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Introduction

Watersheds in southern California are among the most modified systemsin the world (Brownlie and Taylor
1981). Stormwater conveyance systems have been built primarily to reduce flooding, but the infrastructure
was not designed to improve water quality. Water quality issues are compounded by the high degree of
urbanization of watersheds in southern California. Morethan 17 million peopleinhabit the six coastal
counties of southern Californiamaking it among the most densely populated coastal region in the country
(Culliton et al.. 1990). The large degree of urbanization, coupled with infrequent rainfall that enables
build-up of non-point sources of pollutants, resultsin sporadic but tremendous loads to receiving waters.
Current estimates of pollutant mass emissions for the southern Californiaregion indicate loads to the
coastal ocean from stormwater discharges rival, and often exceed, those from point sources (Schiff et al..
2001). Based upon the increasing population of southern California and the lack of storm water quality
infrastructure, it islikely that stormwater loads will continue to increase.

Thereis some evidence that stormwater dischargesimpact receiving water quality. For example, regional
monitoring of southern California beaches has shown that shorelines which receive dry weather flows are
10 times more likely to exceed water contact standards than those that are distant from storm drains (Noble
et a.. 2000). More than 60% of the shoreline exceeds water contact standards following wet weather
events. This hasled to the permanent posting of warning signs near drain outlets and blanket warnings
against body contact recreation at any beach for 72 hr following rain events. In addition, large loadings of
nutrients have been measured from urban creeks and these have ultimately contributed to the over-
enrichment of estuaries at the mouths of urban watersheds, as indicated in part by large blooms of
macroalgae (Kamer et al.. 2001). As another example, storm drain discharges have been shown to be toxic
to marine and freshwater organisms and this toxicity persists over large areas as discharge plumes spread
through coastal receiving waters (Jirik et al.. 1998). After these plumes settle to the bottom of the ocean,
the pollutants have been measured in nearshore sediments (Schiff 2000). Where these sediments must be
dredged to maintain navigable harbors or marinas, the associated contamination increases the cost of
dredging by orders of magnitude.

Although pollutant loads from stormwater are as large as those from municipal wastewater discharges
(POTWs, or publicly owned treatment works), there has been no long-term and sophisticated effort, as
there has been for POTWs, to reduce these loads. A primary reason for thislack of coordinated effort isthe
absence of an equivalent base of scientific knowledge on which to base sound management decisions. For
example, knowledge about reference, or expected, conditionsis insufficient to enable managersto identify
when impacts occur, which beneficial uses are most severely impaired, or clarify target endpoints for
remediation. Similarly, we are often unable to differentiate between natural (e.g., storms) and

anthropogenic (e.g., contamination, flow modification) impacts on biological communities. Moreover,
when water quality impacts from specific constituents do occur, we are too often incapable of identifying,
targeting, and reducing their specific contributions.

In parallel with the relatively poor level of scientific understanding of stormwater impacts, thereisalack of
technical knowledge on how best to control stormwater discharges. Technical data gaps include source
identification in urban watersheds where many small, diffuse sources may commingle. Further, assessments
of the most effective and efficient treatment or management strategies for resolving stormwater
impairments are typically absent or not well validated. For example, thereisalack of substantive and long-
term data about how well best management practices (BM Ps) work, which ones work best under a range of
conditions, or which BMPs are most appropriate in specific applications for improving receiving water
quality.

Finally, available stormwater management tools are typically inadequate to deal with existing needs for
proper stewardship and decision making. The tools that do exist are often inadequate because they are
either not specific enough (i.e., are based on inappropriate point source analogs) or have not been
developed or tested in southern California. For example, managers do not have atool for assessing the
health of physical habitats and biological communitiesin freshwater environments. Although thistool has
been effective at addressing physical and water quality impacts el sewhere around the nation, they have not
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been devel oped or applied successfully in southern California. Anindex or metric of physical and/or
biological health would be an invaluable tool for environmental decision making.

Despite such information gaps, management actions (from both the regulated and regulator communities)
are being mandated by regulatory frameworks such as National Pollutant Discharge Elimination System
(NPDES) Permit requirements and Total Maximum Daily Loads (TMDLS). In the absence of adequate
information about stormwater impacts, regulatory requirements derived through such frameworks are likely
to be questioned from avariety of perspectives and may not achieve their intended benefits.

Formation of the Stormwater Monitoring Coalition

As aresult of theincreasing regulatory focus and the lack of scientific knowledge base, both stormwater
regulators and municipal stormwater management agencies throughout southern California have devel oped
acollaborative working relationship. The goal of the relationship is to develop the technical information
necessary to better understand stormwater mechanisms and impacts, and then devel op the tools that will
effectively and efficiently improve stormwater decision making. Asindividuals and agency
representatives, there was early recognition that these issues are most often not localized, but oftentimes
cross watershed and jurisdictional boundaries. The relationship culminated in aformal letter of agreement
signed by all of the Phase | municipal stormwater NPDES lead permittees and the NPDES regulatory
agenciesin southern Californiato create the Stormwater Monitoring Coalition (SMC) (Appendix 1).

The SMC member agencies have developed a clear vision of regional cooperation. The vision includes
combining resources to cost effectively address the data gaps. The vision includesimproved effectiveness
of existing monitoring programs by promoting standardization, coordination, and reducing duplication of
effort acrossindividual programs. In addition, thiswill lead to improving the basic infrastructure for
exchanging, combining, and analyzing data from across the region. The multi-agency collaboration hopes
to trade off redundant or ineffective monitoring program elementsin order to allocate resources to the
research projects necessary for improving stormwater management. The findings from these applied
research projects can then be easily and quickly integrated into the existing stormwater management
programs.

Once the agreement to work collaboratively was signed, the next step was to determine which research
projects should be undertaken. The SMC developed athree step process to identify these projects. The
processincluded: (1) creation of awhite paper outlining the technical issues and management questions of
interest (Appendix 2); (2) conduct aworkshop to develop an agenda of research projects using expertsin a
variety of scientific disciplines (Appendix 3); and (3) establish afive-year research plan to implement

based upon the workshop proceedings. This document represents step three in the process. The white
paper and workshop details can be found in appendicesto this document.

Research Themes

The experts who participated in the research agenda workshop generated more than 50 project ideas in less
than four hours. This plethora of ideas were combined, clarified, and prioritized over the next day
ultimately leading to 15 research projects. Each project was then devel oped in terms of a problem
statement, desired outcome (products), tasks, schedule, and necessary resources (expertise, costs, and
potential collaborators).

The 15 research projects devel oped by the workshop experts naturally fell into one of three categories.
These categoriesincluded: (1) developing aregional stormwater monitoring infrastructure; (2) improving
the fundamental understanding of stormwater mechanisms and process; and (3) identifying stormwater
impactsin receiving waters. Monitoring infrastructure includes projects that find ways to integrate,
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standardize or maintain comparability among programs throughout southern California. These projects
include mining existing data, sampling and analysis, data management and sharing, and testing BMPs.

Research projects that improve our fundamental understanding of stormwater mechanisms and processes
begin with creating a conceptual model of our existing understanding of these processes. Thiswill help us
to identify our knowledge gaps. A priori we expect that there will be at least three gaps in the conceptual
mode. These include an evaluation of reference conditions, an evaluation of beneficial uses, and
identifying relative contributions of nonpoint sourcesto stormwater discharges.

Identifying stormwater impactsin receiving watersis the research theme with the greatest number of
projects, reflecting how little we know about this subject. Five research projects are geared specifically
towards devel oping tools for assessing conditionsin receiving waters. These toolsinclude freshwater
bicassessments, toxicity testing, faster and more specific methods for identifying microbia contamination,
and identifying indicators of impacts resulting from increased peak flows.

Although the projects are written asindividual projects, many of the projects are inter-related. Thefinal
chapter of this document provides an overview of these relationships showing where the results from one
project may feed into another project.
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Developing a Stormwater Monitoring Infrastructure

The following four projects focus on improving the basic knowledge and tools available for addressing
guestions on aregional scale. They areintended to increase the efficiency of monitoring and improve data
integration and interpretation.

Project 1. Integrate and evaluate available data

To date, historical stormwater monitoring data have not been used to their full potential, with the result that
important questions at both the local and regional scale have not been addressed and significant
opportunities for improving the effectiveness and efficiency of monitoring have not been taken advantage
of. This project will address these issues by identifying, integrating, and eval uating available monitoring
datafrom the region. This project would depend to some extent on the regional datainfrastructure (Project
3) and would contribute to the definition of regional reference conditions (Project 6) and assessing
beneficial uses (Project 7).

Problem statement
While stormwater monitoring programs in southern California have collected large amounts of data, there
has been no systematic effort to integrate and analyze these data from aregional perspective. An estimated
1,700 wet weather site-events have been monitored by southern California monitoring programs between
1992 and 1999, which are more than most nationwide data sets. In addition, analysis efforts carried out by
individual stormwater programs have not examined a consistent set of questions acrosstheregion. Asa
result, thereislittle information about the following questions, among others:
- what isthe spatial extent of stormwater monitoring?
what percentage of the total estimated flow of stormwater is monitored on an annual basis?
what kinds of datatypes are being sampled throughout the region, and to what extent?
what is the regional distributionand variability among runoff coefficients from specific land uses?
what isthe regional distribution and variability in contaminant concentrations and loadings from
specific land uses?
what isthe regional distribution and variability in impacts on receiving waters?
are there specific watersheds or sources that contribute disproportionately to mass emissions on a
regional basis?

