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EXECUTIVE SUMMARY  

Ormond Beach is located along the southern coast of Ventura County, California.  It falls within the 
jurisdictional boundaries of both the City of Oxnard and Ventura County, and is between the City of 
Port Hueneme and Naval Base Ventura County Point Mugu. Historically, the Ormond Beach area 
contained a diverse set of habitats including sandy beaches, coastal lagoons and estuaries, fore- and 
backdune areas, brackish and seasonal freshwater marshes, freshwater drainages, grasslands and 
transitional uplands. Today, local and regional development, as well as other anthropogenic factors, 
have substantially compromised the historic ecological conditions of the Ormond Beach area. None-the-
less, the existing habitat supports many special status plant and wildlife species, urban discharges 
support an existing beach lagoon, and a limited foredune community extends along the beach area itself. 
Due to these attributes federal, State, and local agencies, as well as public and private organizations and 
interest groups, recognize Ormond Beach as an area of immense biological significance and high habitat 
restoration potential. To this end, the California State Coastal Conservancy (SCC) is pursuing, at a 
scale unprecedented within the State, to restore as much lost habitat as possible within the Ormond 
Beach area.    

The SCC targeted the Ormond Beach area for habitat restoration and enhancement in the early 1980s. 
Its initial goal for habitat restoration was “at least 750 acres” in the Ormond Beach area west of Arnold 
Road. That goal has since risen to at least 1,000 acres within the Ormond Beach area as a result of new 
sea level rise findings and the need to remove in-holdings and existing industrial development that 
would obstruct restoration.   

The SCC’s first coordination efforts resulted in a grant to the City of Oxnard to assist it in 
extinguishing a paper subdivision and acquiring approximately 90 acres of private, undeveloped land 
along the beach for coastal wetland protection and restoration. In 1988, while the SCC continued to 
develop its land acquisition strategy for the area, the Ormond Beach Task Force (OBTF) was formed as 
a forum for the discussion of issues related to Ormond Beach. During the 1990s, the OBTF focused its 
attention on preventing proposed development projects in the Ormond Beach area, and pursued 
community consensus to further promote its protection and restoration. Since the OBTF’s inception, the 
SCC has chaired its bi-monthly meetings. 

In 2002, the SCC acquired 260 acres of land in the Ormond Beach area, and subsequently began the 
process of evaluating the long-term feasibility of, and needs for, establishing a coastal ecosystem that 
could be sustained (referred to herein as the “project”). In 2005, the SCC provided a grant to The 
Nature Conservancy (TNC) to purchase an additional 280 acres of land adjacent to the SCC’s property 
with the intention of collaborating with the SCC and OBTF, as well as other local stakeholders, to 
achieve the SCC’s goal of restoring over 1,000 acres of coastal wetland habitat.   

The purpose of the Ormond Beach Wetland Feasibility Study (Feasibility Study) is to provide the SCC, 
its partners, interested parties and stakeholders, and regulatory agencies with reliable information and 
analysis regarding the viability of restoring, enhancing and creating coastal wetland habitats in the 
project area. It represents the culmination of several subject-specific and interdisciplinary efforts that, 
together, have resulted in the identification of six possible alternatives for habitat restoration, 
enhancement, and creation. For the purposes of the evaluation of these alternatives a seventh 
alternative, the “No Project Alternative,” has also been identified. The specific efforts associated with 
the Feasibility Study have included the:  
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• Establishment of function- and value-based restoration goals; 

• Collection of data related to the existing (e.g., “baseline”) physical conditions of the project site and its 
surroundings; 

• Characterization of biological resources, including the identification of special status species and habitats; 

• Characterization of  hydrologic, hydraulic and geomorphic conditions; 

• Characterization of cultural resources; 

• Identification of potential contaminant types and sources and completion of a site-wide soil and surface water 
investigation; 

• Characterization of infrastructure; 

• Evaluation of wetland implementation and management opportunities and constraints; 

• Development of wetland restoration and enhancement alternatives, including preliminary conceptual design 
and implementation costs; 

• Development of a suite of 26 systematic evaluation criteria and associated metrics for comparison of the 
alternatives, and subsequently completing that evaluation; 

• Development of short- and long-term restoration recommendations for the project’s future steps; and,  

• Completion of the Feasibility Study. 

Overall, the alternatives identified for the project include three concepts, including: (1) creation of a 
new tidal lagoon with a permanent open connection to the ocean (Alternative 1); (2) restoration of the 
project area’s historic wetland habitat mosaic with intermittingly open inlets and seasonal ponds 
(Alternative 2); and, (3) enhancement of existing habitats with minimal hydrologic and ground surface 
modifications (Alternative 3).   

To date, 540 acres of land have been acquired for the project; however, because the SCC’s land 
acquisition process has been, and will continue to be, dependent upon numerous and sometimes inter-
related factors, acquisition of all the potential properties for the project cannot be predicted with 
certainty at this time. Therefore, for the three alternatives outlined above, two variants have been 
developed for each. The “unconstrained” alternatives assume that the SCC and its partners will be able 
to secure all the candidate properties identified for the project; these alternatives maximize the total 
amount of acreage available for habitat restoration, enhancement and creation. The remaining three 
alternatives, referenced as the “constrained” alternatives, assume that some candidate properties will 
not, in the reasonably foreseeable future, be available for the project. As such, the “project area” 
addressed in the Feasibility Study is a maximum of approximately 1,730 acres for the unconstrained 
alternatives, and approximately 770 to 790 acres for the constrained alternatives. The 570-acre Ventura 
County Game Preserve is included within the “footprint” of the unconstrained alternatives in the hope 
that its current landowners and members will be interested in restoring this property as well. The No 
Project Alternative (Alternative 4) assumes that project-related efforts would be limited to the SCC and 
TNC properties (540 acres). 

Following the above strategy, the alternatives described and assessed in the Feasibility Study include: 

• Alternative 1 Unconstrained (Alternative 1U): Create New Tidal Lagoon; 

• Alternative 1 Constrained (Alternative 1C): Create New Tidal Lagoon; 
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• Alternative 2 Unconstrained (Alternative 2U):  Restore Seasonally Open Wetland Habitats/Ponds; 

• Alternative 2 Constrained (Alternative 2C):  Restore Seasonally Open Wetland Habitats/Ponds; 

• Alternative 3 Unconstrained (Alternative 3U): Enhance Existing Non-Tidal Wetland Habitats; 

• Alternative 3 Constrained (Alternative 3C): Enhance Existing Non-Tidal Wetland Habitats; and, 

• Alternative 4: No Project Alternative. 

These alternatives are considered preliminary in nature and will require further refinement and 
optimization. It is also possible that the final alternative chosen for implementation could be some type 
of hybrid of one or more of the above-referenced preliminary alternatives. Table ES-1 provides the 
total habitat acreage of each alternative, as well as the acreage of total high quality habitat, total high 
quality habitat preserved and created, and net restored aquatic wetland habitat value. 

While the unconstrained alternatives would maximize the total acreage of restored aquatic habitat and 
newly created high quality habitat, thereby maximizing benefits to listed species and fish species, it is 
still important to systematically assess and compare each of the alternatives. In an effort to calibrate the 
advantages and disadvantages of each alternative, a series of 26 evaluation criteria were developed, 
along with a comparative metric. The evaluation criteria fall into five categories, including: habitat 
restoration; environmental quality; hydrology and geomorphology; sustainability; and, costs and 
construction. Due to the nature of the evaluation criteria, under some instances two or more of the 
alternatives have identical or nearly identical attributes (e.g., their overall ranking is the same for a 
given criterion). Additionally, in a few instances the alternatives could not be evaluated or compared 
against each other due to the nature of the criterion; for example, one criterion addresses inlet 
resistance to closure, which is not applicable to Alternatives 3U, 3C and 4.  

Based upon the results of the alternatives evaluation, the unconstrained alternatives were consistently 
found to be more favorable than their constrained counterparts. The unconstrained alternatives would 
minimize barriers between habitats, thereby benefitting wildlife migration and maximizing plant 
dispersal corridors. The constrained alternatives would also present many more issues that affect project 
implementation, long term maintenance, and stability, such as: buffering of inflows; room to transgress 
in response to sea level rise; barriers to plant and animal migration; the need for a constructed 
causeway; levees to control inlet migration; and, flooding of buildings and infrastructure. 

In addition to the costs associated with acquiring or otherwise securing the properties needed for 
Alternatives 1 through 3, the costs associated with their implementation could be a limitation as well.  
Consequently, preliminary implementation costs have been estimated. In addition to the total cost of 
construction (including earthwork and soil management/disposal options), the other variables used to 
estimate implementation costs for the six unconstrained and constrained alternatives included 
preliminary engineering, completion of the project’s environmental review process, final engineering 
design, construction management, and environmental monitoring.  Property costs were not considered, 
and, for the unconstrained alternatives, remediation of a former metal smelter facility and onsite waste 
disposal area (referenced in the Feasibility Study as the “Halaco Site”) and decommissioning and 
removal of the existing Reliant Power Plant were not considered. It was assumed that these efforts 
would be undertaken by parties other than the SCC and its partners. 
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Table ES-1.  Habitat Acreages Overview 
Habitat Alternatives 
 Create New Tidal Lagoon1 

(Alternative 1) 
Restore Seasonally Open 

Wetland 
 Habitats/Ponds1 

(Alternative 2) 

Enhance Existing Non-Tidal  
Wetland Habitats1 

(Alternative 3) 

No Project 
Alternative1 

(Alternative 4) 

 Alternative 1U  Alternative 1C  Alternative 2U Alternative 2C Alternative 3U Alternative 3C  
Beach and Southern Foredune 127 79 152 90 153 92 86 
Backdune 70 50 55 44 85 65 0 
Southern Coastal Salt Marsh (Tidal) 437 180 246 78 44 0 0 
Southern Coastal Salt Marsh (Non-Tidal) 0 0 190 142 180 153 96 
Treatment Wetlands 21 7 25 7 24 8 0 
Coastal Grassland 171 50 221 70 223 69 0 
Coastal Grassland (Transitional) 162 36 308 127 650 295 0 
Seasonal Wetland Depression (Vegetated) 26 0 77 16 151 58 0 
Open Water 474 357 119 64 27 5 3 
Unvegetated Inter-Tidal 62 35 13 15 0 0 0 
Managed Duck Ponds 168 0 168 0  0 0 0 
Willow Scrub 38 0 43 5 8 4 0 
Brackish Marsh (Non-Tidal) 0 0 46 24 61 25 28 
Seasonal Pond / Panne 0 0 93 90 0 0 45 
Salt Grass 0 0 0 0 150 0 0 
Creation of High Quality Habitat 2 1,412 706  1,209  569  716  403  0  
Total High Quality Habitat Preserved and 
Created3  

1,394  
 

697  1,190  567  677  399  258  

Net Restored Aquatic Wetland Habitat Value4 973 572  707  415 312  183  0  
1 All habitat types are provided as total acreage. 
2 Acreage of new high quality habitat acreage created (see Feasibility Study Section 5 and Section 6 Figures). 
3 Total acreage of high quality habitat created and preserved minus high quality habitat converted to lower quality habitat. 
4 Total new aquatic habitat created (in acres) within the project site (includes subtidal, intertidal, and non-tidal wetland). 
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For the constrained and unconstrained variants of Alternatives 1 though 3, the estimated total cost for 
implementation ranges between, in 2009 U.S. dollars, $757,130,000 (Alternative 1U) and $23,430,000 
(Alternative 3C).  Of these totals, the total project construction cost per acre by alternative ranges 
between, $654,000 (Alternative 1C) and $23,000 (Alternative 3U) (in 2009 U.S. dollars).  It is noted 
that the project’s costs per acre are similar to the restoration costs per acre of other Southern California 
coastal wetland restoration projects once inflation is factored into the costs of the previously completed 
projects, such as the Batiquitos Lagoon Enhancement Project (Carlsbad), Bolsa Chica Wetlands 
Restoration Project (Huntington Beach), and San Dieguito Lagoon Restoration Project (Del Mar). 

