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Introduction

Nutrient overenrichment is one of the leading causes of water quality problems in the United
States. The National Water Quality Inventory 1994 Report to Congress Executive Summary
cites nutrients (nitrogen and phosphorus) as one of the leading causes of water quality
impairment in our Nation’s rivers, lakes, and estuaries. While nutrients are essential to the
health of aquatic ecosystems, excessive nutrient loadings can result in the growth of aquatic
weeds and algae, leading to oxygen depletion, increased fish and macroinvertebrate mortality,
and other water quality and habitat impairments.

Over the years, the Environmental Protection Agency’s Office of Water has issued a number
of technical guidance documents and supported the development of water quality simulation
models and load estimating models to assess the impacts of urban, rural, and mixed land use
activities on receiving waters. In addition, some States currently have water quality standards
that incorporate criteria, primarily narrative, aimed at controlling problems associated with
overenrichment. However, in order for State and local agencies to better understand and
manage nutrient impacts to surface waters, additional work is required.

EPA established a Nutrient Task Force in July 1993 to gather existing data on nutrient
problems and currently available iools. The Task Force recommended that EPA provide
additional assistance to States in developing and implementing appropriate nutrient endpoints,
assessment methodologies, and models. The first step in carrying out the recommendations of
the Task Force was a nutrient assessment workshop, which was held in Washington, DC, on
December 4-6, 1995. The workshop was organized around plenary and breakout group
discussions on four major waterbody types: estuarine and coastal waters; lakes,
impoundments/reservoirs, and ponds; rivers and streams; and wetlands. Issue papers
describing the state-of-the science, gaps, and user needs in terms of nutrient assessment tools
and methodologies for each waterbody type were developed and used as foundations for group
discussion.

The primary goals of the workshop were to:

® Identify the full range of potential nutrient overenrichment endpoints, including early
warning indicators, assessment methodologies, and models available for application to
various types of waterbodies.

® Identify what gaps exist in providing a full range of simple to complex nutrient
overenrichment endpoints assessment methodologies, and models for a wide range of
management applications.
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® Evaluate the existing and potential nutrient overenrichment endpoints, assessment
methodologies, and models in terms of the state-of-the-science supporting their
applications, data input requirements, and relative ease of transferability/application to
various types of waterbodies and geographically diverse areas.

® Evaluate and begin to prioritize specific user needs for nutrient overenrichment
endpoints, assessment methodologies, models to address nutrient problems in various
waterbody types and in geographically diverse areas.

® Examine ways to apply nutrient assessment tools across various waterbody types,
geographical areas, and ecoregions.

Recognizing the long history EPA and its partners have had in addressing nutrient
overenrichment impacts on aquatic ecosystems, we view this workshop and the subsequent
development of an Agency strategy as a turning point in our commitment to support
development of the tools necessary to set clear, quantifiable endpoints for addressing nutrient
overenrichment problems. Without definable endpoints - whether they are comprehensive
narrative descriptions, site- or regional-specific numerical criteria, or correlative relationships
defining water quality objectives - and the supporting assessment tools applicable at the
watershed and individual waterbody level, it is difficult to design and implement effective
management actions that are tailored to stem the increasing nutrient overenrichment of the
nation's surface waters.

Through development and implementation of a national strategy, it is our hope that we can
better support the development, validation, and implementation of the tools State and local
natural resource managers require to address nutrient overenrichment problems in surface
waters.

(.1
M i ‘-vf"ffé. i

Robert H. Waylafid I Tudor Davies
Director Director
Office of Wetlands, Oceans and Watersheds Office of Science and Technology
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Executive Summary

The National Nutrient Assessment Workshop was held with the purpose of asking for expert
recommendations on the components of a national strategy addressing nutrient overenrichment
issues. There were approximately fifty participants in attendance, representing a diversity of
organizations and geographic regions (a list of the participants is attached at the end of these
proceedings).

The participants met over the course of two and a half days to discuss pertinent
eutrophication issues and potential nutrient assessment and management tools. Each expert
participated in one of four groups that were organized by waterbody (i.e., Estuaries and
Coastal Waters; Lakes and Reservoirs; Rivers and Streams; and Wetlands) and these groups
discussed their specific waterbodies during breakout sessions held on the first two days of the
workshop. Breakout groups reconvened at several points during the workshop to report to the
plenary session on the results of their discussions.

Many tools and measurement endpoints were deemed useful by each of the waterbody
breakout groups. Some waterbodies were better understood than others in this regard. For
example, measurement parameters for lakes are well known and the interactions between
these parameters and resulting eutrophication are generally understood. Because of this, the
lakes and reservoirs breakout group, which was dealing with a well-developed historical
database, was able to rate the various measurement parameters in terms of their usefulness; in
some cases the group was able to assign quantitative thresholds for each parameter. For
wetlands, on the other hand, the breakout group was limited by a very small historical
database and therefore was restricted to identifying potential measurement parameters and
assigning qualitative judgements to each of the parameters. The wetlands group was also
handicapped by the high variability encountered in wetland types.