Thus, available data have not been fully utilized, on aregional basis, to characterize monitoring effort,
identify significant sources, describe impacts on receiving waters, and improve the effectiveness and
efficiency of monitoring efforts by, for example, removing redundancies among programs.

Desired outcome

This project would take advantage of available monitoring datato help lay the groundwork for important
aspects of aregional stormwater monitoring program. It will fully describe monitoring effortsin terms of
the parameters sampled and their spatial and temporal coverage. By integrating available information on
sources and impacts, it will also take the first steps toward aregiona assessment of impacts and beneficial
uses (Project 7) and toward aregional definition of background or reference conditions (Project 6).
Together, these results will help improve the effectiveness and efficiency of monitoring, on both the local
and the regional levels, focus management attention on areas and problems of greater significance, and
improve understanding of where and how impacts on receiving waters occur. For example, the data may
suggest common findings that are relatively consistent across the region that could be used as justification
to reduce or redirect indivdual agency monitoring effort.

Tasks

The major challenges facing this project involve collecting and integrating available data and defining and
agreeing on key questions and the analysis approaches appropriate for addressing them.
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This project would collaborate with or make use of information from other ongoing or planned studies. For
example, the Contaminated Sediment Task Force in Los Angeles has already allocated funds for an
analysis of contaminant sourcesin stormwater to the sedimentsin Marinadel Rey and Los Angeles/Long
Beach Harbors. In addition, SCCWRP has committed to aregional analysis of stormwater monitoring data
fromindustrial discharges. Finally, SCCWRP has already compiled a portion of the regional stormwater
monitoring data that would be needed for this project and this experience could provide afirm basis for
planning and costing out the remainder of the data collection and integration effort. Datasets produced in
this project would be formatted to the standards developed in Project 3 and would become part of the
regional datainfrastructure developed in that same project.

The specific tasks involved in this project include:
identify existing relevant data
develop list of specific questions and analyses needed to answer them
develop aformal data management and analysis plan
acquire or otherwise confirm access to needed data
perform quality and consistency checks on data
standardize and/or normalize data as needed
conduct analyses

prepare report(s).

Thisisalow risk / high benefit project. The probability of successis high because techniques for data
integration, synthesis, and analysis are well established. The benefits are likely to be substantial because
region-wide analyses have not been performed in the past. In such asituation, the marginal benefit of initial
investmentsin synthesis and analysis are typically very high.

Schedule
This project could begin immediately and could be completed within 12 months.

Resour ces

Needed expertise includes data managers and data analysts with direct experience with arange of
environmental datatypes. Expected costs are in the range of $100,000 to $250,000. Examples of similar
projectsinclude the regional assessments performed as part of the Bight ' 98 project and watershed
assessments performed at avariety of locations throughout the country. Potential partnersinclude the
Contaminated Sediments Task Force in Los Angeles and an anal ogous effort being conducted by San
Diego County.
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Project 2. Standardize sampling and analysis protocols

At present, the wide array of monitoring approaches used throughout southern California makesit difficult
to readily compare findings across stormwater programs and address questions of regional importance. This
project would address this problem by devel oping a standardized set of monitoring protocolsfor use
throughout the region, guided in part by insights gained from Project 1’ s regional assessment. Senate Bill

72 (SB72) has allocated funds that could support this effort.

Problem statement

Monitoring programs throughout southern California often approach the same question in different ways,
sample different sets of parameters, and use arange of field and laboratory methods to collect and analyze
samples. Thisinconsistency makesit difficult, if not impossible, to address questions on abroader spatial
scale, to compare monitoring results across programs, and to improve efficiency by taking advantage of
opportunities for exchanging data and coordinating monitoring responsibilities across the region.

There are several significant issuesinvolved in any attempt to establish regional standards. Standardization
can be approached at four distinct levels. The highest level involves the issue of what to monitor (e.g.,
should loads be monitored?). The next level involves the approach to use once a decision has been made to
monitor aparticular parameter (e.g., should time weighted or flow weighted sampling be used?). The third
level is procedural and focuses on what specific instrumentation and/or techniques to apply (e.g., should the
Mark IV or Mark V Tricorder be used?). Finally, the lowest level of detail involves sampling design issues
(e.g., how many samples should be collected? How long should monitoring continue for?). In addition, any
attempt at regional standardization must balance the benefits of standardization against the costsin lost
flexibility at thelocal level. Finally, robust sampling approaches for many stormwater related issues have

not yet been fully developed, making it difficult to readily select acommon standard.

Despite the fact that these issues are often difficult to resolve, the benefits of appropriate regional
standardization have been amply demonstrated in numerous instances around the country and in many
different types of programs.

Desired outcome

This project would produce aregionally consistent set of standardized monitoring protocols. Thesewould
provide the technical basis for addressing questions of regional importance while at the same time
maintaining local flexibility whereit is essential. Standardization efforts could move in succession through
each of the four levelsidentified above.

Tasks

The major challenges facing this project involve obtaining agreement among a diverse set of participants
on, first, the set of priorities for standardization and, second, the standards themselves. The multiyear
effortsinvolved in standardizing mo nitoring protocols for the marine coastal environment in southern
Cdlifornia provide auseful template for this project.

This project could make use of efforts el sewhere in the country to develop uniform approachesto
stormwater monitoring. However, the unique features of climate and geography in southern California
often make it difficult to apply such approaches directly and without modification. The specific tasks
involved in this project include:
identify alist of management and technical questionsthat require regionally standardized datato
answer
review and compare relevant monitoring protocols from southern Californiaand from other areas
determine which protocols can be applied regionally in southern California
determine which management questions and/or technical issues require further methods development
develop detailed recommendations to guide implementation by appropriate working groups
develop regional field operations manual
conduct |aboratory intercalibrations for bacteria, metals, nutrients, and organics.
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Thisisalow to medium risk / high benefit project. The potentia risks stem, not from technical problems,
but from institutional issues that may make it difficult to achieve regional consensus about sampling
methods. However, the potential benefits, in terms of improved efficiency and coordination, along with the
ability to integrate data from across the entire region, are large.

Schedule
This project could begin immediately and be completed in 12 months.

Resour ces

Needed expertise includes afacilitator and in-kind time of one field operations staff person from each
participating agency, aswell asin-kind time of agency staff knowledgeabl e about chemical analyses.
Expected costs are in the range of $50,000 to $150,000 to produce the field operations manual and another
$100,000 to $500,000 to compl ete the laboratory intercalibrations for chemical analyses. Intercalibrations

for bacteria, metals, and nutrients are relatively inexpensive compared to those for organics. Where in the
range the costs actually fall dependslargely on the constituents chosen. The Bight project undertook similar
standardization efforts and these costs are based on that experience. Besides the stormwater agenciesin the
region, potential partnersinclude the USGS, the SWQTF, and WERF.
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Project 3. Develop aregional data infrastructure

Thelack of acommon datainfrastructurein the region makesit extremely difficult to combine datafrom
different programs to assess impacts and problems, quantify trends, evaluate the effectiveness of different
solutions, and establish reference conditions on aregional scale. Asaresult of thissituation, itis
impossible both to make the best use of available historical data and to realistically consider developing a
coordinated regional monitoring program that reduces duplication of effort. This project addresses this
problem by creating a set of agreements and standards that will streamline data integration, along with a
distributed data management system that will expedite finding and acquiring needed data.

Problem statement

At present, scientists and managers have limited ability to examine data from across the region to search for
patterns or trends, compare impacts and BM P effectiveness across locations, assess local conditions against
regional background or reference conditions, or ensure regionally consistent quality control of raw and
processed data. |n addition, the inability to combine and integrate data from throughout the region leads to
duplication of effort and other inefficienciesin individual monitoring programs. Thus, because there is no
central data clearing house or network, based on common standards, to make data readily and broadly
available, stormwater monitoring and research are less cost effective than they otherwise could be.

Desired outcome
Ultimately, this project would produce a distributed online system, with a centralized catalogue to facilitate
search and retrieval, which would provide awide range of users access to stormwater data from throughout
the region. The system could be developed in stages, as follows:
- asimple catalogue of datasets, their locations, and descriptions
a catal ogue with search functions and links to permit users to access and/or retrieve specific datasets
the implementation of regional data quality control and formatting standards to aid data integration
the addition of data summaries, analysisresults, and other data products (optional)
the addition of modeling, mapping, and other analysis tools to support regional investigations
(optional).

Tasks

The major challengesinvolved in addressing this problem include deciding what data types the system
should accommodate, what design the system should be based on, what specific needs it should focus on,
and establishing the necessary agreement and coordination among participants. However, the availability of
modern distributed database technology will help any such effort avoid the problemsinherent in ol der,
centralized systems such as STORET and ODES.

In addition, there are several examples of the successful development of regional information management
systems that can provide guidance for this effort, including efforts by the Chesapeake Bay Program and the
Gulf Ecosystem Monitoring Program in Alaska. The stepsinvolved are relatively generic and include the
following:
- identify data users (e.g., managers, regulators, environmental interests), how they use data now, and

how they would like to use the dataif they were more readily accessible

reach agreement on users’ needs and desires

identify existing data generators and the nature of their data

define an appropriate architecture that describes core functions and how they will be fulfilled

develop aworking prototype, including the user interface, as afocus for more obtaining more detailed

user input and defining the system more clearly

finalize the system design

select hardware and software components to support the system design

determine housing and administration needs and how these will be met

implement system

maintain and enhance the system over time.
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While the development steps are relatively clear, there will nevertheless be significant challengesto be met.
These will be primarily institutional, not technical, and will involve issues of funding, coordination,
standard setting, access to datathat is considered proprietary to some extent, and making provision for
orphan datasets.

