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Point Source/Nonpoint Source Trading

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 report 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 report 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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L 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;

U 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 monnor results;
and .

o Sufficient and effective implementation mechanisms (including appropriate

enforcement measures) must be a component of the trading system.

Lessons Learned from Case Studies

Case studies of three trading experiences to date -- Cherry Creek and Dillon Reservoirs

in Colorado; and Tar-Pamlico River Basin, North 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 information 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 information about point source facilities in order to
determine the relationship between the marginal costs of point and nonpoint source
controls.
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o 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.

o 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.

o 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.

o 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.

o 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 agreed to contribute up to $400,000 for the development of an estuarine computer
mode! of the basin, and have already contributed $150,000 for two additional staff positions at
the agency implementing nonpoint source reductions. EPA has contributed approximately
$340,000 to the Tar-Pamlico program: $220,000 for the year 1 development of the
computerized nutrient management framework, and $120,000 for program activities related to
nonpoint source management in the Tar-Pamlico basin. These planned and received

iil
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contributions approach $900,000. Additional EPA and state contributions to the program are
expected.

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:

Costs Benefits
° Monitoring and modeling beyond those L Direct cost savings to point
needed under current policy source dischargers
° Permitting costs to establish discharge ® - Improved water quality for
levels for the "with trading" case people, commerce, and the
environment
o Government transaction costs associated with

review and approval of individual trades

Nationwide Potential for Trading

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 potentially 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; Flonida, 129; West Virginia, 78; Iowa, 56; and Mississippi, 50. 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 are required to establish total maximum daily loads of
pollutants from point and nonpoint sources in water quality-limited watersheds. 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 sources --
being considered during the Clean Water Act (CWA or the Act) reauthorization process.
Several bills that would amend the CWA 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 of surface water quality. However, some bills (especially S. 1081) cover multiple
issues. Some of the bills propose relatively minor changes to the Act, while others represent
significant departures 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 (POTWSs) and their indirect dischargers. Dischargers are
required to comply with these effluent limits, but there is no direct incentive for them to take
additional steps to further 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 CWA 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 of reauthorization analyses. Impact Analyses are
prepared for proposed CWA amendments that represent new or expanded surface water
programs that may be costly to implement and/or for which the water quality benefits are
unknown or suspected to be small. Incenfives Analyses are prepared to help determine whether
application of a market-based approach to surface water problems can efficiently and effectively
supplement a statutory/regulatory approach.
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Purpose of 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 analyzes 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
opportunities 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 nutnent 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 realize 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 concerned 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 partxcular The information in this
report will be used to help formulate decisions concerning the potential inclusion of
point/nonpoint trading principles and/or requirements in the reauthorized CWA.

The remainder of this introduction summarizes 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.

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 runoff loading 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 probiem:?

TABLE 1

Percent of Impaired River Miles, Lake Acres, & Estuary Square Miles
Affected by Nonpoint Source Pollutants

Pollutant Sources River Miles Lake Acres Estuary Square Miles
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%

! U.S. EPA, National Water Quality Inventory — 1990 Report to Congress, Washington,
D.C. (March 1992).

2 U.S. EPA, National Water Quality Inventory — 1990 Report to Congress, Washington,
D.C. (March 1992) Tables 1-3, 2-3, and 4-3 on pages 10, 23, and 53, respectively.

3



Point Source/Nonpoint Source Trading

Excessive nutrient (nitrogen or phosphorus) loading is a serious pollution problem
attributed to urban and rural runoff.’ High levels of these nutrients accelerate algal growth and
lead to eutrophication and its water quality effects - low dissolved oxygen, fish kills, reduction
in biodiversity, odor, etc. Where municipal point sources 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 fertilizers, 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 QUALITY
PROBLEMS S

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; and/or
. 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 -- may offer the best opportunities to achieve significant reductions at the
lowest cost.

3 U.S. EPA, National Water Quality Inventory — 1990 Report to Congress, Washington,
D.C. (March 1992). '

4
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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 relatve economic efficiency. This allocation can
take many forms, including the buying and selling of marketable discharge permits, or one entity
"buying" required 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
required 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 requires control may trade for
a reduction in another type of pollutant that also requires 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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II. 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. Itis not a way for dischargers to avoid compliance with their minimum treatment
requirements. : . b '

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 requires 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 bc 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 section.
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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 1:1, 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 1:1, 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 uncertainty 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.’

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 uncertainty 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 decrease 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 CONDITIONS

EPA has identified several conditions necessary for a successful point/nonpoint source
trading program.® This report’s updated evaluation of existing programs suggests additional
requirements. In the absence of implementation costs (sometimes referred to as "transaction
costs”), any 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 significant 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 of each
pound reduced of nonpoint source controls (multiplied by the trading rate)
is lower than for upgrading point source controls;

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

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

¢ Kashmanian, Jaksch, Niedzialkowski, 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, 1986.



Point Source/Nonpoint Source Trading

i. Sufficient and effective implementation mechanisms must be in place or
enacted as part of the trading system (including appropriate enforcement
mechanisms).

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. Identifiable 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.

- ¢. Water quality goal. 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
alternative 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 Report to 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 support 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 specified 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 kilograms of nutrient load.

e. Technology-based discharge requirements met. All point sources 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 important 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 basis 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, Department 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.

h. 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 created 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.® 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 departs 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

¥ 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.’

C. HOW POINT/NONPOINT SOURCE TRADES ARE IMPLEMENTED

When a point source discharger exceeds its allotted nutrient load, it must arrange 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. '

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 nonpoint
sources;

2, Alternatively, a point source contracts with a third party (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 party, 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.

? As discussed later in Section III 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.

19 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 first alternative represents the most institutionalized 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 determined 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 undertaken. 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
sourcés 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 Trading

Under point/point source trading, designated point sources trade permitted discharge
allowances only among themselves. In this approach, a point source may negotiate with 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. !

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 certain
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
participants. 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 deal with a large source of waterbody
impairment - i.e., nonpoint sources. It does not present a truly comprehensive solution to water
quality problems.

2. Point/Nonpoint Source Trading

Under point/nonpoint 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 POTWs 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. POTWSs 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

! 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 reductions. For example, in areas with significant new growth, the resulting
increases 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 reductions, 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 meet 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 further 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 opportunity 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 source controls is likely to remain.

3. Nonpoint/Nonpoint Source Trading

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 1:1, 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 IIl, 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 III).

Nonpoint/nonpoint source trading does not entirely solve the problems relating to
uncertainty about the consistency and permanency of nonpoint 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 nonpoint 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 no-net-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 be 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 1:1 provides a safety factor and/or additional
reduction.'? Setting offset ratios for nutrient loads at greater than 1:1 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 1:1 offset ratio would incorporate
a safety factor and account for the uncertainty 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 may 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 1:1, 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 1:1 counterbalance against new emissions.
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III. EXPERIENCE TO DATE IN TRADING PROGRAMS

A. CASE STUDIES 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 appears 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/1 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 will increase TP loads to
the Basin beyond acceptable levels if specific controls are not 1mplememed

To investigate the sources and extent of the phosphorus loadmg, 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.” 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 Allocation Modeling in Chatfield Basin, Colorado. Woodward-
Clyde Consultants, January 1992; 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.'* 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
about 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 (POTWs) 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.

4 Denver Regional Council of Governments, Cherry Creek Basin Water Qualiry
Management Master Plan, September 1985, Table 3.

¥ Denver Regional Council of Governments, Cherry Creek Basin Water Quality
Management Master Plan, September 1985, page 7.
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When phosphorus loading does approach the basinwide limit, point source effluent limits
will directly depend on the success of efforts to control nonpoint source loading. At that time,
if the nonpoint source reduction goal is not achieved, the POTWs 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 Reservoir, Colorado

The trading program for Dillon Reservoir was the first such program established in the
nation.'® 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 further reducing phosphorus loadings from point sources was relatively high because the four
publicly owned treatment works (POTWs) in the watershed required advanced technologies to
meet stringent water quality standards.

A 1984 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
POTW: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).!* 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 point sources was allocated a level
of phosphorus loading, based on an overall allocation to point 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 POTW discharges to be

16 Kashmanian, Jaksch, Niedzialkowski, 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, 1986.

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

18 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 2:1 ratio helps offset the increase from new
nonpoint sources. Furthermore, post-1984 nonpoint sources are subject to strict regulations that
are expected to reduce discharges from these sources by at least half. As a result, 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 offset one pound of credited
point source loading and its associated pound of new nonpoint source loading."

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.?® Consequently, the treatment plants, discharging substantially less than their annual
phosphorus allocations, do not face an immediate need for phosphorus credits; and so haveno
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 three 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

1% Industrial Economics, Inc., Case Studies on the Trading of Effluent Loads in Dillon
Reservoir, 1984. Prepared for the U.S. EPA.

2 Personal communication with Bruce Zander, EPA Region 8, July 25, 1991.
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treatment operation and traded its discharge allowance to the muriicipal 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.?

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.?

2! 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)
over the Jife 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 $13 million (PV) for credits now and technology later; here the discharger
is better off buying the equipment now and foregoing trading.

2 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-Pamlico 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 (POTWSs), 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 exceed 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 date, the Association has not reached its allowance -- the 1991 nutrient load was 20
percent below 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.?

B 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 DEM'’s
responsibility for NPDES permitting The DEM has the responsibility to impose strict effluent
limits on the point sources in the program if water quahty 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 DATE

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 IT 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 II) has resulted in a delay in trading or necessitated a shift in program design in order
for trading to occur.

o At Dillon and Tar Pamlico, the marginal cost of point source reductions has 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 marginal cost of the tradeable reductions. Administrative and
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transaction costs associated with trading appeared 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 not yet limiting,
i.e., actual load is less than allowed load. As a result, there is no 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 SO 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 of Necessary Conditions Supports Watershed-Based Water Quality
Management and Provides an Administrative Framework for Future Trading

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

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

At Tar-Pamlico, annual maximum loads were established for the point 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 water-quality limited waterbodies,
because an independent strategy to control nonpoint sources became necessary.

. Sufficient data and information about pollutant loading and water quality effects
must be available to develop water quality targets and translate the targets into
nutrient reduction goals 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 standard.

o It is necessary to have detailed information about point source facilities in order to

determine the relationship between the marginal costs of point and nonpoint source
controls. '
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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
POTW modifications. This is an important condition of the trading program because it provides
the regulator and the regulated community with better 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.

o 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 $730/1b reduction while nonpoint source
load reductions appeared to be available for slightly over $200/1b (accounting for the 2:1 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.

o 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 administration 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 report and evaluations.

. The administrative framework for the trading program is not only important for the
development of the basinwide approach, but may be critical for achieving 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 muitiple control authorities, including a department
responsible for water quality management and a department responsible for agricultural nonpoint
source control.

o Enforcement mechanisms are important in creating compliance incentives where
economic incentives are absent or fail.
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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 important 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 local community, including environmental organizations, must support a trading
program 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. Support
from interested parties, particularly the regulated community, has traditionally been an important
element in successful pollution control programs.

o If the program involves agricultural BMPs and will be implemented through a cost-
share program, there must be suffTicient farmer demand for funding in excess of any
ongoing cost-share program to support point/nonpoint 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 in_addition to whatever reduction is being brought about
through other nonpoint source control programs (specifically the effect of the existing cost-share
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 participate 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 important
factor.

o 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 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 credit above that for point source controls, impeding
the development or continuance of a trading program. Careful consideration should be given
to the tradeoff between regulatory constraints on trading and the cost-effectiveness of trading and
provisions that ensure compliance with environmental standards with a minimum of transaction
cost.

o Trading ratios that account for uncertainty can be established without eliminating
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 source 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 flexibility into the trading program design, as
conditions may change over the course of the program.

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

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 has contributed a total of $340,000 to the Tar-Pamlico program:
$120,000 for program activities related to nonpoint source management in the Tar-Pamlico
basin, through CWA Section 319 (North Carolina contributed an in-kind match for these funds
at a rate of 60 percent federal, 40 percent state); and $220,000 for year 1 development of the
computerized nutrient management framework, through a CWA Section 104(b)(3) grant. Point
sources participating in the trading program have agreed to contribute up to $400,000 toward
the development of the hydrodynamic computer-based water quality model, and have already
contributed $150,000 for additional staff positions at the agency implementing nonpoint source
reductions to coordinate implementation of nonpoint source BMPs through 1994. These planned
and received contributions approach $900,000.

Additional EPA and state contributions to this program are expected. EPA is expected
to contribute an additional $52,000 in 1992 through Section 319 and the state has requested an
additional $280,000 through Section 104(b)(3). Finally, Congress appropriated another $400,000
through a line-item for initiation of pollution reduction strategies as part of the Tar-Pamlico
Nutrient Sensitive Waters strategy. EPA’s Region IV Office has not yet transferred these funds
to the state.

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 $119 per pound. At Tar-Pamlico, extensive point source upgrades
were estimated to cost between $250 and $500/kg reduced, while nonpoint source reductions
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were priced at $56 per kilogram point source credit for Association members and $62 for non-
members.?

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

COSTS OF POINT/NONPOINT SOURCE TRADING

Initial modeling to determine pollutant sources and wasteload allocations.”

Permitting costs to establish discharge levels in permits with and without trading ("without" levels
would be set in the absence of a trading program).

Review and approval of individual trades by a control agency.

Administration of both trading and nonpoint source control programs to ensure compliance
(assuming that nonpoint source control programs would not otherwise be pursued).

