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INTRODUCTION 
 
This document is submitted on behalf of the Nitrogen and Selenium Management Program 
(NSMP) Working Group on June 20, 2005 to the Santa Ana Regional Water Quality Control 
Board (Regional Board) in compliance with Order No. R8-2004-0021 (NPDES No. CAG998002), 
“General Waste Discharge Requirements for Short-Term Groundwater-Related Discharges and 
De Minimus Wastewater Discharges to Surface Waters Within the San Diego Creek/Newport 
Bay Watershed,” (Order) issued by the Regional Board on December 20, 2004. 
 
Provision D.15 of the Order outlines many compliance tasks for the Working Group, including 
the development of and submittal to the Executive Officer of the Regional Board a final detailed 
Work Plan that incorporates the concepts and commitments presented in the Order.  
Additionally, Provision D.15 requires many other compliance tasks of the Working Group, such 
as the development of participatory and financial obligations and the development of public 
participation procedures.  In order to ensure that all Working Group requirements are 
addressed, in addition to the development and submittal of the final detailed Work Plan, the 
Working Group has also developed a Compliance Strategy.  Both of these documents are stand-
alone documents but are being submitted together to provide the Regional Board and the public 
with a more cohesive illustration of the efforts to be undertaken by the Working Group.  The 
final detailed Work Plan is presented in Section A and the Compliance Strategy is presented in 
Section B. 
 
Table 1 below provides a key to where each of the requirements in Provision D.15 of the Order 
are addressed within Section A and/or Section B of this submittal.  To incorporate each of the 
Order requirements into the table, some of the Provisions have been paraphrased.  The full text 
of each Provision can be found in the Order. 
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Table 1.  Order requirements and corresponding tasks in the Work Plan (Section A) and/or Compliance Strategy (Section B) 

PROVISION ORDER REQUIREMENT ORDER 
DEADLINE 

WORK PLAN TASK (SECTION A) OR 
COMPLIANCE STRATEGY TASK (SECTION B) 

SUBMITTAL 
DATE 

D.15.a Submit with the Notice of Intent a 
demonstration that the discharge to surface 
waters cannot be reasonably avoided, 
reduced or eliminated 

Permit 
Term 

Section B, Task 1 Permit Term 

D.15.b List of current Working Group members  Permit 
Term 

Section B, Task 2 06/20/2005 

D.15.c Working Group members must participate 
in the approved Work Plan and must 
financially contribute toward the 
completion of the Work Plan  

Permit 
Term 

Section B, Task 3 Permit Term 

D.15.d Regional Board Executive Officer or 
designee shall be considered a 
“participating member” of the Working 
Group  

Permit 
Term 

Section B, Task 4 Permit Term 

D.15.e Develop public participation procedures 
and include participation from resource 
agencies as well as representatives from the 
environmental and scientific communities 

None stated Section B, Task 5 
 

06/20/2005 

D.15.f Notice to Regional Board if a Working 
Group member does not uphold financial or 
participatory obligations  

Permit 
Term 

Section B, Task 6 Permit Term 

D.15.g Develop participatory and financial 
obligations for Working Group members 

Submit with 
Work Plan 

(6/30/2005) 

Section B, Task 7 06/20/2005 

D.15.h Reports to the Executive Officer upon the 
completion of Work Plan elements 

Permit 
Term 

Section B, Task 8 Permit Term 

D.15.i.1 Prepare a draft Work Plan based upon the 
commitments and concepts presented in 
this Order and submit to Executive Officer 

05/16/05 Section B, Task 9 05/09/2005 
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PROVISION ORDER REQUIREMENT ORDER 
DEADLINE 

WORK PLAN TASK (SECTION A) OR 
COMPLIANCE STRATEGY TASK (SECTION B) 

SUBMITTAL 
DATE 

D.15.i.2 Prepare a detailed final Work Plan based 
upon the commitments and concepts 
presented in this Order and submit to 
Executive Officer 

06/30/05 Section A (in its entirety) 06/20/2005 

D.15.i.3 Manage the Work Plan with input from 
identified technical experts, relevant 
regulatory agencies and the public 

Permit 
Term 

Section A, Task 6:  Management and 
Communication 
Section B, Task 10 

Permit Term 

D.15.i.4 Perform complimentary monitoring and 
assessment of selenium and nutrient sources 
in the watershed, utilizing, in part, ongoing 
selenium and nutrient studies performed by 
others 

12/20/2008 Section A, Task 1:  Design and Implement 
Complementary Monitoring Plan 
Including Sub-Tasks 1.1 – 1.7 

12/20/2008 

D.15.i.5 Identify and assess selenium treatment 
technologies, including potential future 
technologies 

03/31/2006 Section A, Task 2:  Develop and Evaluate 
BMPs and Treatment Technologies 
Specifically Sub-Task 2.2 and Sub-Task 2.4 

03/31/2006 

D.15.i.6 Identify and assess selenium BMPs 
(including volume-reduction techniques) 
(task includes a “Quick Start” program for 
certain BMP assessment 

02/28/2006 Section A, Task 2:  Develop and Evaluate 
BMPs and Treatment Technologies 
Specifically, Sub-Task 2.2 and Sub-Task 2.4 

02/28/2006 

D.15.i.7 Facilitate demonstration testing of identified 
selenium treatment technologies and BMPs 

03/31/2007 Section A, Task 2.: Develop and Evaluate 
BMPs and Treatment Technologies 
Specifically Sub-Task 2.4 

03/31/2007 

D.15.i.8 Develop a draft selenium offset, trading or 
mitigation program based upon the 
outcome of complimentary monitoring, 
treatment technology and BMP-related 
Work Plan elements and submit to 
Executive Officer for review 

06/20/2009 Section A, Task 3:  Develop Offset, Trading, 
or Mitigation Program 
Including Sub-Tasks 3.1 – 3.7 

06/20/2009 

D.15.i.9 Implement the final selenium offset, 
trading, or mitigation program upon 
approval 

No later 
than 

12/20/2009 

Section B, Task 11 12/20/2009 
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PROVISION ORDER REQUIREMENT ORDER 
DEADLINE 

WORK PLAN TASK (SECTION A) OR 
COMPLIANCE STRATEGY TASK (SECTION B) 

SUBMITTAL 
DATE 

D.15.i.10 Evaluate Nutrient TMDL, including 
load/waste load allocations and reduction 
targets (focusing primarily on groundwater-
related sources, loadings and reductions 

11/07/2006 Section A, Task 4: Evaluate Nutrient TMDL 
Including Sub-Tasks 4.1 and 4.2 

 

D.15.i.11 Develop a draft nutrient offset, trading or 
mitigation program based upon the 
outcome of complimentary monitoring, and 
TMDL assessment Work Plan elements 

06/20/2009 Section A, Task 3: Develop Offset, Trading, 
or Mitigation Program 
Including Sub-Tasks 3.1 – 3.7 

06/20/2009 

D.15.i.12 Implement the final nutrient offset, trading 
or mitigation program upon approval 

No later 
than 

12/20/2009 

Section B, Task 11  

D.15.i.13 Develop a recommended selenium site-
specific objective for the Newport Bay/San 
Diego Creek watershed if appropriate based 
upon the outcome of other Work Plan 
elements 

Start Date – 
12/20/2006 

 
End Date – 
06/17/2009 

Section A, Task 5: Develop Site Specific 
Objective (SSO) for Se 
Including Sub-Tasks 5.1 and 5.2 

Decision – 
12/20/2006 
 
End Date – 
06/17/2009 

D.15.j Acknowledgement as part of NOI that no 
Notice of Termination will be issued and 
compliance with the terms and conditions of 
the permit will continue to be enforced until 
the approved Work Plan is satisfactorily 
completed or an appropriate selenium 
technology has been implemented 

Permit 
Term 

Section B, Task 12 Permit Term 
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INTRODUCTION 
 
This document constitutes the Work Plan required by Regional Board Order No. R8-2004-0021 
to detail work needed to address issues related to groundwater-related discharges of nitrates 
and selenium in the Newport Bay watershed. The Work Plan was developed by a small team of 
independent scientists working under the direction of the Nitrogen and Selenium Management 
Program Working Group. 
 
Permit Background 
Order No. 98-67 (NPDES No. CAG998001) was adopted on July 10, 1998 by the Santa Ana 
Regional Water Quality Control Board (Regional Board) as a general NPDES permit prescribing 
general waste discharge requirements for discharges to surface waters that pose an insignificant 
(de minimus) threat to water quality within the Santa Ana Region, including the Newport Bay 
watershed. The discharges regulated under this Order included those resulting from 
hydrostatic testing of vessels, pipelines and tanks, from the maintenance of potable water 
supply pipelines, tanks and reservoirs, from fire hydrant testing or flushing, non-contact 
cooling water, air conditioning condensate, and other similar discharges that are considered an 
insignificant threat to surface water quality. Order No. 98-67 also regulated groundwater-
related discharges resulting from construction dewatering, well installation, development, test 
pumping and purging, aquifer testing wastes, and dewatering wastes from subterranean 
seepage (collectively referred to as groundwater-related discharges).  
 
Order No. 98-67 expired on July 1, 2003 and was renewed by Order No. R8-2003-0061, which 
specifically excluded from coverage under its terms and conditions the groundwater-related 
discharges noted above that occur in the Newport Bay watershed. Instead, the Order found that 
these groundwater-related discharges within the Newport Bay watershed would continue to be 
covered under Order No. 98-67 until such time as appropriate, separate waste discharge 
requirements were approved. This revised regulatory approach was taken in light of the 
concern that the groundwater-related discharges in the Newport Bay watershed have the 
potential to adversely affect surface waters and would likely not comply with established Total 
Maximum Daily Loads (TMDLs) for the watershed. Due principally to the presence of nitrates 
and selenium, and potentially other pollutants of TMDL concern, the Regional Board found that 
it would be inappropriate to regulate these groundwater-related discharges within the Newport 
Bay watershed (i.e., those associated with well installation, development, test pumping and 
purging, aquifer testing wastes, construction dewatering and wastes from subterranean 
seepage) as de minimus discharges.  
 
Order No. R8-2004-0021 
As a result, the Regional Board issued Order No. R8-2004-0021 (NPDES No. CAG998002) 
(Order) on December 20, 2004 which specifies waste discharge requirements for short-term (i.e., 
one year or less) groundwater-related discharges and for de minimus discharges within the 
Newport Bay watershed. This Order was originally proposed in early 2004 and was 
subsequently postponed due to issues raised by the watershed stakeholders. The draft permit 
proposed a concentration limit of 4 µg/L selenium, which due to existing levels in the 
groundwater and the lack of a treatment technology to decrease concentrations to the proposed 
effluent limit, would have resulted in a de facto ban on these types of discharges in the 
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watershed. The implications of such a ban would have had a profound impact on the operation 
of water utilities, the redevelopment and clean-up of MCAS Tustin and the construction and 
maintenance of private and public works projects in the watershed. 
 
In consideration of these issues, the final issued Order incorporated an alternative compliance 
approach to allow the County, watershed cities, The Irvine Company, Irvine Ranch Water 
District, Cal Trans and other private and public stakeholders to form a Working Group to 
develop and implement a comprehensive Work Plan to address selenium and nitrate discharges 
in the watershed over the five year permit term.  Stakeholders participating in the Working 
Group are allowed to continue groundwater-related discharges for the duration of the permit 
term. The Order establishes certain tasks that must be completed by the Working Group 
through the implementation of the Work Plan, including filling the data gaps regarding 
selenium and nutrients to understand the extent of the ecosystem impacts, examining Best 
Management Practices (BMPs) and treatment technologies that can reasonably be applied 
throughout the watershed to reduce the inputs of selenium and nitrates, building upon this 
knowledge to develop a management program (i.e. a trading, offset, or mitigation program) for 
selenium and nutrients in the watershed, and, if necessary, developing a site specific objective 
for selenium for the Newport Bay watershed. The Order establishes specific and aggressive 
deadlines for many of these tasks, with a final compliance deadline of December 20, 2009 (the 
term of the Order). Meeting these deadlines is critical for compliance with the requirements of 
the Order. If these deadlines are missed, the Working Group will be considered out of 
compliance with the permit and the numeric effluent limits will apply. 
 