Thisisalow risk / high benefit project. The probability of successis high because of the lessons provided
by other similar effort and the benefits to be obtained from wider access to regionally standardized data are
substantial.

Schedule
With adequate funding, this project could be completed in two to three years. Major milestonesinclude:
- system design

final cost estimate and funding decision

completion of the prototype

implementation

ongoing maintenance and enhancements.

The only significant rate limiting factors would be the availability of funding and speed with which the
participants reach agreement on the system’ s major design features.

Resour ces

Needed expertise includes specialists in data management, database design, system architecture, and
distributed networks. Expected costs are in the range of $50,000 to $150,000 to establish a data sharing
format and an online catal og of exi sting datasets. Thiswould require no new hardware or software.
Developing the full distributed system that permits users to remotely access data over the Internet and
integrate mapping and data analysistools could cost between $1,000,000 and $1,500,000 and would require
new hardware and software. The recent effort to standardize data sharing protocols for regional participants
in ocean monitoring in southern Californiais agood model for the first phase of this project, while the two
larger systems mentioned in the Tasks section (i.e. Chesapeake Bay)are models for the second phase.
Potential partners are other agencies with needs to acquire and integrate data from arange of sourcesin
order to perform larger-scal e analyses and assessments. These may include the SWRCB, Caltrans, and the
U.S. EPA, among others.
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Project 4. Measure BMP effectiveness

At present, the lack of reliable information on the performance of arange of BMPs hampers decision
making about how best to invest available resourcesto reduce loads. This project would address this
problem by systematically evaluating stormwater BM Ps using a standardized, regional protocol.

Problem statement

Best management practices (BMPs) are being applied without the benefit of systematic and neutral
evaluations of their effectivenessin reducing loads. Available studies of whether propriatary BMPs meet
manufacturers’ claims are often not performed by neutral third parties and are difficult to compare because
of inconsistencies in their methods, settings, and timeframes. 1n addition, the absence of a coordinated
regional evaluation strategy means that individual stormwater programs engage in studies that, from a
regional perspective, areinefficient and insufficiently comparable. The need for systematic, neutral, and
regionally coordinated evaluations is pressing because the ongoing implementation of TMDLsfor
stormwater contaminantsis raising both the regulatory and economic stakes involved in reducing loads and
their impacts. Many proposed BMPs (e.g., large settling basins, treatment plants) are expensive and
smaller-scale ones are often ineffective (e.g., storm drain inlet filters). Asaresult of the lack of reliable
evaluation studies, decisionsinvolving substantial investments of time, effort, and money are being made
based on incomplete and/or faulty information.

Desired outcome

This project will produce aregionally consistent, standardized framework for evaluating stormwater BMPs
and will apply thisto apriority set of BMPs. The evaluation will focus not only on the performance of
individual, or stand-alone, BMPs but al so on how aternative networks of BMPS (e.g., fewer, larger BMPs
vs. more, smaller BMPs) perform. The project will also take advantage of efficienciesto be gained from
using the entire region as a study area.

Tasks

The major challenge involved in this project will be designing a series of evaluation studies that address
decision makers' current and future information needs. In addition to examining the performance of
individual BMPs, the project should also consider the performance of alternative combinations of BMPs
configured in networks relevant to circumstancesin southern California.

This project should take advantage of, and integrate if possible, ongoing BMP eval uation efforts by
academic researchers and individual stormwater programs. Specific tasks involved in this project include:

define key management questions

define primary technical questions and issues including constituents of concern

identify priority list of BM Psto be eval uated for specific constituents

describe possible alternative BMP networks for evaluation

incorporate and/or coordinate with ongoing studies

develop detailed study designs

develop and/or adapt hydrological and water quality models as needed

implement studies of individual BMPs

eval uate testing protocolsif third party testing is conducted

implement studies of prototype alternative networks

apply results to ongoing decision making.

Thisisamedium risk / high benefit project. The probability of success at the site-specific scale is good
because techniques for evaluating the performance of some individual BMPs are relatively well devel oped.
At thelarger spatial scale of BMP networks, new modeling approaches may have to be devel oped or
adapted from other applications. Because of the potential aggregate cost of stormwater BMPsin southern
Cdlifornia, the potential benefits from improving the effectiveness of thisinvestment are extremely high.

10
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Schedule
This project could begin immediately. Its duration will depend on the number and complexity of BMPs
selected for study.

Resour ces

Needed expertise includesin-kind time of decision makers and of agency staff with direct experiencein
implementing BMPs, aswell as additional expertise in engineering, hydrology, modeling, and statistics.
Expected costs are in the range of $50,000 to $150,000 to identify decision makers' priorities and develop
the assessment design and $200,000 to $500,000 for the BM P network modeling, depending on the size and
complexity of networks considered. Costs for evaluating individual BMPs are difficult to estimate at this
time because they are dependent on the number and types of BM Ps considered and on the constituents
measured. The project costs do not include the BMP installation. Therefore, potential partners should
include stormwater agenciesthat are currently implementing BMPs including the California Stormwater
Quality Task Force, Caltrans, the Building Industry Association, WERF, and other entities such as
Proposition 13 contractors. Specifically, coordination with the Los Angeles BMP Task Force is encouraged
to provide a consistent basis for eval uating proposed proprietary BMP products and methods.

11
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Improving Fundamental Understanding of Stormwater
Mechanisms and Processes

The following four projects focus on filling crucial gaps in the understanding of basic mechanismsand
processes in the stormwater system. They are intended to bolster the conceptual and empirical foundation
for developing improved indicators, assessing conditions, and better targeting management strategies where
opportunities are greatest.

Project 5. Develop a systemwide conceptual model

Stormwater management and monitoring efforts in southern California are often planned and undertaken on
acase by case basis, without the benefit of acomprehensive regional framework that describes the
generation, transport, and fate of contaminantsin both wet and dry weather, as well as the operation of
important causes of disturbance such asincreased flow. Thisproject would address this problem by
creating aregional conceptual model of the processes linking sources of impact and endpoints of concern to
managers and the public. This model would lay important groundwork for all the subsequent projectsin
thisresearch plan.

Problem Statement

The stormwater system is acomplex combination of natural processes and engineered components, all
characterized by poorly understood interactions and a high degree of variability. A basic conceptual model
iswidely accepted — rainfall causes runoff that mobilizes avariety of contaminants aswell as sediment and
these cause physical, chemical, and biological impactsin receiving waters. However, the details of the
mechanisms and processes that control each step in this causal chain are poorly understood. For example,
the mechanisms and processes that control the first flush of contmainants during a storm, or the seasonal
flush of contaminants during initial storms of the year have been an area of uncertainty for along time. In
addition, currently used conceptual models do not adequately represent the ocean and there are serious
knowledge gapsin conceptual models of biological processes.

Asaresult, it is often difficult to choose appropriate indicators, i.e., where along the causal chain to gather
information. It is also difficult to decide where the best leverage points for management action might be,
that is, where to intervene to improve conditions and how to determine if such interventions are working as
intended. This requires enough knowledge about the system’ s behavior to make reasonably accurate
predictions about what will happen under arange of different conditions. At present, the lack of such
knowledge is a serious impediment to the devel opment, implementation, and evaluation of improved
management and monitoring strategies.

Desired outcome

This project would produce a conceptual model of urban runoff processes that included both wet and dry
weather conditions; the full geographical range of the hydrological system (from headwaters to the ocean);
and all key system components including hydrology, aerial deposition, chemistry, biology, land use, and
physical conditions of the drainage systems and receiving waters. This model would begin as a qualitative
summary of knowledge, with quantitative aspects (up to and including mathematical models) where
knowledge is more advanced. Its ability to identify linkages between different parts of the system would
provide the basis for prioritizing and coordinating management, research, and monitoring on a common set
of problems. The ultimate product could range from alinked set of flow charts and system diagramsto a
computerized decision support tool.

Tasks

There are two major challengesinvolved in this project. The first will be the collection and integration of
available knowledge about the complete stormwater system in southern California. The second will be the
development of a conceptual framework that adequately prioritizes and structures this knowledge.

Magjor tasksin this project include the following:
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identify all potential processes
prioritize important pathways
summarize existing knowledge
evaluate the need for analytical, quantitative and predictive capability to ‘reverse engineer’ the impacts
to the sources to resolve causation from correlation. For example:
- attributing the cause of eutrophication to sources (e.g. land use) to receiving waters,
- identifying locations for monitoring and testing to confirm or refute sources,
- prioritizing sources on the basis of relative contributions to receiving water impacts to help
separate biological impacts from physical and chemical impacts.
develop framework conceptual model
flesh out the conceptual model as needed with existing information
develop an approach to applying the conceptual model to the decision support needs of managers and
to structuring the research and monitoring agenda
Develop astrategy for updating and refining the conceptual model as new information becomes
available.

Thisisalow risk / high reward project. Thereis substantial knowledge available about many aspects of the
stormwater system and conceptual modeling techniques are well established. The presence of a systemwide
conceptual model will improve awide range of research, monitoring, and management efforts, in part by
providing a systematic and widely accepted framework for planning and decision making.

Schedule
This project could begin immediately and theintial conceptual model could be completed in 6 — 12 months.