Cost of negotiating and transacting trades.

BENEFITS OF POINT/NONPOINT SOURCE TRADING

Direct cost-savings to the dischargers from being able to take advantage of lesser-cost pollution
control options.

Providing a greater level of nonpoint source pollution control than would have occurred in the
absence of trading.

The primary social benefit is the achievement of a desirable level of water quality at least cost. This
has positive implications for fishermen, recreational users, commercial and industrial users of water,
etc.

Increased awareness and use of nonpoint source control options, and some degree of regulatory

involvement in ensuring the effectiveness of 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.

2 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.

» 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 size and complexity
of the watershed and the number of dischargers.
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IV. POTENTIAL SCOPE OF POINT/NONPOINT 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 porensiaily
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 problems 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 SYSTEM TO ESTIMATE TRADING POTENTIAL

The data available for evaluating the characteristics of waterbodies for policy and
planning purposes is reported in biennial status reports -- called Clean Water ‘Act Section 305(b)
reports -- 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) reports. The WBS currently contains
41,733 waterbodies;? Table 3 identifies the states and territories that report 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 reported 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
waterbodies. Ambient water quality monitoring in specific waterbodies 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 are provided for illustrative purposes only. Table 4 presents the potential universe of

% 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 trading as identified by the
WBS. An explanation of the selection criteria used for each retrieval follows the table.

TABLE 2

WBS Participants and Non-Participants

States & Territories Jn the WBS Not in 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 Nevada Vermont Georgia
Mlinois New Jersey Virgin Islands Idaho
Iowa North Carolina Virginia Indiana
Kansas North Dakota Washington Louisiana
Kentucky Ohio West Virginia New Mexico
Maine Oklahoma Wisconsin New Hampshire
Maryland Oregon Wyoming New York
Massachusetts Pennsylvania Utah
Michigan Puerto Rico

TABLE 3

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

NUTRIENTS 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, nonpriority organics, total toxics, metals,

pollutants designated as "unknown toxicity”, and ammonia

¢. 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 supported; (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 1 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 50  New Jersey 22 Kentucky 12 Ohio 2
Virginia 49  North Carolina 22 Puerto Rico 10 U.S. Virgin Islands 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
opportunities are in the east, in the mid-Atlantic region. There also appear to be significant
opportunities 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 are currently water quality-limited and have
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nutrient pollution present, they are not necessarily water quality-limited due to nutrients - some

other pollutant may be responsible for this designation. Furthermore, while these waterbodies
have nutrient pollution and both point and nonpoint sources, they do not necessarily receive
nutrient discharges from both types 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 where nutrient trading may prove to be
beneficial, it is also necessary to estimate the number of waterbodies that are not 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 Trading Scope in Waterbodies Not Currently Water Quality-Limited

, The WBS contained only 142 waterbodies that are currently nor 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. This retrieval
was made using the following selection criteria:

1. State designated uses supported 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 sources
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 resuit
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 participating 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 commissions, 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 are 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 of the
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 loadings (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. Important 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 waterbodies 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 DATABASES EVALUATED FOR ASSESSING THE POTENTIAL
UNIVERSE OF WATERBODIES FOR POINT/NONPOINT 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 are 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 are 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 opportunities.

Environmental Data Display Manager (EDDM). EDDM is not designed to make
global searches for specific water quality characteristics. Consequently, the data retrieved from
EDDM would be highly disaggregated on a site-specific basis and not in usable form for an
estimate of the potential universe of waterbodies. EDDM is an interactive program to retrieve
water quality data on a site-specific basis. Using EDDM, 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,
EDDM 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. EDDM does not, however,
include data on state water quality standards, which would be necessary to determine if trading
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 customized STORET
retrievals, it can be difficult to get such aggregate information from STORET. Without
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information on state water cjua]ity 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. Information 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 information is incomplete, PCS
is of limited value for a broad nationwide analysis of potential trading.

Agricultural Nonpoint Source Tracking System (AGTRACK). AGTRACK can
identify specific waterbodies for which an agricultural impairment was reported in the 1988
section 319 or 305(b) reports. For those waterbodies, all reported water quality impairments

~in addition to agricultural impairments 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
report 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 impairments in a different way.

Section 304(I) List. This 304 (I) 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(l) and WBS universes.
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V. POINT/NONPOINT SOURCE TRADING UNDER THE CLEAN WATER ACT

A. BACKGROUND

The Clean Water Act does not directly authorize (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.” - '

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 conceming
the relationship between effluent limitations and water quality” [§ 303(d)(1)(C)]. States must
also provide a system for allocating those maximum loadings among all dischargers in the
affected waters [40 CFR 130.1 - .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 provides for nonpoint source control tradeoffs" [emphasis added, 40CFR 130.2(i)].

? Guidance for Water Quality-based Decisions: The TMDL Process. U.S. EPA, April 1991.
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Here, too, the regulations implementing section 303(d) of the CWA approach recognize
trading can be used to achieve water quality standards. The concept of tradeoffs 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 agfter the TMDL was established, and would be a mechanism to meet the
TMDL in the most cost-effective manner. This concept is outlined in Appendix D of the
Guidance for Water Quality-based Decisions: The TMDL Process.* 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 CWA 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 IV 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 [§ 110(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"[§ 182(g)(3)(C) and (4)(A)].

The CAA also contains some language about offsets 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. This 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 operating permit will be denied unless the applicant can buy emissions offsets from
a nearby facility. This approach could apply to both point source WLAs and to nonpoint sources
Las under the CWA.

D. ALTERNATIVE APPROACHES 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 CWA 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 form of testimony before Congress, public addresses made by Agency
officials, and published articles and reports. .

3. Technical Assistance

EPA could be required to provide technical assistance to jurisdictions 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 information on types of local
governmental junisdictions 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 determine whether adequate incentives for
trading are likely to exist. Again, EPA could proactively pursue this option as resource
constraints allow.

4. Funding

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 CWA change that specifically expands the
eligibility of such programs to coverage under the State Revolving Fund (SRF) program.
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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
POTW modifications. This is an important condition of the trading program because it provides
the regulator and the regulated community with better 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.

o A comprehensive basinwide management approach, rather than a focus on point
sources in isolation, provides opportunities to achieve ieast-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 $730/1b reduction while nonpoint source
load reductions appeared to be available for slightly over $200/ib (accounting for the 2:1 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.

o 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 administration 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 report and evaluations.

o The administrative framework for the trading program is not only important for the
development of the basinwide approach, but may be critical for achieving 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 department
responsible for water quality management and a department responsible for agricultural nonpoint
source control.

o Enforcement mechanisms are important in creating compliance incentives where
economic incentives are absent or fail.
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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 important 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.

o The local community, including environmental organizations, must support a trading
program 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. Support
from interested parties, particularly the regulated community, has traditionally been an important
element in successful pollution control programs.

o 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 any
ongoing cost-share program to support point/nonpoint 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
reducnons from nonpoint sources in_addition to whatever reduction is being brought about
through other nonpoint source control programs (specifically the effect of the existing cost-share
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 participate 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 important
factor.

o 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 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 credit above that for point source controls, impeding
the development or continuance of a trading program. Careful consideration should be given
to the tradeoff between regulatory constraints on trading and the cost-effectiveness of trading and
provisions that ensure compliance with environmental standards with a minimum of transaction
cost.

o Trading ratios that account for uncertainty can be established without eliminating
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 source 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.

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

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

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 $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 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 modeling to determine pollutant sources and wasteload allocations.”

Permitting costs to establish discharge levels in permits with and without trading
("without" levels would be set in the absence of a trading program).

Review and approval of individual trades by a control agency.

Administration of both trading and nonpoint source control programs to ensure
compliance (assuming that nonpoint source control programs would not otherwise
be pursued).

Cost of negotiating and transacting trades.

BENEFITS OF POINT/NONPOINT SOURCE TRADING

Direct cost-savings to the dischargers from being able to take advantage of lesser-
cost pollution control options.

Providing a greater level of nonpoint source pollution control than would have
occurred in the absence of trading.

The primary social benefit is the achievement of a desirable level of water quality
at least cost. This has positive implications for fishermen, recreational users,
commercial and industrial users of water, etc. '

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

2 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 size and complexity
of the watershed and the number of dischargers.
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IV. POTENTIAL SCOPE OF POINT/NONPOINT 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 potentially
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 problems 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 SYSTEM TO ESTIMATE TRADING POTENTIAL

The data available for evaluating the charactenistics of waterbodies for policy and
planning purposes is reported in biennial status reports -- called Clean Water Act Section 305(b)
reports -- 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) reports. The WBS currently contains
41,733 waterbodies;* Table 3 identifies the states and territories that report 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 reported 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
waterbodies. Ambient water quality monitoring in specific waterbodies 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 are provided for illustrative purposes only. Table 4 presents the potential universe of

¥ 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 trading as identified by the
WBS. An explanation of the selection criteria used for each retrieval follows the table.

TABLE 2

WBS Participants and Non-Participants

States & Territories In the WBS Not in 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 Nevada Vermont Georgia
Mlinois New Jersey ~ Virgin Islands Idaho
Iowa North Carolina Virginia Indiana
Kansas North Dakota Washington Louisiana
Kentucky Ohio West Virginia New Mexico
Maine Oklahoma Wisconsin New Hampshire
Maryland Oregon - Wyoming New York
Massachusetts Pennsylvania Utah
Michigan Puerto Rico :

TABLE 3

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

T f Poll for Tradi p ial Waterbodies benefitti
NUTRIENTS 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, nonpriority 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 supported; (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 1 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 Inmediate 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 50  New Jersey 22 Kentucky 12 Ohio 2
Virginia 49  North Carolina 22 Puerto Rico 10 U.S. Virgin Islands 2
Tennessee 47  Connecticut 19 Montana 9 Maine 1
g South Dakota 1
Washington D.C. 1

As the list above and Map 1 indicate, most of the immediate nutrient trading
opportunities are in the east, in the mid-Atlantic region. There also appear to be significant
opportunities 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 are currently water quality-limited and have
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nutrient pollution present, they are not necessarily water quality-limited due to nutrients — some

other pollutant may be responsible for this designation. Furthermore, while these waterbodies
have nutrient pollution and both point and nonpoint sources, they do not necessarily receive
nutrient discharges from both types of sources. Consegquently, all of the 943 waterbodies may
not meet the conditions necessary to benefit from trading.

To obtain a complete set of waterbodies where nutrient trading may prove to be
beneficial, it is also necessary to estimate the number of waterbodies that are not 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 Trading Scope in Waterbodies Not Currently Water Quality-Limited

The WBS contained only 142 waterbodies that are currently nor 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. This retrieval
was made using the following selection criteria:

1. State designated uses supported 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 évents 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 sources
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 poliutant 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 participating 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 commissions, 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 are 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 of the
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 loadings (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. Important 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 waterbodies 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 DATABASES EVALUATED FOR ASSESSING THE POTENTIAL
UNIVERSE OF WATERBODIES FOR POINT/NONPOINT 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 are 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 are 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 opportunities.

Environmental Data Display Manager (EDDM). EDDM is not designed to make
global searches for specific water quality characteristics. Consequently, the data retrieved from
EDDM would be highly disaggregated on a site-specific basis and not in usable form for an
estimate of the potential universe of waterbodies. EDDM is an interactive program to retrieve
watér quality data on a site-specific basis. Using EDDM, 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,
EDDM 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. EDDM does not, however,
include data on state water quality standards, which would be necessary to determine if trading
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 customized STORET
retrievals, it can be difficult to get such aggregate information from STORET. Without

38



Point Source/Nonpoint Source Trading

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. Information 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 information is incomplete, PCS
is of limited value for a broad nationwide analysis of potential trading.

Agricultural Nonpoint Source Tracking System (AGTRACK). AGTRACK can
identify specific waterbodies for which an agricultural impairment was reported in the 1988
section 319 or 305(b) reports. For those waterbodies, all reported water quality impairments
in addition to agricultural impairments 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
report 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 impairments in a different way.

Section 304(1) List. This 304 (I) 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(l) and WBS universes.
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V. POINT/NONPOINT SOURCE TRADING UNDER THE CLEAN WATER ACT

A. BACKGROUND

The Clean Water Act does not directly authorize (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.”

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)(1)(C)]. States must
also provide a system for allocating those maximum loadings among all dischargers in the
affected waters [40 CFR 130.1 - .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 provides for nonpoint source corurol tradeoffs” [emphasis added, 40CFR 130.2(i)].

7 Guidance for Water Quality-based Decisions: The TMDL Process. U.S. EPA, April 1991.
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Here, too, the regulations implementing section 303(d) of the CWA approach recognize
trading can be used to achieve water quality standards. The concept of tradeoffs 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 rrading 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 most cost-effective manner. This concept is outlined in Appendix D of the
Guidance for Waster Quality-based Decisions: The TMDL Process.® 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 CWA 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 IV 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 [§ 110(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"[§ 182(g)(3)(C) and (4)(A)].

: The CAA also contains some language about offsets 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. This 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

'@ y.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 operating permit will be denied unless the applicant can buy emissions offsets from
a nearby facility. This approach could apply to both point source WLASs and to nonpoint sources
Las under the CWA.

D. -ALTERNATIVE APPROACHES FOR CLEAN WATER ACT
REAUTHORIZATION

1. Guidance

EPA could draft guidance concemning 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 poliution problems. Guidance would cover, at a minimum,
the following topics:

o 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
e Necessary permit requirements, including meeting CWA 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 form of testimony before Congress, public addresses made by Agency
officials, and published articles and reports.