Preparation of the Feasibility Study is only the first step of the project’s implementation. To facilitate 
future planning, design, and regulatory review and permitting for the project, a series of short- and 
long-term recommendations have been prepared for the SCC’s consideration. The majority of these 
recommendations are future steps that will need to be taken prior to the project’s construction; they 
have been grouped according to their subject matter, including biological resources, environmental 
resources and physical processes, regulatory reviews and approvals, and economics (e.g., project costs 
and funding sources). Each recommendation has also been categorized according to the phase of the 
project within which the results of the recommendation would be needed, or otherwise should be 
initiated. However, implementation of all of the recommendations that have been identified may not be 
realistic, for example, limitations associated with their funding may be a limiting factor. Additionally, 
not all of the recommendations are necessary for the project’s implementation. As such, each 
recommendation has been prioritized. For the purposes of this Feasibility Study, prioritization of the 
recommendations includes:  

• Critical - Completion of the recommendation is considered an absolute necessity for project implementation 
and success;  

• Very High - Completion of the recommendation is considered extremely important to project implementation 
and success; 

• High - Completion of the recommendation is considered important, but if it is not undertaken it would not 
pose a “fatal flaw” to the project’s implementation and success; and, 

• Advantageous – Completion of the recommendation would benefit some aspect (or aspects) of the project, but 
it is not necessary for the project’s implementation and success. 

Table ES-2 provides a summary of the recommendations that have been prepared for the project.  It is 
noted, though, that the SCC may have to further prioritize these recommendations as the project 
progresses. 

A preferred, or proposed, alternative is not identified in the Feasibility Study. The SCC, in consultation 
with its partners, will ultimately have to make this decision as part of the optimization and refinement 
process of the preliminary alternatives contained in the Feasibility Study and prior to the project’s 
environmental review process. However, all of the preliminary alternatives presented in the Feasibility 
Study are feasible given the project area’s existing and predicted future physical conditions, and have 
been designed to meet the SCC’s goals and objectives for the Ormond Beach area. Although 
implementation of Alternatives 1 through 3 (unconstrained or constrained) would all result in some 
adverse environmental impacts during construction, in the long-term they would all result in exceptional 
ecological and societal benefits at both local and regional scales. 

The content of the Feasibility Study has been organized into 11 sections, as follows: 
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• Section 1 provides an overview of the Feasibility Study’s purpose and scope, other technical reports and 
studies that have been prepared , as well as the Feasibility Study’s organization; 

• Section 2 provides a summary of existing attributes associated with the project area, including: habitat 
distributions and biological resources; hydrologic, hydraulic and geomorphic conditions; potential 
contaminant types and sources; land use and infrastructure; and, cultural resources; 

• Section 3 provides a summary of the identified opportunities and constraints related to the project, including 
land availability, potential supplemental water sources, public recreation and education, potential funding 
sources, and potential land management partners; 

• Section 4 provides a summary of the project’s anticipated regulatory requirements and environmental review 
process; 

• Section 5 provides a description of the project’s alternatives, as identified and analyzed for the Feasibility 
Study; 

• Section 6 provides an analysis of the project’s alternatives, including issues related to: habitat and biological 
resources; hydrologic, hydraulic and geomorphic conditions; land use and infrastructure; cultural resources; 
and, soil management and construction quantities and cost estimates; 

• Section 7 provides a comparative evaluation of the project’s alternatives; 

• Section 8 provides the short- and  long-term recommendations for the project’s future steps; 

• Section 9 provides a listing of the acronyms used within the Feasibility Study; 

• Section 10 provides a listing of the preparers and reviewers of the Feasibility Study; and, 

• Section 11 provides identification of the references cited in the Feasibility Study.   
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Table ES-2.  Summary of Short- and Long-Term Recommendations 
Recommendation Project Phase Priority 
Short-Term Recommendations   
Biological Resources   
Prepare Species-Specific Pre-Restoration Studies Prior to refinement and optimization of the preliminary alternatives Critical to 

Advantageous1 
Prepare Analysis of Environmentally Sensitive Habitat Areas Prior to refinement and optimization of the preliminary alternatives High 
Prepare Essential Fish Habitat Analysis Prior to refinement and optimization of the preliminary alternatives Critical 
Environmental Resources and Physical Processes   
Prepare Ecological Gaps Analysis Prior to refinement and optimization of the preliminary alternatives High 
Complete Cross-Sections Prior to refinement and optimization of the preliminary alternatives Critical 
Complete a Regional Littoral Sediment Budget Analysis   Prior to refinement and optimization of the preliminary alternatives Critical to 

High2 
Complete Nearshore Wave Monitoring Prior to refinement and optimization of the preliminary alternatives Critical to 

High2 
Complete Morphological Modeling of Inlet Prior to refinement and optimization of the preliminary alternatives Critical 
Prepare Agricultural Drainage Study Prior to refinement and optimization of the preliminary alternatives Critical 
Prepare Sea Level Rise and Coastal Flood Inundation Study Prior to or during refinement and optimization of the project’s preliminary alternatives Critical 
Prepare a Groundwater Study Prior to preparation of the project’s environmental review document Critical 
Prepare a Subsidence Feasibility Analysis Prior to or during refinement and optimization of the project’s preliminary alternatives Critical  
Complete Water Quality Monitoring and Sampling Program Initiated prior to or during refinement and optimization of the project’s preliminary 

alternatives 
Critical 

Prepare an Ecological Risk Analysis Prior to or during refinement and optimization of the project’s preliminary alternatives Critical 
Integrate Public Access and Recreation Plans into Project Design 
Plans   

During refinement and optimization of the project’s preliminary alternatives Critical 

Regulatory Processes   
Identify Proposed Project Prior to preparation of the project’s environmental review document Critical 
Identify and Coordinate with the Federal Lead Agency Prior to preparation of the project’s environmental review document Critical 
Initiate Public and Involvement and Participation Program Prior to preparation of the project’s environmental review document Very High 
Initiate Informal Agency Consultations   Prior to preparation of the project’s environmental review document Very High 
Complete Formal Wetland Delineation Prior to preparation of the project’s environmental review document Critical 
Complete Cultural Resources Phase I or Phase II Investigation Prior to preparation of the project’s environmental review document Very High 
Complete Environmental Review and Permit Acquisition Processes   Initiate during the preparation of the project’s environmental review document Critical 
Prepare Wetland Restoration Management and Monitoring Plan Complete Draft Plan prior to preparation of the project’s environmental review 

document 
Critical 
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Recommendation Project Phase Priority 
Economics   
Complete Cost Feasibility Analysis Prior to preparation of the project’s environmental review document Critical 
Assess Funding Potential Under the Corps’ In-Lieu Fee Program Prior to or during preparation of the project’s environmental review document Very High 
Complete Carbon Sequestering Analysis During (as part of) preparation of the project’s environmental review document High 
Long-Term Recommendations   
Biological Resources   
Develop and Implement Seed Collection Program Initiate soon after the approved project has been identified and all properties for project 

implementation have been secured. 
Very High 

Environmental Resources and Physical Processes   
Implement Wetland Restoration Management and Monitoring Plan Implement as first task of any pre-construction activities.  Evaluate and revise every 

five years or as warranted by project site conditions 
Critical 

Regulatory Processes   
Develop and Implement Permit Compliance Plan Development of the Plan’s organization and structure should begin during the project’s 

regulatory permit acquisition process and completed immediately upon receipt of all of 
the project’s regulatory permits and approvals 

Very High 

Economics   
Develop Long-Term Funding Program The program should be developed and implemented as soon as the approved project 

is established and the properties necessary for its implementation are secured 
Critical 

1 Prioritization is study-specific.  Please refer to Feasibility Study Section 8.1.1 (Short-Term Recommendations, Biological Resources) for the priority of 
each study. 

2  Critical if Alternative 1 is chosen as the proposed project; High for the remaining alternatives. 
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1. INTRODUCTION 

Ormond Beach is located along the southern coast of Ventura County, California. It is situated 
northwest of the Naval Base Ventura County (NBVC) Point Mugu and southeast of the City of Port 
Hueneme.  It falls within the jurisdictional boundaries of both Ventura County and the City of Oxnard.  
Figure 1-1 provides a regional map of the Ormond Beach area. At a local scale, Ormond Beach is 
principally accessed via Arnold and Hueneme Roads. It is surrounded by a mix of agricultural, 
industrial, military, open space, and public and private duck club properties. The beach itself is broad, 
sandy and flanked by sand dunes and some wetland areas. It provides several recreational opportunities, 
such as surfing, swimming, sunbathing, fishing and nature observation. Figure 1-2 provides a map of 
that portion of the Ormond Beach area which is the focus of this Feasibility Study (e.g., the “project 
area” or “project site”). Figures 1-3 though 1-7 contain photographs of the project area from various 
viewing locations.   

Historically, the greater Ormond Beach area was a diverse ecosystem. The area contained sandy 
beaches, coastal lagoons and estuaries, fore- and backdune areas, brackish and seasonal freshwater 
marshes, freshwater drainages, grasslands and transitional uplands. Water sources included surface 
flows from the Oxnard Plain, freshwater drainages, groundwater, flows from Calleguas Creek, and 
flood flows from the southward migration of the mouth of the Santa Clara River. Features shown on 
historical maps from the 1850s and later indicate that the area’s wetland habitats played an important 
role in the Pacific flyway, providing foraging and rest stops for birds migrating between Alaska and 
Central America. Coastal lagoons and estuaries provided spawning and nursery grounds for local and 
coastal fish. A wide assemblage of terrestrial and aquatic invertebrates, as well as reptiles, amphibians 
and mammals were probably present, and marine mammals likely used the lagoons and beach for haul-
out sites and pupping. 

Today, the project area is a mosaic of several habitat types and development within and surrounding it 
has dramatically changed its historic conditions. The area’s topography has been raised by fill 
placement to accommodate agricultural, industrial and military uses which, in many cases, has cut off 
or restricted tidal flows. Watershed urbanization and coastal modifications have altered the entrainment, 
transport, and delivery of sediment to and along the project area’s coastal system. Stream 
channelization has diverted water away from some former tidal inlets, and concentrated it in others 
(e.g., Mugu Lagoon). The Reliant Ormond Beach Generating Station (herein referenced as the “Reliant 
Power Plant”), which flanks the beach approximately 0.8 mile northwest of Arnold Road (Figure 1-8), 
was constructed and placed into service in the early 1970s. A secondary metal smelter (including onsite 
waste disposal areas), which is referred to in this Feasibility Study as the “Halaco Site,” was 
constructed approximately 0.8 mile northwest of the Reliant Power Plant in the early 1960s (Figure 1-
8) and was operated until 2004.   

Because of local and regional development, as well as other anthropogenic factors, the remaining 
habitats of the project area have been compromised.  None-the-less, the area still supports several 
special status plant and wildlife species, including, but not limited to, the California least tern (Sterna 
antillarum browni), western snowy plover (Charadrius alexandrinus nivosus), Belding’s savannah 
sparrow (Passerculus sandwichensis beldingi), tidewater goby (Eucyclogobius newberryi), globose dune 
beetle (Coelus globosus), wandering (salt marsh) skipper (Panoquina errans), and salt marsh bird’s 
beak (Cordylanthus maritimus ssp. maritimus). Additionally, urban discharges support a beach lagoon 
(as well as its associated brackish wetland vegetation), and a limited foredune community extends along 
the beach area itself. Aquatic plant species such as bulrush (Scirpus sp.) and ditch-grass (Ruppia 
cirrhosa) grow along many of the area’s drainage ditches, remnants of salt marsh vegetation are present 
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in several locations, and a high groundwater table continues to support native vegetation. As such, 
federal, State, and local agencies, organizations and interest groups recognize Ormond Beach as an area 
that has enormous biological significance and high habitat restoration potential. To this end, the 
California State Coastal Conservancy (SCC) proposes, at a scale unprecedented within California, to 
restore as much lost habitat as possible within the project area. This Feasibility Study and its associated 
technical reports and studies have been prepared as an initial step in support of the SCC’s proposed 
restoration effort, which is herein referenced as the Ormond Beach Wetland Restoration Project 
(“project”).   