Nitrogen and Selenium Management Program 
The Working Group currently consists of sixteen members: 
 
1. California Department of Transportation 9. City of Newport Beach 
2. County of Orange 10. City of Orange 
3. Orange County Flood Control District 11. City of Santa Ana 
4. City of Costa Mesa 12. City of Tustin 
5. City of Irvine 13. Irvine Ranch Water District 
6. City of Laguna Hills 14. The Irvine Company 
7. City of Laguna Woods 15. Southern California Water Company 
8. City of Lake Forest 16. Tustin Legacy Community Partners 
 
Since the adoption of the Order in December 2004, the Working Group has met frequently to 
launch the compliance effort, which is known as the Nitrogen and Selenium Management 
Program (NSMP).  
 
Technical Background 
Groundwater discharges are major sources for both nitrogen and selenium in the Newport Bay 
watershed, although selenium stems almost entirely from groundwater while there are other 
sources (e.g., commercial nurseries, urban runoff) of nitrogen.  
 
Nitrogen, an essential nutrient for macroalgae, can cause excessive algal growth. During the 
1980’s and 1990’s, large mats of macroalgae were common in Lower and Upper Newport Bay. 
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These extensive mats threatened beneficial uses by lowering dissolved oxygen levels and 
impeding recreational boating. During the peak bloom of 1985-1986, dissolved oxygen levels in 
the Newport Island area dropped to 0 mg/L, resulting in a fish kill. As a result of these impacts, 
the Nutrient TMDL was established in 1998 that established nutrient load allocations for 
various sources, including groundwater. The extent of algal growth has declined in the past 
several years, but summer blooms continue to occur both in San Diego Creek and portions of 
Upper Newport Bay. 
 
Selenium is a trace element which cannot be created or destroyed, but that can be transformed 
in a number of different chemical species. It is essential for life but toxic at high levels and is 
unusual in that the difference between essential and toxic levels is relatively small compared to 
other toxic constituents. Selenium, though a natural element, has been mobilized and/or 
concentrated in some cases by human activities such as mining. Selenium has the potential to 
bioaccumulate in the food web and is most toxic at the highest trophic levels. Impacts such as 
birth defects, limited hatching success in birds, and missing species at upper trophic levels are 
well documented from a number of case studies.  
 
In the Newport Bay watershed, selenium derived from ancient marine sediments in local 
foothills accumulated over the last several thousand years in the Swamp of the Frogs. This 
ancient swamp, though now drained and filled, has become an active source of selenium 
because of the high water table in the area. Thus, virtually any activity that mobilizes 
groundwater to the surface has the potential to increase selenium contamination of surface 
waters in the Newport Bay watershed. Because selenium levels in the watershed widely exceed 
the California Toxics Rule (CTR) criterion, and because of concern about potential impacts on 
wildlife, selenium was included in the 2002 Toxics TMDL. 
 
WORK PLAN OVERVIEW 
 
Work Plan Structure 
The Work Plan tasks address each of the requirements specified in Provision D.15.i of Order No. 
R8-2004-0021. Table 2, in the last section of the Work Plan, shows which tasks fulfill each 
requirement of the Order. 
 
Because groundwater is an important source for both nitrogen and selenium, there are 
efficiencies to be gained from monitoring both constituents simultaneously. However, because 
their transport, fate, and mode of impact differ, key aspects of the data analysis and impact 
assessment for each constituent are dealt with separately. Thus, the Work Plan detailed below 
treats nitrogen and selenium together where possible and describes separate and/or parallel 
tasks where needed. 
 
The Work Plan fully addresses the requirements specified in Order No. R8-2004-0021. Each 
major task includes a description of the key issues involved and each subtask includes a brief 
statement of objective and a list of subtask deliverables. The schedule reflects the milestones 
and deadlines specified in Order No. R8-2004-0021, and the budget is intended as a framework 
for detailed contract negotiations with the program consultant. 
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The Working Group clearly recognizes that a project of this scope and complexity, extending 
over a five-year timeframe, will face many key decision points that cannot be completely 
specified in the Work Plan. Thus, the technical approach for a particular task may require 
modification, some subtasks may not need to be performed as earlier subtasks resolve key 
uncertainties, and new subtasks may have to be added. The Work Plan tasks presented below 
are thus intended as a starting point and an overall framework within which adaptive 
adjustments can be made as needed. 
 
Related Efforts 
There are related efforts underway, locally and regionally, focusing on both selenium and 
nutrients that the Work Plan should coordinate with on a regular basis. These other efforts 
provide important opportunities for collaboration on identifying key questions and developing 
technical approaches, in addition to improving cost effectiveness through sharing relevant data 
and assessment tools. For selenium, these include: 

 The interagency (USEPA, US Fish and Wildlife Service, US Geological Survey, NOAA 
Fisheries) effort underway to develop selenium guidelines specific to California. The 
interagency effort is focusing initially on San Francisco Bay and the monitoring and impact 
assessment approach in Task 1 of the Work Plan follows the approach being used by the 
interagency effort 

 The Santa Ana Regional Water Quality Control Board’s study of patterns of selenium 
contamination in surface water and groundwater throughout the Newport Bay watershed. 

 
For nutrients, these studies include: 

 Monitoring and research conducted as part of the Nutrient TMDL 
 The Santa Ana Regional Water Quality Control Board’s Triennial Review of the Nutrient 

TMDL 
 The joint USEPA / State Water Resources Control Board Regional Technical Advisory 

Group, which is developing guidelines for assessing the likelihood of nutrient impacts on 
freshwater systems 

 The joint (Santa Ana Regional Water Quality Control Board, County of Orange, SCCWRP) 
Upper Newport Bay Macroalgal Remote Sensing and Dissolved Oxygen Study, which has 
the twin goals of improving methods of quantifying the extent of algal growth and of 
linking algal growth to a measure (i.e., dissolved oxygen) of beneficial use impairment 

 The Santa Ana Regional Water Quality Control Board Newport Bay Sediment Nutrient Flux 
Study, which is examining the extent to which benthic sediments act as an active reservoir 
in the nutrient cycling dynamics of Newport Bay 

 The County of Orange Source Characterization study, which focuses on improving 
estimates of the urban runoff and groundwater infiltration contributions to stormdrain 
flows. 

 
This list of related studies is not exhaustive, and it is likely that additional studies will be 
initiated during the five-year course of the Work Plan. However, the list serves to emphasize 
the importance of ensuring that the Work Plan takes advantage of opportunities for 
coordination and collaboration and makes the greatest use possible of other relevant data 
sources. NOTE: Throughout the Work Plan tasks detailed below, it is assumed that data from 
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other sources, such as those listed above, will be evaluated for their utility prior to beginning 
any new data gathering efforts. 
 
Note on Terminology 
Throughout the Work Plan, the term “sensitive habitat” is used, especially with reference to the 
selenium-related tasks, to refer to specific hydrologic subareas in the watershed where selenium 
reduction and/or sensitive species or foodwebs are present or suspected. While recognizing 
that the CTR water quality objectives are applicable to receiving waters throughout the 
watershed, these particular locations are useful targets for monitoring and assessment. They are 
areas where impacts are most likely to be observed, represent the best opportunities for 
validating underlying assumptions, and will provide useful information for prioritizing BMP 
implementation. 
 
Blue Ribbon Panel 
The Working Group has determined that an independent panel of scientific experts, the Blue 
Ribbon Panel, could provide important review and input as the Work Plan progresses. This 
Panel, whose membership and specific role have not yet been finalized, is envisioned to review 
and/or validate some or all of the following: 

 Detailed data gathering and analysis approaches 
 Findings and conclusions drawn from monitoring and other data 
 Decisions about which subtasks to implement and/or bypass and how to adapt the program 

as needed. 
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TASK 1: DESIGN AND IMPLEMENT COMPLEMENTARY MONITORING PLAN 
Selenium effluent limitations have been established in Order No. R8-2004-0021 and must be met 
as soon as possible but no later than five years from the adoption of this permit. These 
limitations will be adjusted when and if revised selenium objectives are adopted by USEPA or 
through an SSO process. In addition, it has been suggested in the Nutrient TMDL Triennial 
Review that the nitrogen water quality objectives for San Diego Creek may be reduced. 
 
Selenium exceeds the California Toxics Rule (CTR) chronic criterion for selenium in freshwater 
in much of the San Diego Creek watershed. Additionally, aquatic macroinvertebrate, clam, fish, 
and bird egg tissues have been found to exceed guidelines for selenium concentrations that may 
pose marginal or substantial ecological risk to birds and wildlife in the watershed.  Nitrogen 
exceeds Basin Plan numeric objectives in the upper portion (Reach 2) of San Diego Creek, and 
has been shown to promote excessive growth of algae in Newport Bay, although impacts on 
beneficial uses related to freshwater and estuarine habitats, recreation, and navigation have 
declined in recent years due to reductions in nitrogen loads. Because both selenium and 
nitrogen stem largely from groundwater in the watershed, much of the following monitoring of 
sources and loads can be conducted in parallel. However, the different mechanisms of impact 
require separate monitoring and analyses for some aspects of Task 1. The following subtasks 
clearly identify whether they relate to both constituents or just one. 
 
For selenium, existing data must be assembled and new data gathered to: 

 Determine the spatial and temporal extent to which these criteria, and other relevant 
guidelines, are being exceeded 

 Assess whether selenium levels are causing foodweb and wildlife impacts 
 Assess whether development of a site-specific objective (SSO) is necessary 
 Support the development, implementation, and evaluation of best management practices 

(BMPs) to reduce selenium concentrations and loads. 
 
For selenium, monitoring and data analysis in the following subtasks is structured according to 
the underlying assumptions and approaches outlined in Luoma and Presser (2000), and is 
intended to expand current knowledge about both the extent of selenium bioavailability in the 
area’s ecosystems and the potential for adverse effects from existing selenium inputs. These 
evaluations are directly relevant to determining the need for an SSO, as well as the content of 
the SSO itself. In addition, the overall approach described here in Task 1 parallels and will be 
coordinated with that being used in the interagency effort to define appropriate selenium 
criteria for California. 
 
The following assessments and analyses for selenium are required to meet the above goals and 
help assess the relative effectiveness of alternative BMPs and treatment technologies. While 
some of these steps have been completed to varying degrees in previous studies, taken together 
they represent the comprehensive assessment approach that should be followed, filling in data 
gaps as necessary: 
1. Develop a conceptual model to describe important processes that determine effects of 

selenium in the watershed and to guide data collection and analysis 
2. Review available data to assess if wildlife impacts exist and to guide subsequent data 

collection steps 



 

 7 

3. Identify the areas with the highest concentrations of selenium in groundwater and estimate 
selenium loadings 

4. Identify sensitive habitats in the watershed, selenium concentrations in the waters of those 
habitats, and frequency of exceedances of relevant objectives and/or guidelines in each 
habitat 

5. Identify seasons or conditions when selenium concentrations are highest to better 
understand the frequency of exceedances and guide BMP development  

6. Describe selenium speciation in sensitive habitats, to help determine if adverse effects are 
occurring.  

7. Describe key foodwebs in sensitive habitats 
8. Estimate selenium concentrations in critical types of particulate material at the base of 

foodwebs and compare these values to protective guidelines for selenium in sediment, to 
help guide the evaluation of adverse effects 

9. Determine selenium bioaccumulation in invertebrates and forage fish and compare these to 
protective guidelines for prey organisms to help guide the evaluation of adverse effects on 
predators consuming those prey 

10. Determine selenium bioaccumulation in recreational fish tissues and bird eggs. Compare 
these values to relevant protective guidelines for fish tissue and bird eggs, to evaluate if 
adverse effects are occurring 

11. If two or more factors indicate potential for adverse selenium effects (among water 
concentrations, speciation, particulate concentrations, bioaccumulation in prey and 
bioaccumulation in predators) then: 

a. assess fish populations for teratogenesis or indications of poor reproduction 
b. assess bird eggs for indications of teratogenesis or poor hatching success 

12. If uncertainty exists about potential for adverse effects, because data on factors are 
contradictory and evaluations of fish tissue or bird eggs are inconclusive, then conduct 
studies to determine if high trophic level organisms, that would normally occur, are missing 
from sensitive habitats and to examine alternative explanations for their absence.  

 
For nitrogen, a similar effort must: 

 Improve knowledge of specific nitrogen sources and pathways 
 Identify the areas with the highest concentrations of nitrogen in groundwater 
 Describe seasonal changes in nitrogen concentrations and loads 
 Develop a more quantitative relationship between algal growth and beneficial use 

impairment 
 Assess the extent and magnitude of algal growth in San Diego Creek and Newport Bay 
 Develop a more quantitative relationship between nitrogen loads and algal growth 
 Support the development, implementation, and evaluation of best management practices 

(BMPs) to reduce nitrogen concentrations and loads. 
 