Resour ces

Needed expertise includes modeling, hydrology, ecology, chemistry, engineering, and systems analysis.
Expected costs are in the range of $100,000 to $250,000, with the exact amount depending on the degree of
sophistication of the product (e.g., flow charts vs. a computerized decision support tool). Potential partners
are stormwater agenciesin the region and other agencies responsible for carrying out region-wide
assessments of water-related issues.
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Project 6. Determine appropriate reference conditions

Assessing impacts, setting management targets, and measuring progress toward these all require clear
definitions of reference conditionsin order to be maximally effective. While some reference conditions are,
in effect, defined by regulatory water quality criteria, there are significant gaps in the systemwide
identification of reference conditions throughout the region. This project would address this problem
through a comprehensive effort to establish aregionally consistent set of reference definitions for physical,
chemical, and biological components of the environment. This effort would depend to some extent on the
conceptual model developed in Project 5 and would integrate closely with the following project to stratify
beneficial use definitions (Project 7), aswell aswith all of the indicator research projects described below
(Projects 10— 12).

Problem statement

Quantifying impacts on beneficial uses and tracking progress in improving these requires a definition of
reference conditions. These can be numerical regulatory criteria, a description of the natural or unimpacted
condition, or amore abstract definition of what might be theoretically possible at a particular site.
Whatever form they take, definitions of reference conditions are essential for providing needed context to
monitoring and management. Despite the use of numerical water quality criteria, the overall definition of
reference conditionsin southern Californiais spotty. Numerical criteria, by themselves, do not take into
account broader system hydrology and network linkages. In addition, there is no common agreement about
reference for biological conditions or for important physical disturbances such as flow and structural
modifications. Nor isthere an explicit understanding of how water quality, physical disturbances, and
biological processes should be related in a more comprehensive definition of reference conditions.
However, if an expectation of reference conditions were defined, mangers could use thisinformation for
establishing benchmarks for remediation of stormwater and other discharges that might comminglein
receiving waters that might induce potential impairments.

Desired outcome

This project would produce aregional description of reference conditions that includes water quality,
physical processes, biology, and human uses such as recreation and water supply. It would describe
functional links between these to ensure that management focuses as much on the functionality of the entire
system as on itsindividual parts. Reference conditions would be defined quantitatively wherever possible
and qualitatively where thisis not possible.

Tasks

The major challengesinvolved in this project are the collection and organization of awide array of data
types from across the region, followed by analyses needed to devel op appropriate reference frameworks for
avariety of habitats. Two recent effortsin the region provide insight into the kinds of analyses that may be
reguired. The Benthic Response Index (BRI) defines areference condition for marine infaunal communities
and a method for measuring how far any particular siteisfrom reference. It is based on regional analyses of
data from sites along the entire gradient of conditions from undisturbed to highly impacted. In the second
example, the development of the iron normalization technique for sediment samples provided a quantitative
method for measuring the increase of metals concentrations above the natural background. Iron
normalization essentially calibrates each sample with respect to reference conditions.

Major tasksin this project involve the following:

- examine and eval uate the relevance to southern California of methodol ogies developed elsewhere
tailor these methodol ogies to southern California as appropriate
use existing data and region-wide data collection, as needed, to identify reference locations and
broadly characterize reference conditions for avariety of habitats and environmental components
define potential indicators for each habitat and/or component, including multivariate indicators that
include physical, chemical, and biological features
analyze indicatorsin terms of spatial and temporal pattern and resolution
refinelist of potential indicators
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apply metrics (quantitative or qualitative) from Project 7 that define ameasurable gradient from
reference to highly impacted conditions

conduct additional field surveys as needed to further refine indicators and/or identify and evaluate new
ones

field test indicators in ongoing monitoring programs.

This project will use the tools developed in Project 1 (Evaluate Available Data) and Project 3 (Develop
Regional Data Infrastructure) to improve the efficiency of the characterization and analysis steps. In
addition, the conceptual model developed in Project 5 will help ensure that the initial characterization of
reference conditions captures important functional relationships. This project will also of necessity be
closely integrated with al the indicator projects (Projects 10 — 12) described below. The regional survey
that is an integral part of thistask will, in aniterative fashion, both depend on and help to define
appropriate indicators that can capture the full range of conditions from reference to severely impacted.
Finally, the definitions of reference conditions will provide the basis for the next project, which aimsto
stratify the degree of relative attainment of beneficial uses with respect to reference conditions.

Thisisamedium risk / high benefit project. Thelevel of risk and difficulty will be low for some
environmental components that have been well studied and higher for others that have been less well
studied. The benefits to monitoring and management from aregionally consistent definition of reference
conditions are substantial .

Schedule
This project could begin immediately and be completed in 5 years.

Resour ces

Needed expertise includes hydrology, geomorphology, ecology, water quality, and study design. Expected
costs are in the range of $5,000 per site, inclusive of project planning, data management, and laboratory and
data analysis costs. The total number of sitesthat might be required isin the range of 100 to 150. Examples
of similar projects include the Bight Project, U.S. EPA’sEMAP, and the California Department of Fish and
Game' s effort to devel op bioassessment protocols. Potential partnersinclude U.S. EPA’sEMAP, the
Statewide Ambient Monitoring Program, the California Department of Fish and Game, and the offshore
marine regional monitoring consortium, which isincreasingly interested in linkages between land and
ocean in the coastal zone.
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Project 7. Regional method for measuring beneficial use condition

The protection of beneficial usesisthe fundamental motivation for stormwater monitoring and
management. Despite existing frameworks for defining such uses and determining where they have been
degraded, thereis no regionally consistent system for quantifying how far a particular situation isfrom
reference conditions or how it relates to conditions at other sites. This project addresses this problem by
developing aregional scheme for stratifying beneficial use conditionsin terms of a set of benchmarks that
describe how far from reference aparticular siteis. This strategy isreflected in the most recent
recommendations from the National Reseach Council® for improving the effectiveness of TMDLs and it
has been an extremely useful tool for communicating benefical use condition to managers and the publicin
the Rouge River National Wet Weather Demonstration Project?.

Problem statement

The assessment of receiving water conditions is fundamental to the regulation, management, and mitigation
of stormwater impacts. While there are frameworks for this assessment in the Basin Plans and Section 305b
of the Clean Water Act, the lack of regionally based reference conditions (see Project 6) and of more
sophisticated indicators of both water quality and ecosystem condition (see Projects 10 — 12) has made such
assessment more difficult. In addition, thereis no regionally consistent definition of benchmarks along the
gradient from extremely degraded to reference conditions. Without such benchmarks, it is not possible to
quantify just how far from reference conditions a particular location is, to then describe and compare the
status of beneficial uses across the region, and to more efficiently manage the application of BMPs. For
example, the U.S. EPA’s Rouge River Wet Weather Demonstration Project devel oped quantitative
benchmarksfor five indicators of river quality (dissolved oxygen, flow, bacteria, Index of Biotic Integrity,
and habitat) and used these to rate the status of key beneficial uses along different segments of theriver.

Desired outcome

This project will produce aregion-wide system for quantifying the status of key beneficial uses and relating
their statusto a set of benchmarks that rate their relative distance fromideal or reference conditions. This
system will then be integrated with existing monitoring and assessment programs in order to begin
producing regionally consistent information on the status of beneficial uses. The system could be devel oped
to the point where metrics are converted to colors that visually indicate the status of beneficial useson
maps.

Tasks

The major challengesinvolved in thistask are related to producing a consistent regional framework for
inventorying beneficial uses, developing improved indicators of their status (Projects 10 — 12, 15), and
achieving region-wide agreement on a set of benchmarks of status.

The major tasksin this project involve the following:
- develop inventory and framework for existing designated uses
assess stratification schemes used elsewhere
review range of conditionsin southern California (Project 1)
relate current conditionsto regional reference conditions established in Project 6
develop prototype stratification scheme, with benchmarks
apply to selected water bodies as test cases using relevant indicators, including those developed in
Projects 10— 12 and 15
refine stratification scheme as needed
integrate stratification scheme into ongoing monitoring and assessment programs.

! National Research Council. 2001. Assessing the TMDL approach to water quality management. National
Academy Press. Washington, DC 109 pp.

2 Rouge River National Demonstration Project. 1997. State of the Rouge River: Middle 1 subwatershed.
Wayne County, Ml 12 pp.
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Thisisamedium risk / high benefit project. The successful development of stratification schemes
elsewhere should provide auseful model for asimilar effort in southern California. However, the actua
benchmarks devel oped el sewhere will not necessarily be applicable in southern California because of
significant differencesin rainfall, flow regimes, and habitats. In addition, this project depends on the
successful completion of other research projects (Projects 1, 6, 10 — 12, and 15). Despite these risks, the
benefits of aregionally consistent set of strata and benchmarks for evaluating the status of beneficial uses
will pay substantial dividendsin management’s ability to inform the public about the condition of
beneficial uses and to prioritize monitoring and mitigation efforts.

Schedule

This project must await the completion of the region-wide assessment in Project 1 but could begin before
the completion of Projects 6, 10— 12, and 15. Thefirst two tasks could be conpleted in six months and the
remainder in an additional 12 months, assuming results from other projects are readily available, as shown
in the task list above.

Resour ces

Needed expertise includes data analysts and GIS support, in-kind participation of managers and technical
staff from participating agencies, and afacilitator. Expected costs are in the range of $50,000 to $75,000 for
atest case and an additional $150,000 to apply the stratification scheme to the entire region. Examples of
similar projects include the Bight Project’ s development of the Benthic Response Index and U.S. EPA’s
Rouge River Wet Weather Demonstration Project. Potential partners include both regulatory and
stormwater management agenciesin theregion.
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Project 8. Identify relative contributions of nonpoint sources to urban
runoff loads

Stormwater monitoring and management has focused on a subset of sources that are either presumed to
contribute the most to overall loads or are the most tractable to address. What has been missing to dateisa
comprehensive assessment of the relative contributionsto total runoff loads of the full range of potential
sources. These include the urban land uses traditionally monitored, as well as other sources that may be
signficant in southern California such as aerial deposition, agricultural runoff, and forestry activities. This
project addresses this problem in two steps. First, it will use available information to prepare an assessment
of how much individual sources may be contributing to overall runoff loads. Using this assessment, it will
then design aregional nonpoint source monitoring program to fill data gaps and monitor trends over time.

