJllCt GEORGES M l M . 0 0  II 
501 110-0 Z I J l lOS-A-11 L i  llle Palu><.:nl Riv..r llOllARO A 511. 90 II 
502 110-02159998 - E - l l  I °"'er ll .o!:al'ouku 8i>y sr llAAYS E 7 1 9 . / U  s

I t iJ• l I 

SIZ tttl07010ZOZOO't 
513 tll0701020't002
514 

llU!illE 

50J ll0·02l(o0101 -E- l I l'u tu .. ilc - 5.,j 111 1•u it1 l lo lk>11tl1 
Rivu1· I l hl• l I 

Sf llAllVS E J 1 1 .  OU s 
ll0-021(o010J · E- l l  S l .  lla1·y'• SI llAMVS E l !> .  l>O s 
ll0-02 l'tOlO't ·E · 1 1  Oo·o lu11 llay s r  llARYS E 4 . 80sos s 
IW-02140 1 1 1 -E - l l 110.tt... .., .. ., .. Cot1uk l ti•l;ol 1 CllAMU:S E 8 . 1> 0  s 
110-0Z l'tOZOI l'o to .... c/llar•l11tl l 11.. 1 1  lo t.lt..in el' i.tu .. PIHllCE GEUllGt S M )0.00 II
110-02l'tOJOS · A - l l  lli>t•or lluuoc11cy H1vur

507 
508 tMEOERICK M 141>.00 II

II509 tlO-OZl'tOSO't-11-11 OOlol>lo Pipo C1 OCJk CARROLL R 1 7 .  IO 
510 tl0-0Zl4050't-R-ll Conococl1eag110 Cn1ok tlASllJllGJotl

flSH R, 
R 't0.10 IItlE OOIUl 51 1 lLK IRIDS AHOUSIOOK 7l't5.00 A 

()
I 

...... 
0 

szo 
521 
szz 
SU 
SZ't 
525 
52' 
527 
528 
529 
530 
SH 
ssz 
sn 
5S't 
535 
ss• 
551 
538 
559 
S'tO 
5" 1 
S'tZ 
50 

5't'• 

tll0701020't00 .. 
'"07010205001 
lllO 702000,00 l 

S l 7  tll070't000100't 
510 tll0701!000l011 

tll070'100020l 7 
1140 70'10002018 
tll070't0002019 
tll070't000202 l 
111070'tOOOSOl 7 
tll0708020lOU 
tll0902010'tOO't 
11109020107002 
llUOl 7020JOSJ 
11110170ZOJOS't 
tlSEOOl 
USEOO' 
t1Sll00l 
HSROOZ 

tlSROOS 
tlSROll 
t1SROIZ 
llSROU 
tlSlfOH 
tlSltOl 7 
tlSAOZl 
tlSR02S 
llSROZ7 
t1SA0"8 
ltSA051 
ttSROS't 

BACK llAY Of B ll OXl 
l IDEllAIEll BAYOU 
BAKERS CREEK 
DIG 81 ACK RIVER 
BIG BUCK RIVER 
BAllAU CREEK 
BOl".llE CUIHO RIVER 
BOGUE Clll 1 1 0  HIVt:N 
PURL NIVER 
PEAlll RIVER 
PURL RIVER 
PEUllA1ClllE CRUI< 
YOCUllOOK AllY 111 VER 
LUf RIVER 
Ol(A1 188U CREEK 
Ol\A IOllA CHEEK 

I A I  POf'PS tEAAYt llARRlSOH z.oo s 

JACl(Sotl 0.25 s 
lll llOS u . z o  " 
tlADISOtl 't5.80 ti 
HARREii 't5. 80 II 

15. 'tO tt 
28.80 H 
20.40 ti 

RAlllUf 1 1 .  10 tt 
llltlOS 'tS. 70 tt 
HAOISOtl 1 9 . 1 0  II 
lfAllKJN 't.50 H 

50.20 H 
2 1 .  1 0 ti 

I AllUEAOAI E l Z . 6 0  II
II Z l . 10COVl11t;lotl tt

5't5 

5't7 

llSRO''t UllAllAI A CAHK It S0.60 II 
llSAOH COi DUAIEM RIVtN II 5 " . 7 0  " 
llSR070 OUR CAUK tlASlll llGI utl " IOU.!>0 
t1SR07l I f  All 111\Yllll tlOUVAR M 5.50 II 

. l. !iO ft > . 20 
C"; :;1"1f 1 fl•lt'A c •vfRr:ɂnafn IG SUlll 1111£11 IV M 

II 

II 

http:7l't5.00


R 

555 
551> 
S57 

570 

S75 

584 

581> 

589 

594 
595 

59' 

II• lei 8o•ly Sy• lo• Rcpo1· l 
l h l  of 11.i.leitsoJiH 

OBS 1481D UOllAllE HISCOl.I' llH Vl'I' •1t1:;1 Zf l!Ulllll r 

551 llSR018 11111 JE OAK BAYOU lUlllCA R l9.0U II 

55Z llSH082 YAZOO RIVER R H Z . 10 II 

55S llSH088 llACl<EVS CREEK R 8.60 ti 
554 tlSROat llCKllll EV CREEK ttollROE R S.60 It 

llSRIOZ l()IUI CREEK lEE 
 R 10.50 II 

558 


llSR IOS BRIDGE CREEK AI COA" R 1 1 .00 ,,

llSIUO't l l.All CREEK Al COlllt R J.00 II 

11$RI08 lllS:>ISSll'l'I HJVER HA RH tit A 
 J0. 90 II 

S5'1 llSAIO' . lllSSISSll'l'I HIVER llE SOJO R 1> . Z O  II 

S40 ltSRllO ttlSSISSll'l'I HIVEll lUlllCA 'tJ. 10 " 

A 

5"1 llSR2't7 lAllGIPAllOA RIVER 
 J l . 2 0  I I  
5'2 llSRZ 7Z Ut.LAllAU CllHK 2'.40 " 

8 . 9 0  tiSU ltSRJ'tt AIVEllDAlE CR 
564 HSA459 llOllCOlllAll CREEK 
 58.80 II 
51>5 llSR467 tSCATAllPA RIVER JACKSOU 
 )8.00 II 
SU llSR476 OLD l l H U  TAI l AllAIClllE RIVER 
 )4.40 11 
541 

5"8 tlSR48't tllSSISSll'PI RIVER 
tlSR47' llAIRSIOU BUWHAY s.i;o It 

1 1 1 .  60 " 
It 
II 

50 llSR498 lEAf RIVER 9 . io 
llSR't" UAf RIVER 8 . 50 

5 1 1  llSNSIZ YOCOllA RIVER 
 lo.SU II 
. 572 llSR51S I R IOUURV Of tllllfE OAK llAYUU 
 O.Z!i II() 51S llSR519 BIG StlllflOllEM RlVEM 
 ,,. . 10 III 