1.1  PROJECT BACKGROUND 

The SCC was established in 1976 by State legislature to purchase, protect, restore and enhance coastal 
resources, and provide public access to the coast. The SCC works in partnership with local 
governments, other public agencies, nonprofit organizations, and local stakeholders to: 

• Protect and improve coastal wetlands, streams, and watersheds;  

• Facilitate public access to, and use of, the coast and bay shores; 

• Revitalize urban waterfronts;  

• Solve complex coastal land use issues;  

• Purchase and hold environmentally valuable coastal and bay lands;  

• Protect agricultural lands and support coastal agriculture; and,   

• Facilitate donations and dedications of land and easements for public coastal access, wildlife habitat, 
agriculture, and open space. 

Recognizing the ecological value of the Ormond Beach area, the SCC targeted it for habitat restoration 
and enhancement in the early 1980s. Its initial goal for land acquisition and habitat restoration was “at 
least 750 acres” in the area west/northwest of Arnold Road (see Figures 1-2 and 1-8 for the location of 
Arnold Road). That goal has since risen to at least 1,000 acres as result of new sea level rise findings 
and the need to remove in-holdings and existing industrial development that would obstruct restoration.   

The SCC’s first efforts resulted in a grant to the City of Oxnard to assist it in extinguishing a paper 
subdivision and acquiring approximately 90 acres of private, undeveloped land along the beach for 
coastal wetland protection and restoration. In 1988, while the SCC continued to develop its land 
acquisition strategy, the Ormond Beach Task Force (OBTF) was formed as a forum for the discussion 
of issues related to the beach. During the 1990s, the OBTF focused its attention on preventing proposed 
development projects in the Ormond Beach area, and pursued community consensus to further promote 
its protection and restoration. Since the OBTF’s inception, the SCC has chaired its bi-monthly 
meetings.  

In 2002, the SCC acquired 260 acres of land surrounding the Reliant Power Plant from Southern 
California Edison (SCE), the original owner of the facility, with the intent of purchasing at least 1,000 
acres for habitat restoration and enhancement. With completion of this purchase, the SCC began the 
process of evaluating the long-term feasibility and needs for establishing a coastal ecosystem that 
functions within, and provides value to, the greater Ormond Beach area.   
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With SCC funding, in 2005 The Nature Conservancy (TNC) purchased an additional 280 acres of land 
adjacent to (north/northwest of) the SCC’s property from the Metropolitan Water District (MWD) of 
Southern California and the City of Oxnard. TNC intends to collaborate with the SCC and OBTF, as 
well as other local stakeholders, to achieve the SCC’s goal of restoring over 1,000 acres of the Ormond 
Beach area. Figure 1-8 provides a map of property ownership within the project area.  

Three concepts for habitat restoration, enhancement and creation have been identified, including the: 
creation of a new tidal lagoon with a permanent open connection to the ocean (Alternative 1); 
restoration of the project area’s historic wetland habitat mosaic with intermittingly open inlets and 
seasonal ponds (Alternative 2); and, enhancement of existing habitats with minimal hydrologic and 
ground surface modifications (Alternative 3). However, because the SCC’s land acquisition process has 
been, and will continue to be, dependent upon numerous and sometimes inter-related factors, acquiring 
or otherwise securing of all the candidate properties for the project cannot be predicted with certainty at 
this time. Therefore, two variations of the three alternatives referenced above have been developed. 
The “unconstrained” alternatives assume that the SCC and its partners will be able to secure all of the 
candidate properties for the project; these alternatives maximize the total amount of acreage available 
for habitat restoration and enhancement. The remaining three alternatives, referenced as the 
“constrained” alternatives, assume that some properties will not, in the reasonably foreseeable future, 
be available for the project. To this end, the total project area addressed in this Feasibility Study is a 
maximum of approximately 1,730 acres for the unconstrained alternatives and approximately 770 to 
790 acres for the constrained alternatives. The 570-acre Ventura County Game Preserve (VCGP) is 
included within the “footprint” of the unconstrained alternatives in the hope that its current landowners 
and members will be interested in restoring this property as well. A fourth alternative, the “No Project 
Alternative” (Alternative 4) assumes that project-related efforts would be limited to the SCC and TNC 
properties (540 acres). Section 5 of this Feasibility Study provides in-depth descriptions of the 
unconstrained and constrained alternatives.   

1.2  STUDY PURPOSE AND SCOPE 

The purpose of this Feasibility Study is to provide the SCC, its partners, interested parties and 
stakeholders, and regulatory agencies with reliable information and analysis regarding the viability of 
restoring, enhancing and creating coastal wetland habitats in the project area. Due to the complexity of 
such an ambitious undertaking, an interdisciplinary team of resource/issue-specific experts was formed 
to complete a series of tasks that, collectively, provided the basis for the information, analysis and 
recommendations presented in this Feasibility Study. The tasks completed for this Feasibility Study 
have included: 

• Establishment of function- and value-based restoration goals; 

• Collection of data related to the existing (e.g., “baseline”) physical conditions of the project site and its 
surroundings; 

• Characterization of biological resources, including the identification of special status species and habitats; 

• Characterization of  hydrologic, hydraulic and geomorphic conditions; 

• Characterization of cultural resources; 

• Identification of potential contaminant types and sources, and completion of a site-wide soil and surface water 
investigation; 
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• Characterization of infrastructure; 

• Evaluation of wetland implementation and management opportunities and constraints; 

• Development of wetland restoration and enhancement alternatives, including preliminary conceptual design 
and implementation costs; 

• Development of a suite of 26 systematic evaluation criteria and associated metrics for comparison of the 
alternatives, and subsequently completing that evaluation; 

• Development of short- and long-term restoration recommendations for the project’s future steps; and,  

• Completion of this Feasibility Study. 

It is noted that the alternatives presented in this Feasibility Study are considered preliminary in nature 
and will require further refinement and optimization as future short- and long-term recommendations 
are undertaken, discussions between the SCC, its partners, regulatory agencies and the public continue, 
and the project’s environmental review and approval process are carried forward. It is additionally 
possible that the final alternative chosen for implementation could be some type of hybrid of one or 
more of the alternatives evaluated in this Feasibility Study.   

1.3  PRIOR PROJECT STUDIES AND REPORTS 

As outlined in Section 1.2 (Study Purpose and Scope), several resource/issue-specific tasks were 
undertaken in support of this Feasibility Study. Several of these tasks culminated in the completion of 
technical reports and studies, as follows:  

• Ormond Beach Restoration Feasibility Study: Infrastructure Investigation Report. Prepared by Everest 
International Consultants, Inc.  December 2004.  

•  Ormond Beach Wetland Restoration Project: Soil Contaminant Review.  Prepared by Everest International 
Consultants, Inc. and AMEC Earth & Environmental, Inc.  January 2005. 

• Cultural Resources in the Ormond Beach Wetlands Restoration Area. Wishtoyo Foundation and Topanga 
Anthropological Consultants.  May 2005. 

• Project Restoration Goals Report for the Ormond Beach Wetland Restoration Feasibility Study. Prepared by 
Aspen Environmental Group.  May 2005. 

• Ormond Beach Wetlands Restoration Project: Preliminary Evaluation of Potential Water Sources. Prepared 
by Everest International Consultants, Inc.  June 2005. 

• Recreation and Education Opportunities Report for the Ormond Beach Wetlands Restoration Feasibility 
Study.  Prepared by Aspen Environmental Group.  July 2005. 

• Potential Water Sources for the Ormond Beach Restoration Feasibility Plan. Prepared by Kennedy/Jenks 
Consultants, Inc.  July 2005. 

• Ormond Beach Wetland Restoration Feasibility Study: Potential Land Management Partners Report.  
Prepared by Aspen Environmental Group.  November 2005. 

• Ormond Beach Wetland Restoration Feasibility Study: Anticipated Regulatory Requirements Report. Prepared 
by Aspen Environmental Group.  July 2006. 

• Ormond Beach Wetland Restoration Site-Wide Soil/Surface Water Investigation. Prepared by AMEC Earth & 
Environmental, Inc.  November 2006. 
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• Biological Assessment for Ormond Beach. Prepared by Wetlands Research & Associates (WRA), Inc. July 
2007. 

• Ormond Beach Wetland Restoration Feasibility Study: Potential Project Funding Sources Report. Prepared by 
Aspen Environmental Group.  February 2007. 

• Ormond Beach Wetland Restoration Feasibility Plan: Hydrologic and Geomorphic Conditions Report.  
Prepared by Phillip Williams & Associates, Ltd. (PWA).  September, 2007. 

With the exception of the Cultural Resources in the Ormond Beach Wetlands Restoration Area Report, 
which, due to its nature, is considered proprietary, the above-referenced reports and studies can be 
accessed at the SCC’s website, or are otherwise on file with the SCC. All of the above-referenced 
documents are incorporated into this Feasibility Study by reference. 

In addition to the technical efforts associated with this Feasibility Study, the Graduate Design 606 
Studio, Department of Landscape Architecture, California State Polytechnic University of Pomona, is 
currently working with the SCC to develop a Public Access and Trail Plan for the project (referred to 
as the “Access Vision Plan”). The Graduate Design 606 Studio met with the OBTF on January 22, 
2009 to introduce and discuss possible features of the Access Vision Plan.  The Graduate Design 606 
Studio subsequently coordinated a tour of the project area on March 22, 2009 to identify what the 
public did and did not know about Ormond Beach and the project, and solicit information from the 
attendees as to what their primary interests and goals are in terms of public access, education, and 
possible visitor amenities. When complete, the Graduate Design 606 Studio’s Access Vision Plan will 
be factored into the project’s future refinement and optimization of the conceptual alternatives presented 
in this Feasibility Study, and then will be integrated into the project’s final engineering and design 
plans.   

1.4  STUDY ORGANIZATION 

This Feasibility Study has been organized into 11 sections and is supported by three technical 
appendices.  The main sections of this Feasibility Study are as follows: 

• Section 1 provides an overview of this Feasibility Study’s purpose and scope, other technical reports and 
studies that have been prepared in support of this Feasibility Study, and the Feasibility Study’s organization. 

• Section 2 provides a summary of existing attributes associated with the project site, including: habitat 
distributions and biological resources; hydrologic, hydraulic and geomorphic conditions; potential 
contaminant types and sources; land use and infrastructure; and, cultural resources. 

• Section 3 provides a summary of the identified opportunities and constraints related to the project, including 
land availability, potential supplemental water sources, public recreation and education, potential funding 
sources, and potential land management partners. 

• Section 4 provides a summary of the project’s anticipated regulatory requirements and environmental review 
process. 

• Section 5 provides a description of the project’s alternatives, as identified and analyzed for this Feasibility 
Study. 

• Section 6 provides an analysis of the project’s alternatives, including issues related to: habitat and biological 
resources; hydrologic, hydraulic and geomorphic conditions; land use and infrastructure; cultural resources; 
and, soil management and construction quantities and cost estimates. 

• Section 7 provides a comparative evaluation of the project’s alternatives. 
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• Section 8 provides the short- and long-term recommendations for the project’s future steps as identified by 
this Feasibility Study’s technical and advisory team (known as the Design Integration Group, or “DIG”). 

• Section 9 provides a listing of the acronyms used within this Feasibility Study. 

• Section 10 provides a listing of the preparers and reviewers of this Feasibility Study, including the technical 
reports and studies listed in Section 1.3 (Prior Project Studies and Reports). 