For nitrogen, the following assessments and analyses are needed to meet these goals and help 
assess the relative effectiveness of alternative BMPs and treatment technologies: 
1. Develop a conceptual model to describe important processes that determine effects of 

nitrogen in the watershed and to guide data collection and analysis 
2. Review available data to more quantitatively define and assess the degree of beneficial use 

impairment and to guide subsequent data collection steps 
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3. Identify the areas with the highest concentrations of nitrogen in groundwater and urban 
runoff and estimate nitrogen loadings 

4. Identify sites of excessive algal growth in the watershed, nitrogen concentrations in the 
waters of those habitats, and frequency of exceedances in each habitat 

5. Identify critical seasons when nitrogen concentrations are highest to better understand the 
pattern and frequency of exceedances and guide BMP development  

6. Describe key linkages between nitrogen, environmental conditions, algal growth, dissolved 
oxygen, and beneficial uses 

7. Determine thresholds related to increased potential for adverse effects. 
 
All monitoring design and data analysis subtasks for both selenium and nitrogen should be 
directly tied to the conceptual models developed in subtask 1.1, and based on explicit 
definitions of needed levels of precision and accuracy, spatial and temporal resolution, and 
sampling intensity. 
 
Task 1.1: Develop Explicit Conceptual Models for Selenium and Nitrogen 
The objective of this subtask is to specify conceptual models for both selenium and nitrogen to 
structure hypothesis development, monitoring design, and data interpretation. For selenium, 
the framework in Luoma and Presser (2000) should be used as a starting point; however, there 
is not an equivalent framework available for nitrogen.  
 
Data interpretation and monitoring must be organized around a systematic conceptual view of 
the sources of selenium and nitrogen, and their distribution and behavior in the watershed. 
Ground water / surface water interactions must be considered, as well as the transport of these 
constituents and, particularly, the behavior of selenium in different ecosystems and/or habitats 
in the watershed and the potential adverse effects on wildlife foraging in those habitats. While 
similar processes will affect selenium and nitrogen concentrations and bioavailability (for 
selenium), differences in local conditions may lead to different outcomes across the watershed. 
The processes and relationships in the conceptual models should therefore be developed in 
enough detail to guide the site-specific development of assessment and monitoring efforts, and 
the BMP development and evaluation efforts in Task 2. Development of the conceptual models 
should be based on a review of available data and information about selenium and nitrogen in 
the watershed, and the model should be updated as new information accumulates. 
 
Task 1.1.1 Review and summarize existing data 
Identify pertinent sources of data, including from other locations if relevant, with regards to the 
sources, transport pathways, transformation process, water levels, tissue concentrations (for 
selenium), and mechanisms of impact for selenium and nitrogen in the watershed. In particular, 
highlight available information on foodweb and wildlife impacts in the watershed. Evaluate the 
robustness of any no-impact findings with statistical power analysis. Include peer-reviewed 
research publications, reports submitted under contracts or grants to regulatory and 
management agencies, monitoring data gathered by permittees in the watershed, and any other 
pertinent data identified under Task 1. Develop an annotated bibliography that specifies 
purpose of study, study design, types of data collected, the location of data, and the 
applicability to the Work Plan tasks of each data set. Build on existing data compilations to the 
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greatest extent possible. This data review should also include a summary of the existing 
standards, objectives, and guidelines used to manage selenium and assess its impacts. 
 
Task 1.1.2 Review and adjust draft conceptual models 
Based on the information gathered in Task 1.1.1, review the explicit conceptual model for 
selenium in Luoma and Presser (2000) and develop a conceptual model for nitrogen impacts. 
Add or modify features of the models to better reflect characteristics of the Newport Bay 
watershed and other relevant areas in the region, particularly in terms of selenium and nitrogen 
distribution, cycling, processing, and ecological impacts. Ensure the conceptual models contain 
elements related to inorganic (e.g., hydrology, geochemistry) and organic (e.g., uptake, 
bioaccumulation) as appropriate. Make a preliminary determination of the relative level of 
certainty and/or precision associated with each feature of the models. 
 
Task 1.1.3 Identify data gaps 
Using the conceptual models for overall guidance, identify features of the models that are 
essential for the other Work Plan tasks and are not well characterized. For each data gap, 
specify the relative priority, the level of resolution required, and the timing or sequence in 
which it should be filled. This subtask will be iterative, as progress on the other Work Plan tasks 
clarifies uncertainties. The list of data gaps should be reevaluated as part of each subsequent 
task in the Work Plan. 
 
Task 1.1 products: 

 Written summary of data resources for the watershed, related to selenium and nitrogen 
 Conceptual model, with accompanying documentation, identifying sources and loadings, 

processes of transport and transformation, mechanisms of impact, and spatial and temporal 
detail related to these processes and mechanisms 

 Ongoing updates to the conceptual model as new information warrants 
 List of data gaps relevant to each study goal. 
 Ongoing updates to the list of data gaps as new information warrants. 

 
Task 1.2. Identify Sources and Loads of Selenium and Nitrogen 
The objective of this subtask is to define the spatial and temporal distributions of selenium and 
nitrogen concentrations in the watershed, particularly in relation to sensitive habitats. 
 
Elevated concentrations of both selenium and nitrogen are thought to stem primarily from 
shallow groundwater in the historic Swamp of the Frogs area. However, new information 
suggests that elevated selenium may be present in other locations in the watershed and some 
portion of nitrogen loads stems from urban runoff. In addition, recent studies indicate that 
seasonal precipitation and different flow regimes can strongly influence the concentration and 
distribution of both selenium and nitrogen. These patterns directly influence the relative risk of 
impact associated with beneficial uses throughout the watershed. A measure of relative risk will 
be needed to help evaluate BMPs and prioritize implementation in Task 2. Characterization of 
sources and of habitats at risk should be based on a review of available data, framed in terms of 
the conceptual models developed in Task 1.1, and supported with the collection of new data as 
needed. In addition to selenium and nitrogen data, other geochemical parameters may also be 
useful in assessing sources and cycling of selenium and nutrients in the watershed and these 
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should be added to the monitoring program where appropriate or as indicated by ongoing 
investigations. 
 
Task 1.2.1 Define distribution of selenium and nitrogen concentrations and loads 
Organize existing information on the distribution of selenium and nitrogen concentrations and 
loads, using map-based and other graphical tools as appropriate, and identify where 
exceedances of relevant standards and/or guidelines occur. Collect new data as needed. 
Identify spatial patterns in groundwater at varying depths, surface water, and soils, and their 
functional relationships, especially in terms of high and low flow regimes.  
 
Describe the influence of geomorphology and surface water hydrology, including precipitation 
and residence times, as well as other seasonal factors. Link this information back into the 
conceptual models developed in Task 1.1 and use the interactive groundwater – surface water 
modeling approaches being developed by Dr. Barry Hibbs as appropriate for describing 
selenium transport. Describe selenium speciation patterns and their relationship to 
groundwater / surfacewater linkages and other processes. Represent all data on distributions 
and loads of selenium in terms of selenium species, to the greatest extent possible. Identify 
locations and times where exceedances of current water quality objectives occur, for both 
selenium and nitrogen. 
 
Task 1.2.2 Identify sensitive habitats at risk from selenium and nitrogen 
For selenium, identify freshwater and estuarine habitats where risk to wildlife could be 
substantially increased because of elevated levels of bioavailable selenium and/or wildlife use. 
Include circumstances where residence time of bioavailable selenium is increased due to 
pooling of water (either naturally or due to water management strategies), especially 
susceptible life stages of wildlife species are present, and/or key elements of foodwebs are 
exposed. Identify wildlife species adversely affected by selenium effects. Identify species most 
sensitive to selenium for potential use as indicator species for assessing adverse wildlife 
impacts. 
 
For nitrogen, identify locations where algal growth is increased and relate these patterns to 
nitrogen source, loading, and in-Bay sediment sequestration and cycling estimates 
 
For both selenium and nitrogen, use existing monitoring data where available and modeled or 
estimated data where data gaps exist and cannot reasonably be filled. Prioritize sensitive 
habitats in terms of relative risk and impact, paying particular attention to seasonality. 
 
Task 1.2.3 Estimate selenium and nitrogen loads to and retention in sensitive habitats 
Compare estimates of loads from specific anthropogenic activities to total loads to determine 
their relative significance. Develop mass balance models to help understand the processes 
controlling selenium and nitrogen concentrations and inputs to sensitive habitats, as well as to 
identify where selenium and nitrogen enter, reside or are sequestered, or leave the system. Use 
the conceptual models and data from previous tasks to identify key sampling points and times, 
and ensure that all chemical species of selenium are measured. 
 
Task 1.2 products: 
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 Map-based contouring and other descriptions of selenium and nitrogen distributions in the 
watershed 

 Location and extent of specific habitats, and wildlife species categories, where wildlife is at 
potentially higher risk from selenium, and the time of year when such risk is highest 

 Quantitative estimates of selenium and nitrogen loads and retention times, and spatial and 
temporal patterns in these, for San Diego Creek and Newport Bay watersheds. 

 
Task 1.3 Assess Bioavailability and Impacts of Selenium 
The objective of this subtask is to identify the key foodwebs in the watershed, quantify the 
bioavailability and bioaccumulation of selenium in each, prioritize them in terms of relative risk 
of selenium-related impacts, and assess the presence and magnitude of impacts in the most 
sensitive foodwebs. 
 
Identifying bioaccumulation processes and the way they operate in different foodwebs in the 
watershed will be critical to determining whether impacts exist, quantifying them if they do, 
planning and evaluating BMPs, and determining whether a SSO is necessary. This will depend 
on the availability of water column, particulate, soils, and biotic data collected as closely in 
space and time as possible. In addition, assessing the relationship between selenium levels in 
the environment and bioaccumulation in different foodwebs will depend on an understanding 
of selenium speciation processes in aquatic and particulate media. 
 
Because adequate data on selenium concentrations in predators can be difficult to obtain, the 
most sensitive species may be missing from the locations of greatest interest, feeding 
relationships may not be easily discernable, and higher trophic level organisms may be missing 
from sensitive habitats for a number of reasons, the impact assessment approach in the 
following subtasks incorporates a weight of evidence approach that may be based, in part, on 
modeled estimates of certain factors. 
 
Task 1.3.1 Assess speciation and transformation issues 
Determine selenium speciation in each sensitive habitat in both groundwater and surface water, 
as needed. Where the conceptual model and the results of Task 1.2 indicate, assess speciation in 
the range of conditions (e.g., different hydrologic regimes) that may affect speciation processes, 
as well as in enough locations to estimate the magnitude of spatial variability. These locations 
should include inputs (e.g., groundwater, anthropogenic activities), pathways (e.g., San Diego 
Creek), and sinks (e.g., San Joaquin Marsh, catch basins). 
 
In addition, assess the relative magnitude of selenium transformation from the dissolved to the 
particulate phase and back. Assess data from water, sediment, and suspended particulates 
samples, and identify those areas where the more bioaccumulative species of selenium are 
highest, accounting for the effects of inorganic and organic material in the sediments. Measure 
selenium concentrations in benthic algae in San Diego Creek, San Joaquin Marsh, and other 
sensitive habitats.  
 
Task 1.3.2 Assess bioaccumulation, trophic transfer, and foodweb issues 
Using the conceptual model and information from preceding tasks as guidance, gather 
information on the bioaccumulation (preferably based on dry weights) of selenium in a range of 
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species from sensitive habitats. Ensure that species include a representative cross section of the 
foodweb in each habitat, target species other than fish, and include sample sizes adequate for 
the data analysis requirements. Also, ensure that the size and weight of each individual 
organism in any composite is within 75% of the largest organism in the composite, and assess, if 
possible, the life stage of the organism (i.e., juvenile verses adult, especially for fish) and gender. 
Account for seasonality, changes in hydrological regime, and other temporal variability by 
gathering data from periods that reflect the range of environmental selenium concentrations. 
Ensure that data from water column, particulate, and biotic media are collected as closely in 
space and time as possible. Identify important data gaps, for example, where species in upper 
trophic levels are not available, and where targeted modeling and/or modeling will be needed. 
 