...... Silo llSUIOZ BfRllAllO BAYOU llARAISott 
 1 6 . 't O  II 
...... 
 llSIN07 ESt:A IAlll'A RIVER JAU<SOI' S.90 II  

llSIRU8 [SCA I All'A RIVER
S76 JAt:KSOlt 2 . 90 II
JACKSOH
5 1 7  tlS1H09 ESCAIAlll'A IUVlR 
llAllCllCK 

S.90 IIz.011 518 11511122 fOllAICOS IUYOU 
5 É 9  lll't 1 1 006 '°'Ill r.I V l'Ull UltEK llllAlllAGE 

H II 
I tlllS Allll IICl ARK R ZO!>.CIO 

560 111 4 1 1 007 lll SSINlfll lllVUI UAAlllAt;f I AllES I tlll S AllO CLAllK l 10200. 20 " 
581 111415004 1111> :.PlllllO tllftK DRAlllAllE f EllGUS R 1 1 '•  · 80 It 
582 1 1 1'•2BOOS tll1PEll 1utl0Uf RIVER llllAlllAt;I: LAKt:i Hfl!itllllU l 35110. lO A 
58J 111 7"11001 8 1 1  IERflOOJ RIVER llAlll:iltlt HISSOtllA R 8'<.011 II 


1111'lJ008 ASlll fV tRUK IJRAtllAGt: ti A l llUO R IOI . S S  I I  
sos IH761JOU 111111 ff l:ill RJVtH OllAlllAGE t l  A l llUD A 21>.'tO II 


HI 76l002 
 lOllfll fl A l llEAD RIVER lHltlllUAIES SAlltlt:AS N S91t . 1 0  II 
llAlll!iltll CLARK fOllK I f l  A l llUO - Ill AtKfOOJI 
587 llf 7"11001 SAllOEHS R llJ. 20 II 

588 

590 
 llCSOJ07 lAA- l'Afll. UO 07 N J U . 90 II 

llCSOZ08 ROAllOllE 06 A 514.00 II 
llCJOJOl TAR-PAllL ICO 01 
 N 't't4.90 II 

5,1 llCJ040Z tlEllSE 02 
 R 575.60 II 
5'2 HCJO't07 llEU:iE 07 
 A 699.90 II 
595 llCJOSOl lllllJE OAK 01 R ,8,40 

llCJ060Z CAPE fUR OZ 
 R 468.C.O II 
UCJ0606 CAPE fEAN 06 
 R 67 .50 II 

596 llCJOl>07 CAl'E f EAll 07 R 295.40 tt 
597 llCJ0608 CAl1E HAN 08 
 A 176.80 II 
598 tlCJ06U CAPE FEAR U IIR )1>5.40 

ttC:S0704 YAOKIU 04 R 469.00 
600 tlCJ0707 YAOKlll 07 
 R 115.00 II 
601 ttCJ07S8 l lUUR Sa 
 R 198.00 II 
602 tlCJ0805 BROAD OS A l'o't. '10 II 

l>OJ trc:soen CAIAllB.l H R 1761 . IOuu111• it II 
t8m JɁl8Hn CAIA llA n r•; . ,o II . 0 II 

II 

II 



I 
. 

659 

655 

ȿ· -011Ⱦ0-022 .0-013. e  

U•lerlloJy Syato• lloport 
lial of •••le1BoJiea 

oes llBID ttillAllE 
 tecot•t lll.llYl't: tllSllE 11111¶II I 

606 llC508H CUAll8A S 1  R 8 1 . 'IO " 
607 tlC'tOS06 fRf.llUI BROAD 06 
 R 1l l .  80 II 
608 llC'tOSOl 111llASSEE 0l R 3511. 00 " 
609 
6 1 0  110·0'1020201 ·006- l  UfVll S LAKE 

tlC5010l tlEtl 0 l 
 R 4Ut. 'JO II 
AAllSEY l CU  't'ISIJS.00 A 


6 1 1  llO-O'l01020't-OOS-S Sllf.Yflllf. RIVER 
 CASS A 1 1  .!.iO II 
6 1 2  110-09020501-001-S RED RIVER GRAllO FORKS R 48.00 " 
6 U  ll0-10110101-001-l POlltRS I Al(E BURKE I Cll '150.60 A 
614 tlO-lOUOl02-006-l lAU OAllE l C I  1 1 5 .  71J s 
6 1 5  llJ-020JOlOS-OlOR PASSAIC R I VEll llPl'tR R S't.00 " 
616 tlJ-OZOSOlOS-OSOA llotKAllAY RIVl:R 
 R 6 1 . 00 II 
6 1 1  llJ-020S010S-l40R :;AOO l E  RI VER 
 A 16.00 II 
618 llJ-02050105-l SOR PASSAIC RIVEM lOUER 
 A l 't . 00 II 
6 1 9  llJ-0205010J-l80R llACKEllSACK MIVER LOUER 
 R 4't.OO II 
620 llJ-020501D4-020R EllZABElll RIVER 
 R 1 1 .00 II 
6 2 1  tlJ-02050lO<t-OSON Ull·IAY RIVER 
 R 24.00 II 
62Z NJ-OZOJOl05-080R AAAI Ull RIVER llflPEA R 8.00 II 

6U 1u-02010105-100R lllt lSlOllE RIVER UPl'ER R 20.00 ti 
62't II l·OZ030105· l20R MARI Ult AIVt:R 11101.11.E A l Z . 0 0  II 

u s  llJ·OZOS lOS·OSOR l AlllllGIOll RIVER 
 R 27.00 II 
626 llJ-020't0105·050R PAUl lllSK l l l. RIVU I Ollf A 
 A 't6.00 II 

. 6 2 1  l l J·OZO<t0105- 150A 1111'.>COllE ICOllG I UVl:H lll'l'l:R " .. s . 110 II 

628 II J· 020't010S-240H A:iSlllll'llll< l.Al:.tK I OlltA 
 R S.!JU II 
629 llJ· 02040202 . 011111 111111111 UHAIK.11 J'l: l l ll:OAlllllll CRttK R 10.UO " () 650 llJ ·02040ZU2·0'tOM 111111111 DllAlk.11 HAlk.llCAS CllUK IotlEA 
 R 18.00 III 

..... 651 llJ·020't0202-l0011 l'tllllSAllKtll Clll:l:I\ llAlllSltll Alli.I !>O llRAllt:ll R l't.00 II 