• Section 11 provides identification of the references cited in this Feasibility Study.   
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2. SUMMARY OF EXISTING CONDITIONS 

The following section provides a summary of the existing conditions of the project site as related to 
biological resources, hydrology, hydraulics and geomorphics, potential contaminant types and sources, 
land use and infrastructure, and cultural resources. These summaries are based upon the more detailed 
technical reports prepared for the project, as outlined in Section 1.3 (Prior Project Studies and 
Reports). 

2.1 HABITAT DISTRIBUTIONS AND BIOLOGICAL RESOURCES 

The project area includes a variety of upland plant communities, wetland plant communities, and open 
water/ocean habitat. The types of upland plant communities found within the project site include non-
native annual grassland, coyote brush, saline/haline herbs, willow scrub, southern foredunes, and 
mixed transitional vegetation. The three general wetland plant communities found within the project 
area are characterized as southern coastal salt marsh, coastal freshwater/brackish marsh, and managed 
duck ponds. Agricultural and industrial uses of the project area have left their imprint in the form of 
agricultural fields, cultivated sod fields, and privately-owned parcels positioned within the project area 
that serve as barriers to habitat connectivity. Please refer to the Biological Assessment for Ormond 
Beach (Wetlands Research Associates, Inc. [WRA], 2007) for a detailed discussion of the project area’s 
biological resources.   

Upland Plant Communities.  Figure 2-1 provides a mapping of the project area’s plant communities 
and habitats.  Upland plant communities located primarily within the northern portion of the western 
half of the project area are non-native annual grassland and coyote brush. There are two different non-
native annual grassland associations within the project area: Ruderal Vegetation Association, and 
Coyote Brush/Western Ragweed (Ambrosia psilostachya) Association. This non-native annual grassland 
habitat has been significantly impacted through previous agricultural operations, historical development, 
and other human-induced impacts, and consists of a number of species of non-native grasses and forbs 
including soft chess (Bromus hordeaceus), rip-gut brome (Bromus diandrus), Italian rye-grass (Lolium 
multiflorum), bristly ox-tongue (Picris echioides), black mustard (Brassica nigra), and wild radish 
(Raphanus sativus). This habitat incorporates patches of coyote brush habitat, both the Eucalyptus 
(Eucalyptus sp.) Association and Myoporum (Myoporum laetum) Association, which occur along the 
banks of many of the drainage ditches within the project area. In addition to the native coyote brush, 
other native species observed in this community, although infrequently, include mulefat (Baccharis 
salicifolia), brass buttons (Cotula coronopifolia), and heliotrope (Heliotropium curassavicum).   

Upland plant communities located primarily within the northern portion of the eastern half of the 
project area (within the VCGP) are the saline/haline herb community and willow scrub. The 
saline/haline herb community is dominated by herbaceous species typically found on saline soils, 
including alkali mallow (Malvella leprosa), alkali weed (Cressa truxillensis), alkali-heath (Frankenia 
salina), saltbush (Atriplex sp.), and woolly seablite (Suaeda taxifolia). The willow scrub habitat consists 
of willow patches dominated by several species of Salix, including arroyo willow (Salix lasiolepis). The 
majority of these patches are located on the levees surrounding the managed duck ponds. The willow 
scrub communities within the project site are not associated or dependent upon a stream or any other 
type of watercourse and therefore do not meet the California Department of Fish and Game (CDFG) or 
California Coastal Commission (CCC) definition of riparian habitats (CDFG ESD, 1994; CCC, 1981). 
However, these willows do provide habitat for avian fauna and may qualify as sensitive habitat. 
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The southern foredune habitat found along the southern and western boundaries of the project site is 
characteristic of the sand verbena (Abronia sp.) beach bursage series defined by Sawyer and Keeler-
Wolf (1994). Native plant species that are dominant in this habitat type include beach evening primrose 
(Camissonia cheiranthifolia), beach bur (Ambrosia chamissonis), and beach morning-glory (Caystegia 
soldanella). This is considered sensitive habitat by the CDFG, as is the intertidal shore between the 
foredunes and the subtidal marine deepwater habitat; this area is called a Marine Intertidal Irregularly-
flooded Unconsolidated-Sand Wetland. 

The mixed transitional plant community is present throughout the project area and represents a shift 
between the upland and wetland plant communities. The upland plant species are dominated by invasive 
exotics, such as black mustard (Brassica nigra), non-native annual grasses, iceplant (Carpobrotus sp.), 
saltbush (Atriplex sp.), fat-hen spearscale (Atriplex triangularis), and curly dock (Rumex crispus). The 
wetland plants are comprised of varying densities and combinations of salt grass (Distichlis spicata), 
perennial pickleweed (Sarcocornia pacifica), and California tule (Schoenoplectus californicus). 

Wetland Plant Communities.  The southern coastal salt marsh and coastal freshwater/brackish marsh 
wetlands are found throughout the project site, whereas the managed duck ponds are only located in the 
southeast corner of the project area. All of these types of wetlands are linked to the presence of a water 
table that occurs close to or at the surface for at least part of the growing season. They are considered 
sensitive habitat by the CDFG, CCC, and U.S. Army Corps of Engineers (USACE) and are described 
in more detail below.  Figure 2-2 provides a mapping of the project area’s sensitive habitats. 

Southern Coastal Salt Marsh  

There are three types of southern coastal salt marshes within the project site; they are typically a 
perennial pickleweed association of low tidelands and estuaries. The vegetation in these southern coastal 
salt marshes is primarily composed of succulent halophytic and hydrophytic plants such as perennial 
pickleweed or annual pickleweed (Salicornia subterminalis), salt grass, woolly seablite, and California 
sealavender (Limonium californicum). Pickleweed typically occupies the middle to high marsh, whereas 
salt grass occurs in low areas but can also be dominant in the higher terrain (McClelland Engineers, 
1985). The only intertidal salt marsh on-site, located in the southern corner of the VCGP, receives 
muted tidal input through a system of channels that connect to Mugu Lagoon. This wetland type is 
characterized as Estuarine-Intertidal Emergent-Persistent (Sarcocornia pacifica) Regularly-Flooded 
Mixohaline Mid-High Salt-Marsh Wetland. The other salt marshes are non-tidal or are seasonally 
flooded ponds/pannes. These communities are dominated by perennial pickleweed with salt pannes and 
sand flats separating the elevated stands of vegetation. They are characterized as Palustrine Emergent-
Persistent Seasonally-Flooded Mixohaline Mid-High Diked-Estuarine Salt-Marsh Wetland.  In addition 
to being dominated by perennial pickleweed, one type is co-dominated by jaumea (Jaumea carnosa) and 
fat-hen spearscale, while the other is co-dominated by woolly seablite. The endangered salt marsh 
bird’s-beak (Cordylanthus maritimus) was observed during the project’s July 2004 site visit (WRA, 
2007) in one of these non-tidal wetlands located west of the NBVC Point Mugu in the SCC parcel 
(please refer to Figure 1-8). 

Coastal Freshwater/Brackish Marshes 

The coastal freshwater/brackish marshes (Holland, 1986) are located in the northwestern corner of the 
project site, where freshwater flows into the lagoon area from three drains and infiltrates into the ocean 
through the beach sands or flows through occasional breaches in the sand barrier. The five specific 
types of brackish marshes found within the project area include: 
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• Palustrine Emergent-Persistent (Schoenoplectus, Typha, Distichlis) Semi-Permanently-Flooded Lagoon Shore 
Wetland;  

• Palustrine Emergent-Persistent (Schoenoplectus) Seasonally-Flooded Mixohaline High-Fringe Marsh 
Wetland; 

• Palustrine Emergent-Persistent (Schoenoplectus, Atriplex) Seasonally-Flooded Drainage Channel Floodplain 
Wetland; 

• Palustrine Emergent-Persistent (Distichlis, Sarcocornia, Frankenia) Seasonally-Flooded Drainage Channel 
Floodplain Wetland; and, 

• Palustrine Emergent-Persistent (Cressa, Suaeda, Atriplex) Seasonally-Saturated Alkali Flats/Depressional 
Wetland. 

Managed Duck Ponds 

These habitats are located solely within the VCGP and consist of artificial wetlands that were created by 
a system of levees and berms. Many of the plant communities within the managed duck ponds resemble 
salt marsh or brackish marsh communities. All three types of managed duck ponds within the project 
area are characterized as Palustrine Emergent-Persistent Seasonally-Flooded Mixohaline Managed Duck 
Pond Wetlands, but the species they are dominated by varies between: (1) perennial pickleweed and 
alkali-weed; (2) California tule and bulrush (Bolboschoenus maritimus); and, (3) mixed vascular plants, 
including California tule, bulrush, curly dock, salt grass, perennial pickleweed, alkali weed, and others. 

Open Waters/Ocean Habitat.  A series of channels throughout the project site, an open water lagoon in 
the northwest corner of the project area, and open water areas within the VCGP provide fish habitat.  
Some of these waters are considered to be Essential Fish Habitat (EFH) and are protected by National 
Oceanic and Atmospheric Administration (NOAA) Fisheries Service. In addition, brackish open water 
in the northwestern corner of the project area provides habitat for the federally endangered tidewater 
goby (Eucyclogovius newberryi). 

Table 2-1provides a summary of the acreages of the sensitive habitat types located within the project 
area, as shown on Figure 2-2. 

Table 2-1.  Summary of Sensitive Habitats 
Sensitive Habitat Type Northwest of Arnold 

Road (Acres) 
Southeast of Arnold 

Road (Acres) 
Total Habitat  

(Acres) 
Open Waters/Ocean (Essential Fish Habitat) 75 15 90 
Southern Foredune (includes Marine Intertidal 
Unconsolidated-Sand Wetland) 135 0 135 
Willow Scrub 0 11 11 
Seasonal Pond/Panne (includes Sand Flats and 
Salt Pannes) 48 21 69 
Southern Coastal Salt Marsh (Tidal) (i.e. 
Estuarine-Intertidal Wetland) 0 21 21 
Southern Coastal Salt Marsh (Non-Tidal) (i.e. the 
three Palustrine Southern Coastal Salt Marshes 
on Figure 2-2) 

87 0 87 

Duck Pond Palustrine Wetlands 0 313 313 
Coastal Freshwater/Brackish Marsh 53 12 65 
Open Waters/Ocean (Essential Fish Habitat) 75 15 90 
Seasonal Pond/Panne 48 21 69 
Total Acreage 521 429 950 
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Special Status Wildlife Species.  According to a review of special status wildlife species observations in 
the vicinity of the project site and Ventura County, 77 species could potentially occur within the project 
area. Of these, 27 were documented onsite during the biological surveys conducted for the Biological 
Assessment for Ormond Beach (WRA, 2007). Of the remaining 50 species that were not documented 
during the surveys, seven have high potential to occur onsite, 13 have moderate potential, 16 have low 
potential, and 14 are assumed to not be present because the required habitat conditions do not exist 
onsite. Table 2-2 lists all wildlife species documented in the project area during the above-referenced 
biological surveys that are federal and State-listed species, and Table 2-3 lists all wildlife species 
documented in the project site during the biological surveys that are federal and State species of concern 
or fully protected species. 

Table 2-2. Federal and State Listed Wildlife Species Documented in the Project Area 
Species Name Status Habitat within the Project Area 

Tidewater goby 
(Eucyclogovius newberryi) 

Federal Endangered, CDFG 
Species of Special Concern 

The brackish open waters in the northwest corner of the Study 
Area provide suitable habitat for this species.  This species was 
documented in Ormond Lagoon by USFWS, Ventura Office in 
2006 (personal communication with Chris Dellith, June 30, 2009). 

California Brown Pelican 
(Pelecanus occidentalis 
californicus) 

Federal Endangered, State 
Endangered, CDFG Fully 
Protected 

Forage and roost in the coastal freshwater/brackish marsh 
dominated by Schoenoplectus, Typha, and Distichlis 

American Peregrine Falcon 
(Falco peregrinus anatum) 

State Endangered, CDFG 
Fully Protected 

Suitable foraging and roosting habitat is available throughout the 
project area and a small population is currently present at NBVC 
Point Mugu. 