Some of the general recommendations arising from the workshop were:

A set of national standards is not a realistic goal and it would be more appropriate to set
nutrient standards on an ecoregional or watershed basis.

* Organizations, states, and societies should be involved in further discussions of nutrient
assessment and implementation issues, as well as development of the national nutrient
overenrichment assessment strategy.

* Cultural eutrophication should be recognized as a public health threat. The two examples
that were mentioned were 1) nutrient overenrichment can stimulate harmful and toxic algal
species that directly affect the safety of seafood products and 2) drinking water treated
from eutrophic lakes and reservoirs can be contaminated with harmful byproducts of the
disinfection process (e.g., trthalomethanes).

* Land use should be included as a separate early warning indicator.



National Nutrient Assessment Waorkshop Proceedings

* EPA should provide simple, user-friendly, desktop-based software models, where available,
to state and local governments to aid them in waterbody decision making.

* While many models can be recommended for specific waterbody types and sites (e.g.,
lakes), more research is needed on investigating models for rivers and streams (especially
periphyton dominated systems), estuaries, and wetlands.

* The use of "reference sites” to develop baseline data for comparisons to potentially
impacted areas is recommended, especially for wetlands where information is scarce.

Some of the waterbody specific conclusions/recommendations arising from the workshop
were:

Lakes and Reservoirs

Conclusions/Recommendations

* National nutrient criteria must be narrative based and quantitatively implemented on a
local/regional basis. This is because public opinion of (and in fact) good water quality
varies by geographic region.

* There is a need to develop standardized protocols for several of the monitoring techniques
currently used in the field (e.g., total phosphorus, total chlorophyll concentration, Secchi
depth). These and other secondary indicators should be described in a technical guidance

manual for use by all states.

* Land use change around lakes and reservoirs is one of the most telling early warning
indicators of water quality trends. It was said, "A lake is a product of its watershed."

e Develop desk-top software for States to use for lakes and reservoirs individually to help
assess the data they gather.

» Use professional societies such as the North American Lake Management Society, as well
as EPA Regional meetings with the States and Tribes, to promote nutrient criteria and
management for lakes and reservoirs

Endpoints

» Total phosphorus, total nitrogen, total chlorophyll, Secchi depth and dissolved oxygen are
good endpoints to consider as indicators of trophic status of lakes and reservoirs.

» If we use chlorophyll as a parameter, total chlorophyll is arguably the best way to measure
(as opposed to chlorophyll a or b).

i
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Secchi disk is a good, simple tool to use on lakes and reservoirs, recognizing that its use is
limited where water visibility is blocked by suspended inorganic sediment or the water has
obscuring color such as is naturally found in bog lakes.

The best indicators are (in chronological order of response):

Early warning indicators: Land use changes

Sensitive in-lake indicators: Total phosphorus, total chlorphyll, Secchi depth,
total nitrogen

Lake status indicators: Total organic carbon, dissolved oxygen, total
suspended solids, turbidity, biological (fish, algae,
zooplankton, macrophytes)

Modeling

Simple and effective "desktop” models currently exist at the State level that incorporate the
following parameters: dissolved oxygen, total phosphorus, Secchi depth, total chlorophyll,
and total nitrogen.

A trend promoted by some modelers is to use carbon as a replacement parameter for
chlorophyll.

Information Needs/Next steps

We need to better define the relationship between management policies and loading.

We need to better understand the relationship between nutrient loading and the macrophyte
response. '

We need additional simple, accurate desktop models that distinguish between lakes and
reservoirs, as well as geographic and temperate differences.

We need a better understanding of the effect that suspended solids have on nutrient release.

Rivers and Streams

Conclusions/Recommendations

National nutrient criteria, whether numeric or narrative, must be ecoregion specific,
because of natural variabilities across waterbody types.

National guidance should encourage States to adopt a nutrient control strategy, which

includes the following minimum set of endpoints: total nitrogen, total phosphorous, Secchi
depth, dissolved oxygen, and soluble reactive phosphorous.

i
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» States should include land use as a separate early warning indicator (i.e., if development is
proposed in a watershed, an environmental impact study should be done to assess the
potential impact of such development on the surrounding waterbody).

* Minimizing the turbulence by constructing channels in the waterbody would help in
reducing the rapid nutrient movement from one segment of the waterbody to another.

» Shading the streams or canopy restoration can minimize eutrophication.

» Biological control - Managers should consider introducing biomass eating organisms (e.g.,
cadis fly larva (Dicosmoecus gilvipes)), which efficiently remove both periphytic diatoms
and filamentous algae from rock substrata.