612 llJ-OZO'tOZOZ-1 lOlt COOl'fR RIVl:RN R Z1 .oo " 
6U tU-OZO'i0202-12CIR 91G HllBER CRUK 
 R Z't.UO II 
654 NJ-020'tOZOZ-l50R RACCOOll CRHK 
 R 1 1 . 0 0  II 
us IU·02040S01-010R llAllASQIJAll RIVER 
 R J0.00 II 
656 t1J·OZO<t050Z-OJOR GREAf EGO llAllBOA RIVER Ul'PEA R 18.00 II 

6S7 01166 J BUllCllAIU> I UGtl l.llUK IU 01 UHA CRHK l llAllCOCK R l Z . li O  II 

618 01172 l l  .8 R ft.So II 


PA-00181-005 .J·OOO.O BU<:K Rutt I utll I I l1 1 1LE llUl:K RUH 
 R II 
640 

641 

642 PA-OO'i6Z-Ol't.4-000 . 0  lllOOIE BllAllCll lllllH CUY CllEEK R II 
6'tS PA-00604-00S.0-000 . 0  usr BllAlll:ll ClllSIER CAHK A II 
644 
64S 

60 
, .. 
'"' 
6SO 
651 

653 

654 

PA-00574-000. 9-000 , 0  

PA-00591-006 . 2 ·000 . 0  

PA-006Zl-006 .0·002.0 
PA-00811-07S.l-06S.6 

PA-OlOZ•-OlJ.t-ooo.z 
PA-01181·005.'t-OOO . l  
PA-011ot-ooo .z-ooo.o 
PA-01655-020 .Z-000.4 

PA-01846-036 .0-000.0 

PA-OZ6S8-00a.o-002 . 1  
PA-02776-001.J-000.5 

AEU CUY CRUK 

tlESr 81tAllCll llEl.I CLAY CREEK 

AIOI EV CHEEK 

SCllUYIKILL HIVER 

SKll'PACK CREEK 

lllOUll CREEK 
SllAllP CREEK 
tlAllATAll4V CREEK 

l'UlPfllOCKEN CREEK 

R 

A 

R
" 

A 

R 
A 

It 

ti 
ti 

ti 
II 

646 PA-01017-020.6-001.8 PEllKIOllEll CHtEK AH IIII 
II 
II

" 
652 PA-01918-002.0-000.Z J•ckson C1·ook 

LI HU llE !illAlllllV l.:HUK 

A 

A 
II 
II 

II

"COOKS ltl .. R 
PA-02776-003.5-000.0 coor.s 111111 ICOlllllRY ClllB Autll R II 


6S6 PA-01868-004 .J-OOO.J tlfSf BMAUCll llESllAlllUY CllEEK 
 R II 
657 PA-OJll0-007.6-000.0 lOlllCKOll CREEK 
 R II 
658 PA-05110-01 9.8-01 1 . 0  UKf llOCKAlllXllU IlOIJlf/i°'' crm<tf 3 
 A·O 5-00 .0·00 . 0  A I C:Rl ' K  I SOUi ii UllAllCll I III 

http:DllAlk.11
http:UHAIK.11
http:l.Al:.tK
http:t'ISIJS.00


I 6'15 

697 

4 . 30 

9. 30 

·'•O 

11•lot llu•ly Sy•le•• Pr.poi· t 
L i • l  ol H•l6>rboJio• 

OBS llUO tlllllAllE UBCUlJt lllHYPE llllSIZt IUllJlll f 
6U PA-07070- 0 1 6 . 0-000.0 EASf llNAllCll OCIOllAllO CllHK R II 
66Z PA-01548-0Z5.o-ooo.o CUllt!.IOGA CHEEK II II 
61>5 

664 

PA-07548-065 . 5-050 . 9  COllESIOGA RIVER R II 
PA-07597·0Z7.7-000.0 Hi 1 1  c,..1ek R II 

665 PA-01795·00 1 .  9·001 . S  uur. (OllEs I l)(;A N IVE A II II 
h6 

667 

PA-01815·004 .  J · O O O . O  E 
PA·09691-0l6.5·000.0 Q 

UH CUllESI UliA NIVEN II 
 II 
..i l '""""it 1.. c......k N I I  

668 PA· l0194-016 . 0· 004 . 5 Cunuclu!J"ino l Ct ..uk A II 
669 PA-lS809·0l9.7-000.0 YEI lOll CREEK A II 
670 PA-16504-006.6·000.0 PI••• Cr·u"k N II
6 7 1  PA-Jl820-004 .6-000.0 UEI AIHE IAKE L 
672 PA-SJ955 · 0 1 Z . Z·000.0 llUVtA RIVEN A I I  
61} PA-S4025-048.5·00S.Z COlllOfjllt'llESSlllG CMUK H II
674 PA-JS<t8Z-OJS. Z-OOO.O SllUIAJIGO AJVtM 
675 PA-J687J-004 .6·00J.6 8111•h R1n A II 

II 
67• PA-J69J8-000 .8-000. 0 Ullr bruࡱh A••I 

H 

n II 
6 7 1  PA-J7J7J-002 . 7·00l.Z llio.oc••on Nl•I A II 
678 PA-J7702-00 7 . 6-000.2 JACKS AIJU A II 
6 7 9  PA-ltZ685-00l . O-OOO.O uu 8uf fa lo cr...k R II 
680 PA-lt9ZZ<t-l01 . Z-092.6 CUMIOll RIVER R II 
681 PA-529'tZ·007.6-005 . l  COllllEAIJJJU CREEK R IIHZ PA-58849-008 . l  ·OOO.O AllOllAY CHEU 1 lJIU I R II 
685 PA-590'tl-018.5-01Z.O ROCK CREEK M II 
68't PRECOll6 IJJEllAAOA OE I AS I A.JAS 
 H 6 . 5 0  II 
685 PNECOU8 QOEBNAOA AGUAS CURAS 


() It lt . 80 II 
686 PMEE006lt RIO lA P I A I A 
I C/E 9.60 II 


...... f,87 PAUOU5 MIU SABAllA 
 Clf 0 . 90 IIw 
 688 PAEE0166 CAIKI Of SAIU IACO C/f 7 . 2 0  II
68' PAEK0168 CAllO Of SAlll UuU 
 R 6.00 
f,90 PNH008Z I AGO C l llAA I. 