Western Snowy Plover 
(Charadrius alexandrius 
nivosus) 

Federal Threatened, United 
State Fish and Wildlife 
Service (USFWS) Bird of 
Conservation Concern, 
CDFG Species of Special 
Concern 

Present year-round at Ormond Beach.  Several nest and roost in 
the southern foredune habitat and forage along shoreline and 
open waters. 

California Least Tern 
(Sterna antillarium browni) 

Federal Endangered, State 
Endangered, CDFG Fully 
Protected 

A small colony nest and roost in the southern foredune habitat at 
south Ormond Beach, using open water habitat for foraging. 

Belding’s Savannah 
Sparrow (Passerculus 
sandwichensis belding) 

State Endangered Present in fragmented patches of saltmarsh habitat throughout 
the project area, but concentrated primarily (1) between the 
Halaco Site and Reliant Power Plant, and (2) the saltmarsh in the 
southern portion of the VCGP. 

 

Table 2-3. Federal and State Species of Concern/Fully Protected Species  
Documented in Project Area 

Species Name Status Habitat within the Project Area 
Southern California 
saltmarsh shrew (Sorex 
ornatus salicornicus) 

CDFG Species of Special 
Concern 

Potential habitat is available in many of the southern coastal salt 
marsh and coastal freshwater/brackish marsh habitats throughout 
the project area.  This species was observed in the brackish marsh 
northeast of the Halaco Site. 

San Diego black-tailed 
jackrabbit (Lepus 
californicus bennettii) 

CDFG Species of Special 
Concern 

Observed in the southern foredune area southeast of the Halaco 
Site.  Other potential habitats includes the non-native grassland 
and mixed transitional habitats. 

Double-crested Cormorant 
(Phalacrocorax auritus) 

CDFG Species of Special 
Concern 

Large colonies roost in the uplands immediately adjacent to the 
coastal freshwater/brackish marsh dominated by Schoenoplectus, 
Typha, and Distichlis. 

White-faced Ibis (Plegadis 
chihi) 

CDFG Species of Special 
Concern 

The coastal freshwater/brackish marsh dominated by 
Schoenoplectus provides suitable habitat for this species. 

Cooper’s Hawk (Accipiter 
cooperii) 

CDFG Species of Special 
Concern 

Roost and forage in upland habitats within the project area. 
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Species Name Status Habitat within the Project Area 
Sharp-shinned Hawk 
(Accipiter striatus) 

CDFG Species of Special 
Concern 

Roost and forage in upland habitats within the project area. 

Northern Harrier (Circus 
cyaneus) 

CDFG Species of Special 
Concern 

Suitable nesting/roosting habitat available throughout the project 
area.  Observed foraging over upland, salt and freshwater 
marshes, and ruderal areas. 

White-tailed Kite (Elanus 
caeruleus) 

CDFG Fully Protected Observed in non-native grassland, mixed transitional, and coastal 
freshwater/brackish marsh dominated by Schoenoplectus. 

Merlin (Falco columbarius) CDFG Species of Special 
Concern 

Observed foraging in sod farm habitat.  May also forage in open 
upland habitats.  Not believed to breed in project area. 

Long-billed Curlew 
(Numenius americanus) 

USFWS Bird of Conservation 
Concern, CDFG Species of 
Special Concern 

Observed foraging along the shoreline at Ormond Beach and in the 
open, dry ponds of the VCGP. 

Western Burrowing Owl 
(Athene cuniculara) 

USFWS Bird of Conservation 
Concern, CDFG Species of 
Special Concern 

The non-native annual grassland and roadside berms provide 
habitat. 

Loggerhead Shrike (Lanius 
ludovicianus) 

USFWS Bird of Conservation 
Concern, CDFG Species of 
Special Concern 

Observed in the vicinity of non-native annual grassland habitats. 

California Horned Lark 
(Eremophila alpestris actia) 

CDFG Species of Special 
Concern 

Is regularly observed foraging in the sod farms.  Non-native 
grassland and mixed transitional areas also provide habitat. 

Tri-colored Blackbird 
(Agelaius tricolor) 

USFWS Bird of Conservation 
Concern, CDFG Species of 
Special Concern 

Suitable emergent wetland habitat is available along Oxnard 
Industrial Drain, adjacent coastal freshwater/brackish marsh 
habitat, and dense emergent wetland vegetation at the managed 
duck ponds. 

South Coast garter snake 
(Thamnophis sirtalis ssp.) 

CDFG Species of Special 
Concern 

One observed crossing Arnold Road adjacent to the cultivated sod 
fields.  Suitable habitat includes upland, salt marsh and brackish 
marsh. 

Wandering (saltmarsh) 
skipper (Panoquina errans) 

Extremely rare in California, 
considered globally imperiled 
by the World Conservation 
Union 

Observed in the southern coastal salt marsh, coastal 
freshwater/brackish marsh, and non-native annual grassland 
(coyote brush/western ragweed association). 

Three species that have a high potential for occurrence but have not been documented in the project 
area. They include:  

Federal and State Listed Species 

• Light-footed Clapper Rail (Rallus longirostris levipes): Federally Endangered, State Endangered, CDFG 
Fully Protected; and, 

• Least Bell’s Vireo (Vireo bellii pusillus): Federal Endangered, State Endangered, USFWS Bird of 
Conservation Concern. 

Federal and State Species of Concern/Fully Protected Species 

• Yellow Warbler (Dendroica petechia brewsteri) – CDFG Species of Special Concern. 

Special Status Plant Species.  The project site contains suitable habitat for 28 of the 40 special status 
plant species that occur within the vicinity of the project area. Please refer to Figure 2-3 for a mapping 
of the project area’s special status plant species.  Of these 28 species, five are present onsite, nine have 
a high potential to occur onsite, 12 have a moderate potential to occur onsite, and two have a low 
potential. Of the five species that are present onsite, three were documented during the project’s July 
2004 biological survey (WRA, 2007), and two were documented previously by others (Jones and 
Stokes, 1998; CDFG, 2004; Impact Sciences, 1996). The three special status species observed during 
the 2004 survey included: 
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• Salt marsh bird’s-beak (Cordylanthus maritimus ssp. maritimus): Federal Endangered, State Endangered, 
California Native Plant Society (CNPS) List 1B.  This species was documented within several of the coastal 
salt marsh habitats within the project area, and in the managed duck ponds. 

• Spiny rush (Juncus acutus ssp. leopoldii): CNPS List 4. This species was observed within several of the 
wetland habitats within the project area. 

• Woolly seablite (Suaeda taxifolia): CNPS List 4. This species was observed in several of the wetland habitats 
within the project area. 

The two special status species previously documented on-site were: 

• Red sand-verbena (Abronia maritima): CNPS List 4. This species has been documented within the southern 
foredune and transitional habitat within the project area. 

• Coulter’s goldfields (Lasthenia glabrata ssp. coulteri): CNPS List 1B. This species has been documented 
within the southern coastal salt marsh dominated by Sarcocornia, Jaumea, and Atriplex. 

The nine special status plant species that were not observed on-site but that have a high potential to 
occur there, are: 

• Southern tarplant (Centromadia parryi ssp. australis): CNPS List 1B; 

• Orcutt’s pincushion (Chaenactis glabriuscula var. orcuttiana): CNPS List 1B; 

• Dune larkspur (Delphinium parryi spp. blochmaniae): CNPS List 1B; 

• Beach spectaclepod (Dithyrea maritima): State Threatened, CNPS List 1B; 

• Small spikerush (Eleocharis parvula): CNPS List 4; 

• Suffrutescent wallflower (Erysimum insulare spp. suffrutescens): CNPS List 4; 

• Vernal barley (Hordeum intercedens): CNPS List 3; 

• California spineflower (Mucronea californica): CNPS List 4; and, 

• Estuary seablite (Suaeda esteroa): CNPS List 1B. 

Of the 12 special status plant species with a moderate potential to occur within the project site, two 
species are federally and/or State-listed.  They are Braunton’s milk-vetch (Astragalus brauntonii), 
which is federal endangered, and Ventura Marsh milk-vetch (Astragalus pycnostachyus var. 
lanosissimus), which is federal and State endangered. 

In addition, silverscale saltbush (Atriplex argentea) was observed within the Perkins parcel (see Figure 
2-3) by Dr. Wayne Ferren, Jr. on January 20 and September 2, 1999 (Ferren, 2002).  Silverscale 
saltbush is not a special status species; however, Dr. Ferren believes this species is locally rare (Ferren, 
2002 and 2005). 

2.2 HYDROLOGIC, HYDRAULIC AND GEOMORPHIC CONDITIONS 

As referenced in Section 1 (Introduction), the project area and its surroundings have undergone a series 
of land use and hydrologic changes over the last 150 years. These changes have altered the project 
site’s landforms and processes, resulting in a shift from natural wetlands to mostly managed agricultural 
and industrial uses. This section summarizes these changes, particularly with regard to land use, 
hydrology and geomorphology. An overview of likely changes due to anticipated future sea level rise 
concludes this section. Please refer to the Ormond Beach Wetland Restoration Feasibility Plan: 
Hydrologic and Geomorphic Conditions Report (Philip Williams and Associates, 2007) for a more 
detailed account of these conditions.   
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Land Use.  Historically, the project area was part of a wetland complex that extended from Point 
Hueneme through Mugu Lagoon. These wetlands were supplied with water from precipitation, 
freshwater discharges from the Oxnard Plain, high groundwater elevations, dune overtopping by ocean 
swell, and, for portions adjacent to Mugu Lagoon, tidal exchange. Coastal salt marsh interspersed with 
salt pans comprised the majority of the wetlands. A portion of this wetland complex also included 
seasonal lagoons that were probably connected to the ocean for brief periods of time when the dunes 
breached.   

The natural coastal habitats of the project area have been altered by several 20th century land use 
changes and modifications of the hydrologic and geomorphic processes. As a result, the project area’s 
historic coastal wetlands and lagoons have diminished in size and become fragmented. Development has 
altered the topography and directly impacted coastal habitats within the project area. Substantial 
changes in land use of the project area include: agricultural development; construction of the Reliant 
Power Plant; expansion of industrial uses along Perkins Road, particularly, the Halaco Site; and, 
habitat modification and management to attract ducks for the area’s managed duck clubs.   

Hydrology. Because the project area’s annual precipitation of 17 inches is greatly exceeded by its 
annual evaporation potential of more than 60 inches (United Water Conservation District, 2001), 
freshwater discharge and groundwater, as well as the ocean, are essential water sources for sustaining 
the project site’s past and present wetlands.   

Channelization of the Oxnard Plain, as well as urbanization and agricultural production, has modified 
the hydrologic characteristics of the local watersheds which provide freshwater discharge to the project 
area. The result has been modified frequency and duration of runoff events as well as a diminished 
supply of freshwater to the historic wetlands. Presently, freshwater discharge enters the project site 
from the northwest primarily through three constructed channels, including the:  Oxnard Industrial 
Drain; J Street Drain; and, Hueneme Drain (see Figure 1-2). Typical combined annual average flow 
from these sources is approximately 10 cubic feet per second (ft3/s); the peak 10-year and 50-year 
combined flow are 4,100 ft3/s and 6,000 ft3/s, respectively. Management for local agriculture involves a 
system of irrigation, subsurface tiling, and drainage collection. Overall, this system routes water 
through the project area more regularly and more rapidly than historic seasonal precipitation and 
percolation rates. Much of this agricultural water is collected in drainage channels and subsurface 
drains and then conveyed to Mugu Lagoon via the Oxnard Drainage Ditch #3 (ODD#3) (see Figure 1-
2).   