Evaluate potential for bioaccumulation in sensitive habitats and in each major foodweb using 
the range of assimilation efficiencies of different particulate materials recommended by Luoma 
and Presser (2000), foodweb structure, and species abundances. The risk of concentrations in 
particulate materials in each sensitive habitat can be evaluated by comparison to relevant 
guidelines. In addition, if monitoring data on tissue levels of prey organisms is insufficient (e.g., 
if adequate number of prey organisms cannot be found in all habitats), model the potential 
bioaccumulation into prey organisms,  using relatively high assimilation efficiencies for key 
foodweb linkages to highlight locations and/or times when selenium concentrations could be 
problematic. Evaluate the applicability to the Newport Bay watershed of guidelines, 
assimilation efficiencies, and other parameters based on data from other locations. 
 
The Work Plan should supplement the current study that is being jointly conducted by the 
Southern California Coastal Water Research Project (SCCWRP) and University of California 
Riverside (UCR) in Upper Newport Bay with stable isotope analyses (ð13C and 15N), with careful 
attention to linking selenium, stable isotope, and gut content sampling as closely as possible in 
space and time. Similarly, stable isotope analysis of freshwater food web items should also be 
investigated in order to establish trophic linkages within each food web. 
 
Task 1.3.3 Assess presence of selenium-related impacts 
Using the conceptual model developed in Task 1, and measures (or model estimates) of 
selenium in key foodwebs, assess the presence of and/or the potential for selenium-related 
impacts. Identify specific categories of potential impact, including on wildlife endpoints, and 
where and when they are most likely to occur. Design and implement monitoring efforts 
targeted at documenting specific impacts. Use statistical power analysis and risk analysis tools 
to characterize the magnitude and variability of impacts and the degree of reliability associated 
with these.  
 
The following paragraphs provide additional detail on a suggested approach for determining 
the presence and magnitude of any selenium-related impacts. 
 
Because literature values for protective guidelines for various aspects of the selenium issue (e.g., 
water concentrations, speciation, particulates, prey and predator tissue levels) vary across 
habitats and species, data for each factor could usefully be expressed as frequency of 
exceedance of relevant guidelines for each habitat. This can help address inherent uncertainty, 
since confidence in these indicators will improve as the frequency of exceedances increases. 
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Table 1 illustrates a weight of evidence scheme, based on multiple lines of evidence, indicative 
of those being considered by the cooperative agency effort, to consider the uncertainty caused 
by variability in the data. Such an approach will require a systematic consideration of each line 
of evidence and what the data suggest about the potential for adverse effects. In the example in 
Table 1, nearly all water samples show selenium concentrations greater than 5 µg / L an, taken 
alone, this could indicate an exceedance of regulatory criteria. But preliminary speciation 
studies indicate that nearly all selenium is present as selenate, suggesting very low 
bioavailability. The lack of particulate data and tissue data show that critical data gaps exist for 
the Creek that should be filled before decisions about potential for effects are justified. Attempts 
to fill such data gaps should take account of the difficulties involved in estimating selenium 
concentrations in predators (e.g., low population sizes, patchy distributions, differential prey 
consumption). 
 
Table 1. Example numeric evaluation of potential selenium toxicity. 
Indicators derived from frequency of exceedance: 1. No exceedances, low probability of effect. 2. 
Exceedances <10%, uncertainty about exceedance. 3. Exceedances 10 – 50%, uncertainty about 
exceedance. 4. Exceedance frequency >50%, exceedance likely. 
 
Habitat Water 

 
Speciation 

 
Particulate 

 
Diet 

µg Se/ g dry 
 

Predator (fish) 
µg Se/ g dry 

 

Predator (bird 
egg) 

µg Se/ g dry 
 

Guideline 2–5 µg 
Se/ L 

 

80% Se(VI) 2-4 µg Se / g 
dry 

3-7 4-6 7-10 

San Diego 
Creek 

4 1 Data 
inadequate 

 

3 (but few 
data) 

1? (but few 
data) 

Data inadequate 
 

San Joaquin 
Marsh 
 

      

SDC Catch  
Basins 
 

4 Data 
inadequate 

 

Data 
inadequate 

 

3 ? (but few 
data) 

3 ? (but few 
data) 

4 ? (but few 
data) 

Upper 
Newport Bay  

      

 
If adequate data for more than two of the factors in Table 1 indicate potential for adverse 
selenium effects, then further targeted monitoring could be implemented to the greatest extent 
possible, for example: 

 Assess fish populations for teratogenesis or indications of poor reproduction 
 Assess bird eggs for indications of teratogenesis or poor hatching success 
 Evaluate potential for other causes of any findings of teratogenesis.  

 
Increased weight should be put on bioindicator data at this stage, while recognizing that 
determining teratogenesis or low hatching success is challenging and potentially inconclusive. 
Because it is often difficult to find evidence of effects except when these are extreme, these 
approaches can have a high probability of type II error (a finding of no effects even though 
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effects exist). However, finding such effects will greatly reduce uncertainties about the need for 
action. 
 
If monitoring for direct effects (e.g., fish tissue, bird eggs) is inconclusive, then additional 
monitoring could be focused on determining if high trophic level organisms are missing from 
sensitive habitats. This approach may be problematic in this highly modified watershed, but 
should be investigated for its potential utility. However, any conclusions using this data type 
should be based on a thorough evaluation of alternative explanations for such absence. 
 
Task 1.3 products: 

 Spatially and temporally detailed description of selenium speciation in sensitive habitats 
 Direct measures and/or modeled estimates of bioaccumulated selenium in organisms in 

sensitive habitats and foodwebs 
 Direct measures and/or modeled estimates of selenium impacts on sensitive/key species 

and foodwebs 
 Description of key assumptions in modeling and impact assessment analyses. 

 
Task 1.4 Assess Impacts of Nitrogen 
The object of this subtask is to identify the locations in San Diego Creek and Newport Bay 
where excessive algal growth is occurring, develop a quantitative relationship nitrogen levels, 
algal growth, and beneficial use impairment, and use this relationship to assess the relative risk 
of nitrogen impacts in the watershed. 
 
More fully describing the functional linkages between nitrogen, algal growth, and indicators of 
beneficial uses such as dissolved oxygen will be critical to determining the role of nitrogen in 
such impacts, planning and evaluating BMPs, and developing recommendations regarding any 
needed revisions to the nitrogen TMDL. This may involve a variety of correlative and modeling 
analyses. In particular, it will be important to distinguish between the relative contributions 
(e.g., location, magnitude, timing) of nitrogen from groundwater and urban runoff, as well as 
the relationship between nitrogen flux from Bay sediments and surface water inputs from San 
Diego Creek. 
 
Task 1.4.1 Describe extent of excessive algal growth 
Using the nitrogen conceptual model and data from previous tasks as guidance, measure the 
spatial and temporal extent of algal growth in San Diego Creek and Newport Bay, using 
available historical data to develop time series of algal extent. Use correlation and modeling 
analyses to describe the role of various environmental factors in algal growth.  
 
Develop a definition of “excessive” algal growth, based on the characterization of beneficial 
uses, comparison to historical data, recognition of the ecological role of macroalgae in the Bay 
ecosystem, and comparisons to other analogous systems. 
 
Task 1.4.2 Assess linkages between nitrogen and algal growth 
Develop a modeling approach to describe the linkages between nitrogen, algal growth, and 
habitat impacts such as dissolved oxygen. Coordinate with the Upper Newport Bay Macroalgal 
Remote Sensing and Dissolved Oxygen Study, which is investigating the use of dissolved 
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oxygen as indicator of beneficial use impairment. Coordinate also with the joint EPA / State 
Water Resources Control Board Regional Technical Advisory Group, which is developing 
guidelines for assessing the likelihood of nutrient impacts on freshwater systems. Ensure the 
modeling approach incorporates a range of realistic environmental conditions and is spatially 
and temporally explicit enough to capture major features identified in the monitoring data. 
Refine the definition of “excessive” algal growth by using the model to identify the nitrogen 
threshold(s) and environmental conditions that may lead to problematic reductions in dissolved 
oxygen levels and other beneficial use impairments. 
 
Task 1.4 products: 

 Location, extent, and timing of excessive algal growth and associated impacts such as 
reductions in dissolved oxygen levels 

 Direct measures and/or modeled estimates of the linkage between nitrogen and algae-
related impacts 

 Estimation of the relative role of nitrogen from different sources (e.g., groundwater, urban 
runoff) in contributing to algal impacts. 

 
Task 1.5 Develop Multiple Lines of Evidence Approach for BMP Implementation 
The objective of this subtask is to develop an approach, using multiple and complementary 
lines of monitoring evidence, to support decisions about prioritizing BMP implementation. 
 
While the development and evaluation of BMPs (Task 2) will take some time, the monitoring 
task can help support judgments about how BMP implementation should be prioritized. For 
example, patterns across the watershed of adverse effects from selenium, or clear exceedances 
of selenium tissue concentration guidelines in both invertebrates and predators (category 4 in 
Table 1), could be used to prioritize immediate BMP implementation focused on the immediate 
sources of selenium to these locations. On the other hand, if selenium exceedance frequencies 
are low or differ between prey and predators, and no adverse effects are directly observed, then 
BMP implementation could perhaps be phased in more slowly to allow time for further 
technology development. These and other potential scenarios should be examined for their 
potential effect on the pattern and timing of BMP implementation. Use of multiple lines of 
evidence for such prioritization can compensate for uncertainties in any single line of evidence. 
For example, exceedance of selenium guidelines for speciation, particulate concentrations, and 
invertebrates might be indicative of adverse effects if the analyses of predators do not include 
sensitive species or if the statistical power of samples of sensitive species is too low for reliable 
decision making.  
 
Decision making about prioritizing BMP implementation for nitrogen reduction will be less 
complex than for selenium because the impact assessment model is likely to be more 
straightforward. The primary criterion will be the results of Task 1.5 that indicate the extent of 
excessive algal growth and the degree to which nitrogen from specific sources is implicated in 
this growth.  
 
Task 1.5 products: 

 Explicit procedure for weighing and combining results from multiple lines of evidence from 
the monitoring program 



 

 16 

 Thresholds, based on multiple lines of evidence, for prioritizing levels of BMP 
implementation. 

 
Task 1.6 Develop Speciation Method(s) 
The objective of this subtask is to identify and/or develop a preferred method for measuring 
the speciation of selenium in field samples. 
 
At present, there is no approved USEPA method for determining selenium speciation. Existing 
methods are troubled by high levels of replicate variability, both within and across laboratories. 
This is an important issue because accurate and consistent determination of selenium speciation 
is critical to evaluating any adverse effects of selenium and to understanding the outcomes of 
implementing BMPs.  
 
Determining selenium speciation can be a challenging exercise. Typical approaches to trace 
element analysis (e.g., flameless atomic absorption) are not reliable for selenium and the most 
reliable method remains hydride generation atomic absorption, wherein wet digestion methods 
are used to convert all selenium to a form that will volatilize for detection. However, this wet 
digestion method is also subject to difficulties. The most common problems are either a failure 
to digest (and thereby detect) some selenium forms, or instability during a phase of the wet 
digestion that results in a loss of selenium. Several methods have been either proposed or are 
being used in the watershed, including the “Cutter method”, Zhang’s modification of the Cutter 
method, or Ion Chromatography.  
 
Task 1.6.1 Assess strengths and weaknesses of competing methods 
Develop a plan for short-term and long-term solutions to determining selenium speciation. Set 
up a system for analysis of speciation standards and, especially, interlaboratory calibration in 
cooperation with Dr. Cutter. The Abu Saba memo describes a feasible approach.  
 
Task 1.6.2 Select / develop preferred method 
Develop explicit criteria for method selection, including appropriate detection limits for each 
habitat and for each chemical species (oxidation state); as well as accuracy and repeatability in 
determining each species of selenium. Coordinate as needed with parallel methods 
development by the interagency effort. Ensure that data produced by the selected method is 
compatible with previously collected data from the watershed (e.g., through side-by-side 
analyses and development of a conversion factor). 
 
Task 1.6 products: 

 Plan for comparing and/or validation use of a speciation method 
 Development of method selection criteria for each habitat, evaluation of outcomes from each 

competing method and choice of method and vendor, including justification. 
 
Task 1.7 Support BMP and Trading Tasks 
The objective of this task is to ensure that the design, implementation, and evaluation of BMPs 
and trading systems is based on the most current and relevant data possible. Monitoring data 
and modeling results will identify areas and times where selenium concentrations, and the 
potential for bioaccumulation, are the highest. They will also help to prioritize locations and 
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times where selenium and nitrogen reductions are likely to have the greatest effect, in terms of 
areal extent, temporal duration, and reduced potential for impact to the most sensitive wildlife 
species. In addition, monitoring data can help to identify design constraints and performance 
benchmarks for candidate BMPs as well as for trading. 
 