II 
Z60.0ll A

U l  PRENOlOl RIO CAllOVAllAS 
 " 52.60 II
69Z PNEllOlOS Hiii CAllUVAllll  I AS 
 H ZI. 90 II
691 l'NEROlf,'t 11111 1111;0110 
 H J l . 6 0  II 
"" RIOOOIOOZ llHAllCll H Allll I HlllS flPlllJVl lJUlr.t (;0. N 4 1 . 8 5  

1110004009 IEll lll l E R PllOV lllEllCE CO. 
 H 7.50 II 
fll 0001> 0 l 7  llAlll Slfll AllO lHIOS l'HOVIOfllCf/l<EIU CO. ' S 
"" 

RI0007019 
R 2S.SO II
It
SEllWlll< H PHOVlOfllCE CO. 5.00 II

698 lll00070ZO PPIJVllJflll:f R PllOVllltllCE CO. ESr 6 . 6 0  s 
699 Al0007025 GllftlWllCll BAY AllO COVES KUii CO. E S I  s 
700 AI00070SZ 111111111 llOl'E llAY lltlN'Oll l & llAl5fOI. E s 
701 SO·POCASSE I K l'Ol:AS!iE CAlll'BEll l 1000.00 A
70Z 11105UOI0502' RUC�CASllf Cll(fK Hiii RE SS A 4.40 II
705 11105U020401' llAlll1E 111 HI Vf IC 
 tlll I UllSOll N 51 . 70 II
704 11106010102001 5011111 1101511111 lllVEH Sill I IVAH H 7 . 30 II 
705 11106010102006 BOOJit: ICES£JIVOl H Siii UVAll I. 41100.00 A 
706 11106010103008 llAIAl)l;A AIVlfl llASll1ttc;11111 II 10.60 II 

707 11111601 0 1 04llOS:>YCll 110:;:,y CHlU JlfHllSUll 
 IC 2.110 II
708 11106010lOHOl PlCfllll NlVtA ((l(J(f " l l .  lO It 
709 1 1 106010107007 1 1  1 1 1  t: P IG(llll NIVER StVltll N Ill. 10 II 

7 10 ll1060101010IO llESI l'lllHll; 1 1  1 1 1  t 1•11;t1111 lllVER SlVIEN II 6 .  'Ill II 

71 l 1110601010/014 llfSI l'IUllhi I 1 1 1 1  E l'lliEIJll HIVEM SfVltlt N 9 . !>ll II 

7 1 2  lllO•OlOIO /OZ'f tJlllJl;I A!i lllSl llVlllA J U I  EllSOU l iO'tOll .110 A 

7 U  I110•0JOIo1016 fllflJl'll llllOAll lllVlR JfttEllSllll H I'•. 611 
n.lll II11•oto101010H1 ʯ·111:\ 111 1 l'f(ʰ ʧ lʨ aʩru.1I 1 0  0 0 OllSIJIKlllliCll I 1111 C I( n 
 I I 
. 

http:41100.00


V• I OZ080108 ·0'tf 
VAIOZ080108 · 0Slt 

11A1 1< Olllt:K 

716 

7 1 7  

718 

720 

7Zl 

72Z 

7lJ 

7Z5 
726 

7 2 7  

728 

72'1 

130 

7H 

734 

740 

742 

741 

7't5 
746 
747 
7<t8 

751 

755 

75'• 
755 

757 

758 

767 

6 . !>0 
!> . '•·O 

I 'I. oo 

1!>!;.oo 

5 . 4 Z  

H•l•r8ody Syal•• Report 
L i P l  of H•lerBodies 

OBS ••no 	 llllllAllf tllCOllll 111.ll Yl'E 1111:;1n 111l1111 r 

lll0601010800l llOLIClllltKY IUVEA COCl<E 	 R 22 .'10 II 
lll060l020lCAllfYCR CAllEY CREEK AOAllE 	 H 5.!>0 II 
1110601020lf JUSI CREEK f JllSr CRHK 1<1111)( 	 II '• · 60 ...

7 1 9  11106010201 SE COllllCR SfCOllO CRHI< IOIOX II 't . '<O II
11106010201$1111( llluCIUo EK SlllK lllli CHHK KllUX 	 R I .  SU II 
lll060lOZOl llllROCA 111100 CllHK l<llllX 	 II 6 . 'J'O II 
Jtl060lOZOl 1lJCl\fVCR HICKEY CllttK l<llOX 	 R 5.00 II
11106010Z01020 fORJ I OllHOU HESE llVOI R KllOX 	 l l'tl>fl0 .00 A

7Z't 11106010201025 lEllllESSU HIVfH KIK>X R 1 1 .  'J'O ti
11106010201026 LI f II E RI VtH II I O . tl-0 IIlll OlllU 
l11060lOZOl015 TfllllESSU IHVER l<llOX 	 II l!>.SO II
111060lOZOSBlGCR BW CREEK CAlll'llEI I. 	 II !t . 00 II
11106010206008 AllSSH I CREl:K 	 CUIOOUllE If

II 
6 . UO II

11106Ul0207EASI FORKPOPURC USJ fOllK POl'LAll CHHK ROAllE 1 5 . ()0 II 

2'1.'JO II 
1110601020 70 l l  OEAVEll CllEU KllOX 	 H 
lll060l02070l'o DUI I RUii CREEK 	 AllllEllSOll H 3S. 1 0  II

HZ l ll060 l 020 70 l 6 lllllOS CREEK fllCl BllffAIO CHEEK AllOERSOll 	 R 26 .4·11 II

II7H lll060102000ll 06EU RtVEA llK.1. 01 ll:lt CREEK llORGllll 2'• · 10 II 

HS 
HI060ZOOOl002 IEllltSStE HIVER 	 llAlll 1 Hiii H 'l . 2 0  II
11106020001007 S CllJCl<AllAllGA CH lllCL ti ClllCKAllAIJGA CR llAlll I IOll II Ill.  70 11

156 ll1060200010'18 R IClll AllO c:RHK lllllA 	 H
llOCI'. UIHK 

L I O  " 
111 1U0603000ʷ05} tllAID(llll H 8 .  I O  II
H8 llEllllY II is .t.o I I

11106040005023 llʸSI SAllOY lllHK lllll llOl. I Y  IOllK OHAllCll 
lll080l020200Z lJ6llJll Ill VUI 
lllU80l020.ll:lf Alltllt:CK Cl LAii CllUK 

n 
B9 IJYtM II lO. /0 II 

CAlllllll l. II 'l.60 
llUKI EV 

I 
._.
A II

74 l 111080l020S006 S f  0011111 H l llUll OllUU l l t K J  Cit 10 UEAVl:H CR H 2!>.2'0 II
lll08010ZOSOIO OEAVtll CllHK 	 C Alllllll I. II 1 7 . JO II
1110801020!>001 5011111 I llllK l llllKlO llHH RIVfM llVl:ll 	 II I 'I -'•O II

74't 11100010205010 SIMllll tllHK 1 11111<.t:O llHll H I Vl:ll llAYllllllll 	 II l • t . 011 II 
tlAU I !illll II l l .  , .. II

II 
lllUllOll.l205012 S .  t .  1 11111<.tU UHH H .  
II I080 l 02080 SI Slll>All lit 11llA YllOllll 
1110801020'1001 I 011!.AllAIUllt: HIVlll 	 l>lltl U Y  II 