The project site’s groundwater consists primarily of a semi-perched zone which is separated from 
deeper aquifers by a clay lens approximately 30 feet below the ground surface (United Water 
Conservation District, 2001). This clay lens is nearly impermeable, thereby limiting connection 
between the surface aquifer and the deeper aquifers which are actively recharged and pumped for water 
supply. Although salt water intrusion is a concern for the deeper aquifers, the limited connection 
between the perched surface aquifer and the deeper aquifers minimizes the potential for project 
restoration impacting the deeper, water-supply aquifers. Groundwater in the semi-perched zone 
originates from precipitation, irrigation, and ocean water intrusion. The water table exceeds the ground 
surface during winter months at lower ground levels near the ocean; during late summer and fall, the 
water table falls up to ten feet below the ground surface at higher, inland locations. Water within this 
semi-perched zone is typically saline near the coast and ranges from brackish to fresh inland.  
Agricultural uses reduce the potential for negative impacts from salinity on crops by applying fresh 
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irrigation water. In contrast, the proposed restoration of coastal salt marsh would be compatible with 
the existing salinity. 

The site’s ocean boundary serves as the hydrologic control to the southwest. The average diurnal tide 
range is 5.4 feet, with peak annual astronomic tides up to 1.5 feet higher. During winter storms, 
surging water levels have been observed up to three feet above Mean Higher High Water (MHHW). 
Storms also bring larger wind waves, which, when combined with storm surge, may overtop the dunes. 
Because the volume of water that overtops the dunes during a flood event may be limited, water levels 
behind the dunes may not reach the same elevation as ocean water levels. A coastal flood study would 
be required to predict the elevation and extent of flooding. The existing Federal Emergency 
Management Agency (FEMA) flood delineation for this area is indeterminate, only indicating the 
potential for flooding but not predicting its extent (FEMA, 1985). A more recent assessment of coastal 
flooding at a State-wide scale predicts that the 100-year coastal flood event will inundate nearly the 
entire project area (Heberger et al., 2009). However, this assessment may over-predict the inundation 
extent because it assumes unimpeded flooding and does not account for varying topography. Given the 
lack of analysis specific to the project area, a coastal flood study is recommended in Section 8.1.2. 

Storm-generated overtopping alone, or in combination with fresh water discharge, can lead to dune 
breaching and an intermittent inlet which connects the ocean to an inland lagoon. Tidal exchange with 
historic lagoons or the present J Street Lagoon has not been sufficient to maintain a permanent inlet; 
sand transport along the beach fills the inlet, cutting off the lagoon from the ocean. This intermittent 
inundation from the ocean, as well salt transport through groundwater, has created saline soils on land 
adjacent to the ocean.   

Geomorphology. Geomorphic processes, created by the interaction between the land surface and 
hydrology, play a significant role in the project area’s evolution. Currently, most of the project site’s 
ground elevation is above tidal water levels, and therefore is shaped by watershed geomorphic 
processes. Less than 200 acres of the project area are at elevations below high water levels.  

Most of the land currently above high water levels has its morphology controlled by human uses. 
Therefore, watershed impacts on geomorphology are limited. Sediment delivery via the three primary 
drainages (the Hueneme, J Street and Oxnard Industrial Drains) is unknown due to a lack of data; 
however, because of urbanization and channelization, the fluvial delivery of watershed sediments is 
assumed to be small.  

Portions of the project site influenced by the coastal morphologic processes include the beach and dune 
system as well as the J Street Lagoon. Locally, the beach and dune morphology are shaped by the 
natural sand transport energized by ocean waves and wind. However, at a regional scale, the natural 
flux of sand along the shore has been disrupted by harbor construction to the northwest of the project 
site. Mechanical bypassing of the Channel Islands and Port Hueneme Harbors maintains the flux of 
sand. The stable beach front depends on the continued operation of mechanical bypassing, which 
delivers about an average of 850,000 cubic yards per year.    

Alongshore sand transport also plays a key role in the present day J Street Lagoon morphology. This 
lagoon is typically cut off from the ocean by the beach berm created by alongshore sand transport. 
Freshwater discharge to the lagoon, ocean wave overtopping, or mechanical intervention occasionally 
breach this berm, connecting the lagoon to the ocean via an inlet. However, the tidal exchange through 
the inlet is minimal because the bed elevation of the J Street Lagoon is higher than most high tides. This 
limited tidal exchange is not sufficient to sustain an open inlet in the face of the ongoing alongshore 
sand transport and the inlet closes relatively soon after opening.  
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Sea Level Rise. In the future, sea level rise will very likely become the driving factor for hydrologic 
and geomorphic change within the project area, and should be strongly considered when designing and 
evaluating the project’s alternatives. An increase in sea level rise would enable tides to penetrate further 
and higher on a regular basis, thereby pushing the shoreline landward and altering habitat distributions 
which are sensitive to inundation frequency and duration. For example, in the likely situation that sea 
level rises by three feet before the end of this century, a substantial portion of the project area’s existing 
ground elevation would fall below present day MHHW plus three feet, as shown in Figure 2-4. 
Increased sea levels would also amplify the impact of extreme wind-wave and storm surge events since 
these events will be superimposed on higher base conditions. The actual rate of sea level rise is difficult 
to predict, particularly since future greenhouse gas emissions are not known.  Recent interpretations of 
sea level rise predictions for planning purposes (Isenberg, 2008) recommend that project planning 
anticipates 1.3 feet of sea level rise by 2050 and 4.6 feet of sea level rise by the end of this century. 

2.3 POTENTIAL CONTAMINANT TYPES AND SOURCES 

The project area has several onsite and adjacent past and present uses that have been established as 
sources of chemical contamination. The project area includes a former metal smelter facility and onsite 
waste disposal areas (the Halaco Site) as well as agricultural fields and an industrial drain; properties 
surrounding the project site also include agricultural and industrial uses. Public use of the project site 
and its surroundings has additionally resulted in the accumulation of substantial amounts of trash at 
some locations, such as the drainages located at the west/northwest end of the project area, which may 
also be contributing to the degradation of surface water quality. A major component of this Feasibility 
Study consisted of evaluating the physical and chemical characteristics of the project area to ascertain if 
sources of contamination pose a “fatal flaw” to wetland restoration, and if and how excavated soils may 
be beneficially reused (e.g., beach nourishment, nearshore placement for littoral cell replenishment, 
river berm and levee construction, upland fill for contouring or revegtation, and structural fill).   

To date, several contaminant investigations have been conducted within and adjacent to the project site.  
The majority of these studies have been completed since the mid-1990s. Figure 2-5 provides a map of 
the location of these previous investigations. These investigations were conducted for specific purposes 
and did not involve sampling at the same locations; similarly, because the purpose of these 
investigations varied, the number of samples taken for testing differed from investigation to 
investigation. Consequently, the findings of these investigations cannot be quantitatively compared 
against each other. Overall, however, between the previous investigations reviewed, heavy metal 
concentrations for at least one sample location were found to exceed either their applicable Effects 
Range-Low (dry weight) (ERL), Effects Range-Median (dry weight) (ERM) or Apparent Effects 
Threshold (dry weight) (AET) (AMEC Earth & Environmental, Inc., 2006). The ERL and ERM are 
used to form a general opinion as to whether the chemical concentrations found in sediments are likely 
to have adverse impacts on sensitive organisms (AMEC Earth & Environmental, Inc., 2006).  The ERL 
is the lower tenth percentile concentration of the available sediment toxicity data examined, while the 
ERM is the median concentration of the toxic samples taken.  Overall, toxic effects are rarely expected 
to occur at concentrations less than ERLs, while toxic effects are likely to occur at concentrations above 
ERMs (AMEC Earth & Environmental, Inc., 2006). The AET is the contaminant concentration level of 
sediment above which adverse effects are always expected to occur for a specified biological indicator 
(or indicators).   

Of the previous investigations reviewed, at least one sample location for at least one investigation 
detected elevated levels of arsenic, cadmium, copper, lead, nickel, silver and zinc (e.g., the ERMs and 
AETs for these heavy metals were exceeded), and at least one sample for chromium exceeded its AET 
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(AMEC Earth & Environmental, Inc., 2006). The primary locations within the project site where 
elevated heavy metal concentrations occur include areas within, and adjacent to, the Halaco Site, the 
Reliant Power Plant and the western end of the VCGP.  In addition to heavy metal contamination, two 
of the previous investigations reviewed also detected significantly elevated pesticide concentrations of 
dichloro-diphenyl-dichloroethane (DDD), dichloro-diphenyl-dichloroethylene (DDE), and dichloro-
diphenyl-trichloroethane (DDT) (AMEC Earth & Environmental, Inc., 2006).   

Due to the findings of these previous investigations, several locations within the project area continue to 
be of concern, as depicted in Figure 2-6.1  In response to these concerns, two separate investigations 
within the project area have either been completed or are in process. One involved a site-wide soil and 
surface water investigation that was conducted specifically for the project (AMEC Earth & 
Environmental, Inc., 2006); the other involves an on-going investigation by the United States 
Environmental Protection Agency (USEPA) associated with the Halaco Site and its surroundings. The 
following sections provide a summary of these efforts.  

2.3.1 Summary of General Site-Wide Soil and Surface Water Investigation 

The project’s site-wide soil and surface water investigation was conducted in 2006 and involved: review 
of previous investigations conducted in and near the project site; preparation of a Sampling and 
Analysis Plan; preparation of a Site-Specific Health and Safety Plan for on-site investigators, as 
required by the Occupational Safety and Health Administration (OSHA); soil (e.g., subsurface soil 
borings) sampling at 30 locations throughout the project area; surface water collection at 10 locations 
throughout the project site; and, subsequent chemical analysis and assessment of the soil and surface 
water samples collected. The procedures, methodology, and results of the investigation are detailed in 
the effort’s final report, titled Ormond Beach Wetland Restoration Site-Wide Soil/Surface Water 
Investigation (AMEC Earth and Environmental, Inc., 2006); Figure 2-7 provides the locations within 
the project site where soil and surface water samples were collected. The purpose of the investigation 
was to provide a general overview of the physical and chemical characteristics of the project site’s soils 
and surface water and was not intended to provide an exhaustive analysis of all potential chemical 
contaminants with the project area or their potential impacts on human health or the environment 
(AMEC Earth and Environmental, Inc., 2006).  

Beneficial Reuse.  Grain size results will dictate whether excavated sediment for the project can be 
used for nearshore or onshore beach nourishment. In general, sediment for on-beach nourishment 
purposes should be greater than 80 percent sand and greater than 0.075 millimeters in size. In addition, 
the sediment should be similar to the material already present at the receiver beach. For the purposes of 
the project’s beneficial reuse analysis it was determined that excavated soils should be 60 percent or 
more sand for nearshore (e.g., greater than 30 feet deep) placement.   

Six of the 30 soil samples taken within the project site were greater than 60 percent sand; the total 
percent sand of these six samples ranged between 61.82 and 94.07. For the remaining 24 soil samples, 
when sand was observed, it was typically found near the bottom of the core sample (15 to 20 feet below 
ground surface). These results indicate that disposal alternatives in addition to beach placement will 
likely need to be pursued for the project’s construction. 

                                              
1  It is noted that Figure 2-6 was prepared prior to the United States Environmental Protection Agency’s current 

investigation of the Halaco Site and its surroundings. 
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Soil Chemistry.  The soil chemistry analysis conducted for the project detected cadmium and arsenic 
concentrations that exceeded their respective Threshold Effects Levels (TELs) for freshwater sediment; 
however, toxic effects are rarely expected to occur at concentrations less than established TELs (AMEC 
Earth & Environmental, Inc., 2006). One sample taken additionally exceeded the ERL for arsenic, but 
did not exceed the ERM for this heavy metal.  Total petroleum hydrocarbons were detected in six of 
the samples evaluated, with concentrations ranging between 9 to 80 milligrams per kilogram (mg/kg).  
Although banned in the 1970’s, elevated levels of DDT and its associated derivatives were also detected 
in nine of the soil samples taken; these samples were located throughout the entire project site, with the 
exception of the VCGP (AMEC Earth & Environmental, Inc., 2006). As with ERMs, toxic effects are 
likely to occur at concentrations above TELs. The total pesticide levels detected within the project site 
could affect the sediment reuse options. Soils with the highest concentrations of pesticides may be 
precluded from disposal in areas that are in contact with the aquatic environment and sensitive aquatic 
receptors. Additional analysis of the archived soil samples that were collected, as well as further 
testing, will be necessary when final soil reuse options are evaluated. 