Problem Statement

With minor exceptions, urban runoff monitoring and assessment in southern California measures the
concentration and loads of a suite of contaminants to receiving waters, along with the contribution to these
loads from arange of land uses. As management moves from an earlier emphasis on characterization to a
greater concern with reducing imp acts (with TMDLs as a primary tool), it will become increasingly
important to quantify the contributions to runoff loads of the full range of potential sources. While treated
discharges are relatively well characterized, there remain gapsin our understanding of runoff from

nonpoint sources. Thus, there is no monitoring program in southern Californiathat looks at all nonpoint
sources and quantifies loads and impacts rel ated to these.

Desired Outcome

This project would produce adesign for aregional nonpoint source monitoring program that addresses the
full range of potential nonpoint sources. This design would be based in part on abest estimate, using
currently available data, of the relative contribution to urban runoff loads of these nonpoint sources. This
would necessarily use information developed in Project 1 (Integrate Available Data) and Project 5
(Develop Conceptual Model). Datafrom such a monitoring program would allow stormwater and
wastewater managers and regulatory agenciesto carry out improved water quality assessments, develop
more appropriate TMDLSs, and better prioritize pollution prevention efforts.

Tasks

The major challengesinvolved in this project are the integration of existing data (see Projects 1 and 3) and
the development of robust sampling designs for all relevant nonpoint sources, especially those that are not
part of traditional stormwater monitoring programs. Further, special attention must be given to developing
an approach to sampling on private agricultural lands.

Major tasksinvolved in this project include:

- identify significant known and potential nonpoint sources (overlap with Project 5, Develop Conceptual
Model)
acquire and integrate avail able data on these sources (overlap with Projects 1, Integrate Available Data,
and 3, Develop Regional Data Infrastructure)
using available data, estimate relative contribution of significant sources at several spatial scales
(overlap with Project 1)
develop framework of regional nonpoint monitoring design, taking account of the requirements of
loading models
identify relevant monitoring approaches to accomplish the design
organize information on existing monitoring efforts that could constitute portions of the regional
design
develop detailed program design, including sampling methods and spatial and temporal replication.

These tasks should be carried out in coordination with, or at least with full knowledge of, related efforts by
the State Board’s SWAMP, U.S. EPA’SEMAP, and others to assess |oadings and effects.
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Thisisalow risk / high reward project. The monitoring and modeling involved will use readily available
techniques. A more complete picture of how all nonpoint sources contribute to regional 1oadings will
greatly assist decision making about how to best allocate monitoring and source reduction efforts.

Schedule

This project could begin as soon as input from the other research projectsis available and could be
completed in one year.

Resour ces

Needed expertise includesin-kind support from participating agencies’ staff, statisticians, interdisciplinary
scientists, air deposition and agricultural runoff specialists, and afacilitator/project manager. Expected
costsarein the range of $50,000 to $125,000.
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Projects Related to Identifying Receiving Water Impacts

Thefollowing seven projects focus on enhancing the tools available for identifying and quantifying
stormwater impacts on receiving waters. They are intended to increase the breadth, specificity, and
timeliness of methods currently in use and to bring new methods to the level of development where they
can be used routinely.

Project 9. Identify the causes of impacts in receiving waters

While there isinformation available on impacts in receiving waters, monitoring studies, with few
exceptions, have yet to identify the specific causes of such impacts. Thisis because the upstream tracking
and identification of sources can be difficult and the causal mechanisms by which sources lead to impacts
are not always clearly understood. This project will address this problem by performing detailed field
studiesto link impacts and sources in one or more pilot watersheds.

Problem Statement

Past stormwater monitoring has successfully identified important sources of contamination and disturbance,
although there are some data gaps and remaining questions about the relative contribution of different
sources (see Project 8, Identify Relative Contributions). At the “downstream” end of the system,

monitoring has al so documented specific impacts, such as elevated levels of contaminantsin water and
sediment, instream toxicity, habitat damage, and eutrophication. What is missing in most cases, however, is
accurate knowledge about which sources are related to which impacts and the specific mechanisms causing
these impacts. For example, the sources of persistently elevated levels of bacteriain Aliso Creek in Orange
County and of organophosphate pesticides in Chollas Creek in San Diego County have been clearly
identified.

Desired outcome

This project would produce a catal ogue of important impactsin receiving waters, along with the specific
kinds of sources that cause each. It would identify the mechanisms that link impacts and sources, aswell as
procedures for establishing causation from correlative monitoring data.

Tasks

The mgjor challenges involved in this project areidentifying and then documenting the particular
intermediate mechanisms that lead from sources to impacts. While the systemwide conceptual model
(Project 5) will provide a starting point, this project will depend on field investigationsto validate
presumed rel ationships and search for currently undefined causal linkages. An additional challenge may
involve unraveling the relative contribution of multiple sourcesto cumulative impacts. This project will
also depend on the results of the regional synthesis of existing data (Project 1), aswell asimproved
indicatorsfrom Projects 11 (Toxicity Testing), 13 (Micraobia Source Tracking), and 15 (Peak Flow).

Major tasks involved in this project include:
- develop list of impacts
develop list of candidate causes
develop hypotheses for investigating correlation and causality between them
assess information availabl e to test specific mechanisms
identify additional information needed to validate causal relationships
select pilot watershed(s) suitable for field studies, i.e., where clear impacts exist and upstream tracking
of sourcesisfeasible
design and implement aresearch plan to test hypothesized mechanisms. This might involve using
relatively inexpensive screening techniques throughout the watershed(s), followed by more
sophisticated tools focused on specific problem areas.
update conceptual model with new understanding.
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Thisisamedium to high risk / high benefit project. Assuming that results from Projects 11 (Toxicity
Testing) and 13 (Microbial Source Tracking) are available, it should be relatively straightforward to
identify the sources of most impacts. Cumulative impacts may present more problems. However, the
benefits of animproved ability to reliably link impacts and sources will pay important dividends for source
reduction programs.

Schedule
This project could begin when needed information from other projectsis available and could be completed
intwo to five years.

Resour ces

Needed expertise includesin-kind participation from agency managers who are knowl edgeabl e about the
pilot watershed(s) and can help provide needed access for sampling, as well as a hydrologist, scientists
skilled in relevant impact identification techniques (e.g., microbiology, toxicity, chemistry), field staff,
laboratory facilities, dataanalysts, GIS support, and data managers. Expected costs are in the range of
$250,000 for a single watershed and a single constituent and would scale up from there depending on the
number of watersheds and constituents. Similar projects have been conducted elsewhere in the country
focusing on individual constituents of concern, such as bacteria. Potential partnersinclude local agencies
and the Los Angeles Contaminated Sediment Task Force.
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Project 10. Develop bioassessment indicators and protocols

The ultimate concern for both managers, regulators, and the public is not the levels of contaminantsin a
waterbody but the status of beneficial uses and trendsin these over time. However, few indicators exist and
none have been universally accepted for those beneficial usesthat are related to ecological conditions. This
project would address this problem by developing aregionally consistent set of bioassessment indicators
and protocolsfor arange of important habitat types and ecological assemblagesin southern California.

Problem statement

Stormwater monitoring and management have focused primarily on the measurement of levels of
contamination and other water quality conditions. However, afocus on contamination and its direct effects
can miss other significant sources of impact and do not capture the ecological impacts of stormwater.
Adequate or excellent water quality can coexist with seriousimpairmentsto biological conditions.
Increased flow volume and vel ocity change sediment budgets, erode banks and streambeds, and damage
instream habitat. Channelization removes riparian vegetation and increases water temperatures, creating a
lethal barrier to fish migration. Maintenance practices designed to preserve channels' ability to convey
stormwater efficiently also remove instream habitat for fish and invertebrates. Devel opment that spreads to
the very edge of creeks, streams, and other waterbodies can remove important riparian habitat and damage
or destroy awaterbody’ s ability to respond to natural perturbations by expanding/contracting its extent or
changing course.

Bioassessment methods, as developed by U.S. EPA, the U.S. Forest Service, and the California Department
of Fish and Game, among others, provide ameans of reflecting overall ecosystem health, aswell as
measuring the status of specific biological conditions, independent of afocus on chemical contamination.
Such bioassessment methods can integrate both episodic and long-term exposure to perturbation and can
aso be used in concert with chemical and other monitoring, as a screening tool, to focus attention on areas
of particular concern. While these methods can help to rank sitesin relative terms, incomplete
understanding of relati onships between stressors and biological indicators, along with the lack of accepted
biocriteriafor assessment, make it impossible to say with any certainty (except in more extreme situations)
whether conditions meet minimum levels of acceptability.

Desired outcome

This project would produce a set of regionally standardized bioassessment protocols for
macroinvertebrates, fish, algae, and macrophyte assemblages in fresh waters of southern California. The
protocolswill define procedures for routinely measuring and interpreting appropriate indicators of
ecosystem health. In combination with the regional reference framework (Project 6) and the stratification of
beneficial uses (Project 7), these protocols would help determine whether and to what degree asystem is
being ecologically degraded by stormwater inputs.