S S .  00 

II 

II 
II 

HIOllO I UZ09UllZ IC lO!iAllAIClllE lllVtll Sllf l llY 	 II
II749 1 X0701 l.avlur U-ayu't utu.1vtt I icl.I Jlf 1 t  n:.1111 

Trini ly7!>0 IX0805 

I XtOOS 
Hivur llEllllfllSOll Itll11pc1· It 1ui ly /I u.1u1 llosl fo1·k 

II 
llullʹluu Sl1ifl cl,,.1u1ol/S;,1\ J;uaulo ll&ver llAHlll S  R 1 2 . o o  
11.... 1:0 lon ShiI' Channa l 	 llARlllS 

II7SZ l>CI006 
H .. .  00 IIVAf 02060010-0IE ClllllUllEAliUf 1141 tHSllEO ACCOllACK 	 E 4 2 . 8 8  

· 1111:01t1lO IUVER 	 tlOR lllllllllE Rl.AllU E 2 . 4 6  s 
I I I • 

sVAfOZ0700 1 1 - 0 l E  
VAJ0207001 l-03E COAll 111Vl11 tlOH l lKM IUE Ill AllO 	 E 5 . 1 8  s756 VAI020700 l l - 05E YElk:Ollll:O M I VfM 

sllOH lllllllOEMI AllO E
VAf0207UOl l  -06E GARllllEM & UIHUI CllHl<S tlESlllOUEI AllU 	 E o . n  
 sVAI020700 1 1 -07f 110111111 BAY Allll I Ulltll llACllllUOC CRUK llt:S 11 llll!U AIHI 	 E 1 2 .  J 9 s75'1 VAfOZ07001 l-OUE llA I llll< CllU K llE S llllllltl AllU E l .  U.<) & s760 VAf020700l l -O'Jf 1111111"11 t HHK llAY tlESlllOllU AIHJ 

LAI ll AS 1 t:ll 
E 1 . 5 1  s761 VAJOZ080lO'o-02E LAii I lll CtlliEK E l .  2 1  s762 VAIOZOOOIO'o-OSE IJllllAIUIA tRflK 11111111 ESE X E O.<t6HlllStllllY s 

s 
71>1 VAIOZ080104·0'<f 

'•'• . s (I 
lllttK 	 lllCllllllllll C l l Y  H '•6 .  o࡯ 

llAf'l'AllAIUICN:K lllVt.H 
llllll!iKt. Y 

t•o111r t:s:.rx 	 E· 

lf.4 VAI0208UI04-0!iR 
tiVAI02080104-111.ll 11osr. 111:; cIll:EK ESStX H 2 1 . to II

I< 11 IG Allll QllH 11 E 2 .8.it 

ns 

766 VAI02000105-0lf llOfAl10lll RIVtA - HESr Pomr 
VAI02080 106-0lf 

768 VAI02080106-0IR 

s
l'Al"U<tv Ill VER - lltSr POllff 	 K l llG 1111 l IAll E S . O·U 
l'AllllllK( Y Ill VEN K lllG 1111 I IAll urvrl\ 	 II 

s 

111". !>O lo . o '  II.. ..' ˘ n nʥ l<I CHEEK 	 m111:1m f 1 1 ʦ  fi 
 " 

http:VAI02080104-111.ll
http:111111<.tU


11 1 10-os 0 -ll 

H 
H 
R 
E 
A 
It 
E 
E 
R 
R 
R 
R 
l 
I. 

l 
II 
I. 
I. 
I. 
l 
R 
l 

R 
H 
R 
H 
H 

!:t - '•'• 

I I . !>I 

11 .. 101 Ou•ly Sya le• Repor I 
l i O t  of HPle180Jiea 

oes HBIO HllU.lllE lllCOl.11 1 1 11Yl'E IUJ:,llt llltUI f 

1 1 1  VU020801U8-07E O.lCK R l l/tA llAllPIOU Cl I Y  E IU. lHl YlllllAVEll HIVfR 
s712 VAIOZ080108-16E 

L H  
V lllUllll A BE ACll C I  I Y E s111 VAIU2080108- J 7E BllllAIJ Allll I 1111<1101111 llAYS 

114 VAI 020601U'l-OIE lllllUEllS CHHK - !>AlllJY 001 lllfl IJHAllCll 
VIHGllllA lllAl.11 t l l Y  E s 
ACtllllACk E o . u  

2 . 3 9  

s 
s 
s 

715 VAI U2080109 -02f l'l.ICOIKll<E Sllf.llllJ - SAXIS lSI AllO ACCOl IACK E
114 VAI02080109-0SE OllAllCOCK CAEtll llA l l  ICSlllll ACCOllACK E
111 VAI02080109·05E PUk>OIUCllE CHHK ACCOllACK E 3 .' • S  s118 VAl 02080109-0f>E llAllOllA CREEK ACCOll&CK E 't .  02 s119 VAl02080109·07E OCtOllAllklCK tllEEK ACCOllACK E 2 .  611

6 . S6 
s780 VAf02080109·08E llA!>SAllAIJO)( Al.Ill lll.lllfiAllS 

tllfAllYSIOllE 
tllflllS llORlllAllt'IOll E s781 VAIOZ080109-0'IE Jiil l l /CAl11: 

782 VAl 02080llO·OIE A!>SAllOllAll I SI AllO 
tllAlllE:> llAADUll llOll lllAlll' IOU E '•. S2 s 

ACCOllAtK E 1 . tt6 s76S VUOZ0801 I0-02E PARKt:A CllHK & llE llNll'K 111  BAY ACCOllACK E S . 211 s784 VAl 0208011U-04E llUG ISI AllO 8A't & llULllllUllll l S l  AllU 11011 lllAllP I otl E ) l d . ttO 
2. 6•• 

s765 VAI0208020"·0SE .. AGAll RIVl:M 1 SU Ot Illtill r E s16" VAl0208020"·118E JAllES IHVEll - .IAllESllllltl ISi AllO .IAllES C l lY E 'd . I I  s161 VA1 02080208 ·01E JAllES RIVER - llAlll' llHI llOAllS 
ISi AllU 

lltlll'Oll r llEllS C 1 1  V E '•0  l s (࡮ .
1 1  . ' d166 VAI OZ080208-0SE l l  IZAUE Ill HtVtll - tllAlltY llllllt 01 K C I I V E s169 VAl 02080208-0ˡE El IZABElll IUVEH - 1.AllOEll l S  .. Olllf lkHlfOI K l:l I Y E 2 . '•" s