3. Technical Assistance

EPA could be required to provide technical assistance to jurisdictions 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 information 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 determine whether adequate incentives for
trading are likely to exist. Again, EPA could proactively pursue this option as resource
constraints allow.

4. Funding

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 CWA 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 Dillon Reservoir

INTRODUCTION

Point/nonpoint source nutrient trading was developed as part 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.’

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 tertiary 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 undertaken 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

'Fiscal Impact Statement 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 Service?, 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 resuit of
these direct recreation expenditures (usually referred to as "multiplier” effects), and $11 million
in real property value due to location and quality of the reservoir.’

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 Managemen: 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 Supra 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 20 percent 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 (POTWs) 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 accommodate 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.*

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

‘Point Sources-Nonpoint Sources Trading in the Lake Dillon Watershed: A Final Report.
Northwest Colorado Council of Governments. p. 4.
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nonpoint source phosphorus controls in order to maintain 1982 water quality conditions.’ 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. Point 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
quality. '

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 popuiation,
thereby allowing regional growth to continue at a time when Summit County was experiencing
one of the highest growth rates in the nation.

5 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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Nutrient Trading in Dillon Reservoir

IMPLEMENTATION OF NUTRIENT TRADING PROGRAM

Objective

Nutrient trading between point and nonpoint sources was incorporated into Dillon’s
basmw1de 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 projection 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 exxstmg 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.® 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.’

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

SInitial 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. See Point Sources-Nonpoint Sources Trading in the
Lake Dillon Watershed: A Final Report. Northwest Colorado Council of Governments,
September 1984. p10.

"Case Studies on the Trading of Effluent 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 reflected 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.

Based 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 alternaiive, averaged
$730 per pound across all plants.” Due to "lumpiness” of treatment technologies, advanced
treatment at all plants would reduce phosphorus loading substantially below allocated levels.°

Nonpoint source removal costs were derived solely from the urban runoff demonstration
project. Results from this project 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."

The choice of a trading ratio further affects 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 1,313 pound allocation, used in calculations, was later raised to 1,510 pounds
in regulations governing the trading program. See Supra note 2 at p.3.

Annual 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 analysxs of federal
projects. See Supra note 7 at p.2-2.

1%ee Supra note 7 at p.3-10, and Exhibit 3-7.
YSee Supra note 7 at p.3-13, 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.’? '

All of the calculations described above assume that dischargers are required to meet the
aggregate point source limit imposed on them, rather than individual 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."

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 Supra 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 518 pounds nonpoint
source credit, which resuited from the control of 1,036 pounds of nonpoint source phosphorus.

>The 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
are 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 are based on
1982 loadings, and nonpoint source reductions will be indexed to 1982 water volume and
loadings. '

Trading Ratio. A 2:1 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
Tesult from new development generated by a one pound credit 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 are controlled separately, and cannot generate
phosphorus credits. As part of the plan, local governments are required 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 Permit. 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

A-10



Nutrient Trading in Dillon Reservoir

including the trading provision in the permit, nonpoint source management and control are linked
directly to the Clean Water Act enforcement provisions of the NPDES permit.* 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 revert to the more stringent limits. For the
plan to be effective, 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."

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 Commission, appointed by the Govemnor,
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.

“Clean Water Act, Section 402.

"Kashmanian, Richard, et. al, 1987. An Application of Point Source/Nonpoint 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
point/nonpoint source trading provisions are incorporated into the NPDES permit by including
both point source discharges and nonpoint source controls in the permit.

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 conform to regulations and are used to attain
or maintain the in-lake phosphorus standard.'¢

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 nonpoint source control devices;
distribution of phosphorus credits gained from the nonpoint source controls; and development
of septic tank contro! programs.

1%Personal 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 1984. 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 accommodate new development in the region by bringing control of existing
nonpoint sources of phosphorus under the umbrelia 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 1980s that slowed basinwide
development and corresponding increased levels of point and nonpoint 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/1) out of its annual
allocation of 340 pounds."

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.'® Even at full buildout of the basin, treatment plants are not expected to reach
their allocations.' Consequently, point/nonpoint source trading has played only a minor role
in the overall basinwide phosphorus mitigation strategy. The limit on nonpoint 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 1989% -- 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

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

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

See Supra note 18 and Supra note 17.
2Supra note 19, Table 11.
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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.?

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 are 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.

Breckenridge Sanitation District®

In 1988, the Breckenridge Sanitation District, which operates the largest of the four
POTWs in the basin, received 11 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
Teservoir.

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 11 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

s'Personal communication with Lane Wyatt, Northwest Colorado Council of Governments,-
July 19, 1991; McKee, July 29, 1991; Wenger, August 8, 1991.

Zpersonal 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.? 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.

Frisco Sanitation District®*

Frisco is a small mountain community that experienced storm drainage problems. In
order to counteract stormwater 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.? In effect, the trade is an example of nonpoint/nonpoint source trading,
under the umbrella of a point/nonpoint source trading program.

BLewis, William M., Jr. Methods for Calculating the 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.

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

SThe 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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Phosphorus removal capabilities from the project will be determined by monitoring
incoming and outgoing water. Based on initial results, the project is expected to generate 40-50
pounds phosphorus credit to the Sanitation District in 1994.2% Assuming 50 pounds of
phosphorus removal, the total annualized cost of this project is $10,253, 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.”

Snake River Wastewater Treatment Facility™ .

The county-owned Snake River treatment plant, which services the Keystone area, is also
involved in a nonpoint source control project designed primarily to offset the impact of new
nonpoint source contributions to the reservoir. As par 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.?

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

T'For consistency with the initial economic study, calculations are based on a 10 percent
discount rate and a ten year capital recovery period. See Supra note 9.

Bpersonal communication with McKee, July 16, 1991; Wenger, July 17 and August 8, 1991.

¥See Supra 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 POTW. 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 annualized capital costs
would be $17,251, or $230 per pound.” 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.”? These costs do not include operating and
maintenance costs, which will be shared by the Snake River plant and the Denver Water Board.

3Under Section 201, the Construction Grants program (now phased out), up to 20% of a
state’s construction grants money for POTWs could be used for "any innovative and alternative
approaches for the control of nonpoint sources of pollution” (201(g)(1)(B)). Until Congress
appropriated Section 319 nonpoint source management program money in 1990, Colorado used
part of its 201 allocation to fund nonpoint source projects.

31See Supra note 30.

32See Supra 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 POTWs. 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
proacstaive planning, 1989 phosphorus loads to the reservoir totaled only 53 percent of the critical
load.

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.® 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) process® 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.

“See Supra note 17.

%Clean Water Act, Section 302(a).

¥Clean 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.*

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 are 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 basinwide 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.”” 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 prevent future water quality deterioration
in a rapidly expanding region, rather than to mitigate an existing problem. Local officials, faced

%Guidance for Water Quality-based Decisions: The TMDL Process. Apﬁl 1991. Office of '
Water Regulations and Standards, United States Environmental Protection Agency.

%Clean 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.

Estimating Cost-Savings Attributed to Trading

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 instalied 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
opportunity 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 Dillon, 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 limit.
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 2:1 trade enabled
a POTW to sell taps representing a specified acreage of development. Under this 2:1 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 treatment 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 2:1 trade would now enable
the POTW 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
increased 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 POTW treatment efficiencies may postpone
or avert 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,*® 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,* 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 "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 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.

%Clean Water Act, Section 201.
¥See Supra 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
basinwide management strategy.

Unless regulatory nonpoint source controls become required, 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 required to alleviate remaining site-specific water quality
problems.
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Nutrient 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),
part 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 (see Map B-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 localized 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.’

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.? 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.?

! Tar-Pamlico River Basin Nutrient Sensitive Waters Designation and Nutrient Management
Strategy. April 1989. Department of Natural Resources and Community Development, Division
of Environmental Management, Water Quality Section, p. 18. ‘

2 Ibid, p. 18.

* Ibid, p. 18.
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Nutrient Sensitive Waters Designation

In 1989, increasing eutrophication problems and outbreaks of fish diseases prompted
EMC to formally designate the entire Tar-Pamlico watershed as "Nutrient Sensitive Waters”
(NSW). 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 that
dominate the basin. Specific point sources 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/1 for phosphorus year round; 4mg/l for nitrogen in summer; and 8mg/l for nitrogen in
winter.® 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/1, with a basinwide average of 2.25 mg/l. Total point source nitrogen concentrations ranged
from 5.4 to 22.95 mg/], with a basinwide average of 14.38 mg/1.° 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.

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

¢ Inid.
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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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Nutrient Trading in the Tar-Pamlico River Basin

NSW IMPLEMENTATION STRATEGY

As an alternative DEM’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 North 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 II 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 collectively 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 previous calendar year. The March 1, 1992 report included monitoring data for the
period January 1 - December 31, 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.° 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 year.'®

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.

8Nutrient Removal Study, March 1991. Tar-Pamlico Basin Association, Inc. p.5-1.

’National 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

1% 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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NUTRIENT TRADING PROGRAM DETAILS

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 limits and projected flows for three facilities planning to
expand before 1995, and would have resulted in a total nutrient reduction of 200,000
kilograms.” Thus, the Association’s nutrient reduction goal for 1994 (the last year of the
NSW Strategy Phase I) was set at 200,000 kilograms.

Allowable 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.”? 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.’” 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

I Tar-Pamlico NSW Implemenztation 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 II to other nutrient
dischargers.™

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.!”* 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.

Trading Specifications

The trading program provides the Association the opportunity 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.'®* The BMP
cost equivalent per kilogram of nutrient reduction per year was derived from nonpoint source
control experiences in the Chowan River 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.

“Tar-Pamlico NSW Implementation Strategy, Revised February 13, 1992,

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

6 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 implementation 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 Association’s annual payment for excess nutrient loading
amounts to less than the scheduled minimum payment, the Association will supplement the
annual 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 annual 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 Payment = [Actual Loading (kg/yr) - Allowable Loading (kg/yr) x $56 (kg/yr)] -
[Prior Payments (minimum and excess loading)]

Association’s Allocation 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 individual
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.!

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-Association Members

Existing non-Association member facilities that expand their design flows to 0.5 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/l total phosphorus, and 4 mg/l (summer) and 8 mg/i
(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 Paymen:($) = New Design Flow (MGD) x Excess Nutrients (mg/l)
x $62/kg/yr x Conversion Factor.
where:
Excess Nwrients = (Total Phosphorus Limit - 2 mg/l)
+ (Total Nitrogen Limir - 6 mg/l)
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/1 total phosphorus. New facilities with design flows of 0.1 million
gallons per day or greater are limited to 2 mg/l total phosphorus, and 4 mg/l (summer) and 8
mg/1 (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-authorized BMPs. The program provides funding, instruction, and
technical assistance to farmers in this effort. 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. '

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, DEM’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;

o 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, .

1*Tar-Pamlico NSW Implementation Strategy, Revised February 13, 1992,
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o determining funding levels contributed to the BMP fund and the status of BMP
control; and,

o requiring individual point sources to remove nutrients where a localized water
quality problem exists.

The Basin 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 agreed to contribute $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.

Contributions from parties other than point sources have been important to administering
the strategy. EPA has contributed a total of $340,000 to the Tar-Pamlico program: $120,000
for program activities related to nonpoint source management in the Tar-Pamlico basin, through
CWA Section 319 (North Carolina contributed an in-kind match for these funds at a rate of 60
percent federal, 40 percent state); and $220,000 for year 1 development of the computerized
nutrient management framework, through a CWA Section 104(b)(3) grant. These contributions,
together with those from the point sources approach $900,000.

Additional EPA and state contributions to this program are expected. EPA is expected
to contribute an additional $52,000 in 1992 through Section 319 and the state has requested an
additional $280,000 through Section 104(b)(3). Finally, Congress appropriated another $400,000
through a line-item for initiation of pollution reduction strategies as part of the Tar-Pamlico
Nutrient Sensitive Waters strategy. EPA’s Region IV Office has not yet transferred these funds
to the state.

The approved NSW Strategy also provides for the creation of an Ad-hoc advisory
committee to address nonpoint source and related water quality issues within 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, DEM and DSWC, the state Agricultural Task Force, and other state
agencies.

Enforcement and Compliance’®

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/] and total nitrogen of 4 mg/l (summer) and

1%Tar-Pamlico NSW Implementation Strategy, Revised February 13, 1992.
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8 mg/l (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/1 total phosphorus. New facilities with design flows of 0.1
million gallons per day or greater will be limited to 2 mg/l total phosphorus, and 4 mg/l
(summer) and 8 mg/l (winter) total nitrogen.

The Basin 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 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 arrangement 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 participation 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 refined, 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 support 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 further 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 13 percent below their
1991 allowance.?

In addition, the establishment of an administrative structure for a trading program will
be particularly 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.

2 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 m 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 North 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.

Implementation 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

2North Carolina Agriculture Cost Share Program for Nonpoint Source Pollution Control,
May 1987. North 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 recourse 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 meet 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 certainty 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 aurhority
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.

Three 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 realized.