Surface Water Chemistry.  Surface water chemistry concentrations were low and typical of what is 
commonly found in surface runoff drainages. Copper (three sample locations) and zinc (one sample 
location) were found to be slightly above ambient water quality criteria. No sediment samples were 
collected from the drainages where surface water sampling was performed. Sediments in these 
drainages may have elevated levels of contaminants, in particular DDT, which was found to be present 
in several of soil samples taken even though its use was banned in the early 1970s. 

2.3.2 Summary of Current Investigation of the Halaco Site 

The USEPA began its investigation of contaminated materials at the Halaco Site in 2006. The following 
summary of this investigation is based upon information available from the USEPA’s website for the 
Halaco Site (USEPA, 2009a). 

The Halaco Site was operated as a secondary metal smelter from 1965 to 2004, recovering aluminum, 
magnesium, and zinc from dross, sludge, castings, sheets, pellets, granules, cans, car parts, and other 
scrap metal. The Halaco Site includes a former smelter, and an adjacent waste management area where 
wastes were deposited. From about 1965 to 1970, wastes were placed in an unlined earthen settling 
pond adjacent to the Oxnard Industrial Drain. From approximately 1970 to 2002, wastes were placed in 
unlined earthen settling ponds east of the smelter area. An estimated 700,000 cubic yards of waste 
remain within the Halaco Site.  

In 2006 the USEPA completed a multimedia study as part of its initial site assessment and removal 
effort. The study included laboratory analysis of approximately 129 soil, sediment and waste samples, 
ten surface water samples, 14 groundwater samples, and 35 air samples. In June 2007 the USEPA 
completed additional testing of waste materials buried in the southeast corner of the former smelter area 
to determine existing levels of thorium, radium, and metals. Based upon the findings of these 
investigations, the Halaco Site was added to the Superfund National Priorities List in September 2007.   

In 2008 the USEPA completed a preliminary study of surface water and groundwater movement within 
and near the Halaco Site to better understand the extent and movement of identified contaminants, as 
well as a screening-level assessment of human health and environmental risks posed by site-related 
contamination.   
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The preliminary surface and groundwater study concludes that the primary contaminants associated with 
the Halaco Site include chloride salts, metals, thorium, thorium decay products, and ammonia; metals 
found in the waste also include aluminum, barium, beryllium, cadmium, chromium, copper, lead, 
magnesium, manganese, nickel, and zinc (USEPA, 2008a). The fuels, oils, and solvents reportedly 
disposed of at the Halaco Site also included a variety of petroleum hydrocarbons that may have 
contained volatile organic compounds (VOCs); however, VOCs have been detected only sporadically 
and at low levels. These contaminants have affected the water quality of the Oxnard Industrial Drain, 
the J Street Lagoon and its surrounding wetland areas, and surrounding properties (USEPA, 2008a). 
The quality of these surface waters is additionally affected by surface water runoff from the Oxnard 
Plain that flows into the Hueneme, J Street and Oxnard Industrial Drains; the water quality of the 
existing lagoon is also periodically affected by ocean water when the existing beach berm breaches 
(USEPA, 2008a). The preliminary surface and groundwater study notes that there is strong evidence 
that wastes have adversely affected shallow groundwater at the Halaco Site, but that the horizontal and 
vertical extent of groundwater contamination is not known (USEPA, 2008a).  

The preliminary ecological and human health risk assessment included a screening level environmental 
risk assessment for biological resources within and surrounding the Halaco site (USEPA, 2008b). The 
“constituents of potential environmental concern” (e.g., contaminant sources), that were evaluated 
included: 
 
• Antimony • Chromium • Mercury • Thallium • Ra-226* 
• Arsenic • Cobalt • Molybdenum • Vanadium • Ra-228* 
• Barium • Copper • Nickel • Zinc • Th-228* 
• Berylium • Lead • Silver • Cs-137* • Th-230* 
• Boron • Manganese • Selenium • K-40* • Th-232* 
• Cadmium     
 
  * Key: 
 Cs-137: An alkali metal 
 K-40: Potassium 
 Ra-226: Radium 
 Ra-228: Radium 
 

 
Th-228: Thorium 
Th-230: Thorium 
Th-232: Thorium 
 

 

The screening level environmental risk assessment concludes that all of the contaminant sources 
evaluated exceed their respective screening threshold for at least one receptor in at least one area, 
except for Cs-137, Ra-226, Th-230 and Th-232 (USEPA, 2008b). Table 2-4 provides a summary of the 
findings of the screening level environmental risk assessment. 

In February 2009, the USEPA published a “Preliminary Plan for Additional Sampling and Analysis 
Activities" (Preliminary Plan). The Preliminary Plan summarizes both information on historic 
operations and waste disposal practices as well as past testing, compares past test results to human 
health and ecological screening levels for contaminated soils and sediments, and proposes soil, water 
and other sampling and testing to complete the majority of the outstanding information needed to 
complete the remedial investigation, including: 

• The extent to which waste materials are in contact with surface or groundwater;  

• The extent to which contamination in the existing lagoon’s sediments occurs;  



Ormond Beach Wetland Restoration 
Feasibility Study 

 
 

Final 2-23 October 2009 

Table 2-4. Summary of the USEPA’s Screening Level Environmental Risk Assessment 
 Constituent of Potential Environmental Concern 
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Surface Water                           
Onsite X - X X NA X - X X X X - NA - X - NA X X - X NA NA - - - 
Offsite NA - X NA NA - X NA X - X - NA - - - NA NA - NA NA NA NA NA NA NA 
Potential Background X - X - NA X - X - X X - NA - X - NA - - - - NA NA - - - 

Fish for Least Tern                           
Oxnard Industrial Drain/Wetland U - - U NA - - - - - - NA NA - U X U - X NA NA NA NA NA NA NA 

Sediment     NA                      
Oxnard Industrial Drain - Potential Background X - U U NA - - U - - - - NA - - U U U X - - NA NA - - - 
Oxnard Industrial Drain - Onsite X X U U NA X X U X X X - NA X - U U U X - - NA NA - - - 
Wetland - Potential Background X - U U NA X - U X - - - NA - - U U U X - - NA NA - - - 
Wetland - Onsite X - U U NA X X U X X X X NA X - U U U X - - NA NA - - - 
Beach - Potential Background X - X U NA - - - - - - - NA - X X U - - - - NA NA - - - 
Beach - Onsite X - X U NA X - - - - - X NA - X X U - - - - NA NA - - - 
Marine - Potential Background X - X U NA X - - - - X - NA X X X U - - - - NA NA - - - 
Marine - Onsite X - X U NA X - - - - - X NA - X X U - - - - NA NA - - - 

Sediment for Snowy Plovers     NA                      
Oxnard Industrial Drain - Potential Background U - X U NA X - - X X X X NA - U X U - X NE NE NE NE NE NE NE 
Oxnard Industrial Drain - Onsite U X X U NA X X - X X X X NA - U X U X X NE NE NE NE NE NE NE 
Wetland - Potential Background U - X U NA X - - X X - X NA - U X U - X NE NE NE NE NE NE NE 
Wetland - Onsite U - X U NA X X - X X X X NA - U X U X X NE NE NE NE NE NE NE 
Beach - Potential Background U - - U NA X - - - - - X NA - U - U - - NE NE NE NE NE NE NE 
Beach - Onsite U - X U NA X - - - X - X NA - U - U - X NE NE NE NE NE NE NE 
Marine - Potential Background U - X U NA X - - - X - X NA - U X U - X NE NE NE NE NE NE NE 
Marine - Onsite U - X U NA X - - - X - X NA - U X U - X NE NE NE NE NE NE NE 

Soils and Waste for Terrestrial Plants                           
Smelter Waste X - X X X - X - X - X - X - - X X X X - - NA NA - - - 
Smelter Soil X X X X X X X X X X X X X X X X X X X - - - X X - - 
Waste Disposal Waste X - X X X - X - X X X - X X - X X X X - - NA NA - - - 
Management Waste Unit Waste X X X X X - X X X X X - X X - X X X X - - NA NA - - - 
The Nature Conservancy (East) X - X X NA - X - X X X - - X - X X X X - - NA NA - - - 
The Nature Conservancy (North) - - - NA NA - X NA - - X - NA - - - NA NA - NA NA NA NA NA NA NA 
Agricultural (North) - - - - NA - X - - - X - - - - X X X X - - NA NA - - - 
Agricultural (East) - - - NA NA - X NA - - - - NA - - - NA NA - NA NA NA NA NA NA NA 
Residential - - - - NA - X - - - X - - - - X X X X - - NA NA - - - 
Potential Background Soil X - - - NA - X X X X X X X - - X X X X - - - - - - - 

Groundwater for Terrestrial Plants                           
Potential Background U X U - NA - - - - - - NA NA - - NA NA - - U U NA NA U U U 
Onsite U X U - NA X X X X X X NA NA X X NA NA X X U U NA NA U U U 
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Soils and Wastes for Soil Invertebrates                           
Smelter Waste - - X X U - X U X - X - U - U - U U X - - NA NA U U U 
Smelter Soil X X X X U - X U X X X X U X U X U U X - - U U U U U 
Waste Disposal Waste - - X X U - X U X - X - U X U - U U X - - NA NA U U U 
Management Waste Unit Waste - - X X U - X U X - X X U X U - U U X - - NA NA U U U 
The Nature Conservancy (East) - - X - NA - X U X - X - U - U - U U X - - NA NA U U U 
The Nature Conservancy (North) - - - NA NA - X NA - - - - NA - U - NA NA - NA NA NA NA NA NA NA 
Agricultural (North) - - - - NA - X U - - - X U - U - U U - - - NA NA U U U 
Agricultural (East) - - - NA NA - X NA - - - - NA - U - NA NA - NA NA NA NA NA NA NA 
Residential - - - - NA - X U - - - - U - U - U U - - - NA NA U U U 
Potential Background Soil - - X - NA - X U X - X X U - U - U U X - - U U U U U 

Soils and Waste for Birds and Mammals                           
Smelter Waste X - X X X X - - X - X X X - X X X X X - - NA NA - - - 
Smelter Soil X X X X X X X - X X X X X X X X X X X - - - X - - - 
Waste Disposal Waste X - X X X X X - X X X X X X X X X X X - - NA NA - - - 
Management Waste Unit Waste X - X X X X X - X X X X X X X X X X X - - NA NA - - - 
The Nature Conservancy (East) X - X - NA X X - X X X X NA X - X X X X - - NA NA - - - 
The Nature Conservancy (North) - - - NA NA X - NA - - - X NA - - - NA NA X NA NA NA NA NA NA NA 
Agricultural (North) X - - - NA X - - - - - X NA - - X X X X - - NA NA - - - 
Agricultural (East) - - - NA NA X - NA - X - X NA - - - NA NA X NA NA NA NA NA NA NA 
Residential X - - - NA X - - - X - X NA - - X X X X - - NA NA - - - 
Potential Background Soil X - - - NA X X - X X - X X - X X X X X - - - - - - - 
 Source: USEPA,  2008.  Technical Memorandum Screening-Level Ecological and Human Health Risk Assessment, Halaco Site, Oxnard California (Table 3-20).  Prepared for the U.S. Environmental Protection Agency, Region 9.  Prepared by CHM2Hill.  December 2008. 
 http://yosemite.epa.gov/r9/sfund/r9sfdocw.nsf/ViewByEPAID/CAD009688052?OpenDocument.   Accessed June 15, 2009. 
Key: 
- Maximum concentration does not exceed screen value. 
X Maximum concentration exceeded screening value – potential risk. 
NA No site data. 
NE Not Evaluated. 
U Uncertainty – no screening value. 
 