Endpoints

Plankton dominated systems Periphyton dominated systems

Algal Biomass

pH

Dissolved Oxygen (DO)

Chlorophyll

Biointegrity (macroinvertebrate index)
Total Nitrogen vs. Total Phosphorous

Transparency (Secchi disk)
Temperature

Total suspended solid, Variable
suspended solid ratio

Modeling

v

Algal Biomass

pH

Dissolved Oxygen (DO)

Chlorophyll

Biointegrity (macroinvertebrate index)
Dissolved inorganic nitrogen (DIN) vs.
Soluble reactive phosphorous
Transparency (Black disk)
Temperature

Total suspended solid, Variable
suspended solid ratio

Desktop models that are easily transferred across waterbodies and use the following
parameters should be encouraged: total phosphorus, total nitrogen, total chlorophyll,
dissolved oxygen, temperature and light attenuation instrumentations (i.e., Secchi disk and

black disk).

Adding temperature simulation to WASPS is recommended. WASPS is widely used in
both water quality assessment and toxic modeling. The model considers comprehensive
dissolved oxygen and algal processes, but does not include the carbon and silica cycles or
full sediment diagenesis. In addition, the model’s use is limited because it does not

account for temperature.

Periphyton should be added as a parameter incorporated within QUAL2E and HSPF.
QUALZ2E and HSPF are one-dimensional models that capture the longitudinal transport
(steady-state flow) which dominate in most rivers and streams. QUALZ2E and HSPF both
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consider advection and dispersion. Adding periphyton to these models will allow for
simulation of periphyton biomass in the riverine system.

* Introduce load/response relationship (plankton dominated system) and concentration/
response (periphyton dominated system), in order to pinpoint with high degree of accuracy

where loading reduction can be targeted.

* Other models of note are those used in combination with other techniques in the state of
Montana to set nutrient loading targets for Clark Fork River.

Information Needs/Next steps
* Use of community metrics as early warning indicator.

* EPA should conduct a comprehensive literature search to determine what work has already
been done on nutrient-related issues in rivers and streams.

* Need to synthesize information on the relative sensitivity of different riverine types to
nutrient enrichment and use this information to investigate regressional relationships.

e EPA should publish a national technical guidance document summarizing the Agency’s
position on methodology information in assessing and controlling nutrients.

* EPA should set up a nationwide database for storing state of the science information on
nutrient overenrichment endpoints and modeling techniques to serve as a resource center
for water quality managers at state and local levels.

 Involve organizations such as American Society of Limnologist and Oceanographers
(ASLO), American Water Resources Association (AWRA), North American Benthological
Society (NABS) etc., in the development and implementation of the national nutrient
strategy.

e Investigate pH and DO amplitude.

» Investigate the role of fluvial geomorphology as a factor in controlling algal growth.

* Field research should be conducted on Cladophora, and diatom growth requirements.

Estuarine and Coastal Waters

Conclusions and Recommendations

¢ Coral Reefs - EPA should support research on the relationship between specific nutrient
concentrations and algal coverage and coral reef die-off.
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» Seagrass Dominated Systems - Tools for assessing nutrient enrichment impacts on seagrass
population exist and have been field tested. EPA should help in the transfer of these tools
and insights for assessing nutrient enrichment impacts to waterbody specific seagrass
habitats in estuarine and coastal management programs.

* Plankton Dominated Systems - Quantitative relationships have been established between
nutrient loading and chlorophyll @ (primary productivity) and nutrient loading and
dissolved oxygen. EPA should assist research into the use of Vollenweider type methods
in developing nutrient response relationships for plankton dominated systems.

» Nuisance Algal Blooms/Brown Tide Blooms - The relationship between nutrient loadings
and nuisance algal blooms (e.g., brown tide) is not well established outside of laboratory
settings. EPA should support a comprehensive synthesis of correlative/experimental
evidence for toxic algal blooms response to nutrient enrichment.

* Macroalgae Dominated Systems - Only a qualitative relationship exists for relating nutrient
loadings to macroalgal cover. EPA should build on the existing information on the
relationship between nutrient loading and macroalgal cover.

Information Needs/Next Steps

* Coral reefs - Need to further study the relationship between nutrient concentrations and
algal coverage and coral reef die-off.

» Seagrass - Need to confirm that tools for assessing nutrient enrichment impacts from
Chesapeake Bay and Tampa Bay are appropriate for use across other waterbodies (i.e.,
identify any limitations of tools).

* Plankton - Need to develop nutrient/response relationships for plankton dominated systems
using Vollenweider type relationships (i.e., phosphorus loading to hypolimnetic dissolved
oxygen concentration regressions)

* Nuisance algae - Need to establish the relationship between nutrient loadings and nuisance
algal blooms such as brown tide in field settings (i.e., ground truth this research).