EA!>IEIOI un-.11u1 m f l  IZA8£111 IHI/ER 
791 V A l 0l080206·00E 51lllllllHll llllAlk:ll IJt ti I /AU[ Ill lllVEM 
190 VAl02080208-06E llllHfOIK C l l Y  E 1 . 0 .. s

DlllkEl.V lllllltOIK C J I V  E 11 . i:S- s1'12 l/Al 020002U8·0'1E Slllllllfllll UllAlll.ll m 
VA l02080200- I OE 

llAVAI YU II. 6 / 
E I .  1 9  s 

t:llE SAi'!: AKE C 1 1  V E- sll llAOllll 1111/fll 

SOlllllEIUI OllAlll.11 01 ti llAUllll HIVtH - U.UHlUlil: 
1'13 CllE SAl'f Al\f C 1 1  Y 

7'4 VAI U2080208- I  SE l lAllStllOllll H lVt II SUffOlK C l l Y  Ii

SOUi 11.llll'IOll R 


'I .  «>l s 
't Z 0 . 110 It

ti 

()
I I SllOllASlll 1 795 I/Al OSOI020l ·0 IA IHll IOllAY R IVtn 

VAIOJ010202-0IR19" UI ACIOIAIER II& Vtlt - llEI lltl fllAllKlllf SOUl llAlll' I OU J6.00
ZOLllU 

....... 

V1 191 VAfOSOIOZOZ-0211 81 ACIOIAIEH HIVEll - UUllU t l  IE SOUlllAlll1IOU II 

!>'l . 1 0  II198 VA I OJOIOZU't-0 Ill I AllRAHA f.llHK SOUlllAllf'IOU
VINGlllll BEACll C l l Y  199 VAIOSOIOZ05-0IE I AU UCllU'.>Ell & lltll 111111> lAl'.I: I UAll llflk AHU t o . ˗ e  s 

"8 . !>U800 VAIOSOI0205-0SR 111111111 lAllUlllU IU I/flt ClltSAl1EAl<E 
IK>lllllllESr I HVE R 

IIC l l Y
801 l/AIOS010205-11511 

VJOOl 
20. iOCllESAl'EUE CJ I V  t1802 CllHISUAllSIEO llAICUUH 0 . 6 4VIOJ6 slllllllltAG BAY aos O . !>O s 

lU't . 711 "aott vro1-os llal lo<Mt$ac River 
ao5 VIOl ·Oft Oa l lan I( i ll Ila in Sta• 20.00 " 

29. 70 IIao" VlOS-01 loo...,,. O t la1· c.-.1ck 
ao7 VfOJ-05 llppor Hain Ste• O l l u r  Ck . 1'1 .00 tivrott-01101 O l l l A  CllHK :iECl lUll - I OE CllAllrUIU 't'tZ S. 110aoa Aaot vro5-ouo1 tllSSISQUOI BAY - LAKE CllAllf11 AIU 

llORlllUSr Allll I. 
79'1tt. llU A 

!>!118'1 . UOaJO VI05-0'el01 I AKE CllAllt'I Alll - A8 J I  1/1 05-0'tlOZ ISIE I All U l l E  - I AIC E  tllAlll'lAlll 
1/105-07 2flZOl . Ull AS I .  A ll•ans B;oy 01 • •i11uu11 

I Al\t CllAlll' I A I U  
au 2 s . 110 vros-01101 s r .  AI UAllS DAY -au 2'•'18 . 1111 A81't VI05-09101 llAI I E  r t  S BAY - I AKt CllAlll'I Ull

I AKt lllAlll'I Alll 
I S  illtl . 1111 A815 VI05·1010l 1111111 l l lfflllll DAY - Z !> S Z . 00 Aa16 V I 05-101.02 114111 :>ft I JUll - I AKt CllAlll'UJll 't2010.00 A 

JS. 110 "Shull11u-110 Bay Oi1 ucl U1·a i11.lOO 
818 VIOS-lllOl Sllfl 811RllE BAY - I AKE CllAlll'LAlll 
8 1 7  VI05·ll 

ZZ4'1.UO Aan Vf08-0l l oi-1ur Ui11ou3ki Rivur 211 . 00 It
IS . IHIllppar tliJ·lli11uuQk i 

8 2 1  1/108-lf. S lovo11' Bnuu.11 - 11i11oosk i H iver 
vrot-o• 

820 V I 08-05 
26. 1U ti8 2 Z  lhhJ 81 anch - t••i lu Rivar '15. 1111 
h 

tiaH 
v 
1/ 1 1 0 - 0 1  l uo•u1· O l t..ucr1t1Lhuu\l1111er 01 lau<1.,c:cl1co 

Aiv•r
IIaver 

so 11
1 1 
 nu 8. 110:n.࡭ .  .u.·101· 0I ..ck Illvur 

II 

II 

II 

http:ZZ4'1.UO
http:t2010.00
http:VI05-101.02
http:Z!>SZ.00
http:OllAlll.11
http:UllAlll.ll
http:lllAl.11
http:lllCOl.11


--

8J4 

859 

8't't 

a47 

tl"lorOo.ly Syal•• Aoport 
l l • l  o f  u..t.18uJiea 

ODS llUID llUllAIIf tlUC<Ul llH Vl11: . 111:.tLt lllllNUT 

a21t Vll0-14 IJjljlOr 8 1  ....k IIi vor H 22.00 II 
a z 1  Vl l l ·OI l u.,or lli l l j  .. ,., River H JO. !>U II 
828 Vl l Z ·OS llodh 81·arn:h 0tJOI I iulJ H lit.OU II 
aa V I  JS-08 E•"' 81 .,,.._i. l'a""'""I'Ę ic R 38. 60 I I  
aso VI 11-0llOl LAKE lltlU'llHlllAGOG I. 511<t1 .00 A 
au HA ·Ol -0080 OlllfA 8tt 1 lllVllAll llAV tlUUCOlt u .58. 34 s 
au HA-01 -0800 OUIEA 8fl I lllGllAll llAV HllAICOlt u 58.34 s 
au tlA-01-J J IO llllA I COit C AUK llllA1COll RA s.oo ti 

ass 

tlA-08-lOla UlĵEV lAHK KltlG RAA 4 . 6 0  II 
HA-08-040 llllllNI I AKE KJllO I I. 5UU.UO A 

au HA-09- 1010 llUI1•111 Sii llA IUllIA V Allll A .  KlllG E8 l . O l  s 
851 tlA-09-1020 GPEUI A .  l(lllG MA S I . S O  II 
8.58 HA-09-9260 SAltYEA t AKf UllG ll so2.oo A 

"HA-10-1010 PtJYAllllP A .  PURCE A l .  00 
840 HA-10-1011 llYUOOS CAEEK PIERCE A S . 9 0  II 
8'tl tlA-10-lOZO PUYAl.lUP A .  PIEMCE HA 9.40 It 
8'tZ HA-U-<tO<tS 1111 OCU CREEK GRAYS lllA8011 A 9. 20 ti 
a4S HA-H- 1020 SAUIOll CR. CURI( A 26.40 " 

UA-:S't -1020 PAI OUSE II . ,  S.f.  PALOUSE HA Z S . S O  ti 
a4S HA·S7-IO'o0 VAl\lllA II .  YAKlllA HA 1 2 . 50 II
8(o6 llA-U-JOS7 CllYSUl CHEEK KlTJIUS H :s . oo H 

llA-59-1110 SHAii 01 ICU Ill 1 1  llAS llA 0 . 91t ti 
() a'o8 
' 8't9 ,_. 