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-
making 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(b) DATA:
WATERBODIES FOR WHICH POINT/NONPOINT SOURCE NUTRIENT TRADING
APPEARS APPLICABLE NOW
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HOUSAIONIC,LAKE  sShELION FAIRFIELD

SVILL RIVER

BLACKROCK 1IARBOR

BRIBGEVORT HARULOR

HORLAT K $IARBUR

STANFORD HARBUR

GREEIHICH ARBUR

HIDOLE POIGIIAC DC

BEAVERDAN CHEEK SUSSEX
THGRA DRANLCY SUSSEX
AIEL A RIVER

AIELIA ISLAD

AHEL 1A 151 ALD

HILLS CREEX

LAKE GEUNGE

1 AKE MHOODRUFF

L AKE 1IOIINE

tAKE HOHNULE

LAKE HARIIEY

ECOL ULKHAICHEE RIVER
(BTEIE ELOHLOCKUAICIHEE RIVER
GEE CHELK

LAKE GREFFIN

LARE GRIF¢HIN

LAKE GuittIn

NARNES ChkEX

I AKE ENISIIS

Litg S

IBIYPE
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e
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W
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REW
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taleiBody Syslom Report

Lisl of HalarBodies

FL
FL
fFL
FL
FL
FL
FL

FL
ft

03080102033
03000302034
03080103003
030603030008
03000103012
03080103014
03080103015
03000103017
03los0l03010
03080103022
03080103064
030080103908
03000103909
031080103910
03000103912
03000201003
03000201015
03000201016
03080202002
03000202004
03080202908
03000202909
03080202911
03080202914
03000203004
03090101016
03090101020
03090101021
03090101022
03090101026
03090101027
03090101033
03090101036
03090101911
03090102001
03090202906
03090202921
030%0202922
03090202959
0309020293
030%0204905
03090205003
03090205004
03090205006
03090205007
03090205901
03100101005
03100101006
03100101010

03100101020

0slo0101021
03100101022
03100101024

03185101842

HOUIALE

APUPKA-BEAUCLALIR CANAL
LAKE APOPKA

ST JUIRIS UIVER

ST JOINIS RIVER

RIBAULT RIVER

ST JOINS RIVER

ST JOINGG RIVER

ST Joinis RIVER

ST JOIIS RIVER

ST JOINIS RIVER

CRESCENT L AKE

FISINING CREEX :
CEDAR RIVER (OFF ORIEGA RIVER)
BUICIHER PEN CREEK

HILLS BRAICH

UATANHZAS RIVER (ICHID
POICE DE LEON IILEY

ICHI CUALIFAX RIVER)
J101AN RIVER

110LAN RIVER

Nnoia RIVER

JREAI/BAIAIA RIVER/SYKES CREEK
JHOLAN RIVER

CRANLE CREEX

SOUTU TIDIAN RIVER

LAKE UATCHINENA

CVPRESS LAKE

CVPRESS LAKE

CYPRESS LAKE

LAKE TOIOPEKALIGA

LAKE 1OHOPEKALIGA

SIINGLE CREEX

REELY CREEX

LAKE RUSSELL

TAYLOR CREEX

0 FURK, NEN RIVER, BELOH S-33
NILLSBORD CANAL/L-14,15,39
1 EH R CA/L-18,19,20,35,308
ST LUCIE RIVER

PLANIATION CAN, C-12, AD S-33
HAPLES BAY

CALOUSAIIAICIHEE RIVER
CALOOSAHALCIIEE RIVER
CALOOSANAICHEE RIVER
CALOOSAMAICIIEE RIVER

OtEP LAGOON

PEACE RIVER

PEACE RIVER

PEACE RIVER

PEACE RIVER

PEACE RIVER

PEACE RIVER

PEACE RIVER

PEACE KIVER

rucone

MBIVPE
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Halei Body Syslom Report
List of HalerBodias

o8BS HBID . VBUANE HBCOW  MBIVPE  JBSIZE  HBUNLT
111 FL 03100101027 DOMHI EGS CREEK ) 9.3 "
112 §L 03100101031 PEACE RIVER R 16.4 "
113 FL 03100101032 PEACE CREEK URALIAGE CANAL 81 " 27.5 "
114 FL 03100100033 SAUDLE CREEK R 6.2 "
11 FL 03100101034 LAKE HANCOCK L 6.9 S
316  FL 03100101034 PAYIE CREEK ™ 2.2 "
117 L 03100101045 PEACE RIVER € 7.4 s
318 FL 03100101049 PEACE RIVER € 1.3 s
119 FL 03100101050 PEACE RIVER E 1.4 s
120  FL 03100101916 BANANA LAKE L 0.8 s
321  FL 03100101918 LAKE PARKER L 3.6 s
122 FL 03100103001 CUARLOTIE HARBOR e 23.¢ s
123 FL 03100103007 CUARLOFIE HARBOR € 14.3 s
126 FL 03100103011 CHARLOIIE HARBOR £ 0.4 s
125  EL 03100103018 SANIBEL 1SLAND € 19.¢ s
126  FL 03100201007 LIITLE SARASOFA BAY € 3.5 s
127 FL 03100201008 PHILLIPPI CREEK ” 13.3 "
128 FL 03100201009 SARASOTA BAY € 19.4 s
)29  FL 03100201903 LENON BAYIEXTENDED ) € 8.1 s
130  FL 03100201910 MITTTAKER BAYOU € 0.1 s
131 FL 03100204001 ALAFIA RIVER " 15.2 "
132 FL 03100204003 ALAFIA RIVER R 4.0 "
133 FL 03100204005 ALAFIA RIVER, SOUNH PRONG " 6.5 "
134  FL 03100204006 ALAFIA RIVER, HURII PROIG r 6.1 n
135  FL 03100205003 FLINT CREEX " 0.0 "
13¢  FL 03100205005 LAKE THOIOTOSASSA L 2.8 s
137 FL 03100205006 LAKE THOIDIOSASSA L 1.6 s
158  FL 03100205007 BAKEN CALEK ” 7.5 "
139  FL 03100205009 HILLSBOROUGH RIVER ™ 2.6 "
140 FL 03100205010 BLACKHATER CREEK ” 7.1 H
141  FL 03100205013 TTCHEPACKASASSA CREEK R 0.7 "
}42  FL 03100206004 HELESHORMGH BAY E 5.3 s
143 FL 03100206006 TLESHONLUGH BAY e 5.6 s
146  FL 03100206007 NILY SHINMNIGH BAY € 8.7 s
)45  FL 03100206009 WL SRORVUGH BAY € 6.2 s
146 FL 03100206009.50  1ILKAY BAY € 2.5 s
147  FL 03100206010 IILLSBOROIUGH BAY € 20.9 s
148  FL 03100204012 OLD TAMPA BAY € 1.9 s
169  FL 03100206013 SHEEIMATER CREEK R 8.3 H
150  FL 03100204034 01D TANPA BAY € 5.3 s
151  FL 03100206018 01D TAIWPA DAY € 56.0 s
152 FL 03100206912 CROSS BAYON CAMAL N 3.8 "
153 FL 03100207902 CRUSS BAVOU CANAL r 2.9 "
154 FL 03110102014 FEINION L ONAY RIVER ] J2.8 H
155  FL 03110102015 FEINION LOMAY REVER R 16.5 "
15¢  FL 03110201002 SUMAINIEE RIVER n 23.7 n
157  ¢L 03110201032 ROARING CHEEN ” 6.0 "
158  fFL 03110200901 SHIFT CREEK R 10.9 "
159 €L 03110201902 IRRINER CREEK ™ 2.8 "
160 FL 03110206013 1k NEIVER R 17.6 "
161  FL 03120003010 1AKE TALGIN L 2.4 s
162 n 03120003014 UCHLOCK.ONIEE HIVER « 1.6 0
163 L 03120003020 LIIE ALVER A 2.4 1"
¢ ” 83148201084 ALLTERVGRASRVER" ] 134 i
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HatarBoily Syslom llepo;"l

Lisl of HalerBodias

196
197
198

200
201
02
203
204
205
206
207
208
209
210
an
212

[ L}
1S
236
27
218

$1

IA 01-UEN-0010
1A O)-HEN-0L30
14 03-HEN-0040
14 01-ULA-Q)00
1A 01-KHPS-0010
1A 02-CED-0010
JA 02-CED-0020
1A 02-CED-003O
1A 02-CED-0040

1A 02-CED-0050-L

1A 02-CEO-0110
1A 02-CED-0370
JA 02-104{-0010
1A 02-104-0020
1A 02-1064-0030
1A 02-104-0050
A 02-101{-0040
1A 02-104-0070
1A 02-10H-0060
1A 02-511L-0020
IA 03-SKif-0010
IA 03-5KU-0010
IA 03-55K-0020

1A 03-55K-0030

1A 04-EDII-0010
IA 04-LDII-0030
1A 04-UDIL-0040
IA 04-U011-0060
IA 04-UDII-08070
IA 04-UDII-0010
IA 04-UO0I1-0190
IA 06-85R-0010
IA 06-85R-0020
IA 06-FLO-0010
TA 06-FLO-0020
IA 06-LSR-0030
IA 04-1LSR-0020
1A 06-1LSR-00V30
JA 06-HEN-0010
IA 06-1EN-0020
1A-04-LDI-0010
1A-04-1011-0020

1A-064-1.011-0030-L

1A-04-L0I1-0040
IA-04-1N1-0230
IA-04-1L014-0300
1A-04-RAC-0010
T1A-0%-RAC-0040
TA-04-RAC-0050
1A-05-10D-0010
1A-05-10D-00V20
14-05-usi-0010
1A-05-01151-0020
u-og-nsu-ooso
1A-05-tv-0010

HEHIASIE

HISSISSIPPI R
HWISSISSIPPE R
11SS1SSIPPI R
UPPER JOHA R
MmapsSIPINILON R
CEDAR R

CEDAR R

CEVAR R

CEDAR R

CEDAR FALLS Nwutslr

CEDAR R
BLACK NIANK €R
JOHA R

100A B

10MA R

JOHA R

JOMA R
10HA°' R

© T0HA R

SHELL ROCK R
HISSISSIPPL &
SKIRK R/

SOUIIt SKUIK R
SOUIN SKIAK R

OES IDUKES R, EAST K

DES 1D11ES R
DES 10IES A
DES 1DIHES R
DES NOLNES
BEAVER CR

BOME R

A1G StouX R

816 SIouX R
FIOYD R

FIOYD R

LITILE SIOUK R
LETILE ST R
LITILE SIOUX R
HISSOURTL R
tssoun: R

DES IVINES R

DES 1NIES R
RED NUCK RESERVUIR
DES HOMIES R
SOUIN R

HORUII R

WACCUMONIE R
RACCINNE R, IRV
RACCOMY R, MURIN
IDANAY R
NODANAY R
HISINIABORIA R

nmswizhottia |8, EASY
'.gl:'.munmm R, EAS)
HRWPSON R

HBCOoR

LOULSA
DUBUIQLIE
CLavTon

AL LAAKEE
cLInon
LOUSSA
MUSCATRNE
L

BLACK WA
BLACK HAIX
FLOYD
BLACK HAYK
LOUISA
LouLSA

SOINISON
TAMA
MHARSHALL
FRAIKLIN
FLOYD
LEE

JASPER
SIORY
IMABOLDT
BOOKE
HEBSTER
HEBSIER
180107
POIK
NAUILTON
H000BURY
SIo
HOOOUUAY
PLYIOUTN
NARRESON
INONA
CHEROKEE
FRELIONT
uiLLs
LEE
MAPELLO
1ARTON
HARION
HARREN
POl

ot K
GREENE
SAC

PAGE
PAGE
FRENONRT
FRENONT

Geekim

HBIYPE HBSIZE

e7.93
“3.63
41.05
14.07
e7.02
25.33
.69
48.64
22.93
1.83
40.03
13.90
25.21
' 18.37
19.71
34.17
4815
48.43
29.22
37.11
364.26
32.44
33.48
20.40
62.29
43.17
24.52
12.20
.44
20.55
25.14
54.19
37.60
19.62
22.50
15.56
63.62
54.21
39.43
36.92
¢8.33
54.12
10400.00
26.37
19.48
26.44
20.43
54.00
19.00
4.1
19.20
5.51
54.29