* Macroalgae - Need to compile nutrient loading data for: seagrass, macroalgae, and
phytoplankton. In addition, confirm the different community responses and pull out
thresholds relating to these community shifts. Also, quantify the macroalgae influence on
dissolved oxygen, dissolved organic carbon, and lower trophic levels.

vi
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Wetlands

Conclusions/Recommendations

* There needs to be an accepted national wetlands classification system similar to the
hydrogeomorphic classification system developed by the Army Corps of Engineers.

* A nutrient database including baseline data according to wetlands types/regions needs to be
developed.

* Field experimentation should be conducted to determine nutrient limitation to wetland type
and to isolate the effects of nutrients from other variables, such as hydrology, climate, and
natural variability.

» Need to integrate parameter data collection with wetland indicators, or possibly other EPA
wetlands programs.

e Need to improve upon molecular biology techniques (e.g., stress proteins in plants).

¢ Currently, standards for wetlands are primarily narrative since it has been difficult to apply
certain numeric criteria to wetlands (e.g., dissolved oxygen is hard to standardize because
wetlands can be dry at times).

e Variability is important to consider in wetlands, especially in extreme flow and rainfall
events.

Endpoints

* A "Secchi disk" for wetlands could be feldspar (silicon dioxide) which shows accumulation
within a wetland over time. The rate of accumulation can be related to changes in
productivity.

e Most important indicators (short- and long- term) of nutrient impact are: bioavailable
nitrogen and phosphorous in sediments, soils, water, and vegetation; hydrology; and loads.
However, for most of these parameters there is no baseline data available with which to
compare collected data.

e For immediate assessment, recommended endpoints are: bioavailable nitrogen and

phosphorous in soils and water; plant species composition; plant species richness; plant
species structure; plant indicator species (vascular and non-vascular); soil oxygen demand.

vii
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Modeling

* Very few models exist for wetlands. There is a model under development for the
Everglades which considers water budget, flow fields, vegetation and biology. It has a
spatial scale which is important in assessing wetlands.

e Other models of note are those done for the Des Plaines wetlands and Odum Creek
(Florida). However, these lack spatial scale.

e Landscape models can be used but are more coarse in their ability to predict impacts.
Grids can be very large (1 km by | km).

e Some members felt that numeric models may not be useful in predicting changes in
wetlands. Rather, more simple (i.e., heuristic) models may be more helpful in
understanding nutrient-related responses within wetlands.

Information Needs/Next steps

* EPA should develop a nationwide database for natural wetlands similar to that currently
available for constructed wetlands. The database should include a wetland type and
statistical characteristics that apply to each wetland type. A national database could be
used to compare the measurement parameters of assessed (impacted) wetlands to an
established set of reference conditions.

e EPA should conduct a comprehensive literature search to determine what work has already
been done on nutrient-related issues in wetlands.

e Organizations such as the State Association of Wetland Managers, Society of wetland
scientists, and private organizations (e.g., Ducks Unlimited) should be involved in the

development and implementation of the national nutrient strategy.

e Need to synthesize information on the relative sensitivity of different wetland types to
nutrient enrichment and use this information to investigate regressional relationships.

vili



National Nutrient Assessment Waorkshop Proceedings

Day One Plenary Session
Summary

I. Welcome and Participant Introduction

The National Nutrient Assessment Workshop opened with Rich Batiuk, U.S. EPA Chesapeake
Bay Program Office, who welcomed all of the participants and thanked them for attending.
Participants then introduced themselves and described their area of expertise as it related to
the workshop objectives. Rich noted that the workshop had succeeded in convening
representatives from a diversity of organizations, interests, and geographic areas to focus on a
set of issues of regional and national importance.

Rich then presented a brief synopsis of events leading up to and the purpose behind the
workshop. He informed the group that the workshop grew out of a recommendation of the
EPA Office of Science and Technology Nutrient Task Force draft report released December
30, 1994 and stressed that EPA and its partners are attempting to re-engage nutrient
overenrichment issues and to identify and address the relevant technical and implementation
issues. He stressed the importance of identifying endpoints and selecting assessment tools for
use at the individual waterbody and watershed scales. He pointed out that the workshop
should serve as a unique opportunity to pool the experience that is available in the scientific
and resource management communities in helping set the short and long-term priorities for a
national nutrient overenrichment assessment strategy.

II. Introductory Remarks
Tudor Davies, Director, U.S. EPA Office of Science and Technology

Tudor Davies emphasized that eutrophication continues to be a problem faced by many states
and municipalities. He challenged the workshop participants to ask whether or not there are
alternative ways to assess the nature and extent of nutrient enrichment problems and he
reminded them that their discussions should take into account implementation, as well as
technical and scientific issues. Tudor concluded his remarks by assuring the participants that
EPA is taking this issue very seriously and will use the results of the workshop as it prepares
its national strategy.