Tasks

The major challengesinvolved in this project are those related to identifying sensitive measures of
biological response for each assemblage and then devel oping appropriate indicators that capture that
response. Bioassessment protocols are currently under development for fresh watersin southern California,
primarily by the California Department of Fish and Game and U. S. EPA’sEMAP. These efforts will

provide an important framework for this project and mean that, for many habitat types, new techniques will
not be needed.

Major tasksin this project will include:
eval uate existing efforts being conducted by U.S. EPA EMAP, California Department of Fish and
Game, U.S. Geological Survey, U.S. Forest Service, and others
define the degree to which each effort is applicable to specific habitatsin southern California
define baseline and reference conditions of each habitat, including defining subhabitats as needed,
within the framework established in Project 6 (Determine Reference Conditions)
test candidate methods and prospective indicators
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determine biological response signatures of indicator organisms to stormwater. This may require
integrating information from toxicity testing. Simultaneously, measure potential physical and chemical
confounding factors and the relationship of habitat type to ecosystem health.

validate the protocols.

develop QA/QC procedures.

Thisisalow to medium risk / high benefit project. The fact that current research on bioassessment
protocolsis underway in southern California, combined with relevant knowledge from similar successful
efforts elsewhere in the country, increase the likelihood of success. The benefits of an improved ability to
relate stormwater to ecological conditionswould be substantial.

Schedule

Each habitat type may have a different schedule, depending on the availability of existing methods and

associated data. The project should begin with freshwater systems, on the following schedul e:

- Year 1-literature search on potential indicators and methods; evaluate and select candidate protocols;
exploratory analyses on available data to assess stormwater effects (may be a pilot study in one or
more test areas)

Year 2— prepare study design for additional data collection (e.g., quantify spatial and temporal patterns
and variability); field test protocols and indicators; identify indicators' response signatures

Year 3— validate procedures and indicators; conduct peer review; report results; identify strengths,
weaknesses, recommendations

Resources

Needed expertise includes bioassessment in freshwater systems, indicator and protocol development for
biological assemblages, familiarity with methods used in other key programs, field sampling, data analysis,
and data management. Expected costs are in the range of $400,000 per year for three years, of which
$150,000 would be required for filling data gaps. Similar projects have been carried out at several places
throughout the country, most notably in Ohio under the auspices of U. S. EPA. Potential partners are the
California Department of Fish and Game, U. S. EPA’SsEMAP, California State Water Resources Control
Board (SWAMP), and volunteer monitoring networks such as those supported by Heal the Bay and the
Stream Team in San Diego.
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Project 11. Develop improved toxicity testing procedures

Despite their wide use, significant limitations constrain the application and interpretation of existing

toxicity tests. There remain unresolved questions about the choice of indicator organisms, the interpretation
of test results, and the identification of sources of toxicity with TIEs. This project will address these
problems by developing and field testing a set of improved toxicity testing and TIE protocols.

Problem statement

Toxicity tests are widely used to measure stormwater impacts directly, especially where information on
individual chemical contaminantsisinconclusive or incomplete. However, there are several important
unresolved issues with toxicity testing, including selecting appropriate test organisms, interpreting
conflicting and variable test results, and better defining and expanding the scope of toxicity evaluations
(TIE). Because of these shortcomings, current toxicity testing procedures are often limited to use in specific
environments and their results are often not well integrated into a compl ete understanding of the ecosystem.
In addition, integrating toxicity testsinto aregional reference framework (see Project 6) would improve the
assessment of stormwater impacts.

Desired outcome

This project will evaluate avail able methods of toxicity testing (including TIEs), identify the method(s)

most applicablein specific types of systems (estuarine, marine, freshwater), and propose improvements to
existing methods where needed. The project will enable managers to focus on the specific constituents, and
in the proper bioavailable fraction, to reduce toxicity. This, in turn, should be used to develop atoxicity
reduction evaluation (TRE) program.

Tasks
The major challengesinvolved in this project relate to the complex responses of test organisms and the
complex chemical characteristics of toxic compounds, both singly and in combination.

This project will utilize results of Project 6 (Determine Reference Conditions) and Project 7 (Stratify
Beneficia Uses) to help define the range of conditions toxicity testing should address. Mgjor tasksin this
project will include:
- establish prioritized list of problems and issues with toxicity testing approaches currently used in
southern California
develop set of criteriafor ideal toxicity tests, e.g., ability to define spatial extent of toxicity, measure
spatial and temporal variability of toxicity in relation to hydrology
evaluate existing toxicity testing protocolsin relation to problems and issues
define areas where further research and devel opment are most needed
design needed laboratory studies
design and implement field case studies (see detail below) focused on key habitats
improve and/or develop ancillary TIE procedures
develop regional toxicity testing protocols based on field test results and incorporating EPA standards.

Field tests for improved methods could follow the following format:
1. ldentify areceiving water of interest
2. Design case study
2.1. consider temporal variahility (intra- and inter-storm)
2.2. consider spatial variability
3. Conduct toxicity tests along gradient of exposure
4. Assessresultsalong gradient relative to predefined criteria
4.1. Relative sensitivity (stormwater, ambient water, and reference toxicants)
4.2. Control response/ reference site response
4.3. Correlationswith contaminants
4.4. Correlations with bioassessment metrics (macroinvertebrates, phytoplankton, fish)
45. Correlations with chemical and physical factors, and possible confounding factors
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4.6. UseinTIEs
4.7. Ecological relevance
5. Conduct dose-response experiments with key indigenous species identified in bioassessment
6. Conduct in-situ tests to assess ecological linkages, temporal variability in response signal, and
response to simultaneous multiple stressors
7. ldentify causes of toxicity.

Thisisalow to mediumrisk / high benefit project. The responses of different test organisms to the suite of
stormwater contaminants are complex and it may be difficult to make clear-cut decisions about which test
organisms are the most appropriate in different circumstances. Similarly, the chemistry of toxic compounds
is also complex, complicating the devel opment of enhanced TIE procedures. However, if these difficulties
can be overcome, the ability to more precisely quantify the level of toxicity and to link it to one or more
specific contaminants would substantially improve monitoring and source tracking efforts.

Schedule

This project could beginimmediately and be completed in three to five years, assuming results from
Projects 6 and 7 were avail able as needed. Tasks preparatory to the field studies would take six to 12
months. Tasks 1 — 3 in the field tests could be completed in the second year, tasks 4 and 7 in the third year,
and tasks 5 — 7 in the fourth year. Writing a protocols and standards document would take up the fifth year.

Resour ces

Needed expertise includes toxicity specialists, chemists, field teams, specialized laboratories, and in-kind
support from agenciesfor field collection. Expected costs would be $300,000 to $350,000 at aminimum

and could be as high as$1 million, depending on the number of sites and test organisms, and on the number
and complexity of toxicants of concern. Potential partnersinclude regional stormwater and regulatory
agencies, academic researchers, and SCCWRP.
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Project 12. Develop rapid response indicator(s) for microbial contamination

The absence of areal-time ability to detect microbial contamination in receiving waters prevents managers
in some cases from reliably closing recreational waters when they are contaminated, but also causes a loss
in economic revenue when sites are not reopened for public use as quickly as possible. This project
addresses this problem by devel oping improved indicators that would quickly (within two hours) provide
reliable measures of the presence of pathogens of concern. This project could be coupled with Project 13
(Microbial Source Tracking Tools) to get rapid measures of indicators that are of human origin.

Problem statement

Therapid detection of fecal contamination in receiving waters would improve public health managers’
ability to protect the health of those using receiving waters for recreation. Thisisimportant in southern
Cdlifornia, where beach visitation in the millions coincides with the large-scal e stormwater inputs that can
carry avariety of human pathogens into waters designated for recreational use. However, current methods
for fecal indicator bacteria have alag time of 24 — 48 hours, which meansthat it isimpossible to provide
real-time information to the public about the relative risk of water contact recreation. This not only makesiit
impossible in some instances to reliably close or post recreational sites when they are contaminated, but
also causes aloss in economic revenue when sites are not reopened for public use as quickly asthey might
be. In addition to their lack of timeliness, current indicators are not necessarily reliable indicators either of
animal and/or human waste products or of the presence of pathogensthat may causeillnessin humans.
Improved indicators would provide a speedier and more reliable link to human health risk and do a better
job of identifying sewage sources.

Desired outcome

This project would develop arapid pathogen screening tool that would provide aresult within two hours of
sampling and would be applicable in marine, brackish, and freshwater environments. This rapid detection
method would be accurate, reliable, require little technical training, and might include viruses, bacteria,
protozoans, and chemical indicators of sewage (e.g., caffeing). Optimally, the method could be used either
inthelab or in thefield to provide aquick determination of whether the stormwater from a particular storm
event presents a hazard to public health.

Tasks

The major challengeinvolved in this project isthe development of methods that can directly detect
pathogens themselves or reliable indicators of their presence. This may require a shift away from standard
culture approaches and toward more modern techniques such as biosensors or DNA probes.

The major tasksinvolved in this project include:
- establish criteriafor ideal indicator(s)

evaluate the full range of existing technologies

identify directly applicable technologies (if any)

define development and testing procedure for directly applicable technologies

carry out further development on directly applicable technologies as needed

define and conduct needed research if no directly applicable technologies exist

evaluate new technologies in system(s) of interest, including receiving waters, sources

refine methods, to improve measurement capabilities and definition of endpoints

integrate with current epidemiology studies to evaluate how new methods relate to actual human health

risk

conduct further testing and validation

develop protocols for routine use.