i85

ﬂﬂﬂ'8"8SS"‘".’.I”’!--.-l"-...-....'..'-'...-..'.’
t

WY



6=

MalerBody Systam llnp:.ﬁt
Lisl of halesBodies

ous HsiID JHAKE ucowl IDIVPE HBSIZE (L UV 1IN
221 TA-05-110-00838- 1 ML, Aysr Old Husorvoir RINGGULD L 12.0 A
222 11BEAD) Ihukly Cr. ) 6.9 "
228 J1BEDOL-D Dogpioanl Cr. [ ] 4.8, ]
224 JLBEJICOL Cottoimood Cr. R 17.8 "
225 J1BENOL-B Kickapoo Cr. R 1.1 "
226 11 BENOL-0 Cassoal Cr. R 8.7 [}
1334 118ERDOY ltackolt Branch R 1%.0 o
220 I1BERCO] ltayes Branch [ ] 13.2 (1]
22y JLBERDOL Spoi) Bank (rib. ] 10.2 H
230 11BERO] Scallering Fk. R 14.1 [}
231 J1BEO)-A Embarras R. R 7.9 H
32 118E07-A Esbarvas R. [ ] 13.8 ]
233 11BEO07-B Esbarras R. ] 16.56 . ]
234 116E02-C Ewbarras R. R 3.7 H
238 ILBEOT7-D Enbarras R. [ ] 5.2 n
2346 ItBEN4-A Enbarras R. R 5.9 )
237 11 BN01 nill cr. [ ] 32.2 4]
238 118002 Sugar Cr., | 20.6 "
239 JLBPICOS-A . Saline Br. R 10.3 1]
240 J18PJO3-E Salt fk. Vermilion R. R 2.9 "
t1Y] I1LBPOL-A Varmilion R, " 8.7 "
242 1epol-0 Grape Cr. L 6.7 L]
243 3B06-A MHubash R. R 7.9 "
24% 1LB06-E Habash R. [} 16.9 n
245 11806-F Habash R, [ ] e.1 H
246 jicool-o Sawinary Cr. ] 1.1 "
247 110A04-0 tlacaupin Cr. R 30.9 n
2486 1L0B80}-8 Otler Cr. [ ] 18.4 "
%9 JLODO4A-A tlauvaise Terre R. ] 31.2 (]
150 11DGJOY-A Yrowhlesome Cr. . ] 11.4 ]
151 11.0GJ02-B Killjordan Cr. ® 6.6 (4]
152 110GI0)-D Tiodilosome Cresk ] 3.8 "
153 1L0GLOL-E E.fk.ta lwine R. L] 3.1 "
154 I1L0GO4-D La Hoine R. L 7.} H
155 1L0G0%-F Prairie Cr. R 7.6 "
1s6  1toJsle 8ig Cr. " 27.2 “H
157 11001 Easl Cr. [ ] 8.0 "
158 1L0J06-C . Fk. Spoon R, R 37.2 ‘M
159 JLOKF1] Prairie Cr, R 16.3 o
140 JLOK12-0 Lixlian Cr. ] 7.2 "
{2} 1LOLOL-A Kickapoo Cr. R 18.2 "
162 110Q03-A Big Bureau Cr. [} 45.8 "
163 110Q03-8 Big Bwwoau Cr, R 11.7 "
164 1LOROL Littlo Varwilion R. R 2.0 "
{33 1LDS06 Vorwilion R. R 22.1 ]
166 110S07-A Varmilion W, R 35.0 ]
167 jL0sS07-C -] 3.6 "
168 JL0S07-0 R 5.6 "
169 1LbD1Zs0L Flint Cr. R 14.0 ]
170 JLoN2s02 Tyler Cr. R 17.7 "
t71 1pr22-8 Fox R. R’ 9.7 ]
272 novIze-c . Fox R. [ ] 15.2 "
213 llg'll'g Fox R. R 6.1 "
C§ie 1iBHie:R o R: R R i



HaluiBody Sysles Roport

Lisl of HalerBodies

0Bs

276
n
278
27
280
8l
282
2083
284
205
206
207
260
209
290
29
292
293
294
295
29
t2 24
298
299
300
30t
jo2
303
304
305
306
307
308
309
310
3
32
313
314
3515
3%
37
318
319
320
321
322
" 328
324
325
326
327
328

i1

HB 1D

1LDZ2ZPO3
1L003-A
1LD03-B
ILDO3-C
1L003-0
ILDOS-A
ILDOS-B
ILDo0S-C
ILD0Y-A
1LD0Y-B
1LD09-C
1LD09-0
J1009-€
ILDOY-F
ILDIO-A
ILD1O-B
ILOLG-A
1L016-0
1L016-C
1LD20-A
ILD20-B
ILD23-A
1L023-8
ILD23-C
ILD30-A
1LD30-8
ILD30-C
1L030-D
1LD31-A
1LD31-B
ILD31-C
ILD31-0
ILEOAO]
ILEOY-A
ILGBAAD]
ILGBEOL-A
ILGBEOL1-D
ILGBKOS-A
ILGBKOS-B
ILGBXOS-C
ILGBKO0S-D
ILGBKO5-€
ILGBKOS-F
1LGBX05-8
ILGBLIO-A
ILcoLlo-B
ILGeL1I0-C
ILGBL1O-D
ILGBLIO-E
1LGBLIO-F
1LGBL10-G
1L6BLIO0-I
1Getio-g

jLesti-8

HBHANE

Farm Cr.

3llinois R,
Hlincis R,
I1linois R.
Ilinois R,
I)lincie R.
Illinoise R,
Illinole R.
Illinols R.
I1lwoie R,
I1linoide R.
Illinois R.
I1linois R.
Illinois R,
J1liinois R,
Illinois R.
Illinois R,
Illinois A,
I)linoie R.
11lincie R,
1)linois R.
Illinois R.
I linois R.
Ilinoie R.
linois R,
Illinois R,
1llinois R.
Illirois R.
Illinois R.
I3linois R,
Ilinois RA.
Illincis R.
Sugar Cr.

Sangamon R.
Rock Rimy

Lily Ceclwe Cr.
Lily Cache Cr.
H

. Br.
H. Br.
H. Br.
H. Br.
H. Br.
H. Br.
H. 8r.
€. Br.
E. Br.
E. Br.
E. Br.
E. Br.
DvPage
DuPago
DwPago
D ugo

1 340

DuwPage
DuPage
DuwPago
DuPago
BuPage
uPage
Dulugo
héago
OuPaga
MhPage
DuPage
DuPage
R.

R.

R.

",

Hucong

MUIVPE

asize

nuuu\-.ooo-ne
FYX XYY R Y . A K 2 X A
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HalorBady System Raport

Lisl of HalerBodius

oBs

3164

364
365
366
367
368
369
370
371
3712
373
374
375
376
37
378

380
381
362
383

164

Halp

1L¢Go2-8
ItGuol
JLGXO}
ILGLAOL-A
JIGLAOL-B
ILGLOY-A
ILGLOY-B
ILGLDY-C
116001
1LGuo2
1Gvol
1LGHO2
ILGOY-A
JILGO1-B -
1LGol-C
ILGl1-A
ILG11-B
1LG11-C
ILGl1-0
1LGl12-A
itG12-8
1LG23
31G30-A
ItG30-¢C
11630-D
ILG30-E
1LG3O-F
11G30-0
1LGio-u
JLG3i0-}
ILUBDOG-A
ILUBDOS -8
1LHBD04-C
1i11842-8
1Liccaons
I0LIICCCO%-B
1tnccor
L0 -A
uol-n
1Lnol-C
1iuol-o
IL100-A
iLiol-o
110l-c
iLyol-0
JLIO0L-E
o2
IL184-A
JL184-8B
1L164-C
ILI84-D
1L184-E

JLJHACO2
llJllo -A
JItAO1-8

JBHAIIE

Hlickory Cr.
Sawmill Cr.
Flag Cr.
Addison Cr,
Addison Cr.
sall Cr.
Salt Cr.
Sall Cr.
Hillow Cr.
Iidian Cr.
sull Cr.
“i.‘ Cr.

DaosPlaines R,
DasPlaines R.
DasPlaines R.
DesPlaines A.
DasPlaines R.
DesPlaines R.
DasPlaine- R.
Dasllainos R,
DosPlainos RA.
DesPlaines R.
DosPlainos R.
DasPlainas R.
VesPlainos R.
DosPlaines R.
DaozPlainos R.
DosPleinas R.
DusPlainue R.
DaosPloinus R.

Door Cr.
Thorn Cr.
Thorn Cr.

L. Calimeol R,

i, Fk. N. 8r. Chic. R.
Nid 1k. 1. Br. Lhic. R.

. Br. Chicagoe R.
L. Calusatl R.

Calwnot R.

Calimul-Sag
Calumal-Sag
Nississippid
Nississigppi
Nississippd
Hississippi
Nississippi
Hississippi
Nississippi
MNississippi
Hississippi
Dississippi
Wississippi

Chanal
Chanel
R.
R.
R.

llanlini Ditch
]

Canal

Prasrso tha Pont Lr.

Hacouw

1BIVPE

HBSIZE

6.0
7.4

e o s

-
CPOWWNNIOIIOOOINGOD
Dty

-
P VOOONSPONYOIOmNOD

e o & & & 0 o o ¢

P OO WOIOONO

e o s e & e & o @

PUUHONMNIPIOWURD®O

~ oy
Q0.0\BN.?-N

e s & & o @

NN S CODONDMNONPNEDrEONNNDIOONO

~ [ - o
NS N PR EOWNDR
W s e & & e e s . . .

w

.

Iy

3:33233:2:::::3:::2282::::3:38::3382:3:::232:

22Ix=2Z===



8-9

tintlasboily Syslom Report

List of MaturBodies

0BS

386
387
308
389
3%0
3¢3
392
393
3%
395
3%
39
398
39
400
401
402
403

ILAIA0L-A
ILMi02-8
1LIQAOL-A
ILJRUZ-A
1LJROZ-B
1L483-A
1483-8
1LJ83-C
1L483-D
ILIB3-E
1LJ83-F
1LJ83-0
1LJ83-H
1L983-1
1LJ83-4
1LI83-K
11983-L
1LJ83-H
11K02-A
1LK04-A
JLLODO]-A
ILLOEOL-B
11L03-0
10010BO1-A
1LDO1-A
Iluool -8
1001004 -8
INI07-A
1L0C04-A
J1O0C04-0
1L0C04-C
1LOC04-0
1L0DL02-€
1100102-F
1L00102-0
110101 -4
1101801 -€
110J08-C
1L0J06-E
1L0J08-F
1L0408-0
1L0108-)
1L013-F
1L015-A
1LPQE0S-8
ILRDU
1L RGA
ILRGG
L RIIA
1AL
HRB 2
ILREY
IHAIP

IR 2

SBHANE

Canleon Cr.
Culokia Canal
Tonddian Cr.

ood R.

€. fk. Mood R.
Hississippi R.
Mississippl A,
MNississippi R.
Mississippl &,
Wissiesippl A,
Clwain of Rocks
Nississippl R,
ttississippi R,
Mississippl R,
Htississippi R,
Mississippi R,
Hisslissippi R.
Hississippl R,
Hississippi R,
Hisslssippi R,
Ceadar Cr.

Cedar Cr.
Mississippi R.
Pilos Fk.

Crab Orchard Cr.
Crah Orchard Cr.
Crab Orchard Cr.
Casay tk.
Richlaxl €. -Soulh
Riclldand Cr.-Soulh
Richlau} Cr.-Soulh
Richland Cr.-Soulh
Richland Cr.-Soulh
Richland Cr.-Soulh
Richlaxt Cr.-Soulh
Sugar Cr.

Scwor Cr,

Yo Cr.

Crooked Cr.
Crooked Cr.
Crookad Cr.
Crodked Cr.
Kaskaskia R.
Kaskaskia R.
tokelas Cr.

OEPUE

DRUCE

CHURCUILL LAGINI
$OLF

REND-D

REND-2

LOUG

sLocm

l ARTE
WSTER

$BCO

BIREAV
Ot PAGE
DU PAGE
COUK
PRAV TN
IHaIXLIN
L AKE

S ARE
KL

1BIVPE

!.—PFPPPPPPS88."’-"’.”..’..’.”’.’.”.'.-.”’l.’.-’"

tBSIZE

Y
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I loiBody Syslom Rupor @
List of HalurBudies

oBs

441

HB1D

ILSDZE

nwvie
KV5100102-008
Kv5100102-020
KY5100205-0381 01
Kv5130101-003L01
Kv5130101-004L01)
KY¥5130205-008
KY5130205-009
KY5130205-010
K¥5140102-005
KY5140102-015
KY¥5140102-024
KY6040006-006
HA21-04

HA21-04A
HA21-05

HA3S-07

HA36-12

HARé-22

1A51-03

11A62-01

HA62-06

HAG2-1S

HAS2-23

HAL2-26

MAZ1-03

WA72-03

HA73-01

HAB1-10
HABZA-11
Has28-02
HAB28-04
HAB2B-05
1HA828-06
HAB4B-01
HA93-05

HA93-06

HA93-08

1HA93-10

HHA94-01
HD-02130103-E-11
110-02130105-R~-11
HO-02130207-E-11
HD-023130306-1-21
11D-02130403
HD-02130403-E-11
113-02130502-E-))
110-02130505-€E-)1
HD-02130701-E-11
110-02130801-E-11
11D-02130805-L-11
HU-02130903-E-)1)

In-8313150% € 1l

HBHANE

POMERTON

DELP

SOUNH FORK LICKING RIVER MALNSIEN
BIG BRUSIIY CREEK BASIN
HERRINGIMNN LAKE

LAUIRLL NIVER L AKE

cunol CLIY NESERVOIR

CI00IE RIVER-DANISIEN

BIORMI FONK LOGINE RIVER BASIN
SOUNIE TORK LI3ILE RIVER BASIN
SALT REIVER-UHASNSTEN

SALY RIVER-UABUSIEN

SALY RIVER-MALHSIEN

CLARKS RIVER IIADNSIEN

SOUTIN BRAICH HLOSIC RIVER
HOUSATONIC RIVER
HOUSATONIC RIVER

SOUTIN RIVER

SEVEN MILE RIVER

CIICOPEE RIVER

BLACKSIONE RIVER

TAWUITON RIVER

SALSBURY PLAIIN ALID MATFIELD RIVERS
RINIFORD RIVER

IRDDY COVE BROOK

HEIIASKET RIVER

1WSTIC RIVER

CHARLES RIVER

HEPULSET RIVER

HASIRIA RIVER

RIVER HEAD(M BROOK

ASGABEY RIVER

ASSABET RIVER

ASSABEI RIVER

ASSABEF RIVER

HOLF SHAIP AIID MWILL BROOK
GOLUTIRIALT BROUK

HORTH RIVER

UASS RIVER

FOREST RIVER

COUASSET HARBOR

Islo of Night Bay

Hevporl Bay tnon-tidal)