Bob Wayland, Director, U.S. EPA Office of Wetlands, Oceans, and Watersheds

Bob Wayland spoke about confronting the nutrient overenrichment issue from a management
perspective. He mentioned the growing public awareness of eutrophication problems through
programs such as the Clean Lakes Program, the Chesapeake Bay Program, and the National
Estuaries Program. He stressed that a national nutrient strategy needs to have clear
management objectives and recognize concerns of dischargers, especially nonpoint sources,
about affordability. Bob expressed his hope that the workshop could serve to facilitate
technology transfer and communication among parties from all of the different communities
represented.
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II1. Past, Present, and Future Perspectives on the Assessment and Management of
Nutrient Overenrichment Needs'

Robert Thomann, Manhattan College

Robert Thomann presented his perspective on the historical issues associated with the
assessment and management of nutrient overenrichment. He divided the past seventy years
into two periods: the Observational Descriptive period that began in the late 1920s and the
Predictive Management period that began circa 1965. He characterized the Observational
Descriptive period as a time when general observations were being made about nutrient
enrichment issues, but little was understood concerning the cause and effect relationships
between loadings and eutrophication.

The Predictive Management period, on the other hand, was characterized as a time when
researchers attempted to relate the basic science that was available to practical management
goals. The period from 1970 to 1980 saw a rapid expansion in the spatial detail and number
of variables included in nutrient models. This progress slowed somewhat during the period
from 1980 to 1990 (characterized as the "Dry Years") as many persons came to feel that the
problem of eutrophication had been solved—the National Eutrophication Program came to an
end and attention was diverted to chemical contaminants and acid rain. Interest began to
grow again during the late 1980s, however, as the public began to realize that nutrient
overenrichment could have far-reaching effects. By this time dynamic modeling had become
much more advanced, with more variables being included in each model and key inputs being
internalized into the model framework. This development was facilitated by the evolution in
computer technology and a reduction in computer costs.

Bob concluded his remarks by outlining the requirements of a successful nutrient management
program. He pointed out the need for a credible framework to support quantitative decision
making that takes into account what level of improvement to expect, a time frame for this
improvement, and a cost/benefit analysis, if possible. He also stressed that this framework
should incorporate the perspectives of nutrient dischargers, the scientific community, and the
general public.

Mimi Dannel, U.S. EPA Office of Wetlands, Oceans, and Watersheds

Mimi Dannel explained where EPA Headquarters and its regional offices are today in terms
of addressing the eutrophication issue. EPA is aware that there is a need for management of
excessive nutrient loadings, especially as evidenced by national and State findings
summarized in Clean Water Act section 305(b) reports (National Water Quality Inventory)
and section 303(d) lists (identifying water quality limited waters). EPA currently encourages
consideration of nutrient enrichment issues in State’s implementing watershed protection
approaches, community-based environmental protection approaches, and in potential

'Summaries of the overheads used during these presentations are attached at the end of the proceedings.
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opportunities for pollutant trading. Mimi told the participants that she hoped they develop a
list of endpoints and assessment methodologies for each of the waterbodies, as well as a core
set of models to be used for "routine” application across the different waterbody categories.
She indicated that the focus should be on models that already exist and how they could be
enhanced and simplified. She also indicated that participants need to critically look at the
number of input parameters and how they are measured. Finally, she explained that there is a
need to be able to demonstrate the costs of model application versus the cost of controls to
avoid focusing on the tool more than the resource.

Steve Heiskary, Minnesota Pollution Control Agency

Steve Heiskary presented workshop participants with the nutrient control approach currently
used in Minnesota as an example of how a state could address nutrient issues on a regional
basis. He explained that most of the lakes in Minnesota are located in four main ecoregions
and that phosphorus criteria have been established in each ecoregion based on user
expectations and regional variations in attainable lake trophic status. This approach has been
aided by the selection of "reference” (minimally impacted) lakes within each ecoregion that
were chosen based on expert recommendations and input from citizen monitoring groups.
Steve also explained how Minnesota implemented the lake user survey approach (developed
in Vermont) to gauge the public’s expectations of lake quality for each of the different
ecoregions.

Steve mentioned that several other states have been doing progressive work in this area (e.g.,
Vermont with the user surveys, Oregon with a nuisance phytoplankton approach, and North
Carolina with a nutrient sensitive approach). He ended his presentation by explaining that
Minnesota uses its criteria to prioritize and target nutrient reduction projects, to develop water
quality management plans, to serve as an educational tool, and to guide enforcement
decisions.

IV. Purpose and Goals of the Workshop

After the introductory presentations, Rich Batiuk presented the workshop participants with the
purpose and goals of the workshop and issued specific challenges to each of the breakout
groups. Emphasis was placed on coming up with a practical strategy that encompasses local
nutrient overenrichment assessment and implementation issues. The participants then
separated into their assigned groups for the day one breakout sessions.
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Breakout Group Discussion Questions
Lakes, and Reservoirs

Nutrient Enrichment Assessment Endpoints

e What are the currently available, ready to use, and most promising nutrient enrichment
endpoints for application to lakes, impoundments, and ponds?

e Are there any early warning indicators of onset of nutrient enrichment conditions?