Thisis ahigh risk / high benefit project. There are no off-the-shelf technologies that are directly applicable
to this problem and also ready for routine use. The direct detection of pathogens, as opposed to indirect
indicators such asfecal coliforms, has proved difficult, and the two-hour goal is a challenging one.
However, the ability to reliably and quickly measure the presence of pathogens of relevant to human health
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concerns would provide substantial economic benefits because it would dramatically improve managers
ability to target closures where they are actually needed.

Schedule
This project could begin immediately and would take five years to complete, as follows:

Year 1— identify and select methods to be evaluated

Year 2— eval uate methods with regard to rapidity, sensitivity, and specificity. If technology
is not available, develop new methods that meet above requirements.

Year 3— refine evaluated methods to optimize their capabilities with regard to measuring
appropriate analytesin water environments or continue development of new
methods.

Year 4— use method to measure water quality during the conduct of an epidemiology study.
Analyze epidemiology study data to determine how well water quality datarelates
to health data.

Year 5— verify that the method works under a broad range of conditions and devel op

QA/QC protocolsfor routine use.

Resour ces

Needed expertise includes bacteriol ogists and epidemiologists, as well asin-kind support from regional
agencies for field sampling. Expected costs are in the range of $300,000 to $500,000, assuming that the
project can collaborate with at |east one epidemiology study planned in the region. Potential partners
include SCCWRP, U. S. EPA, the California State Water Resources Control Board, county health
departments, and the NPDES ocean dischargers who conduct beach monitoring.
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Project 13. Develop microbial source tracking protocol

At present, it is not possible to accurately and quickly identify the sources of microbial contaminationin
stormwater. This prevents the timely application of source controls and results in costs due to closures and
other impacts on receiving waters. This project will address this problem by devel oping standard protocols
for tracking the specific sources of contamination in local watersheds. This Project could be linked Project
12 (Rapid Measurements) for optimal source tracking potential, particulary for transient or intermittant
sources.

Problem statement

Fecal contamination in stormwater can derive from agricultural activities, livestock, wastewater, urban
runoff, leaking septic systems, and soils, among others. The ability to determine which sources are most
important in any particular situation can not only provide a basis for cost-effective source reduction efforts,
but can also help determine relative public health risk associated with poor water quality in receiving
waters. In addition, successful source tracking techniques are vital to implementing coliform TMDLS,
because partitioning of fecal contamination will permit waste load allocation of tributaries or upstream
sources in awatershed. However, current approaches to partitioning fecal sources are not successful dueto
the inability to reliably differentiate among the several possible sources of contamination. In addition,
current approaches do not provide resultsin atimely manner. Asaresult, it is nearly impossible to follow a
“hot spot” or contaminated parcel of water upstream.

Desired outcome

This project would devel op standardized protocols for microbial source tracking that will allow stormwater
managersto quickly identify the relative contribution of different sources of fecal contamination in any
particular situation. The method developed will be accurate and reliable, capable of consistently providing
correct classification of sources of fecal contamination, and should be applicable for use in different water
body types (i.e., marine, brackish, and freshwater). This project will also provide guidance on the use of

this method, including implementation, interpretation of results, its degree of geographic specificity (i.e.,
whether it is equally applicable in watersheds of different types). The research project would also identify
strengths and limitations of the method devel oped, especially in the context of other available methods, and
make suggestions for improved applicability in other systems.

Tasks

The major challengesinvolved in this project are related to the difficulty in establishing a broadly usable
database of microbial fingerprints. Currently used microbial source tracking techniques depend on the
development of awatershed-specific database of genetic fingerprints of existing sources of fecal
contamination. For example, if the watershed is dominated by residential homes and ranches, and contains
very little areawhere wildlife reside, atypical database might be created that is based upon fingerprints of
collected fecal samples from horses, cows, dogs, cats, and humans. Not only are the necessary databases for
different systemsinherently different, but microbial populations can also vary within individual populations
within a system and among systems. Given this, it is often difficult or impossible to use an available
database from one watershed for identifying sources of fecal contamination in another watershed.
Developing these libraries, or databases, can be time consuming and tedious, especially because the size of
the database required increases exponentially with the size of the watershed. Thisis because scat samples
must be collected from arepresentative portion of the animal and human populations in the watershed.
Therefore, this project will identify the technique(s) that are most appropriate for the southern California
region, test them in one or more pilot watersheds, and develop standardized protocols for their application
throughout the region.

Magjor tasksin this project include:

- identify possible methods (e.g. ribotyping, Terminal Restriction Fragment Length Polymorphism,
antibiotic resistance patterns, nutrition patterns, coliphage serotyping and genotyping, virus detection,
Pulsefield gel electrophoresis, Rep-PCR, Quantitative PCR)
evaluate alternative methodsin terms of applicability to southern Californiawatersheds and the
balance between statistical rigor, cost, and size of watershed
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develop a standardized protocol and relevant databases, with attention to the size of database necessary
for statistical rigor and accurately classifying sources

develop tracking strategy, assessing both top down (evaluate relative contribution of known sources)
and bottom up (tracking upstream from a contaminated waterbody or end of a pipe) approaches for use
in different situations, and defining the other types of datathat should be collected (e.g., flow, pH,
salinity, TSS, nutrients)

test and validate methods both in the laboratory and in thefield

develop QA/QC protocols for routine use.

Thisisamedium risk / high benefit project. Even given the limitations described above, currently available
techniques have been used successfully to identify and mitigate sources of fecal contamination. These
methods will undoubtedly improve with time and the likelihood of successis high, given time and funding
enough to devel op needed databases. Aslong as the source tracking goal is ageneral differentiation
between sources, for example, differentiating between human and animal fecal contamination, or livestock
and dog fecal contamination, available methods provide a suitably high level of correct source
classification. However, in awatershed with many confounding factors, and high variability in sources and
stormwater inputs, arelatively quick and clear differentiation between sources may not be possible with
genetic tracking alone. Despite this, the benefits heavily outweigh the risks because the method will be
useful in the large majority of situations, thus greatly improving the efficiency of source tracking and
mitigation efforts.

Schedule
This project could be accomplished in three to four years, depending upon the complexity and size of the
p|Iot watersheds. The following milestones could be used to track progress:

Milestone 1: Identify and evaluate methods. This can be accomplished in six months, given agroup
that is already familiar with microbial source tracking techniques. First, the avail able methods must be
narrowed to those that are applicabl e to the system. Second, many small projects using some of these
methods have already been undertaken in southern California, so methods that arein existing use
should be actively identified and eval uated.

Milestone 2: Once amethod or set of methodsisidentified that will work for agiven system or
watershed, it will take approximately 6 monthsto 1 year to develop a suitable database of existing
possible sources, collect scat samples with representative viral or bacterial populations, and design a
tracking strategy suitable for the particular watershed of interest. Other important components of this
will beto successfully GIS map the system, identify all tributaries and inputs, study hydrological
characteristics, and create a conceptual model of the system.

Milestone 3: Implement microbial source tracking strategy and sampling. Thiswill take approximately
1 year. Microbial source tracking sampleswill be taken given the tracking strategy outlined, in
addition characteristics of the water body of interest will be incorporated to better understand the entire
system, namely nutrients, flow, TSS, temperature, pH, etc.

Milestone 4: Statistical analysis, and data reporting, and data visualization will be followed by transfer
of knowledge to parties responsible for decision making and future legislative action. Thiswill take
approximately 6 monthsto 1 year.

Resour ces

Needed expertise includes microbiologists, molecular biologists, hydrological engineers, statisticians, and
data managers. Specialized equipment specific to microbial techniqueswill also be necessary. Some of the
techniques available (e.g., antibiotic resistance) require less large equi pment. However, any laboratory
using these approaches will need to be outfitted with alaminar flow hood, centrifuges, filter apparatus,
incubators, water baths, and other equipment. Other larger cost items that may be needed include
hybridization ovens, quantitative PCR machines, gel electrophoresisequipment, power supplies, among
others. Expected costs are in the range of $200,000 to $800,000 for pilot studiesin one or two smaller
watersheds with one or two dominant sources each. The wide range of costs reflectsin part the differences
among the methods that might be used. Similar projects have been conducted at several places throughout
the country. Potential partnersinclude SCCWRP, U. S. EPA, the California State Water Resources Control
Board, county health departments, and the NPDES ocean dischargers who conduct beach monitoring.
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Project 14. Evaluate BMP effects on receiving water impacts

Thelarge regional investment in BM Ps has been based on the assumption that BMPs, by reducing loads of
various kinds, will ultimately result in significant improvements in the condition of receiving waters. This
assumption has not been systematically and rigorously tested and the ongoing implementation of TMDLsis
raising the level of risk associated with the attendant increased investment in BMPs. This project addresses
this problem by devel oping a method, based on conceptual and numerical modeling and on field

monitoring, to evaluate the degree to which BMPs actually improve receiving water conditions.

Problem statement

As Projects 9 — 13 (which focus on developing avariety of improved indicators) make clear, our current
understanding of causal linkages between avariety of sources and impactsislimited. Such limitations
extend to our understanding of linkages between BMPs and their potential reductions of impactsin
receiving waters. It is possible to measure the immediate effect of aBMP in terms of reductionsin loading

of contaminants at a particular point in the drainage system (see Project 4, Measure BMP Effectiveness).
However, it is much more difficult to estimate the cumul ative effect of a network of both source control

and treatment BMPs on loadings in an entire watershed and even more difficult to determine if such
reductions have improved conditions in the receiving waters. Thus, stormwater programshave made
significant commitments to activities such as street sweeping and catch basin cleaning, but there have as yet
been no rigorous studies of whether these and other actions actually improve water quality.