850"' 
8!tl 

852 

ass 

85'• 

a!t5 

85, 

857 

8!>8 

85'1 

860 

1161 

862 
8111 

864 

81.S 

a'6

86 1 

8U 

80 
a7o 

871 
812 

875 

87'9 

875 
87' 
8 1 7  

818 

17' 
00 

llA-S't-1020 

UA-59-1010 
Ill -LC-11-262 

H l - l C - 1  9-262 

Ill ·I C-ZOU!t00-262 

lll-lC-U-Z6Z 

tll -1K·Ol ·OaO 

Ul-lK-OZ-080 

HI - I K-OJ-080 

111-tJf - 0 7 - l l l  

Iii ·llH14-111 

111-11 1 - l l - 1 7 1  

Ill·  IJll · l l  19'10UA- l 7  l 

•II · Ull· l 1 799008 · 1 1 l  
Ul · IJll- I 1 1 '9'100C- l / l 
Ill ·Ul· 14· l 7 1  

U l · t l l - l 7 - l H  

Ill -Ut· l8-l 1 l  
tlVKI l 1-2Z-I 1 1  

llVK l l  l-:SO-A-1 l I 

HVKl l 1-81-1 1 1  
HVK-JO 

HVK-40 

tlVK-<tl 

tlVK-"5 
HVK-0 

tlVK·O-A 

tlVK-81 

HVK-82 

HVKE- U 
llVKE •57-8 

1•v1tc-u 
IVICG-

SPOllAllE A .  

COLVlll&; R .  

llodh fu1k (au C l a i i-e llivnr ll•leralKJJ 
l u.iur YulloH lliv1U' llo1lu"l•oJ 
RoJ Co,1 ..,. Aivur 

Td.Lol lu Hivor ,.,.J a.. ..lmll" C:1·u..k u.. tu1·.. l.uJ 
llU$ l lt1in llj v"r II.. t .. 1· .. t.oJ 
" '"' I  h1iu Hivur 11 .. tur·¨lio•l 
t<-...,,.,,.,uo Hivo1· t1.tluo·1.l1u<l 

8iu G1·0011 lDk• 11..&.,, ..1,..,J 
llc•lo-.i.. C1'4!llk tl.. lu1 >l1uJ

Iii 1 1  tr<1ck H..tu1 `I.eel 
Iii ..cwi. iu II ivu1· llJ iu> 1.,,. llu1 ll1u1 n •••• """ j,. 

Uiࡼc. •,.,.. ••• Uivo .. U.aiu© lc• Cun l1 -. l  &l.11 l•..tĶio 
lli «t;nt.-iin Hivct· 11ªiti1t lcU1 !iuu U u u n  Stdt·lt•"in 
1. i t l l u  fuu Plci"u lhvuo· 1 1..1.,,  ,1..,J 
I 01·1<w II i u Eau 11 I u j,.., Hivor t i.. lu1 '""'' 
IJs1p.-.r lliu fuu l'luiuu Hivur ll.0 1 01 •l...J 
llUUlllCAll ti S HS 
A l llfl IOIJll I K 

BIUESIOllE lK 

AllllOUA CK 
lVlfA CK 
Hlllll l l  E CK 

E I K  AV 

CAlll'UEl IS CK 
llllY llll/CA.lffllltl.lS CK 

llHI RV 

!;AUi EY AV 
I•Ir. SAllll'I' ll\ 

1 lllllf.I. Jr.II AlJflEL CK 
!',fll IHlll t" 
111111111 t: I I.I\ ...ti -

SPOUltt:/Sll:VttlS 

SI EVEllS 
UtJ Cl.AIRE 

Cllll•flfllA 
Otlll 

l'lfltCf 
llAlll Iouoc 
ltAlll llltlOC 

l<lllAl#ltE 
GAEEll LAKE 

uooo 
l'OAUGE 

L llK:UI II 
l'OUIAlil: · 
AOAllS 
f'UIUAGE 
llARA 1 11011 

tlAHAlllUll 
l'tlflfAll 
" ... ,.."" 
: ... 11 11s 

Piil llAll 
UllAllllA 

KAllAllllA 

UllAl•IA 
KAllAllllA 
UllAllllA 
fAVU I E  

flYE l l E  
KAllAllll.l 
C l  AY 

mr.•1°1 ·ʤ ti II A. 

RA 

llA 

II 
II 

II 

" 
ll 

H 
II 
H 
H 
" 
II 

H 

II 

H 
II 

H 
l 

L 

l 

A 
A 
A 
II
II 
" 
" 
A 

R 
A 

H 

11.40 
52.90 

159.00 

216.50 

l l l .  oo 

J2!t.OU 

102.00 

96. 'IU 
8 1 . 2 0

<t•t. so 
82 . 00 

105.00 

l H . ••O 

1>'1 . Utl 
6 l .  7.U

l 'l / .  211 
9-t.OO 

1 1 1  .00 

I Z . OU 

2 1 . 00 

20411 . 00 
J . 10 

s .<tz 
4. 71 

1 1 1 .00 

18.50
l . H  

87.00 

IOt..00 

2'1.'tO 

z . 't i  
2 . 1 !>  

,, 112 

I I  

II 

II 
II 
II 

II 

II 

II 

I I  

II 

ti 

II 

II 

II 

I I  

II 

I I 

II 
A 
A 

A 

ti 

It 

ti 

II 

ti 

It 

II 

II

II
II 
II 

http:llll/CA.lffllltl.lS
http:tl"lorOo.ly


I 

897 

901> 

J . 5.S 

'12' 

1•·. 1 ,,, u-,·l:1 11·࡬• '"'' Rcpo1· l 
l h l of II• '"' BoJioa 

oos lllHO llOllAllE •lllCOt•f tllUYPE •lllSIZE HUlllll r 

861 llVKG-J't CllERHY llV lllCllllUS II J O . 'i 5  ti

602 llVKG-5 ·8 DEi.i S U fAYfllE II 
 8 . 1 7  II
681 llVKll-JO ·A llOllSE OR fAVE I I E  II J . 60 II