* How readily applicable are these endpoints at the regional, state, and local watershed and
waterbody assessment scales? What are their advantages/disadvantages? Can they be
applied to a wide range of waterbodies or are they geographically limited in their
application?

e What is the balance that should be achieved between endpoints with a loading/response
condition focus vs. endpoints with more of a user perception-based focus? Are they
mutually exclusive or can they be married together in some form?

* Are there different sets of endpoints that apply only to large lakes vs. impoundments vs.
small lakes and ponds? What are they?

e What gaps exist in this current array of endpoints that are necessary for regional/state/local
watershed/waterbody-based assessment of nutrient enrichment status and, ultimately,
management? What is the relative priority that should be given to the
development/calibration/validation of new endpoints?

e Are some of the endpoints (or the science behind them) applicable to other non-
lake/impoundment/pond waterbodies?

Dissolved Oxygen

* Are the existing EPA freshwater criteria sufficiently protective enough and/or
comprehensive enough for full application to the entire range of lake, reservoir, and pond
ecosystems?

Light Penetration/Nutrient Criteria

* Does the current state of the science support derivation of light attention criteria for lakes,
impoundments, and ponds? What about nutrient, suspended solids, and chlorophyll a water
quality criteria?

e Should EPA be actively promoting regional-based development and adoption of such
criteria for the protection of lake and reservoir habitats?

Models

* What are the most appropriate models that should be highlighted within the national
strategy? What are their relative advantages and disadvantages in terms of direct
application, data calibration requirements, and amount of training/expertise necessary to
allow effective use by regional, state, and local management agencies?

* How well do the identified models perform in relation to the preliminary list of endpoints
that are concurrently being discussed at the workshop?
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[s there a good match between the available endpoints and the available load-response
models?

Which models and assessment tools are most likely to be used by local water quality
managers in support of reaching the identified endpoints for each waterbody type?

How can existing models be enhanced or what types of new models need to be developed
to improve modelling capability and broaden use of models in assessment of nutrient
enrichment?

Are the existing "state of the science” lake and reservoir models currently being developed
for and applied in large lakes and reservoirs at a point whereby simplified versions of the
models can be extracted and used by smaller, less wealthy lake restoration and protection
programs with the same basic management oriented results? If not, what steps need to be
taken to get to that point?

What about the same questions directed towards watershed models that feed inputs into
lake/reservoir water quality models?

Issue Paper

Are there obvious gaps in the lakes and reservoirs issue paper’s coverage of the major
literature that should be filled prior to publication as an EPA report and in the peer
reviewed literature?

Are there obvious gaps in the modeling issue paper’s coverage of the major literature
addressing lakes and reservoirs that should be filled prior to publication as an EPA report
and in the peer reviewed literature?

Rivers and Streams

Nutrient Enrichment Assessment Endpoints

What are the currently available, ready to use, and most promising nutrient enrichment
endpoints for application to rivers and streams?

Are there any early warning indicators of onset of nutrient enrichment conditions?

How readily applicable are these endpoints at the regional, state, and local watershed and
waterbody assessment scales? What are their advantages/disadvantages? Can they be
applied to a wide range of waterbodies or are they geographically limited in their
application?

Are there different set of endpoints that apply only to large rivers vs. small streams? fast
flowing vs. slow flowing rivers?

What gaps exist in this current array of endpoints that are necessary for regional/state/local
watershed/waterbody based assessment of nutrient enrichment status and, ultimately,
management? What is the relative priority that should be given to the
development/calibration/validation of new endpoints?

Are some of the endpoints (or the science behind them) applicable to other non-riverine
waterbodies?
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Dissolved Oxygen

* Are the existing EPA freshwater criteria sufficiently protective enough and/or
comprehensive enough for full application to the entire range of river and stream
ecosystems?

Light Penetration/Nutrient Criteria

e Does the current state of the science support derivation of light attention criteria for rivers
and stream? What about nutrient, suspended solids, and chlorophyll ¢ water quality
criteria? Are these really appropriate for these riverine systems (with the possible
exception of slow flowing rivers and streams with longer retention times)?

e Should EPA be actively promoting regional-based development and adoption of such
criteria?

Models

* What are the most appropriate models that should be highlighted within the national
strategy? What are their relative advantages and disadvantages in terms of direct
application, data calibration requirements, and amount of training/expertise necessary to
allow effective use by regional, state, and local management agencies?

* How well do the identified models perform in relation to the preliminary list of endpoints
that are concurrently being discussed at the workshop?