Desired outcome

This project will produce a method for determining whether and to what extent BMPsimprove conditions
in their ultimate receiving waters. Thiswill be extremely valuable in deciding which BMPsto useto
achieve the goals of the TMDL s being implemented in the region.

Tasks

The mgjor challengesinvolved in this project are related to understanding the causal relationships among
the different components of the stormwater system. Thus, answering the question whether BMPs have
improved receiving water conditions depends on the results of several other projectsin this research
program. It will require acomprehensive framework that describes the operation of the hydrological system
and how sources create impacts (Project 5, Conceptual Model), an estimate of the relative contribution of
different kinds of sourcesto regional loadings (Project 8, Relative Contribution of Nonpoint Sources),
improved knowledge about the causes of specific impacts (Project 9, Identify Causes of Impacts), and
better indicators of ecological condition (Project 10, Devel op Bioassessment Indicators). It will also require
improved estimates about the ability of individual BMPs to reduce |oads of contaminantsin their
immediate receiving waters (Project 4, Measure BMP Effectiveness).

Because of the large variability in ambient conditions, and length of time needed to detect changesin these,
this project should consider focusing on small pilot watersheds that can be more easily manipulated and
monitored.

The major tasksinvolved in this project include:
- enhance the systemwide conceptual model to include specific BMPs and their links to potential
receiving water improvements
select and prioritize BMP/ receiving water relationshipsto examine
identify one or more pilot watersheds for study
conduct numerical modeling of the cumulative effects of BMP network(s) to guide design of thefield
study
design field study, based on BACI (before-after-control-impact) design if possible
begin monitoring
implement BMPs, if necessary
complete monitoring.
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Thisisahigh risk / high reward project. It depends on the successful completion of a number of other
research projects. In addition, such an evaluation of BMPs effects on ultimate receiving water conditions
has not previously been carried out and there is therefore no prior body of experience to draw on. However,
the potential benefits of this project are substantial. Large investments in BMPs have been made and even
larger ones are being contemplated in order to meet the requirements of TMDLSs. It istherefore crucially
important to better understand whether BMPs will produce hoped-for improvements in receiving water
conditions.

Schedule

Theinitial steps of this project through development of the field study design will take at |east one year.
Monitoring both before and after the implementation of specific BMPs could require an additional fiveto
ten years, depending on the kinds of receiving water conditions targeted. In addition, results can be
achieved more quickly for constituents with short residence times (e.g., diazinon, TSS) or that can be more
readily controlled. Monitoring would have to continue for alonger period to detect changesrelated to
constituents with reservoirsin the system (e.g., nutrients, metals, bioaccumul ative compounds).

Resour ces

Needed expertise includes in-kind support from stormwater agencies for BM P implementation and field
monitoring, aswell as engineers, statisticians, hydrologists, scientists knowledgeable in the specific
constituents and impacts of concern, data analysts, and data managers. The initial steps of this project
through development of the field study design could require up to $1 million. Expected costs for
monitoring are in the range of $250,000 - $500,000 per year for ten years. It is not possible at present to
scope the BMP implementation and it would be prudent to link monitoring to implementation that is
already planned. Potential partnersinclude Caltrans, the State Water Resources Control Board, Water
Environment Research Foundation, BM P manufacturers, and stormwater agencies throughout the region,
particularly the agency in whose jurisdiction the study will be done.
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Project 15. Develop improved indicators of peak flow impacts

Land use changes that increase impervious arealead to increased flows. While thisincreases the flood
potential during major storms, it also increases flows during periods of low to moderate rainfall. These
increased flows can cause downstream impacts on water quality and habitat through increased erosion and
sedimentation. However, there are no well-established rel ationships between various levels of increased
flow and downstream impacts. This project addresses this problem through an integrated modeling,
experimental, and monitoring program in pilot watersheds.

Problem statement

Land development and consequent increases in impervious area increase runoff volumes and peak flows
and can lead to downstream erosion and flooding. Traditionally, concerns about increased peak flows have
focused on the hydraulic capacity of 25 — 100 year storm events and the potential for destructive flooding.
A variety of methods have therefore been devel oped to shave, retard, and/or channel peak flows and reduce
flooding potential. However, development changes the hydrograph and increases runoff volume and
velocity even for much smaller flows. Concern is therefore growing that such smaller changes, when they
occur on apersistent basis, can create more subtle yet long-term and potentially important impacts on
habitat and the beneficial uses related to them. Such impacts would occur primarily through changesin
sediment movement and redeposition and streambed scouring. While regulatory criteria are beginning to be
established on increasesin peak flow, there isinsufficient knowledge about peak flow impacts on which to
base such criteria.

Desired outcome

This project would produce indicators that quantitatively link arange of downstream impacts, primarily
those related to stream bank and stream bed erosion, to increased peak flows due to land development and
increases in impervious area. These indicators could help provide the basis for eventually establishing
regulatory criteriafor peak flows from smaller and more frequent storms.

Tasks

The major challengesinvolved in this project stem from the relative lack of quantitativeinformationin the
region about the effects of sustained increasesin peak flows. Information available from other regionsis
only partly applicable because of the semi-arid nature of the southern California environment and the
highly episodic nature of flows. This project will necessarily depend on the results of several other projects
in thisresearch program. It will require a comprehensive framework that describes the operation of the
hydrological system and how increased flows might create impacts (Project 5, Conceptual Model), an
assessment of historic and current conditions (Project 1, Integrate Available Data), an estimate of the
relative contribution of different kinds of sourcesto regional loadings (Project 8, Relative Contribution of
Nonpoint Sources), improved knowledge about the causes of specific impacts (Project 9, Identify Causes of
Impacts), and better indicators of ecological condition (Project 10, Develop Bioassessment | ndicators).

The major tasksinvolved in this project include:

- refine or expand the portion of the conceptual model dealing with peak flows
analyze available data to build a picture of likely changes over time due to increased peak flows
select pilot watersheds
design field and modeling study to quantify changes in peak flowsand relate these to impacts
implement field study, including manipulative experiments involving, for example, controlled
increasesin flow
devel op recommendations for establishing management or regulatory criteriarelated to peak flows
evaluate the potential contribution to flow mitigation associated with implementation of traditional
BMPs (i.e. detention basins).

Thisisamedium to high risk / high benefit project. The highly variable nature of rainfall and flowsin
southern Californiamakes it extremely difficult, in ashort period of time, to develop reliable relationships
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between peak flows and downstream impacts. In addition, the lack of prior attention to thisissue means that
historical dataare not likely to provide a useful database for establishing such relationships.

Schedule

This project could begin in concert with development of the conceptual model in Project 5 and could
produce results within three years. Longer time periods that cover storms with lower return rates would
benefit the project.

Resour ces

Needed expertise includesin-kind support from agencies with field monitoring staff, aswell as
hydrologists, engineers, and modelers. Expected costs for gaging stations, field manipulations, and
monitoring range from $75,000 to $250,000 per year, depending on the number of sites and the complexity
of field experiments. Modeling would require an additional $200,000. Potential partnersinclude the State
Water Resources Control Board, regional stormwater agencies, SCCWRP, the U. S. Army Corps of
Engineers, and the U. S. Geological Survey.
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Research Plan Overview

The preceding sections describe 15 distinct research projects that address key gaps in the knowledge base
and the monitoring and management tools needed to adequately address stormwater impacts in southern
California. While they are presented individually, they have two important features, as a group, that are
important to emphasize. First, astheindividual descriptions make clear, many of the projects are directly
related, with some depending on the output of other projectsfor their success. The following figure
illustrates the major groupings and relationships among the 15 projects. The projects on the left with
several arrows emanating from them are projects that should be attempted first. These include integrating
available data, creating aregional datainfrastructure, developing a conceptual model, and devel oping or
improving assessment tools for identifying receiving water impacts. Similarly, there are projects on the
right with several arrows pointing towards them that should be left until the initial work is completed.
These include stratifying beneficial uses, identifying causes of impacts, and evaluating the effect of BMPs
on receiving water quality. Ultimately, the interconnectedness among projects demonstrates that the
workshop panelists have devised not just alist of individual wish-list projects, but acomprehensive
research program.

Second, they lay the necessary groundwork for a comprehensive and region-wide stormwater monitoring
program that focuses on high-priority problems and takes advantage of opportunities for regional
coordination. In this sense, the information and tools the research program produces will not only improve
individual stormwater programs, but will improve all of the stormwater programsin theregion. The
research projectswill identify where there is uneven levels of effort and help to bring parity to monitoring
programs throughout southern California. They will enhance the efficiency of individual programs and
regional programs by ensuring comparability and quality. Finally, the research projects will improve
effectiveness by identifying areas where all agencies can use commonly generated information thereby
reducing redundancies or repetitiv e effort.

Finally, the workshop experts set an expectation that the research plan will eventually lead to a model
stormwater monitoring program at the end of five years. The expectation included at |east three levels of
monitoring effort including: (1) an ongoing regiona monitoring program where agencies interact at large
spatial scales; (2) local monitoring focused on their individual discharges of concern; and (3) an ongoing
research component consisting of specific projects, not unlike those described herein, where thereisa
defined beginning, middle and end, whose results feed directly back into the monitoring and management
deciosn-making framework.
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Figure 1. Rdationship among the projects identified in the Southern Cdifornia Stormwater Monitoring Consrtioum research agenda.
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