Big Amnomassux Rivor §Lidal)
Joluison Puul

louar Cliopltak Rivor

Loviar Choplad Rivor (lidel)
tHilas Rivur ttidal)

lovar Chostaor River tlidal)
Bush Rivar (Lidal)

Ginypanlor River ttidal)

toch Raven Raosurvoier

Baltimoro Hasbor
Savosnn Haver {Ladal )
Hest Ravor { tsdal)

hacoum

VAZEELL
L AKE
fannIson
HICHOLAS
GARRARD

L AUREL
LAUREL
mice
CURISTIAN
CHIRISIIAN
sming
smLnr
SPENCER
HARSHALL

HORCESIER
HORCESIER
SOIERSET
HICONICO
DUORCHESTER
OOHCUESIER
TAtBOI
QUEEN ANNIEES
HARFURD
BALTIHWRE
BAL VHIINKE
BAI VIE CliyY

AT ARIGE

IBIYPE

mml-ﬂlﬂmmmﬂPM’MMMMM”'S."”’nﬂﬂﬂﬂazlaaﬂﬂsﬂzﬂﬂ’SIPPPSSF"

HUSLZE

1426 .00
225.60
14.60
23.50
2940.00
6060.00

139.00°

40.70
31.50
25.40
13.80
3o0.70
4.0
25.90
7.10
10.30
45.10
1.9%90
2.40
2.70
9.00
19.60
7.60

7.10°

0.80
5.40
2.00
3.0
13.70
3.70
6.0
3.50
7.9
8.640
1.20
.90
3.30
2.70
1.30
0.50
0.83
6.00
10.50
11.30

(LTI}

A
A
(1)
1}

PSS S S S SSSSSSVIZITI=I=I==SI====S
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HolotBudy Sys tom Hepos €
Lisl of HaleiBodies

085 ({11

496 110-02131005-E-11
497 1n-02131101

498 1D-0213110)-E-11
499 1Ho-o2131102

500 110-02131)08

501 1D-02131105-R-1)
502 110-02139998-E-11
503 110-02340100-E-11)
504 110-02140103-E-)1
505 110-021401046-E-11
506 110-02140131-E-11
507 1D-02140201

508 1D-021460303-R-11
509 110-02140304-R-})
510 110-02140504-R-11
511 HE 00)23L

512 1#107010202004
513 13107010204002
514 15107010204004
515 18107010205001
516 18107020006001
537 9107040001004
518 1810704000101
519 18107040002017
520 107040002018
621 1210704000201 9
522 14107040002021
523 18107040003017
524 18107080201023
525 19109020104004
526 18109020107002
527 110170203033
528 19110170203034
529 HSEQOQ?

530 SEOO6

531 HSROOL

532 HSROO2

533 11SRO03

534 MSROIL

835 HSROI2

536 HSHo1 S

537 HSHOBE

538 MSROL7

539 1SRoz1

540 HSRO25

541 1ISRO27

542 HSRO48

543 11SROS1

544 HSROS56

545 11SRO64S

546 1ISRO68

547 t1ISRO70

548 1SRO?71

th I T

»

HBUAME

Othar sl Chasapoakae Nrainage

Paluxent Mains luw tluutly (o Ferry tading
Palient Hains lom-1touth o Ferry Livdg (Lidel)
Paluxant Hains lum-turry Lawding Lo RL. 214
tostarn Branch

Liltle Patuxont River

Lower Clacapuske Bay

Polowac - Swills Palnl to tleully (tidal)

St. Nary®s Rivoer tlidad)

Draton Bay

Hullavioman Creck (Lical)

Polomac/tlarslisll Hall to Chain Bridge
ppor llonocacy River

Dadble Pipo Crock

Conococlieague Creok

FISHl R, LK JRIBS

BACK OAY OF BIIOXI (AT POPPS FERRY)
TIOEHATER BAYOU
BAKERS CREEX

816 BLACK RIVER
BIG BLACK RIVER
DANALA CREEK

BOGIE CHITIO RIVER
BOGUE CHITNIO HAVER
PEARL RIVER

PEARL RIVER

PEARL RIVER
PELANAYCHIE CREEK
YOCKAOOKANY HIVER
LEAF RIVER
OXKAVIUBEE CREEX
OKAIONIA CREEK
TALLAMALA CREEX
COIDHATER RIVER
DEER CREEX

LEALD PAYIW

Big 3RMIGIER RIVER

sconl

CAVVERT
CALVENT
CALVERT

MRIE ARURICEL
PRIICE GEORGES
HOHIARD

ST HARYS

ST HARYS

ST HARYS

ST HARYS
CHARLES

PRIICE GEORGES
FREODERICK
CARROLL
HASHINGTON
AROGS 100K

HARRISON
JACKSON
Hitns
HADISON
HARREN

RANKIN
nws
HADISON
RANK 1IN

L AVDERDALE
coviiion

HASIINGT 0N
BULLIVAR

HIYeE

rePIDPDMAMMAMMAIDIDMDM

Lt

0.50
39.00
41.70
168.00
“16.00
56.90
779.70
317.00
15.40
4.00
8.60
10.00
146.00
17.10
40.10
7145.00

s & & 8 e 8 ® & o ® e & * v e =

on
. .
~ 8
"w e

23.20
45.00
45.80
15.40
20.80
20.40
17.70
§5.70
19.10
4.50
50.20
27.10
12.60
2r.70
30.40
56.70
106.50
5.50

8).20

oL g

S
n
S
1]
1}
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HalorBody Syslom Report
Lisl of HaleiBodiss

08S 1810 HOHANE
551 HSRO8 HHITE OAK BAYW)
552 1ISR082 YAZOO RIVER
553 HHSRoGe MACKEYS CREEK
554 1ISROBY MCKINLEY CREEK
555 HsAlo2 10180 CREEK
556 IISR103 BRIDGE CREEK
557 HSRIO0N ELAN CREEK
558 1GA100 WISSISSIPPL RIVER
559 11SR109 . NISSISSIPPEL RIVER
560 HSKll0 HISSISSIPPI R1VER
561 HSR247 TANGIPAIIOA RIVER
562 NHSR272 TALLAIALA CREEK
563 IISR349 RIVERDALE CR
564 HSR4SY HONICOIIAIN CREEK
565 HSR467 ESCATAIPA RIVER
566 HSRAT6 OLD LITVLE TALLAMAICHIE RIVER
567 $ISR479 HATRSTOH BEHOMAY
560 1SR4 84 HISSISSIPPI RIVER
569 HSR490 LEAF RIVER
570 1SR4 99 LEAF RIVER
571 NSRSIZ YOCOHA RIVER
' 872 VHISR51S TRIBUTARY OF HUITE OAK BAYOU
573 1ISR51Y 811G SWIFLOIER RIVER
514 11STRO2 BENHARD BAYOU
575 HSIROY ESLAIAIN'A RIVER
576 ISTRVS ESCAIAIN’A RIVER
817 HSIHROY ESCAIAIPA RIVER
5’6 1SIR22 EDHALDS BAYOIS
579 1411006 PRICELY PEAIR CREER DRATIAGE
580 411007 PSSR RIVER DRATHAGE LAKES
501 111415004 BIG SPRING CREEK DRANNAGE
562 11428003 UPPER VOIIGHE RIVER DRATUAGE LAKES
583 111764001 BIVIERROOT RIVER MASNSIEN

564 11765008 ASHLEY CREEK DRAINAGE
565 niz613013 JHILIEF1ISIE RIVER DRADIAGE

586 Hi7eL002 LOMER FLATIIEAD RIVER TRIBUTARIES
587 nizeito00l HATUSIEN CLARK FORK (FLAJIEAD - BLACKFOOT)
588 1C30208 ROANOKE 06

589 130301 TAR-PAILICO O1

590 Hcso307 TAR-PAILICO O7

b1 130402 HEUSE 02

592 HC30407 HEUSE 07

593 HC30501 HINITE OAK O}

594 1C304602 CAPE FEAR 02

695 HC30606 CAPE FEAR 06

596 1C30607 CAPE FEAN O7

597 1HC30600 CAPE FEAR 08

598 HC30622 CAPE FEAR 22

599 HC30704 YAUKIN 0%

600 1Hcsozo7 YAODKIN 07

601 Hciorse LUIBER 58

602 NC30805 BRUAD 05

603 lz!gbll C:l:llﬂl 31

$88  lESRlE  ERIMGR 32

Hacom

TUIICA

HONROE
LEE

Al CORN
ALCORN
HARREN
OE SOf0
TLCA

JACKSON

HARRISON
JALKSON
JACKSON
JACKSOH
HANCOCK

LEMES AND CLARK
LENMIS AND CLARK
FERGUS

ROSEBYWD
HISSOULA .
FLAVIEAD
FLANIEAD
SAIDERS
SANDENS

IBIVPE

aa’-ans:a:an-a.saa.:-srs#:aaasaas.a-::-n-za:z::z-:n-n

HBSIZE

1%.00
132.70
8.00
5.00
10.50
11.00
3.00
30.90
6.20
43.10
31.20
26.40
8.9%0
38.80
18.00
14.40
5.50
111.60
9.70
8.50
10.50
0.25
74.70
16.40
6.90
2.9%
5.%0
2.00
205.80
10200. 20
174.080
35u0.10
84%.00
j01.58
26.40
£9%.70
123.20
314.00
444.9%0
313.90
575.40
599.%0
98.40
468.40
67.50
295.40
176.60
365.60
469.00
175.00
198.00
144.40
1761.70

43:38

ot T
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talerbody Syslas Roport
Lisl of HalerBodias

08S

606
407

466
645
(1)
47
640
49
450
51
52
453
654
655
456
657
656

$a3

c3oes7

HC40306

HCR0501

150701
$10-09020201-006-L
11D-0%9020206-003 -8
HD-0%020301-001-3
1D-30110101-000-L
H0-10130102-006-L
1419-02030103-010R
11J-02030103-030R
11J-02030103-140R
111-02030103-150R
11J-02030103-180R
113-02030104-020R
119-02030106-050R
NJ-02030105-080R
H3-02030105-100R
1J)-02030105-120R
1J-0203105-050R
11J-02040105-050R
11)-02040105-150R
$11-02040105-240R
119-02040202-0)0R
114-02040202-04UR
114-02040202-100R
113-02040202-110R
114-02040202-120R
NJ-02040202-150R
11-02040301-010R
119-02040302-030R
onee 3

onzz 1.8
PA-00181-003.3-000
PA-00374-000.9-000
PA-00391-004.2-000

PA-01017-020.6-001

PA-01655-020.2-000

PA-02868-004.3-000

PA-05110-007.6-000,
PA-03110-019.8-011.

PA-81145-082.5:00

.0
.0
.0
PA-00462-014.4-000,
PA-006046-005.0-000.
PA-00621-006.0-002.
PA-00833-073.1-063.

0
0
0
é

.8
PA-01024-013.9-000.
PA-01181-005.4-000.
PA-01309-000.2-000.

.4
PA-01844-036.0-000.0
PA-01918-002.0-000.2
PA-02630-008.0-002.1
PA-02774-003.3-000.3
PA-02776-003.5-000.0
.3
0
0
-8
.0

HBYHAME acoum

- CATAYBA 37

FRENCH BROAD 06
HEINASSEE 0}

HEN O)

DEVIES LAKE RANSEY
SUEVEIRIE RIVER CASS

RED RIVER CRAID FORKS
POMERS 1§ AKE BURKE

LAKE OANE

PASSALIC RIVER UPPER

RULKANAY RIVER

SADDLE RIVER .