* Which models and assessment tools are most likely to be used by local water quality
managers in support of reaching the identified endpoints for each waterbody type?

* How can existing models be enhanced or what types of new models need to be developed
to improve modelling capability and broaden use of models in assessment of nutrient
enrichment? -

* Are the existing "state of the science” models currently being developed for and applied in
rivers and streams at a point whereby simplified versions of the models can be extracted
and used by smaller, less wealthy river/stream restoration and protection programs with the
same basic management oriented results? If not, what steps need to be taken to get to that
point?

Issue Paper

* Are there obvious gaps in the rivers and streams issue paper’s coverage of the major
literature that should be filled prior to publication as an EPA report and in the peer
reviewed literature?

* Are there obvious gaps in the modeling issue paper’s coverage of the major literature
addressing rivers and streams that should be filled prior to publication as an EPA report
and in the peer reviewed literature?
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Wetlands

Nutrient Enrichment Assessment Endpoints

* Are there any available endpoints useful for assessing the relative impact of nutrient
enrichment on wetland ecosystems?

e Are there any early warning indicators for nutrient enrichment conditions within wetlands?

Models

* Are there any models available for simulating/assessing the relative impact of nutrient
enrichment on wetland ecosystems?

* What are the most appropriate wetlands models that should be highlighted within the
national strategy? What are their relative advantages and disadvantages in terms of direct
application, data calibration requirements, and amount of training/expertise necessary to
allow effective use by regional, state, and local management agencies?

* How well do the identified models perform in relation to the preliminary list of endpoints
that are concurrently being discussed at the workshop?

¢ Which models and assessment tools are most likely to be used by local water quality
managers in support of reaching the identified endpoints for each waterbody type?

* How can existing models be enhanced or what types of new models need to be developed
to improve modeling capability and broaden use of models in assessment of nutrient
enrichment?

Issue Paper

* Are there obvious gaps in the wetlands issue paper’s coverage of the major literature that
should be filled prior to publication as an EPA report and in the peer reviewed literature?

* Are there obvious gaps in the modeling issue paper’s coverage of the major literature
addressing wetlands that should be filled prior to publication as an EPA report and in the
peer reviewed literature?

Estuaries and Coastal Waters

Nutrient Enrichment Assessment Endpoints

¢ What are the currently available, ready to use, and most promising nutrient enrichment
endpoints for application to estuarine and coastal waterbodies?

 Are there any early warning indicators of onset of nutrient enrichment conditions?

* How readily applicable are these endpoints at the regional, state, and local watershed and
waterbody assessment scales? What are their advantages/disadvantages? Can they be
applied to a wide range of waterbodies or are they geographically limited in their
application? '

* What gaps exist in this current array of endpoints that are necessary for regional/state/local
watershed/waterbody based assessment of nutrient enrichment status and, ultimately,
management? What is the relative priority that should be given to the
development/calibration/validation of new endpoints?

* Are some of the endpoints (or the science behind them) applicable to other non-
estuarine/coastal waterbodies?
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Dissolved Oxvgen

* Building on the estuarine/marine dissolved oxygen criteria document under preparation for
northeast (Cape Cod to Cape Hatteras) coast, should EPA support development of the low
dissolved oxygen effects databases necessary to publish estuarine/marine dissolved oxygen
criteria for the southeast Atlantic (Cape Fear to Key West), Gulf, and Pacific coasts?

* What about development of the data sets necessary to extend the northeast criteria along
the coastline north of Cape Cod up into the Gulf of Maine?

Light Penetration/Nutrient Criteria

e Does the current state of the science support derivation of light attention criteria for
protection of submerged aquatic vegetation (seagrasses) along the U.S. coastlines? What
about nutrient, suspended solids, and chlorophyll a water quality criteria based on
protecting submerged aquatic vegetation?

* Should EPA be actively promoting regional-based development and adoption of such
criteria for the protection of shallow water habitats?

Models

* What are the most critical nutrient enrichment related issues that the existing models have
yet to be designed, calibrated, and/or applied to address?

* What are the most appropriate models that should be highlighted within the national
strategy? What are their relative advantages and disadvantages in terms of direct
application, data calibration requirements, and amount of training/expertise necessary to
allow effective use by regional, state, and local management agencies?

* How well do the identified models perform in relation to the preliminary list of endpoints
that are concurrently being discussed at the workshop?

* Are the existing "state of the science" estuarine/coastal models currently being developed
for and applied in Chesapeake Bay, Long Island Sound and other larger estuaries at a point
whereby simplified versions of the models can be extracted and used by smaller, less
wealthy estuarine and coastal protection programs with the same basic management
oriented results?

* If not, what steps need to be taken to get to that point?

* Which models and assessment tools are most likely to be used by local water quality
managers in support of reaching the identified endpoints for each waterbody type?

* How can existing models be enhanced or what types of new models need to be developed
to improve modelling capability and broaden use of models in assessment of nutrient
enrichment?