BMP development, in particular, may require information in addition to that needed for 
identifying sources, critical foodwebs and assessing adverse impacts to watershed wildlife. This 
may include more detailed information about specific treatment sites and/or about the 
consequences of shifting selenium and nitrogen loading and selenium speciation patterns in the 
watershed. 
 
This availability of adequate information for the BMP and trading tasks can be ensured through 
systematic communication and coordination between project team members involved in these 
respective tasks.  
 
Task 1.7 products: 

 Written notes of periodic meetings between monitoring and BMP / trading team members 
to discuss monitoring and modeling results, candidate BMPs, and alternative approaches to 
trading  

 Reviews of BMP and trading system development and implementation plans in terms of 
their fit with the conceptual model and data from the watershed 

 Targeted monitoring and modeling results needed to evaluate specific design options. 
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TASK 2: DEVELOP AND EVALUATE BMPS AND TREATMENT TECHNOLOGIES 
Selenium effluent limitations have been established in Order No. R8-2004-0021 and must be met 
as soon as possible but no later than five years from the adoption of this permit. These 
limitations will be adjusted when and if revised selenium objectives are adopted by USEPA or 
through an SSO process. In addition, it is expected that the nitrogen water quality objectives for 
San Diego Creek will be reduced as a result of the Nutrient TMDL Triennial Review. While the 
San Joaquin Marsh has been accepted as an offset for short-term nitrogen discharges in the 
lower watershed for the next five years, it cannot be assumed that it will suffice as a permanent 
offset for either short-term or long-term nitrogen discharges. Thus, the current permit and the 
CTR criterion require reductions in current selenium and nitrogen levels, and inputs must be 
manipulated to achieve these objectives. The following subtasks describe the efforts needed to 
develop and evaluate effective treatment approaches, emphasizing the use of pilot and 
demonstration projects. 
 
Task 2.1 Coordinate With Monitoring and Database Efforts 
The objective of this subtask is to ensure that the monitoring effort in Task 1 produces the data 
and analyses needed to develop and evaluate appropriate BMPs and that the project database 
developed under Task 5 provides ready access to such data. 
 
Schedule and hold periodic coordination workshops to ensure that those conducting 
monitoring and developing the project database understand the data needs of this BMP task. 
The success of this subtask will depend on the careful description of the BMP development and 
evaluation effort and its data needs. 
 
Task 2.1 products: 

 Thorough description of data needs for the BMP task 
 Periodic coordination workshops or meetings. 

 
Task 2.2 Survey Current Selenium and Nitrogen Treatment Methods 
The objective of this subtask is to ensure that the BMP development and evaluation effort is 
based on the most up to date information available. 
 
There are a number of methods to remove selenium and/or nitrogen from water and 
wastewater but there is no single method that will be useful for all sources. Different treatment 
approaches are more effective for different chemical species (aerobic vs. anaerobic) of selenium. 
Anaerobic treatment methods require removal of nitrate and thus may be more attractive by 
enabling selenium and nitrogen to be dealt with together. However, the magnitude of flow and 
the selenium concentration can also greatly affect the choice of treatment method. For example, 
the presence of many diffuse selenium sources may complicate the use of treatment methods 
typically based on single, stable point sources (e.g., mines). In addition, the fact that the existing 
target for aquatic levels of selenium is far below treatment targets based on drinking water 
criteria may make it difficult to directly apply methods used in drinking water applications. 
 
Conduct a thorough literature review and technology survey of BMPs and treatment methods, 
beginning with the several review papers in the peer reviewed literature. Ensure that the review 
includes both physical removal and chemical transformation approaches. Update this review at 
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least yearly throughout the course of the project. Expand the review to include direct contacts 
with other parties to gather information about proprietary processes for selenium removal. 
Since there is little independent information available for these processes, site visits to pilot 
projects may be required to gather needed information. Categorize treatment methods in terms 
of cost as a function of size, as well as in terms of any interaction of treatment process with 
selenium speciation. Use site visits and other contacts to ascertain interest in participation in the 
pilot testing of treatment technologies in Task 2.4. 
 
Task 2.2. products: 

 Concise written summary of the relevant features of available selenium and nitrogen BMPs 
and treatment methods 

 Assessment of the ability of selenium treatment methods to also reduce nitrogen 
concentrations and loads 

 Updated summary each year. 
 
Task 2.3 Develop Simple Treatment-Related Model  
Using the conceptual models developed in Task 1 as a starting point, use the sources, loadings, 
transport, and speciation data from Task 1, as well as any modeling tools found useful in Task 
1, to develop simple models that predicts selenium and nitrogen concentrations at key locations 
from upstream inputs. These models need not be highly mechanistic or precise, but should 
serve to roughly evaluate the contributions of various sources to overall water quality, reflect 
important seasonality in those contributions, and evaluate alternative BMP and treatment 
scenarios. Validate the models using monitoring data from Task 1 set aside for this purpose. 
Tightly couple the model development with the monitoring effort and the mass balance 
estimates from Task 1 and with the inventory of sources. Include selenium speciation patterns 
and the effects of treatment on those chemical species thought to contribute most to 
bioaccumulation and foodweb impacts. 
 
Ensure that the models include the capability to assess the major effects of changes in BMPs and 
treatment technology and/or cost over time. Tightly couple this feature of the models with the 
assessment of treatment cost differentials in Task 3. 
 
Ensure the models are sufficiently flexible and accurate enough to:  

 Estimate the concentrations of selenium species and nitrogen at the regulated locations as a 
function of the known sources 

 Determine the relative contribution of each source of selenium and nitrogen, as well as 
changes due to seasonality 

 Evaluate the change in selenium and nitrogen concentrations as a function of changes in any 
source, taken individually or as a group of changes 

 Through multiple applications of the model, develop a system of BMP and treatment 
technology applications which meet the program’s objectives.  
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Task 2.3 products: 
 Numerical model sufficient to represent selenium and nitrogen sources and evaluate the 

relative effectiveness of alternative treatment options 
 Description of alternative watershed-wide treatment scenarios, including key factors such as 

conveyance, flow rate, and land use requirements. 
 
Task 2.4 Select and Pilot Test Candidate BMPs and Treatment Technologies 
The objective of this subtask is to identify a number of BMPs and treatment technologies that 
are candidates for pilot testing and perhaps further development in the watershed. 
 
Using the information developed in Tasks 2.2 and 2.3, select a number of candidate BMPs and 
treatment technologies for potential application in the watershed. Base this choice on explicit 
criteria related to efficiency, reliability, cost effectiveness, feasibility for application within the 
watershed, and acceptability to stakeholders. Use public meetings, newsletters, and other 
appropriate avenues to inform stakeholders of the potential environmental and institutional 
impacts of these BMPs. Ensure that stakeholder concerns and comments are accurately 
captured.  
 
Where available information is insufficient to make a fully informed decision about the 
suitability of a candidate BMP or treatment technology, design pilot-scale demonstration tests 
focused on evaluating those key aspects of performance for which information is lacking. 
Ensure that the selection process evaluates alternatives at all key points of the conceptual 
models developed in Task 1 and is sufficient to validate the treatment-related model developed 
in Task 2.3. Given the limited budget available, establish cost-sharing with vendors and/or 
partnering with others identified in Task 2.2 who have ongoing projects that can be modified or 
extended to provide useful data for this project. For example, there are ongoing investigations 
throughout the US of selenium removal technologies, some associated with mine drainage 
treatment. Develop a financing mechanism, possibly including incentives, that promote 
participation by vendors of BMPs and treatment technology. All pilot testing should be 
conducted in accordance with an explicit design and set of evaluation criteria. 
 
Evaluate the evidence for chemical interaction between selenium and nitrogen in terms of its 
influence on treatment options. Determine whether and how this affects the potential for 
treating and/or controlling combined loads. 
 
Task 2.4 products: 

 List of candidate BMPs and/or treatment technologies for further evaluation and 
development 

 Summary of stakeholder concerns 
 Cooperative agreements with vendors and other entities 
 Explicit design and evaluation criteria for pilot tests 
 Report on pilot tests including quantitative comparison of BMP and treatment technology 

effectiveness. 
 
Task 2.5 Develop BMP and Treatment Technology Implementation Plan 
The objective of this subtask is to develop a detailed implementation plan. 
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For those BMPs and treatment technologies selected as a result of Task 2.4, it will be necessary 
to develop an implementation plan that takes account of a number of factors, including the 
spatial and temporal distribution of sources, the need for additional infrastructure, the optimal 
combination of BMPs and/or treatment technologies, and siting and financing requirements. 
 
Task 2.5.1 Determine optimal selection of BMPs and treatment technologies 
After a list of acceptable BMPs is identified, use the model developed in Task 2.3 to determine 
an optimal or near optimal selection of BMPs and/or treatment technologies. Identify potential 
tradeoffs among the various sources, and the effects of varying levels of treatment on the 
distribution of selenium and nitrogen concentrations and loads. Evaluate tradeoffs on a number 
of objectives, including reliability, efficiency, acceptability, and impacts on sensitive habitats. 
Consider the design requirements for an offset, trading system, and/or mitigation system (Task 
3) in the selection of BMPs and treatment technologies, once such a system is determined to be 
feasible. 
 
Task 2.5.2 Develop BMP and treatment technology implementation plan 
Using the information from Task 2.5.1, develop a detailed BMP implementation plan, including 
a consideration of construction impacts and other site-specific information. As the 
implementation planning process identifies unforeseen problems, refine or expand previous 
tasks as necessary. Identify key constraints for each BMP options (e.g., conveyance to treatment 
facility, land requirements). Produce preliminary cost and time estimates, and ensure that 
thorough reviews are conducted by the various involved agencies and stakeholders. Based on 
the review process, revise the implementation plan, working toward a detailed construction 
schedule. 
 
Task 2.5 products: 

 Final list of BMPs to be implemented 
 BMP and treatment technology implementation plan. 
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TASK 3: DEVELOP OFFSET, TRADING, OR MITIGATION PROGRAM 
A program for offsetting or trading nitrogen and/or selenium reductions may provide the 
means to more efficiently allocate selenium and nitrogen treatment costs and efforts among 
sources in the watershed. Additionally, mitigation approaches may provide a means of 
compensating for impacts that cannot otherwise be reduced or managed. Not only Order No. 
R8-2004-0021, but also the Nutrient TMDL, both contain language supporting trading and 
related programs. A central issue for the development of any such program, or combination of 
programs, is determining whether the necessary prerequisites for each are present in the 
watershed. For example, development of a trading program requires that the size of the 
potential market (i.e., number of participants, number of trades) is large enough to support a 
true market. Another key issue is whether the spatial heterogeneity of treatment that a trading 
or offset program might engender would adequately protect beneficial uses. Once such 
prerequisites are evaluated and determined to be present, then design and implementation 
details can be established. 
 
In the following subtasks, the term “OTM” refers to offset, trading, and/or mitigation. 
 
Task 3.1 Review Past Experience 
The objective of this subtask is to make effective use of past experience with OTM programs 
and to obtain adequate input and guidance from relevant management and regulatory agencies. 
 
There is a substantial amount of experience with trading and offset programs in water and air 
pollution as well as in habitat and resource management. Mitigation is widely used as an 
adjunct to treatment and to compensate for unavoidable impacts of development. Knowledge 
about this experience generally falls into three categories: guidance developed by USEPA and 
other agencies, case studies of specific programs, and theoretical evaluations of different 
approaches to issues such as pricing, impact assessment, and resource valuation. For example, 
while a fairly large number of pollution trading programs have been developed, recent 
examinations of these show that the majority do not achieve their expected level of trades. It 
will be important to determine which of these lessons learned from past experience apply to this 
watershed. 
 
In addition, a number of management and regulatory agencies have a direct interest in ensuring 
that any OTM approaches in the watershed support compliance with regulatory guidelines and 
protect sensitive habitats and beneficial uses, particularly those related to wildlife. Because 
successful offset, trading, and/or mitigation programs often require adjustments to traditional 
regulatory and management regimes, it will be critical to involve these agencies in the planning 
and implementation of any such programs in the watershed. 
 