PASSALIC RLIVER LOIER

HACKENSACK RIVER LOKER

ELIZADETN RIVER

RAIMHAY RIVER

RARITAN RIVER UPPER

HILLSTONE RIVER UPPER

RARITAN RAIVER 11IDDLE

LANNGION RIVER

PAULINSKELL RIVER LOER
HUSCONETCONG RIVER WPER
ASSUIRP I CREEK § QIER

ORI DHANICH PEUISESAINEN CREEX
HORI DIRANICH RANCOCAS CREEK LOVER
PEIBISAUKEN CHEEK TIATUSIENS AND SO BRANCH
CORER RIVER

816G VIIBER CREEK

RACCODN CREEK

JIALIASQUAN) RIVER

GREAT EGO NARBOR RIVER UPPER
BLAMCUHARD (EAGLE CREEX 10 OLIAHA CREEK) HACOaCK

BUCK AN (UNT) (LITILE BUCK RUN)
RED CLAY CRLEX

HEST BRANCH RED CLAY CREEX
MIOOLE BRAICH SRITTE CLAY CREEK

-EAST BRANCH CHESIER CREEX

RIDLEY CREEK

SCIRVIKILL RIVER

PERKIONEN CREEX

SKIPPACK CREEX

1DIAN CREEK

SHAIP CREEX

HAHATAYBIY CREEX
TULPEIMICKEN CREEK

Jackson Cruck

LITTLE NMESHANINY LRLEX
COOKS HiRd

COOKS HURL (COMMITRY CILB R
HEST BRANCII HESHANINY CREEX
TONICKON CREEK

LAKE II)CKIIIIXIIC

ln"CJO M‘! K lS(lllll LRANCI)

YBIYPE yBS12E

R 01.90
(] 711.00
R : 334.00
R 409.90
wn 495085.00
[ ] 11.50
R 46.00
()] 950.40
wt 175.78
54.00
61.00
34.00
14.00
4%.00
11.00
24.00
5.00
20.00
12.00
27.00
46.00
43.00
6.%50
10.00
is.00
14.00
21.00
24.00
17.00
30.00
18.00
12.50
4.50
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£1-9

HaloiBudy Systcm Raport
List of HalerBodios

HBID

PA-07070-016.0-000.0

PA-075406-025.0-000.0
PA-07548-045.5-050.9
PA-07597-027.7-000.0
PA-07795-001.9-001.3
PA-D7815-004.3-000.0
PA-09691-016.5-000.0
PA-10194-016.0-004.5
PA-136809-019,7-000.0
PA-14504-006.6-000.0
PA-31620-004.6-000.0
PA-33953-012.2-000.0
PA-34025-048.6-005.2
PA-35402-033.2-000.0
PA-346073-004.6-008.6
PA-36930-000.8-000.0
PA-37373-002.7-001.2
PA-37702-007.6-000.2
PA-42485-001.0-000.0
PA-49224-101.2-092.6
PA-52942-007.6-005.1
PA-50849-008.1-000.0
PA-5%041-018.5-012.0
PRECO116

PRECO130

PREECOLS

PREED12S

PREEOL 66

PREKO16B

PRELOOB2

PRERO1IOY

PRENCIO3

PRERO) 64

RI000)002

R10004009

RI100060147

R10007019

R10007020

R10007025

AlOVD7032

SO-POCASSE
1105130105029
1110513020401 6
1406010102001
111060103102006
11106010303008
1106010104010S5VCN
11106010106001}
11106010107007
1106010107010
1110601010704
Hios01v107029
1106010107036

1088181088 M 1nscn

HBUAIE

EAST BRANCH OCVYURARO CREEK

COHESIOGA CREEX
COMESTOGA RIVER
Hill Craek

WIl. COIHESTOGA RIVER
E BR COIESIOGA RIVER
Quid tlapahilla Creek
Conodoguinal Creak
YELLONH CREEK

Plume Croek

BEL ALIRE LAKE
BEAVER RIVER
COLBXMRIELIESSING CREEK
SHENANGO RIVER
Brush Rin

UNT Brush Run
Thompson Run

JACKS Rt

T Bulfalo Creck
CLARIOI RIVER
COINIEAUITEE CREEK
ALLOHAY CREEK (wil)
ROCK CREEK

QUEBRADA DE LAS LAJAS
QUEBRADA AGUAS CLARAS
RIO LA PLAIA

KRIV SABANA

CAlD UE SANTLIAGO
CANO DE SANIIAGY
1AGO CIDRA

RID CANOVANAS

RIO CAIUVAIIILLAS
RIO ENLO

BHANCII R AL TRIBS
TEHN MULE R

VAN SIEN AVD TRIBS
SEENIK R
PRUVIDEILE R
GREEISINCIH BAY AND COVES
IUNNIT OPE BAY

tK POCASSE
RUCKCASFILE CREEK
NARPETII RIVER

SOULI 1II0L STl RLIVER
BOINIE RESERVUIR
MASAUGA RIVER

MISLY CREEX

PIGEW) RIVER

FI1VILE PIGEM) RIVER

HESI PROIG LLIIEE PIGEOI RIVER
HEST Prohs CEIME PIGELT RIVER

DINNGLAS HESENVOIR
FREINI BROAD RIVER

Suikhi ehiEkk

acoul

PROVIDEICE CO.
PROVIDENICE CO.
PROVIDENCE/RENT CO.°S
PROVIODENCE CO.
PROVIDEICE CO.
Kent co.

IEHPORT & BRISTOL
CAWBELL
FEHIRESS
nILLTANSON

St Ivan

sul Livan
HASIHINGTON
JEFFERSON

COCKE

SEVIER

SEVIER

SEVIER

JEFFERSONY
JEFHENRSIN

1BIVPE HBS1Z2E

e ® ® ® % o 8 a ® 8 s @ 8 ° & s o @+ > s o

PP EIDDPOETIIDIDERrEDIDODTEDRED

Oowser
'Y 33X
[N N}

C/€ 7.20
6.00
2608.00
32.60
27.9%0
32.60
41.0%
7.50
25.50
5.00
6.60
4.30
9.30
1800.00
4.40
s1.70
7.30
4400.00
10.80
2.80
12.10
10.70
6.90
9.%0
30400.00

14.60
8.20
3.40

»wn
- -

SETFEZITZIDrRTIDCPRAAMAIDIDIDED™D
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HalesBody Systiem Raport

List of HaterBodies

1810

1106010100001

TH06010203CANEYCR
THO40)020)FIRSICREEK
11H06020201SECOMOCR
T1110603020)SIIK JNGCREEK
111060310200 TNIRDCR
1106010200 VUCKEYCR

1104010201020
1106010201025
1106030200026
14106010201035
1110601020581GCR
1106030206008

THOSVY0207EAS I FORKPOPLARC

11106010207011
1106010207014

- 1106010207016

1110601020001 8
1106020003002
1106020001007
06020001040
1106030003053
1106040005023
1oso0i0202002

JHUB0JU20SLLEARCREEK

1108030203006
1108010203010
1108030205001
1108010205010
HILBOIL2050) 2
1110001020003}
1110800209001
11108010209002
140701

1X0805

1X1008

1X1006
VAI02060030-0)€
VAI02070013-01E
VAT02020001-03¢
VA10207001) -0S€E
VATO207001)-06€
VAT02070011-07€
VA0207001) - UGE
VAT02020011-09E
VAT02080104-02€
VA102080104-03E
VA10208010%-04%E
VA102080104-0%R
VA102080104-0LR
VA1 02000105-01€
VA102080106-01E
VA102080106-0)0

vA103680168-62

SBHANE

HOLICIRCKY RIVER

CANEY CREEK

FIRSY CREEX

SECOIID CREEX

SHKING CREEX

JIIRD CREEX

TUCKEY CREEK

FORT LOUMLON RESERVOIR

TEINIESSEE RIVER

LEITLE RIVER

VEIRIESSEE RIVER

BI1G CREEX

RUSSELL CREEK

EAS] FOUK POPLAR CREEX

BEAVER CREEK

BULLRWI CREEX

IS CREEX JICL BUFFALO CREEK

OBED RIVER IICL OFIEH CREEK
TEINRSSEE RIVER

S CHICKANAUGA CR INCL 0l CHICKAIAUGA CR
RICHLAND CREEX

ROCK CREEKR

HEST SAHUDY CREEK JIICL NI0LLY FURK BRANCH
0B RIVER

CLEAR CREEK

S F UBIOH R FRUII VIERIILICK ) CR TO BEAVER CR
BOEAVER CREEX

SOV TORK FONKED UEER RIVER

SOUIN TORK FORKED DEEN RAVER

S. F. JONKED VEER R.

SUIGAR (R

1O0SANAICHIE RIVER

LOOSANAICINIE RIVER

faylor Bayou shove Tidal

Wppar Trinily /twior llost Fork Trinily River
Hous toes Shiip Chavol/San Javinlo River
Hous lon Ship Chamnel

CUHNKOIEAGUE NAIERSUED

LLINE NICUIILCO RIVER

COAN RIVER

YEOUMNIILO RIVER

GARDIIER 8 DOIRNS CREEXS

NUIINE BAY AN LOMER MACIHDDUC CREEK
HAJIOX CREEX

IMRMIOE CREEK & BAY

CARIER CREEK

MIBAINIA CREEX

RAPPANAMINUNK RIVER - IRABERNY POINT
YOISKEY CliktK

HOSY 15 CHEEK

HATTAPOIIT RIVER - HEST POLNY
FAIMAKKEY RIVER - tRST POINT
PAMRANKEY RIVER

BRII.K l}('" CREEX

pcond

COCKE

ROANE

KHOX

Ktox

KHox

KI0X

Ktox

Keox

KHOX

Lo

Keox
CAIWBELL
CLALDORNIE
ROANE

xiox

AMDE RSN
MBERSOIL
WORGAN

fant ol
[[LUTR TG 1]
RIEA
FRAINLIN
HEIRY

OVER

CARROLL
HEAKLEY
CARROLL

DYER

HAYIOOD
NADISIN
HAYHOOD
SHELBY

SUEL BY
JEFFERLOIE
HEMDERSUN
HaRats
WARRIS
ACCOHACK
HORHIRAMERLAID
NORNINNIBERTLALID
SICRIINRIBEN! AL
HESTIMEL A0
HES HINMED ATID
MESIHINNEL MK
HES INOREL AND
LANCASIER
HILLIESEX
ESLEX
RICIIUNED CltY
ESSEX

KHIG AND QUEEN
KIIG a0 1A
KI0G sne L 3an

NAG e 1Y

IWLVPE

IR R R EERERERIS B EERERRE.

S e mMm o TMMAMMMAMMAMMME IS SIS SESS SIS

HSIZE

22.40
5.50
4.60
%.40
1.50
6.90
5.00

14600.00

11.90

16.80

15.50
5.00
6.80

15.00

29.90

35.10

26.40

24.10
%.20

a.70
3.00
8.30

23.40

20.70
9.60

25.20

17.30

19.40

34.00

22.70
8.50
5.40

19.00

33.00

155 .00
1z2.00
$.00

42.88
2.46
5.18
5.42
0.71

12.39
1.09
1.51
1.27
0.46

44.30

“we. 0

27.%0
2.8%
3.00

106.50
0.0%
1.30

rowuar

ST VMVNZIIVLVLLLLLLLVLLY
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HalarDudy Syslem Repori

List of HatesBodies

HBID

VAT02080)08-07€
VAI02080108 -} 6E
VAI02080108-3 7€
VA102080109-01€
VAT02080109-02E
VA102060109-03E
VA102080109-05€
VAI02080109-06€
VA102080109-07€
VA102060109-08E
VAI02080109-09€
VA102060110-01€
VAT02080110-02€
VA102080110-04E
VA102080206-03E
VA102000206 -08E
VAI02080208-01€
VA1020802008-03€
VA102080208-05€
VAT02080208-06€
VA102080208-00€
VA102000206 -09€
VA102080200- }0E
VAI02080208-1 3E
VA103010201-04R
VA103010202-01R
VA103010202-020
VAI030)0204-010
VAI03010205-01E
VA[03010205-035R
VA103010205-05N
vicol

viods

viol-03

vI01-04

vio3-ol

vi03-05
vI04-01101
vI05-011L01
Vi05-04L01
VI05-04102
vI0S-07
vies-o7101
vios-0siLol
vias-1o010l
Vio5-10L02
vios-11
vies-11101
vi08-01

v108-05
vios-16é

vI09-06

vi10-01

vilsg

HBNALIE

DACK RIVER

LYISHIAVEN RIVER

BRUVAD AND | LIXHONN BAYS

WOLOENS CHEEK - SANDY BOI NNt BRANCH
POCOINKE SULRID -~ SAXIS ISLAND
OUANCOCK CREEK MAILKSULD

PIRIGOIEAGUE CREEK

MDA CREEX

OCCONAIBIUCK CREEK

UASSAHADOK AN INNIGARS CREEXS
CHERRYSIONHE JNLET/CAPE CUHANRLES HARBOR
ASSAHONAN ISLAID .

PARKER CREEK & MEIOIWPKTN BAY

HOG ISLAND BAY & JIOLKIWOKI 1SLAID
PAGAN RIVER

JALES RIVER - JANESIONN ISLAND
JAMES RIVER - HAIW IO ROADS
ELIZADELN RIVER - CRAIRY 1SLALGD
ELIZABEIN RIVER - LAILERIS pOINT
EASIERN BRAIK I OF EL 1ZABETIN RIVER
SUNTHLRN DRAIICIE OF ELJZABEN REIVER - BERKELY
SOUINENI BRAIK.I OF EL BZADEIN RIVER - HAVAL YO
SOUNNHEIIN BRAIH OF ELSZAVEIN RIVER - G.DRIDGE
QIANSEIMIID RIVER

HOTIOMHAY RIVER (SUBBASINHL
ULACKHAIER RIVER - DEIOH FRANKLIN
DLACKIIAIER RIVER - LUNOEIE

VARRARA CREEK

TALE VECINISEN & HED NG LAKE (OAN NECK ANEA)D
ORI LANDIING RIVER

HORTIKIEST RIVER

CURISTIANSIED HARBOR

LILDDERG BAY

Halloomsac River

Ballen Kill tain Slem

Lovior Ollor Crack

Uppor Hain Stem Oller Ck.