* What about the same questions directed towards watershed models that feed inputs into
estuarine/coastal water quality models?

Issue Paper

* Are there obvious gaps in the estuarine/coastal issue paper’s coverage of the major
literature that should be filled prior to publication as an EPA report and in the peer
reviewed literature?
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* Are there obvious gaps in the modeling issue paper’s coverage of the major literature
which address estuarine and coastal systems that should be filled prior to publication as an
EPA report and in the peer reviewed literature?

Watersheds

Nutrient Enrichment Assessment Endpoints

* What is/what should be the relationship between nutrient enrichment endpoints for
watersheds themselves vs. endpoints addressing watersheds as contributors to downstream
waterbodies? Is there an inherent conflict here?

Models

* What are the most appropriate watershed models that should be highlighted within the
national strategy? What are their relative advantages and disadvantages in terms of direct
application, data calibration requirements, and amount of training/expertise necessary to
allow effective use by regional, state, and local management agencies?

* How well do the identified models perform in relation to the preliminary list of endpoints
that are concurrently being discussed at the workshop?

* Which models and assessment tools are most likely to be used by local water quality
managers in support of reaching the identified endpoints for each waterbody type?

* How can existing models be enhanced or what types of new models need to be developed
to improve modelling capability and broaden use of models in assessment of nutrient
enrichment?

Issue Papers

e Are there obvious gaps in the four issue papers’ coverage of the major literature addressing
watershed models that should be filled prior to publication as an EPA report and in the
peer reviewed literature?
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Day Two Plenary Session
Summary of Reports from Breakout Groups and Discussion

Workshop participants reconvened on the morning of the second day to report on the results
of their breakout group discussions. The following is a summary of what each of the
facilitators had to say concerning their respective day one breakout group sessions.

I. Lakes and Reservoirs Summary

The breakout group began its discussion by outlining what it hoped to accomplish during the
course of the workshop. It was agreed that the group would be making recommendations to
EPA on the utility of using various parameters to assess waterbody status and to use as early
warning indicators® of lake and reservoir nutrient overenrichment. The breakout group also
agreed that they would be providing general recommendations on issues that would need to
be addressed in a national nutrient assessment strategy, including the capabilities and
limitations of existing modeling tools for lakes and reservoirs.

To organize the discussion, the group divided an initial list of parameters into three
categories. The group realized that these categories could be differentiated in a number of
ways (e.g., proactive parameters vs. reactive parameters; thermodynamic parameters vs.
species succession/community structure parameters; parameters that are well understood vs.
less well-understood parameters.) Eventually the group decided to separate the parameters
into the following subsets:

Chemical/Biomass Parameters
* Land Use/Loading e Nitrogen Concentration * Secchi Depth
e Phosphorus Concentration « Chlorophyll ¢ Dissolved Oxygen

Community Structure Parameters
* Algal Community ¢ Macrophytes ¢ Zooplankton

e Macroinvertebrate Structure ¢ Fish

Secondary Parameters
* Total Suspended Solids * Total Organic Carbon

The group began to evaluate each of these parameters based on the following evaluation
criteria:

How Measured What quantitative units are used to measure the parameter?

An early warning indicator was defined as "a change from a baseline condition within a region and
classification of the water resource and watershed which is sufficiently rapid to initiate increased monitoring or
management before degradation (unacceptable change) takes place."
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Value

Scientific Validity

Practicality

Cost
Public Understanding

Modeling Capability/
Load-Response

Workshop Proceedings

What advantages does using the parameter provide to the resource
manager relative to using other parameters?

Are there well-accepted (i.e., within the scientific community),
reproducible measurement techniques available for measuring the

parameter?

[s this a parameter that the states can realistically use given time,
personnel, and resource constraints?

What is the cost of collecting and using this parameter?
[s this a parameter that the public understands and will support?
Is the relationship between loading and subsequent response well-

understood? Can the parameter be modeled given existing tools or
easy-to-develop tools?

In general, the group was able to reach consensus on a rating’ for each of the evaluation
criteria for each of the parameters. The results of their discussion are summarized in the
tables below. Blank spaces in the "Rating" column indicate that either no consensus was
reached or no formal designation was specified.

Land Use/Loadings

Rating Notes

How Measured

Loadings are measured based on the existing understanding
between certain types of land use and related loadings.

Value

High Aggregated loadings allow you to get to one number for all of
the sources within a watershed

Scientific Validity

High

Cost

Variable | Some states have adequate land use data while others are still in
the process of gathering it.

Practicality

High

Public Understanding

Medium Public does not intuitively understand the relevance of loading,
to High but is capable of learning (as evidenced by 40% reduced
loading target for Chesapeake Bay).

Modeling Capability/ Load-
Response

High

A high rating typically meant that the group felt the parameter perf