Task 3.1.1 Obtain technical input 
Review and evaluate guidance documents, case studies, and theoretical literature on the 
prerequisites for successful OTM programs. Identify alternative approaches that could be 
applicable to the watershed. Interview a representative number of knowledgeable experts to 
determine key ingredients of success. Assess data from San Joaquin Marsh to better understand 
its utility in offsetting short-term nitrogen discharges in the watershed. 
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Task 3.1.2 Obtain management / regulatory input 
Identify those agencies with decision-making authority relevant to any OTM program. 
Determine their constraints, requirements, and performance expectations for any such program. 
 
Task 3.1 products: 

 Tech memo summarizing available guidance and lessons learned from past experience, 
including descriptions of specific management alternatives and recommendations 

 Coordination meetings with representatives of relevant management and regulatory 
agencies 

 Tech memo outlining major management and regulatory issues and constraints affecting 
OTM program design. 

 
Task 3.2 Review Relevant Data and Findings 
The objective of this subtask is to ensure that the assessment of options for an OTM system is 
based on a thorough understanding of the relevant sources, loads, sensitive indicator species, 
and hydrological and ecological processes in the watershed, and to then quantitatively estimate 
the amount and distribution of source and/or treatment reductions needed to meet 
management goals for the watershed. 
 
Any OTM scheme must incorporate knowledge about the structure and functioning of the 
underlying system. This will ensure that projections (e.g., about potential size of a trading 
market), decisions (e.g., about mitigation approaches or trading rules), and expectations (e.g., 
about protection of beneficial uses) are based on realistic data and assumptions. 
 
Task 3.2.1 Review data and modeling results 
Review available information about sources, pathways, and loads, about chemical speciation 
and the processes that affect it, and about impacts (both acute and chronic). Focus particularly 
on spatial and temporal patterns of contamination, transport, and impact, as well as on key 
foodwebs and/or indicator organisms. In addition, it will be important for this task to 
quantitatively allocate sources and loads in different parts of the watershed to specific entities 
and activities. This will help provide the basis for determining if any OTM program will have 
the ability to comply with regulations related to the protection of beneficial uses. These data 
will be available from the Monitoring task. 
 
Task 3.2.2 Assess degree and distribution of treatment or mitigation required 
Using data from the Monitoring task on the distributions of sources, loads, and beneficial uses, 
develop a detailed description of the spatial and temporal aspects of the watershed likely to 
influence the number, nature, and viability of offsets or trades. Using results from the BMP task, 
then overlay information on the preferred siting of source reduction or treatment facilities. 
Identify key boundary conditions and requirements for treatment and loads management. 
Assess the degree to which the spatial / temporal features in the watershed will affect the 
ability of the participants to complete offsets or make trades.  
 
Using the modeling tool developed for the BMP task, estimate the amount of reduction in loads 
necessary to meet specific aquatic life and/or water quality criteria. Determine whether there 
are key places and/or times in the system where reductions will have a greater positive effect 
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than others. Evaluate different patterns of source reduction and/or treatment reduction, 
especially in relation to the spatial and temporal distribution of the responsibilities and 
activities of sources. 
 
Using information from Task 1 on actual or potential impacts on sensitive habitats, identify the 
degree of mitigation needed to balance these. In addition, if available source reduction and/or 
treatment approaches cannot completely remove the risk of impact, estimate the mitigation 
needed to balance the residual amount of impact. 
 
Task 3.2 products: 

 One or more meetings with staff from the Monitoring task. 
 Thorough description of constraints and opportunities for OTM 
 Spatial comparison of data on sources, concentration and loads, sensitive habitats, and 

preferred source reduction, treatment, and mitigation locations 
 Description of spatial and temporal design constraints for an OTM system 

 
Task 3.3 Choose Appropriate OTM System 
The objective of this subtask is to select the most appropriate OTM approach for the watershed. 
 
The size of the potential universe for OTM actions, including the number of entities and 
potential offsets or trades, as well as the number and desirability of mitigation opportunities, is 
crucial to any decision about what kind of OTM program to implement. For example, 
preliminary discussions with economists familiar with pollution trading suggest that the size of 
the potential market in this case is too small to support a traditional open market for trades. If 
true, this would necessitate exploring alternative approaches, such as larger offsets or a regional 
cap on loadings managed by a cooperative. Such a cooperative would have the legal and 
financial responsibility for ensuring the cap was met, and such a cooperatives typically have a 
large degree of freedom in choosing the methods for achieving this goal. 
 
Estimate the number of entities who would participate in an OTM scheme, as well as the 
number and size of transactions that might occur, taking account of estimation errors in other 
cases. Determine whether the size of the potential market would support a traditional trading 
approach. Identify and evaluate the applicability of alternative incentive-based approaches. If 
an alternative approach (e.g., cap managed by a cooperative or an emphasis on mitigation) is 
determined to be more appropriate, then some of the following tasks (particularly Tasks 3.6 and 
3.7) would not be required in the detail described. 
 
Task 3.3 products: 

 Tech memo detailing the decision about the OTM approach, if any, best suited to the 
watershed. 

 
Task 3.4 Decide Whether to Combine Selenium and Nitrogen 
The objective of this subtask is to determine whether it is feasible and desirable to include both 
selenium and nitrogen in the OTM scheme. 
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Both selenium and nitrogen occur in the groundwater in the region and both contaminate 
surface water. There is also some evidence that nitrogen influences selenium speciation 
processes. It may be advantageous to include both constituents in an OTM program if there are 
treatment synergies and if this makes the program more viable by increasing the number of 
participants and transactions. Finally, any reductions in groundwater load allocations under the 
Nutrient TMDL, as recommended by the recent Triennial Review, may increase the cost 
effectiveness of combined treatment approaches. 
 
Task 3.4.1 Assess combined treatment 
Using information from the Monitoring and BMP tasks, evaluate the feasibility of potential for 
treating and/or controlling combined loads. Quantitatively estimate the costs and benefits of 
independent vs. combined source reduction and treatment options. 
 
Task 3.4.2 Evaluate constraints and opportunities 
Identify alternative approaches for managing selenium and nitrogen inputs separately and 
together. Estimate the impact of combined and separate OTM schemes on design factors such as 
the offset mechanisms, size of the participant pool, and treatment cost differentials. Determine 
the preferred approach for the watershed. 
 
Task 3.4 products: 

 Tech memo detailing the decision about whether selenium and nitrogen source reduction 
and/or treatment should be combined in any OTM program system. 

 
Task 3.5 Define Cost Differentials 
The objective of this subtask is to quantify differences in source reduction, treatment, and/or 
mitigation costs across the various sources and participants. This information will help provide 
the basis for determining which OTM options are likely to be more viable. 
 
The key to the successful functioning of offset and trading systems, and to some extent of 
mitigation approaches, is the presence of significant differences in related costs among the 
parties. Without such differences, there are insufficient incentives to develop offsets or trade 
discharge rights. The absence of substantial treatment cost differentials, and/or flawed cost 
estimates, have contributed to the failure of many pollution offset and trading efforts. Similarly, 
the attractiveness of mitigation options can depend on the cost differential between mitigation 
and more intensive source reduction or treatment. 
 
3.5.1 Estimate range of treatment costs 
Using information from the Monitoring and BMP tasks, estimate the range of source reduction 
and treatment costs associated with the parties who could participate in an OTM scheme. 
Identify factors (e.g., location, size, amount of load, funding capability) that set constraints on 
the parties’ costs. Assess the degree to which such costs could change over time with 
technology improvements or changes in development patterns in the watershed. Include 
additional costs, such as transaction costs, that could affect the cost differential among parties. 
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3.5.2 Evaluate treatment cost differentials 
Develop a preliminary analytical relationship between cost differentials and offset, trading, and 
mitigation activities. Assess whether the differences in costs provide adequate incentives for 
offsets, trades, and/or mitigation, or for some combination of these approaches. If the projected 
cost differentials are not sufficient, estimate the amount they would have to change to provide 
the needed incentives. 
 
Task 3.5 products: 

 Quantitative estimates of source reduction and treatment costs associated with each source 
and stakeholder 

 Tech memo assessing treatment cost differentials in terms of their ability to support an OTM 
program. 

 
Task 3.6 Establish Pricing / Credit Basis 
The objective of this subtask is to define the initial pricing of discharge allocations. 
 
An essential aspect of any OTM system design is the allocation and pricing of the initial 
discharge allocations, either in dollar terms and/or in terms of kinds and amounts of 
mitigation. The practical and theoretical literature on pollution offsets and trading presents a 
number of alternative approaches to setting these starting points. For example, all discharges 
could be considered equal in value, or they could be differentially weighted based on spatial 
proximity to beneficial uses. Similarly, prices and credits could be set to shift depending on 
distance from the overall reduction target, or in terms of the chemical species removed. 
 
Based on experience in other OTM schemes, identify a full range of potential pricing and credit 
options. Describe the benefits and shortcomings of each, based on the characteristics of the 
watershed and the nature of the potential participants in any OTM scheme. Describe 
mechanisms and criteria for making pricing and credit adjustments. Prioritize pricing options 
and present these to participants. Facilitate negotiations to reach agreement on a preferred 
allocation and pricing option. 
 
Task 3.6 products: 

 Selection of a preferred initial allocation and pricing/credit option. 
 
Task 3.7 Develop OTM Rules 
The objective of this subtask is to define specific rules for the OTM system and to ensure that 
these lead to and maintain compliance with relevant regulations. 
 
The day-to-day operation of the OTM system will depend on specific, detailed rules for 
defining offsets, making trades among the participants, and/or implementing mitigation 
efforts. OTM programs have utilized a variety of methods for setting such rules, ranging from 
rules imposed by regulatory agencies to those negotiated entirely by the participants in order to 
meet a regulatory performance target. Rules can also include provisions for ensuring adequate 
oversight to prevent individual participants from gaming the system. 
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In addition, any OTM program must operate within constraints set by water quality and other 
regulations, as well as by the overall goals and targets of the program itself. Regulations could 
be expressed as tissue or water levels not to be exceeded, as a cap on the amount of discharge 
permitted, or as some combination of these. The regulatory landscape for both selenium and 
nutrients is currently in flux and the existing water quality criteria may well change during the 
course of this program. It will therefore be important to identify both current and likely future 
regulations that will set expectations and/or boundaries on the performance of the OTM 
system, as well as the timeline on which new criteria are expected to be implemented. 
 
Using data from the Monitoring and BMP tasks, as well as from the preceding tasks in this 
Work Plan, assess the ability of the OTM program to meet regulatory targets under a range of 
likely scenarios. Where regulatory conditions will not be met, develop realistic adjustments to 
the OTM program to ensure compliance.  
 
Task 3.7 products: 

 Detailed rules for the OTM system. 
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TASK 4: EVALUATE NUTRIENT TMDL 
The Basin Plan for the Santa Ana Region incorporates numeric objectives for total inorganic 
nitrogen for both Reach 1 and Reach 2 of San Diego Creek. The Nutrient TMDL for San Diego 
Creek establishes load allocations and targets for achieving these objectives. There are two 
aspects of the TMDL that should be reevaluated in light of the monitoring data from Task 1 and 
data generated by the monitoring required under the TMDL itself to assess whether: 

 The numeric targets should be revised to reflect improved knowledge about the extent and 
magnitude of impacts on beneficial uses in Newport Bay and about the relationship 
between nitrogen levels and such impacts 

 The load allocations should be adjusted to reflect improved knowledge about the sources of 
nitrogen, particularly from groundwater. 

 
Task 4.1 Assess TMDL Numeric Targets 
The objective of this subtask is to determine whether the TMDL’s numeric targets should be 
adjusted to reflect improved knowledge about the mechanisms leading to nitrogen impacts in 
the watershed. 
 
Using data from Task 1 (particularly Tasks 1.3 and 1.5), assess whether the Nutrient TMDL 
numeric targets for Reach 1 and Reach 2 of San Diego Creek accurately reflect the most recent 
knowledge about sources and loads of nitrogen and about the relationship between nitrogen 
loads, algal growth,  and beneficial use impairment.. Use the modeling approach developed in 
Task 1.5 to reevaluate whether the numeric targets are set at a level that will adequately protect 
beneficial uses. If adjustments, either up or down, are justified, recommend appropriate new 
targets and provide a scientific rationale for these. 
 
Task 4.1 products: 

 Recommendation regarding the appropriate level of TMDL targets that would adequately 
protect beneficial uses. 

 
Task 4.2 Assess TMDL Load Allocations 
The objective of this subtask is to recommend changes to the TMDL load allocations, if 
necessary, to better reflect improved knowledge about the sources of nitrogen and about the 
relationship between nitrogen loads and beneficial use impairment. 
 