OTILR CREEK SECTIUN ~ LAKE CUHAMPLAIN
HISSISQUOT BAY - LAKE CHAMPLALN
HIORIIEAST ARIN - LAKE CUAIPLAIN

ISLE LAIOITE - LAKE ChaiwLAIN

St. Albans Bay Diwinuye

SE. ALDAIIS DAY - LAKE CHAIPLAIN
IALIETIS BAY - LAKE CHAIPL AT

DUIRE IUGION BAY - LAKE CHALG'LAIH
TIALES SECTEOI - § AKE CUMAIWLALI
Shollnuno Bay Direct Drainage
SIELBURIE BAY - LANE CHAIWLAIN

tovwr Hinooski River

Uppor Hid-Hinooski

Stovans Binnch - Minooski River
Thivd Branch - thile River

Ltoveor Ollawpaciwo River
hoper O'Camchlmo Raver
onor Dlack Hivur

HBCOW

HALPTON CITY
VIRGIHEA BEACH CIIY
VIRGINIA BEACH ClIY
ACCOIACK

ACCOIACK

ACCONIACK

ACCOIIACK

ACCONMACK

ACCOIIACK
HORTUA WP TON
HORIIA P T ON4
ACCOIIACK

ACCOUACK
HORTIAIWPTON

ISLE OF HIGUT
JALES CITY
HEIPORT 1EHS CITY
UREOIK ClIY
HORFOIK CIVY
HORFOIX CRIY
HORFOLK CIIY
CHESAPEAKE ClVY
CIHESAPEAKE ClIY
SUFFOLK ClIY
SOULHAtWPION
SOUITNAN 10N
SOUTHAIN 1 ON
SOUIUAMW 10N
VIRGINEA BEACH ClVY
CIESAPEAKE CIVY
CUESAPEAKE CIIY

HDIVPE

222"D’P’PPP.”PPPP”’SM'ﬂ”mﬂzz"‘"‘N'ﬂMNMNMHNMMMMMMMHMMMMM

HBSEZE

10.03
5.44
3.33
Q.22

17.%1
2.39
3.43
.02
2.68
6.36
4.52
7.86
5.20

163.80
2.649

43.11

40.5)

11.43
2.46

1.84
0.2%
0.67
b.19
9.62
428.00
38.40
203.00
$9.10
0.28

66.5%0

28v.20
0.64
0.50

104.70

20.00

29.70

14.00

4925.00
7998.00
608184 .00
26202.00
25.00
2498.00
13386.00
2552.00
4©2010.00

35.00

2249.00

20.00

15.00

28.70

95.00

16.%0
11.50
a.o00

1.1V 1R}

ZZI=>I>>3>»I»»»EPIITIIVVNIZIVISTIVVVLVNLLLLNLLLLBANLBOIBLLOY
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alerBody System Roport
ist of HalesBudies

s (1]

126 vilo-l4

13) viti-ol

e vil12-05

129 vii5-08

)30 Vii7-0310}

13 #4-01-0080
)32 §A-01-0800
1}) HA-01-3110
134 ba-08-1018
s HA-08-9340
)36 $HA-09-1010
337 )iA-09-1020
)38 HA-09-9240
11 $ia-10-3010
%0 HA-10-1011

341 HA-10-1020
342 HA-22-4045
Be3 HA-28-1020
344 Ha-34-1020
Bas HA-37-1040
B4b HA-39-1037
847 A-39-1110
848 MA-54-1020
849 HA-59-1010
850 HL-1C-17-262
as1 H1-1C-19-262
852 HI-1C-2063500-262
053 H1-1C-23-262
854 Hi-1K-01-080
855 HI-1K-02-080
as56 HI-1K-03-080
as7 HI-UF-07-111
as5e HI-WN1-04-071
ase Hi-18-11-171
860 HI-WU-1179900A-171
asl H1-Ui-11799008-171
862 MI-Wai-1179900C-171
863  HI-WI-14-1718
86% WI-t8-17-371
0865 Hi-i-18-17]
8éé VKL )Y-22-01)
867 NVKIL )-30-A-11)
8és HVKiL)-81-(1)
(13 HVK-30

870 HVK-40

a7} HVK-641

ar2 HVK-43

ors HVK-49

874 HVK-49-A

ars HvKk-81

876 HVK -82

ar7 HVKE-23

a’rs IiVKE-37-B

VR

Upper Black River

Lovier Hilliams River

tlorth Brench boarliold

€asl Branch Passiansio

LAKE MEIWIRENAGOG

OUTER BELLIIGIHAN BAY

OUIER BELLINIGHAL BAY

INIAICOIt CREEK

KEI SEY CREEK

NN L ARE

OWIAIESH HIAJERHAY ANIID R.

GNREEN R. '

SAWVER LAKE

PUVALLUP R.

WYLEDOS CREEK

PUYALLUP R,

HILDCAY CREEX

SALINN) CR.

PALOUSE R., S.F.

YAKINA R,

CRYSIAL CREEK

SELAN DL¥CH

SPORAZIE R.

CULVILLE A.

tlorth Fork Eau Claire Rivar Halershod
twwr Yollow River Halurslad

Rad Codar Rivuer

Irivbollo Rivor end Lsibelle Crouk Halorslwd
sost Inin Hivor Halorsiwd

Easl tndes Rivur Haturshad

Kevisnswa Rivor Halusrshad

8iy Graon Loke Halorshod

Humloch Crock Haturshud

Hild Crack Haturshcd

Hiscons in Rivar Nains lom o thorn sidy basin
Hisen in Rivar Nainslom Canliral euds hasin
Hisconsin River Nainslem Soullin Sids-basin
Litllo Eau Plaine River Halurelied
loar Big Eau Pleine River Halershod
ypar Big Eauu Pluine Hiver NHelerelwd
WURRICAII H S RS

RINENOUR 1K

BLUESIOE LK

ARIIDUR CK

TVLER CX

TWIOHIIE CK

EIK RV

CANPDELLS CK

ORY BR/7CAIWBELLS CK

HES) RV

GALNEY RV

NIG SANY CX

L AMMEL. Fr/70AUREL CK

LD
inoutEY cx

Hacoum

HIATCcoH
HiIAsCcoN
HIIATCON
KinG

e

King

(3 1] ]

L3 (]
PIERCE
PIERCE
PIERCE
GRAYS HARBOR
CLARK
PALOUSE
YAKINHA
KITVETAS
KETVIIAS
SPORAIKE/STEVENS
SIEVENS
EAU CLAIRE
CISPPENA
oust
PIERCE
HAtI I ONI0C
AN ONNOC
KEHAWRE
GREEN LAKE
HOOD
PORIAGE
LucoLn
PORIALE
ADAISS
PORIAGE
HARATHOH
HARA I
PUTHAN
KAHAIBIA
SUIRKERS
PUTIAN
RANAINIA
KAHASHIA
KANAINIA
KAIAINIA
KAHAIMIA
FAVENIE
FAVETIE
KANAYIIA
CLAY

IEI! A3

I X EEEEEREREILEEEEE R ER ERE B B B B B B B

HOS12E

22.00
10.50
36.00
38.40
5847.00
68.34
56.34
3.00
4.60
500.00
1.0}
33.30
302.00
1.00
5.90
9.40
9.20
26.40
23.30
12.80
5.00
0.98
17.40
§2.90
169.00
256.50
111.00
125.00
102.00
90.90
87.20
49.30
82.00
105.00
133.40
6%.080
62.20
197.20
9.00
171.00
12.00
27.00
2040.00
3.70
3.42
4.71
117.00
18.50
1.3%
87.00
106.00
24.40

2.47
2.25%
27.02

s
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L1-0

ol tady Lystew Reporl
Lisl of Naluibodius

05

[1:3}
an2
883
aas
885
[-1-1%
887
806
889
890
891
892
893
894
89S
896
897
898
899
900

901

902
%03
904
%0s
06
%07
%08

HVKG-34
HVKG-5-B
HVKI-10-A
VK- 21
NvVKH-22
HVKI-4 6
MHVKIL-48
HVKH-5)
NVKIL-60
HVKN-60-8
HVKN-60-K
VKB -12
HVKIB-12-8B
$VKIB-12-G
HWVKIB-12-J
KB -12-J-1
NVKIB-12-K
HVKNB -22
HVKHB-28
NVKNB-28-B
HVEIIB-28-C
HVKIi8-3-C-1
HVKIB-30
HVKIB-31
HVKNB-36
HVKIG-25
HVKP -5
WVKP-5-A
HVIK
HVLKSII-9

MV

nvin-23
nin-27
HWviIKK-12-8-8
HVIKC-33
Hviy -2
Ivo-20
HVO-3-8
HvO-32
1Hvo-32-L-7-€
HWwo-4
KHvo-91
HVOG-2
HVOG-3-A
NVOG-49-E-7
HVOGIt-&

Hvp

VP -]
Hr-13
WP-19
Hwp-20
He-21
HVPC-23-A-1

IVPSB-33-4

HONHANE

CUHENRY RV

BELIS CX

HOUSE BR

ARBUCKLE CK

DU OUP CK
GAELEIBRIER RV
BIVESIWIE RV

1D L AN CK

EAST Qv

PIGEON €K

GRASSY BR

BRUSH CK

LAUREL CK/BRUSH CK
DAVES FK/BRUSNH €K
SOUTI FK/BRUSH CK
GREEN VALLEY/SO FK/BRUSH CK
HORIH FK/BRUSH CK
BLACKLICK CK
HIDENOUTH CK
RIGHTNAKD FK/ZIIDEINMMITIE CK
LEFL NAID FR/ZNIDEIIOUIN CX
JUIPIHIG BR

CRAIE €K

LORIONE LBICK €K
DRUSH 1K

HOHARD CK

ROCKY §K

FISWER BR

LILVLE KANAIMIA RY
SO FRZIVGIES RV
INHOHGANELA WY

B EALO CK

TVGARE RV

CHEnnRyY 1y

BUFFALO CK

SINNY CK

KANAINIA RV
GRAPEVINE BR

L cx

SHAIBLEN BR
GUYAIIDOTIE RV
HARRISON Ré

1o RY

LEFT FX/DAVIS €K
BARKER EX/GARNEIT FK
FUNGES €K

POTWIAC RV

ELKS ”

CACAPUN RV

LITNE CACAPON RV
HUNIH BR/ZPUICIIAC RV
SO BR/PUITOIIAC RV
TRUUT POIID RN

ST JK/7SI0ITIE BR POTWUIIAC
JUIISOIY kN

HBCOW

HICUOLAS
FAVETTE
FAVEIIE
EAVELIE
FAVEVIE
SINMIERS
SINBIERS
SWINIERS
NERCER
VERCER
HERCER
HERCER
HERCER
HERCER
MERCER
HERCER
IIERCER
HERCER
HERCER
VIERCER
HERCER
SIABIERS
HIERLER
ERCER
1IERCER
GREEILRIER
KALANIA
KAHAHIIA
HOUD

HiAaY
PRESTON
nanpton
AR
FRESTON
PRESIONI
rRESION
HASOH
CABELL
JACKSOH
JACKSON
CABELL
BROOKE
CADELL
CABELL
10GAN
CABELL
JEFFERSON
JEFLENSON
HORGAN
VANPSHIRE
NAVWSHIRE
HAIW'SIIERE
Harovy

i

HBIVYPE

HUSIZE

10.45
8.17
3.60
4.20

15.80

144.00

62.00

34.00

18.40
3.70
1.40

23.30
8.60
3.00
7.00
2.00
5.40
7.80
.60
7.80
6.60
5.50
6.00
5.00
6.80

2t.70
6.00
3.53

169.00

55.54

37.5%0

30.20

130.20
3.00
9.J0
6.19

97.00
3.40

29.36
1.34

168.00
1.00

79.00
2.50
1.52
6.4S

115.00
6.29

110.00

26.%

75.75

05.00
2.09

1

e
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HalesBody System Roport
List of HalasBodies

00s

956
”
938
239

© 940

9%1
%2
93

HVPSD-25
HVPSB-24-
HVPSB-28-
HVPSB-33
VS

HvS-12
MVS-2
HVS-%

-2
0-2
A-1

HOHANE

SPRING RN/SO HILL CK
SIAR RIV/SO FK/ZLUNICE CK
816 RI/JORLAN RN

RLEDS CK

SHENAIDOAN RV

FLOMING SPRINGS RN
CATTALL AN

EVINIS RN

Hscoum

GRANIK
GRANT
GRANT
PENDLEYON
JEFFERLWUI
JEFFERSOH
JEFFERSON
JEHEERSON

MBI YPE

OSIZE

2.70
2.39
1.71
2.40
19.45
6.63
3.66
10.30

LT



APPENDIX D

WATER BODY SYSTEM 305(b) DATA:
WATERBODIES FOR WHICH POINT/NONPOINT SOURCE NUTRIENT TRADING
APPEARS APPLICABLE IN THE FUTURE



HatorBudy Syslem Report.

List of HatorBodiaes

[11: 19

WO NOCOUVSWN -

HBID

4107020006003
HSEOO]
HSL009
1106020001038
1106020002005
THo80l10208012
1108010208016
vi03-03
vili-ol
vil3-o2
vii3-o3
vIil3-04
HA-08-9350
HA-28-9090
HA-41-9250
HVPC-24

HYBR16010101-059-2

HBHANE

N/A

BACK BAY OF BI1LOKI (A} UCEAN SPRINGS)
CRYSTAL LAKE

DECATUR CREEK

CANDIES CREEK

HATCHIE RIVER

HATCHIE RIVER

Hid-Hain Stom Oltlar Crook

Uppor Southern Comnuclicul Rivor
Upper Nid-Southarn Comecticut River
tlid-Soullharn Comeclicul River
Vernon Ispotscuwant

HASHINGTON LAKE )

VANCOUVER LAKE

HOSES LAKE

LOST RV

HOODRUFF HARRONS RES

HBCOUN
M/A
JACKSON
RANKIN
HEIGS
BRADLEY

HAYHOOD
llA’DEl‘IAN
V/A

winpiogR
WINLSIR
Wi DiApa
wWINDIIAM
KING
CLARK
GRANY
HARDY
LINCOLN

HBTYPE
N/n

-

P’:PP””’:”’

HUSIZE
A
6.00

MUMLT
(.8