664 llVKll· 2 1  AllUllCKI E CK tAYE l l E  IC 6 .  20 II

685 llVKll-22 UlNll OllP CK f A Vl : l l E  IC ) 5 . 8 0  II 

666 llVl\11·46 Glll:tllUHIEll llV SlllUIEllS H 146 .00 II 

661 llVl\11·4 8  Bl llE!.IUllE HY SlllUIEHS H 6 2 . 00 II 

808 llVl\11· 5 l 11111 IAll tK Siii Uit US II 34.00 I I  

88t llVl\ll ·60 EASI llV llEIH.fll II ) 8 . 4 0  II 

890 llVl\11· 60·8 P IGUHI ti( llEllCER II J. 10 II 

8'H llVl<ll-60-K GRASSY llH llEHtfH H l .60 II  

892 llVKllU-lZ 81111511 CK llEllCER H Z:S . 3 0  11 

891 llVl\118· lZ ·8 lAllllH CK/BllllSll CK llEllCE R 
 H 8 . 8 0  I I  
8'14 llVKI 18-12-G OAVtS tK/ORll!>ll CK llfllctlC H 3 . 80 II 

895 llVl\118 · JZ-J SOUlll fK/BRllSll CK llEHCER R 1 . 0 0  I I  

896 llVl\18-12-J- l  GRftll VAUEY/SO fK/BRUSll CK llEHCER R 2 . 0 0  I I  


8'18 
 llVKll8-22 BI ACKLICK CK llEffCEA R 7 . 11 0  11 

llVKll8-l2·K I K>R Ill f l<IORU:ill CK llEllCER R 5.40 II  


llEllCER II 
 4 . 6 0  II8,, HVl<ll8-28 Ill OEllOll 111 CK 

900 llVl<118-Z8-8 RIGlll llAllO fK/lllOElllllllll CK llEHCEff IC 
 7 . 8 0  II
'tOl tivwe -za ·C lff I 
 llAllll fl<IHIOfllUUlll CK llEllCER II 6.f.O II 
902 llVKllB-S·C-1 JUllPllll> BR SlllUIERS R 5.50 ti()

I 90J llVKllB-30 CRAllE CK llrnUR R 6.80 II 

...... 90't llVKllB - J l  I UIHOll l lCK C.K llEllCER H 5.00 II 

.....J 
 f I( 

901 
 llVKP-5 llllt:KY tK ICAllAllllA R 6.88 II 

905 llVKll8· S6 01111:>11 llEllCER R 6.80 II 
llVllllG-25 llllllt.llU CK GREEllURU:H R 2 2 . 7 0  II 


toe llVlll'-5-A f lSllEff BA I<AllAllllA H I I  
90t llVI K l 1 1 1 1  t: l<AllAIMIA AV tlflOU IC 
 IU.00 II 
,,0 llVlǠll-9 SOlllll tK/l"it;llES RV I l l  Rf R 55. 5'• I I  

9 1 1  llV11 lllllKlllGAllHA llV l'llliSIUlt R H . 5 0  II 

'll llVll-U bill t Al 0 CK ll•fl II.Ill R 50.ZO II 

tu llVll·Z1 lVGAlll llV llAll 11111 R uo.zu II 

914 llVllC-12-8-5 Cllǡ llllV 1111 l'Ht:illlll H s.oo II 

915 IMIC-U Ullf f A l O  ti< l'llESIOll R 9 . 1 0  I I  

9 1 6  llVll't'-2 SlllMl't' CK l'llf SIOll ff 6 .  1 9  II 

9 1 1  llV0-20 KAllAllllA RV llASOll II 97.00 II 

918 tlVO-S-8 (;RAPt:VlllE BR t:AOEl.l R .S.'iO II 

919 tlV0-52 llll l CK JACK SOii A 2 9 . S 6  II 

920 llVO-U-l-1-E SllAllOl.Etl BR JACK SOU A l . H  II 

921 liVO-'t GU't'AllUOT I E  RV CABELL R ua.oo I I  

922 •w0-91 llAlllllSOU 1111 81100!<.E R 1.00 II 

925 tlVOG -Z lllJU RV CAOEIL R 79.00 II 
92't •avOG-.S-A l f f f  fl</OAVIS CK CA8EI l ff 2.SO II 

925 tlVOG·'t9-E-7 BAllǢtH IK/GAllllE l l  fK I OGAll R l . 52 II 

926 tlVOGU-6 fllllGES CK CAOE l l  R 6.65 II 

'21 tlVP l'OIOllAC RV .IHHllSOU R J l 5 . 00 I I  

928 llVl'-l UKS 1111 .IEt I EllSOll M 6 . 2 '  I I  


llVl'-U CACAl'Ull NV llOllGAll R 1 1 0 . 00 II 

'ISO llVP-19 l I I 11 E CACAl'llll AV llAlll':ill 1llE R 28.U II  

951 llVl'-20 llORlll OR/f'lllOllAC AV llAlll'Slll llE R 7 5 . 1 5  II 

952 llVP-21 SCllllll 811/l'U IUllAC NV llAlll'SlllNE R 85.00 II


tH llVl'C-25-A -I 1 fftlUI POllU Rll llAllOY R 2 . 8 9  II 
Sflllfll l r./U.1111111 BR l'OlllllAC c•"flJin 1•vPs1-1• llAll n 1Ƚ:13 IIIVl'S - 5 - A  JtHlllSUll kll 



ˠ 

-

- - - - - - - -

> ˎ  

ˡ %  

- - - - - - - ®  

-
...0:l.0 ..cs • 

.•

· ː• 0 - cD-

; 

.... 
...,

! 
w ,., 
... 
-

! 

,... . .,, . .. ... 
. . . . . . . .

N N .-.  N • • -- Ct  

N N ... ' ' ' c.i 0 c 
' ' '

"' .. C) ... N N ..... _, 
t I I I 

... ... 

c:I GI GI GI - N ˖
ˏ VI V1 V'J J I t 

.... 
-

e • - ˕ "' "'  .. o" ""'w 

.. 

... F ::. • F cn vt ut vt  
� � � � � � � �  o ­cD :i 

· -
- .. ..., 4 ""'"' t0 • 0 • N W\  

.. . .  ., ,.,.. ..,._ ., ˒ ˓ ˔  .,, % ˑ  8 .. ..  o--. .. ..  ,,. • •  

..., _ 

C - 1 8  



APPENDIX D 

WA1ER BODY SYSTEM 305(b) DATA: 

WA1ERBODIES FOR WHICH POINTINONPOINT SOURCE NUTRIENT TRADING 


APPEARS APPUCABLE IN THE FUTURE 
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