While commercial nurseries historically were a major source of nitrogen loads to San Diego 
Creek and Newport Bay, these loads have been reduced substantially in recent years due to 
successful control efforts. Current monitoring results suggest that a large portion of the 
remaining nitrogen inputs in the watershed stem from groundwater, as opposed to urban 
runoff. In addition, the current locations of TMDL monitoring stations lead, in some cases, to 
double counting of some nitrogen inputs, and do not have the ability to reliably distinguish 
between groundwater infiltration into stormdrains and channels and urban runoff. As a result, 
current load allocations in the TMDL may not accurately reflect either the true range of inputs 
or the relative amount of source reduction resulting from specific BMPs. 
 
Using data from the Monitoring task (particularly Task 1.3), as well as data from the Nutrient 
TMDL monitoring program (and other sources if appropriate) evaluate the load allocations in 
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the TMDL. Base this evaluation on the range of types of sources, their spatial and temporal 
distribution, and the relative loads coming from each. Recommend a revised set of load 
allocations if justified, and provide a scientific rationale for these. 
 
Task 4.2 products: 

 Recommendation regarding the Nutrient TMDL load allocations that best reflect current 
knowledge of nitrogen sources. 
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TASK 5: DEVELOP SITE-SPECIFIC OBJECTIVE (SSO) FOR SELENIUM 
Current understanding of selenium speciation and bioaccumulation suggest that the presence 
and magnitude of selenium impacts on wildlife are strongly affected by site-specific factors. As 
a result, regulatory and resource management agencies have recognized that a single criterion 
may not be applicable for all watersheds and that it may be necessary to develop SSOs. It is not 
yet clear whether an SSO will be needed in the San Diego Creek watershed because evidence of 
wildlife impacts at this time is equivocal. However, if one is required, the data generated by the 
monitoring program described in Task 1 will provide much of the basis for its development.  
 
Because existing guidance for developing SSOs is not necessarily suited to bioaccumulative 
contaminants like selenium, the initial subtasks in Task 5 focus on defining a procedure for 
assessing the need for an SSO and an appropriate method for its derivation. However, any SSO 
must be based on protecting the most sensitive endpoints in sensitive habitats. In addition, any 
SSO must ensure that downstream habitats are also protected. 
 
Task 5.1 Assess Need for Site-Specific Objective 
The objective of this subtask is to determine if there is a need for a site-specific selenium 
objective for the San Diego Creek watershed. 
 
Using monitoring data from Task 1, along with other relevant information, for example, from 
the cooperative interagency study of selenium impacts in California, determine if reliable 
evidence of selenium impacts exist, or, where direct evidence is unavailable, if the weight of 
evidence strongly suggests that such impacts are likely. Use the logical framework detailed in 
steps 4 through 11 in Task 1 and the weight of evidence approach described in Task 1.4.3 for 
this assessment. Coordinate closely with the interagency effort to avoid duplication, ensure that 
relevant data are shared, and that analytical and assessment approaches are consistent. 
 
Task 5.1.1 Agree on conditions for deciding need for SSO 
Review both USEPA and State Board guidance on the conditions that may call for an SSO, the 
general requirements for credibility and validation, and the specific methods recommended. 
Also review the assessment framework and the monitoring results from Task 1, along with the 
results of Task 2 related to the feasibility of complying with existing water quality criteria. Work 
with regulatory and resource agency (e.g., California Department of Fish and Game, the U.S. 
Fish and Wildlife Service, and the National Marine Fisheries Service (NOAA Fisheries)) staff to 
develop a set of explicit conditions that must be met to trigger the development of an SSO. 
These conditions should include species and areas of concern and any constraints or 
requirements regarding timeframes for action. Develop a simple decision tree to guide 
consideration of an SSO and that includes these conditions, as well as the feasibility of meeting 
existing water quality criteria and the presence/absence of impacts. 
 
Task 5.1.2 Determine whether an SSO is required 
Review data from Task 1 and apply the assessment framework developed under Task 1.4.3. In 
collaboration with State and Regional Board staff, as well as scientists involved in the 
cooperative interagency effort, determine whether the conditions agreed on under Task 5.1.1 
have been met. 
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Task 5.1 products: 
 Explicit conditions and decision tree for determining the need for an SSO 
 Decision regarding the need for an SSO, with written justification. 

 
Task 5.2 Develop Site- Specific Objective if Needed 
The objective of this subtask is to develop the details of an SSO if the results of Task 4.1 indicate 
one is required.  
 
Any SSO will include both procedural and technical elements. Procedural elements must 
adhere to USEPA and State Board requirements and address the concerns of relevant resource 
management agencies. Technical elements must be developed to fit the particular characteristics 
of San Diego Creek and Upper Newport Bay. In addition, technical elements must be described 
and justified in enough detail to provide a sound basis for justifying the SSO, assessing its 
performance over time, and adapting it in the future if needed. 
 
5.2.1 Define procedural elements 
Describe the detailed procedure for developing the SSO, including timeline, decision makers, 
and needed regulatory and scientific documentation. This should include processes for 
interagency communication and collaboration, regulatory and legal requirements for 
establishing records of decision, and essential requirements for determining aquatic life criteria.  
 
5.4.2 Develop technical elements 
Define the range of conditions that the SSO must address. These may include seasonality, 
spatial heterogeneity, and different species and/or foodweb pathways. However, the emphasis 
in this subtask should be on identifying the minimum number of critical conditions. Describe 
the evidence for impacts, along with the foodweb pathways and bioaccumulation factors 
involved. Using local data, develop mechanistic and/or empirical relationships that define the 
links between selenium in water from various sources and wildlife impacts. Identify key 
assumptions and provide clear supporting rationale. Validate the modeling approaches with a 
test dataset set aside for this purpose. 
 
Task 5.2 products: 

 Agreed-on procedure for developing an SSO 
 Scientific and technical justification for the SSO 
 Documents and other supporting materials needed to facilitate the formal development and 

implementation of the SSO. 
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TASK 6: MANAGEMENT AND COMMUNICATION 
This project will be complex and lengthy, and includes a wide range of technical tasks that must 
be completed in an evolving scientific and regulatory environment. In addition, the project 
must meet the needs of a large stakeholder community who may have different interests and 
priorities. Even without these added complexities, the assessment of indirect effects on 
foodwebs is an inherently difficult task. 
 
These features make it likely that midcourse adjustments to project goals, methods, and 
timelines will be required as more detailed data and information become available. Thus, it will 
be important for the project team and the NSMP Working Group to maintain close 
communication and for this communication to be supported by the ability to readily 
communicate large and complex analysis results and map-based products. 
 
The variety and complexity of the technical tasks, and their close dependence on an ability to 
organize, synthesize, and manipulate numerous monitoring datasets, means that an effective 
information management system is essential to the project’s success. Such a system must 
provide ready access to data analysts and modelers, ensure that all users are accessing current 
versions of the data, and ensure the data quality needed to ensure that analysis results are 
credible to the project’s many audiences.  
 
The following subtasks identify two major issues, and assume that the County’s contracting 
process will address more specific details such as formal progress reports and cost accounting. 
 
Task 6.1 Interact With Nitrogen and Selenium Management Program Working Group 
The objective of this subtask is to ensure that the NSMP Working Group is periodically and 
adequately informed of the progress of the technical tasks and has the necessary opportunity to 
adjust the direction of the project when needed. 
 
The project team will meet with the Working Group quarterly, or more often if needed to 
discuss specific concerns, to provide an in-depth review of progress. These reviews will discuss 
progress relative to the Work Plan, identify problems and their impact on the Work Plan, and 
propose needed revisions to objectives, methods, and/or timelines. Through the Working 
Group, the project team will also interact at least twice a year with the Blue Ribbon Panel 
established to provide high-level scientific oversight to the project. These meetings will 
emphasize technical issues, with the goal of obtaining sign-off from the Panel for key elements 
of the project’s technical approach. Through the Working Group, the project team will also 
coordinate technical approaches with the interagency effort that is concurrently developing 
selenium guidelines for California. Finally, the NSMP Working Group may empanel advisory 
committees as needed, in addition to the Blue Ribbon panel, to provide review and guidance on 
specific aspects of the program. 
 
Task 6.1 products: 

 Bi-monthly briefings of the NSMP Working Group  
 Quarterly yearly briefings of the Blue Ribbon Panel 
 Required report to the Regional Board and the Orange County contract officer 
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 Periodic interaction with the interagency technical team 
 Periodic interaction with any other advisory committees. 

 
Task 6.2 Develop Information Management System 
The objective of this subtask is to ensure that project data analysts, modelers, and engineers 
have ready access to high quality data and that analysis results can be easily communicated to 
the project’s many audiences.  
 
Identify an experienced data manager for the overall project. Establish clear procedures for 
assessing data quality, for data acquisition and transfer, and for control of evolving versions of 
the project datasets. Develop a relational database to manage the variety of data types needed 
for the project, with appropriate mechanisms for ensuring and maintaining data quality. As 
data from other sources are obtained, conduct quality control checks and needed reformatting 
to ensure needed consistency across all data types and sources. Provide for straightforward 
query and data subsetting routines to streamline access to the data. Ensure that GIS capability is 
available for analysis, modeling, and presentation purposes. Develop a project website, with 
password access if needed, to provide a means of communicating with the NSMP Working 
Group and other project audiences. The website should include the capability to display data 
analysis results and map products. 
 
Task 6.2 products: 

 Written data management procedures 
 Relational database adequate for the variety of project data types 
 Website adequate to inform project audiences and display analysis results and map 

products. 
 



 

 
SCHEDULE AND COST ESTIMATES 
 
Figure 1. Estimated project schedule (calendar year) 
 
 2005 2006 2007 2008 2009 
Tasks and subtasks Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 
Program development                     

Draft Work Plan                     
Final Work Plan                     

Task 1: Complementary Monitoring Plan                     
1.1 Conceptual model                     
1.2 Preliminary selenium impact assessment                     
1.3 Identify sources and loads                     
1.4 Assess bioavailability and impacts of selenium                     
1.5 Assess nitrogen impacts                     
1.6 Develop approach for BMP implementation                     
1.7 Develop speciation method(s)                     
1.8 Support BMP and trading tasks                     

Task 2: Develop and Evaluate BMPs                     
2.1 Coordinate with monitoring and database efforts                     
2.2 Survey current selenium & nitrogen treatment methods                     
2.3 Develop simple treatment-related model                     
2.4 Select and pilot test candidate BMPS & treatments                     
2.5 Develop BMP implementation plan                     

Task 3: Develop Trading System                     
3.1 Review past experience                     
3.2 Review relevant data and findings                     
3.3 Assess size of potential market                     
3.4 Decide combine selenium and nitrogen                     
3.5 Define treatment cost differentials                     
3.6 Establish pricing / credit basis                     
3.7 Develop trading rules                     
3.8 Implement trading program                     

Task 4: Evaluate Nutrient TMDL                     
4.1 Assess numeric targets                     
4.2 Assess load allocations                     

Task 5: Develop Site-Specific Objective                     
5.1 Assess need for SSO                     
5.2 Develop SSO if needed                     

Task 6: Management and Communication                     
6.1 Interact with NSMP Working Group                     
6.2 Develop information management system                     



 

* = As the scope, scale, and requirements of implementing the approved offset, trading, or mitigation program is unknown, a detailed task can not be developed at this time.  
Implementation of the approved program will occur outside of the Work Plan 
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There are a number of specific due dates contained in Order No. R8-2004-0021 that help to structure the above task schedule. The 
following table lists these deadlines and links them to the relevant task in the Work Plan. 
 
Table 2. Project deliverables and due dates 
Product / deliverable 
 

Due date Task no. 

Prepare a draft Work Plan based upon the commitments and concepts presented in this Order and submit to Executive Officer 
 

5/16/05 NA 

Prepare a detailed final Work Plan based upon the commitments and concepts presented in this Order and submit to Executive Officer 
 

6/30/05 NA 

Manage the Work Plan with input from identified technical experts, relevant regulatory agencies and the public (through completion of all elements of 
the Work Plan) 
 

Permit 
Term 

6 

Perform complementary monitoring and assessment of selenium and nutrient sources in the watershed, utilizing, in part, ongoing selenium and 
nutrient studies performed by others 
 

12/20/2008 1 

Identify and assess selenium treatment technologies, including potential future technologies 
 

3/31/2006 2.2 & 2.4 

Identify and assess selenium BMPs (including volume-reduction techniques)(task includes a “Quick Start” program for certain BMP assessment 
 

2/28/2006 2.2 & 2.4 

Facilitate demonstration testing of identified selenium treatment technologies and BMPs 
 

3/31/2007 2.4 

Develop a draft selenium offset, trading or mitigation program based upon the outcome of complementary monitoring, treatment technology and BMP-
related Work Plan elements and submit to Executive Officer for review 
 

6/20/2009 3.1 – 3.7 

Implement the final selenium offset, trading or mitigation program upon approval, but no later than 12/20/2009 
 

12/20/2009 NA* 

Evaluate nutrient TMDL, including load/wasteload allocations and reduction targets (focusing particularly on groundwater-related sources, loadings 
and reductions 
 

11/7/2006 4 

Develop a draft nutrient offset, trading or mitigation program based upon the outcome of complementary monitoring and TMDL assessment Work 
Plan elements 
 

6/20/2009 3.1 – 3.7 

Implement the final nutrient offset, trading or mitigation program upon approval but no later than 12/20/2009 
 

12/20/2009 NA* 

Develop a recommended selenium site-specific objective for the Newport Bay/San Diego Creek watershed if appropriate based upon outcome of 
other Work Plan elements () 
 

Begin 
12/20/2006 
Complete 
6/17/2009 

5 
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Cost Estimates 
The approach proposed to estimating costs on a task-by-task basis is to allocate a percentage of 
the total budget of $1.85 million to each task, based on the relative level of effort involved in 
each task. The following overall distribution of effort is presented as a first cut for discussion 
and approval. Once the overall distribution of costs across tasks at the task level is decided, cost 
estimates for individual subtasks can be developed. It is expected that this more detailed level 
of costing will occur during contract negotiations between the consultant and the County. 
 
Additionally, as the Work Plan is a dynamic document that will likely involve changes to tasks 
as implementation occurs, the Working Group acknowledges that is necessary and appropriate 
to allocate funding to “contingency” tasks and items.  This contingency funding will allow 
flexibility in the completion of the Work Plan while ensuring that these unforeseen adaptations 
do not exceed the budget. 
 
Table 3. Estimated costs by Work Plan task, as proportion of overall budget and dollar 
amounts 
 
Task 
 

Proportion Budget (x1000) 

1: Complementary Monitoring Plan 0.43 800 
2: Develop and Evaluate BMPs 0.17 320 
3: Develop trading system 0.09 160 
4: Evaluate Nutrient TMDL 0.04 80 
5: Develop Site-Specific Objective 0.09 160 
6: Management and Communication 0.04 80 
Contingency 0.14 250 
   
Total 1.00 1850 
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NSMP WORKING GROUP COMPLIANCE  STRATEGY 
 
Introduction 
 
All tasks in the NSMP Working Group Compliance Strategy are compliance efforts that are 
required by the Order but that are not necessarily or specifically associated with the 
implementation of the Work Plan.  Many of these tasks do not have one specific deadline as 
they are relevant to the overall management and structure of the Working Group and the Work 
Plan through the term of the Order.  Specifically, these tasks address Provision D.15 of the 
Order (with the exception of certain sections of Provision D.15.i which outlines the Work Plan 
requirements).  This Compliance Strategy is intended to provide the Working Group, Regional 
Board, and the public with a plan for how these additional compliance tasks will be 
implemented. 
 
Task 1: Submit with the Notice of Intent a demonstration that the discharge to surface 
waters cannot be reasonably avoided, reduced or eliminated (Provision D.15.a) 
 
As part of the implementation of the Quick Start BMP Evaluation, the Working Group has 
developed Volume Reduction BMP Fact Sheets (see Attachment 1).  The intent of these fact 
sheets are to provide dischargers with a tool to determine which volume reduction measures 
may be appropriate for a particular project.  Additionally, a sub-committee of the Working 
Group will develop a list of standard groundwater-related discharge practices and evaluate 
which of the identified volume reduction measures are feasible for each of the standard 
practices.  The goal of this evaluation is to assist the Regional Board in their review of 
appropriate BMPs and to avoid both the dischargers and Regional Board from duplicating and 
repeating effort for standard activities. 
 
The Order does not require the submittal of the evaluation described above, but does require 
the discharger to demonstrate that the discharge can not be avoided, reduced or eliminated.  
Such demonstration will be provided by each individual discharger upon notice of each specific 
discharge.   
 
Working Group Products and Proposed Submittal Dates : 
• Volume Reduction BMP Fact Sheets -- June 20, 2005 (see Attachment 1) 
• Sub-committee report on standard activities and associated standard BMPs – as soon as 

possible, target submittal date no later than September 30, 2005 
• For each individual notice of discharge, each Working Group member will provide the 

appropriate documentation regarding avoiding, reducing, or eliminating the discharge 
 
Task 2: List of Working Group members (Provision D.15.b) 
 
The list of Working Group members will be updated when a change occurs to the Working 
Group (either an addition or deletion).  The revised list will be promptly submitted by the Chair 
of the NSMP Working Group to the Executive Officer of the Regional Board.  
 
Working Group Products and Proposed Submittal Dates : 
• Current List of Working Group Members – submitted as necessary 
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Task 3: Working Group members must participate in the approved Work Plan and must 
financially contribute toward the completion of the Work Plan (Provision D.15.c) 
 
See Section B, Task #7 below. 
 
Task 4: Regional Board Executive Officer or designee shall be considered a “participating 
member” of the Working Group (Provision D.15.d) 
 
The NSMP Working Group has created and defined “participating member” positions in both 
the Public Participation Strategy (see Task #5) and the Memorandum of Procedure (see Task 
#7).  The Regional Board Executive Officer, or designee, is designated in both of these 
documents as a Participating Member of the NSMP Working Group.  The definition of a 
Participating Member is as follows: 
 

A “participating member” is involved in all discussions and decisions of the NSMP 
Working Group, with the exception of program funding.  A “participating member” is 
not required to financially contribute to the NSMP Working Group or to the 
implementation of the Work Plan. 

 
Task 5: Develop public participation procedures and include participation from resource 
agencies as well as representatives from the environmental and scientific communities 
(Provision D.15.e) 
 
A Public Participation Strategy has been developed and approved by the NSMP Working 
Group (see Attachment 2).  The strategy includes public representation in the Working Group 
through Participating Member positions for the community, public participation at Working 
Group meetings during the open forum period, briefings of the Newport Bay Watershed 
Management Committee, briefings, when appropriate, of the Santa Ana Regional Water Quality 
Control Board, and public access to final documents and relevant Working Group information 
through a project website. 
 
Additionally, the NSMP Working Group will receive input from various resource agencies, and 
other technical experts (see Task #10) 
 
Working Group Products and Proposed Submittal Dates : 
• Public Participation Strategy – June 20, 2005 (see Attachment 2) 
 
Task 6: Notice to Regional Board if a Working Group member does not uphold financial or 
participatory obligations (Provision D.15.f) 
 
Section II.B and Section V.A of the Memorandum of Procedure (see Task #7 below) includes 
procedures to notify the Regional Board when a Working Group member is not upholding its 
obligations.  These sections also state that once a Working Group member is either removed 
from the Working Group or voluntarily leaves the Working Group, that entity may not rejoin 
the Working Group throughout the term of the Order. 
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Task 7: Develop participatory and financial obligations for Working Group members 
(Provision D.15.g) 
 
The NSMP Working Group has entered into a Memorandum of Procedure (MOP) that outlines 
the participatory and financial obligations for Working Group members (see Attachment 3).  
The MOP essentially defines how the Working Group will operate, including the 
responsibilities of all parties, the procedures to add new Working Group members, and public 
participation procedures during Working Group meetings.  It is a requirement of the Workin 
Group that every party must sign and approve the MOP in order to be considered a Working 
Group member. 
 
Working Group Products and Proposed Submittal Dates :  
• Memorandum of Procedure (June 20, 2005; see Attachment 3) 
 
Task 8: Reports to the Executive Officer upon the completion of Work Plan elements 
(Provision D.15.h) 
 
Upon the completion of each Work Plan task, a report will be delivered to the Executive Officer 
of the Regional Board by the Chair of the NSMP Working Group.  Additionally, in order to keep 
the Executive Officer informed of the progress and activities associated with the 
implementation of the Work Plan, the Chair of the NSMP Working Group will submit quarterly 
progress reports to the Executive Officer.  This submittal will serve as the first quarterly 
progress report and successive reports will be submitted by the 15th of the month each 
September, December, March, and June throughout the term of the Order. 
 
Working Group Products and Proposed Submittal Dates : 
• Reports to the Executive Officer upon the completion of each Work Plan task – as necessary 
• Quarterly Progress Reports to the Executive Officer – by the 15th of the month each 

September, December, March and June (commencing September 15, 2005) 
 
Task 9: Prepare a draft Work Plan based upon the commitments and concepts presented in 
this Order and submit to Executive Officer (Provision D.15.i.1) 
 
This task has been completed.  A draft Work Plan was submitted to the Executive Officer of the 
Regional Board on May 9, 2005.   
 
Working Group Products and Proposed Submittal Dates : 
• Draft Work Plan – May 9, 2005 (Completed) 
 
Task 10: Manage the Work Plan with input from identified technical experts, relevant 
regulatory agencies and the public (Provision D.15.i.3) 
 
Overall Program Management:  The NSMP Working Group will be managed by a full-time 
County of Orange staff person.  This position will serve as the Chair of the Working Group 
(unless another party is nominated and appointed by the Working Group) and will function as 
a liaison between the Working Group, the Regional Board, the public, non-Working Group 
members, technical experts and other relevant regulatory agencies.   
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Input from Technical Experts:  The National Water Research Institute (NWRI) will be 
assembling an independent Blue Ribbon Panel of technical experts who will provide the NSMP 
Working Group with guidance on key issues and decisions regarding the implementation of the 
Work Plan.  This Panel, whose membership and specific role have not yet been finalized, is 
envisioned to review and/or validate some or all of the following in association with the Work 
Plan: 

• Detailed data gathering and analysis approaches 
• Findings and conclusions drawn from monitoring and other data 
• Decisions about which Work Plan subtasks to implement and/or bypass and how to adapt 

the program as needed. 
 
Input from Relevant Regulatory Agencies:  The Work Plan requires coordination with the 
interagency technical team that is developing revised selenium guidelines specific to California.  
This interagency team includes USEPA, US Fish and Wildlife Service, US Geological Survey, 
and NOAA Fisheries. 
 
Input from the Public:  Input from the public will be ensured through the adherence to the 
Public Participation Strategy (See Task #5 above). 
 
Task 11:  Implement the final selenium and nitrogen offset, trading, or mitigation program 
(Provision D.15.i.12) 
 
The Work Plan requires the implementation of the final approved offset, trading, or mitigation 
program for both selenium and nitrogen.  As the scope, scale, and requirements to implement 
the approved program is unknown, and will likely remain unknown until near the completion 
of the Work Plan, a detailed Work Plan task can not be developed at this time.  Implementation 
of the approved program will likely be an ongoing future activity for Working Group members 
and will therefore occur outside of the scope of the Work Plan.   
 
Task 12: Acknowledgement as part of Notice of Intent (NOI) that no Notice of Termination 
will be issued and compliance with the terms and conditions of the permit will continue to 
be enforced until the approved Work Plan is satisfactorily completed or an appropriate 
selenium technology has been implemented (Provision D.15.j) 
 
The Notice of Intent contains an acknowledgement regarding this requirement.  Every Working 
Group member who has submitted an NOI to the Regional Board has complied with this 
requirement. 
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Order No. R8-2004-0021 also recognizes that: 
 

a. For nitrates, available data indicates that the Irvine Ranch Water District’s 
operation of the San Joaquin Marsh pond treatment system offsets discharges of 
nitrogen resulting from the groundwater-related discharges; and  

b. For selenium, the dischargers cannot be assured, at the present time, of achieving 
numeric effluent limitations through reasonable treatment, source control, or 
pollution prevention measures as such measures are not currently available for 
short-term groundwater discharges containing selenium. Moreover, it may not be 
practical to implement such technology, if and when it becomes available, for the 
short-term groundwater discharges.  Figures 2 and 3 below show the estimated 
region of shallow groundwater in the San Diego Creek Watershed and selenium 
concentrations in this area, respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Map of estimated region of shallow groundwater in the San Diego Creek 
watershed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Concentration of selenium in groundwater near Peter’s Canyon and Como 
Channels. 
 
 