Notes: 1. Please refer to Appendix A of the USEPA’s Technical Memorandum Screening-Level Ecological and Human Health Risk Assessment for the maps depicting the on- and off-site locations referenced in the table.  
 2. Shaded rows indicate sample locations are within the Halaco Site. 
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• Whether or not groundwater contamination has moved off-site;  

• Whether or not Halaco’s operations generated dioxins or furans; 

• Whether or not fuels and oils used by Halaco contaminated soil or groundwater; and,  

• Whether or not the waste disposal areas have the potential to produce ammonia and other gases.    

Following completion of the Preliminary Plan, in September 2009 the USEPA published a “Field 
Sampling Plan” for implementation of the additional soil, soil gas, geotechnical, waste material, 
groundwater, surface water and air sampling and analysis that needs to be conducted within the Halaco 
Site and its surrounding areas before a remediation plan can be fully developed (USEPA, 2009b).  As 
indicated in the Field Sampling Plan, it has been established that some contaminants associated with the 
Halaco Site have migrated off-site, including locations within the property owned by TNC, the Oxnard 
Industrial Drain, the J Street Lagoon, its surrounding wetland areas, and potentially nearby beach 
dunes.  Additional soil and geotechnical sampling and analysis at these locations, as well as surface 
water sampling and analysis of the Oxnard Industrial Drain, J Street and Hueneme Drains, the lagoon 
and ocean, the ditch south of the Halaco Site’s waste management unit, and TNC property will be 
completed; shallow groundwater monitoring wells west and east of the Halaco Site will also be 
completed (USEPA, 2009b).    

To date two removal actions have been funded by the USEPA to address immediate risks associated 
with the Halaco Site. The first removal action, completed by the Halaco Site property owners between 
August 2006 and February 2007, included the removal of drums and other hazardous substances from 
the Halaco Site, and the installation of fencing, silt curtain, and straw wattles around the waste pile 
(USEPA, 2009b). The second removal action was completed in 2007 to stabilize and secure the Halaco 
Site and limit off-site migration of contaminated wastes; this action involved re-grading the waste pile 
to reduce the steepness of the slopes, placing matting on the slopes to reduce erosion, stabilizing the 
banks along the lower portion of the Oxnard Industrial Drain, removing an estimated 9,000 cubic yards 
of waste from the smelter area, removing an estimated 7,600 cubic yards of material from a wetland 
area adjacent to the property, and installing more than 6,000 feet of fencing around the perimeter of the 
Site’s waste management area (USEPA, 2009b).  

Once the extent and types of contamination are better understood, the USEPA will develop a proposed 
remediation plan for public and agency review and comment. The specific types of remediation 
action(s) undertaken by the USEPA, on- or off-site, will be dependent on the location-specific extent 
and severity of potential health risks posed to both the public and biota, the details of which are 
currently unknown (Praskins, 2009). These risks will then be weighed against the types and severity of 
the physical impacts that would result from remediation (for example, the effects of earth disturbances 
in wetland areas and other sensitive habitat areas) and discussed with affected property owners and 
regulatory resource agencies prior to any location-specific remediation action(s). As of the time of 
preparation of this Feasibility Study, the USEPA could not predict the types or geographic breadth of 
the remediation actions that it will undertake due to the need for the additional testing and analysis 
outlined in the Field Sampling Plan (Praskins, 2009).   

2.4 LAND USE AND INFRASTRUCTURE 

Lands within the project site are sparsely developed and composed primarily of beach, agriculture, 
open space, recreation and limited industrial uses. For the purpose of describing the existing land uses 
within the project area, the project area was subdivided into ten Sub-Areas, as shown in Figure 1-8. A 
description of these sub-areas is included in Table 2-5. 
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Table 2-5.  Existing Land Uses in the Project Area 
Sub-Area Location Jurisdiction Existing Land Uses 
25-Acre Sub-Area 
(Gateway Park [10 
acres]; City of 
Oxnard Exclusion 
Property [15 
acres]). 

East of Perkins Road, south of Hueneme Road, to the 
west of the Oxnard Industrial Drain, and to the north of 
the 280-Acre Sub-Area (TNC Property). 

City of Oxnard Agriculture.  The Sub-Area is 
adjacent to a paved site that may 
have served as a storage site for 
the adjacent railroad. 

280-Acre Sub-
Area (TNC 
Property) 

North of McWane Boulevard: bordered to the west by 
Weyerhaeuser Company; to the north by the 25-Acre 
Sub-Area (Gateway Park and City of Oxnard Exclusion 
Properties); to the east by a railroad spur; and, to the 
south by additional TNC property and the Halaco Site. 
 
South of McWane Boulevard: bordered to the west by 
the Halaco Site; to the south by 90-Acre and 260-Acre  
Sub-Areas (the City of Oxnard and SCC Properties); to 
the southeast by the Reliant Power Plant; and, and to 
the east by the 20-Acre Sub-Area (MWD Exclusion 
Property), 360-Acre Sub-Area (Southland Sod Farms 
Property), Edison Drive and transmission lines. 

City of Oxnard; 
Partially located  
within the 
Coastal Zone 

Open Space and Agriculture. The 
Oxnard Industrial Drain flows from 
the northeast corner to southwest 
corner of the portion of the sub-
area north of McWane Boulevard. 
Remnants of a large drainage pipe 
(no longer in use) remain above 
ground in the southern portion of 
the Sub-Area. 

35-Acre Sub-Area 
(Halaco Site) 

Bordered to the north by Weyerhaeuser Company, to 
the north and east by the 280-Acre Sub-Area (TNC 
Property), and to the southeast, south, southwest and 
west by 90-Acre Sub-Area (City of Oxnard Property). 

City of Oxnard; 
Located within 
the Coastal 
Zone 

Abandoned Industrial (the Halaco 
foundry and waste pile).The 
Oxnard Industrial Drain flows from 
the northern portion to the 
southern portion of this Sub-Area. 
 

90-Acre Sub-Area 
(City of Oxnard 
Property) 

Bordered to the north by the Halaco Site, the 280-Acre 
Sub-Area (TNC Property) and Oxnard Waste Water 
Treatment Facility, to the west and northwest by 
Hueneme Beach (City of Port Hueneme), to the east 
and southeast by the 260-Acre Sub-Area (SCC 
Property), and to the south and southwest by the 
ocean. 

City of Oxnard; 
Located within 
the Coastal 
Zone 

Open Space and Recreation.  The 
J Street Lagoon is located within 
this Sub-Area, with inflow from the 
Hueneme, J Street and Oxnard 
Industrial Drains. 

20-Acre Sub-Area 
(MWD Exclusion 
Property) 

Bordered to the north and west by the 280-Acre Sub-
Area (TNC Property), to the east by 360-Acre Sub-Area 
(Southland Sod Farms Property), transmission lines 
and Edison Drive, and to the south by the Reliant 
Power Plant and the 260-Acre Sub-Area (SCC 
Property). 

City of Oxnard; 
partially within 
Coastal Zone 

Agriculture.   

360-Acre Sub-
Area 
(Southland Sod 
Farms Property 
[North and South]) 

Bordered to the north by McWane Boulevard, to the 
east by Arnold Road, to the south and southeast by 
VCGP, the 40-Acre Sub-Area (Agromin and Duck Club 
Annex Properties) and Oxnard Drainage Ditch No. 3, 
and to the southwest and west by the 260-Acre Sub-
Area (CCS Property), Reliant Power Plant, the 20-Acre 
Sub-Area (MWD Exclusion Property), 280-Acre Sub-
Area (TNC Property), and Edison Drive. 

Unincorporated 
Ventura County; 
Oxnard Sphere 
of Influence; 
partially within 
the Coastal 
Zone 

Agriculture (sod farms). 

40-Acre Sub-Area 
(Agromin Property 
[20 acres] and 
Duck Club Anex 
Property [20 
acres]) 

Bordered to the north and west by the 360-Acre Sub-
Area (Southland Sod Farms Property) to the south by 
the 260-Acre Sub-Area (SCC Property), NBVC Point 
Mugu and VCGP, and to the east by Arnold Road.    

Unincorporated 
Ventura County; 
Oxnard Sphere 
of Influence; 
partially within 
Coastal Zone 

Shoreline Organics recycling 
facility (green waste composting 
for municipalities) (Agromin Site). 
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Sub-Area Location Jurisdiction Existing Land Uses 
260-Acre Sub-
Area 
(SCC Property) 

Bordered to the north by the 360-Acre Sub-Area 
(Southland Sod Farms Property), 20-Acre Sub-Area 
(MWD Exclusion Property) and 280-Acre Sub-Area 
(TNC Property), to the east and northeast by the 40-
Acre Sub-Area (Agromin and Duck Club Annex 
Properties and VCGP, to the southeast by NBVC Point 
Mugu, and to west/northwest by the 90-Acre Sub-Area 
(City of Oxnard Property).  This Sub-Area Surrounds 
the majority of the Reliant Power Plant. 

City of Oxnard; 
mostly within 
Coastal Zone 

Open Space, Informal Recreation1 
(coastal access along Arnold 
Road) and Industrial (includes 
former tank farm area and 
surrounds Reliant Power Plant). 

Reliant Power 
Plant  
(50 acres) 

Surrounded by the 260-Acre Sub-Area 
(SCC Property) on all sides except along its northern 
border, where it is flanked the 360-Acre Sub-Area 
(Southland Sod Farms Property), 20-Acre Sub-Area 
(MWD Exclusion Property) and 280-Acre Sub-Area 
(TNC Property). 

City of Oxnard; 
Located within 
the Coastal 
Zone 

Industrial (power plant, 
transmission lines and related 
facilities). 

Ventura County 
Game Preserve 
(570 acres) 

Bordered to the west by the 40-Acre Sub-Area 
(Agromin and Duck Club Annex Properties) to the south 
by the NBVC Point Mugu and Oxnard Drainage Ditch 
No. 3, to the east by NBVC Point Mugu, and to the 
north by Casper Road.   

Unincorporated 
Ventura County; 
partially within 
Oxnard Sphere 
of Influence and 
Coastal Zone 

Recreational Facility (managed 
waterfowl-hunting club). 

1 Informal Recreation includes typical beach activities (e.g. hiking/jogging, birding, surfing, sunbathing, paragliding/ 
ultralights, etc.). 

In addition to the land uses listed in Table 2-5, the project area is within the vicinity of notable types of 
infrastructure associated with transportation (railroads and roads) and utilities (gas and oil pipelines, 
power lines, communications, storm drains and open channels, water and sewers). The location of this 
infrastructure relative to the project area is summarized below from the Ormond Beach Restoration 
Feasibility Study: Infrastructure Investigation Report (Everest International Consultants, Inc., 2004); 
maps of this infrastructure are provided in Appendix A. 

• Railroads. The Union Pacific Railroad runs along the Ventura County coastline and passes through the City 
of Oxnard with an interchange station. At the interchange station, the Ventura County Railroad branches from 
the Union Pacific Railroad and runs southward parallel to San Simeon/Edison Drive, then crosses Hueneme 
Road where it turns westward to the City of Port Hueneme. In the project area, the main line travels 
northeast to southwest, crosses Hueneme Road, and turns west toward Port Hueneme about halfway between 
Arcturus Avenue and Perkins Road. One spur splits off the main line north of Hueneme Road, continues 
southward parallel to San Simeon/Edison Drive, and terminates at Arcturus Avenue and McWane Boulevard. 
A second line splits off just south of the main line’s crossing of Hueneme Road, continues south, turns east 
then southeast, and terminates at the Reliant Power Plant. A third line splits off just east of Perkins Road, 
continues south, and terminates just north of McWane Boulevard. 

• Roads. The nearest freeway corridor serving the project area is the Pacific Coast Highway (State Highway 
1), which runs north-south a few miles east of the project area. The major road in the project area is 
Hueneme Road, which is an east-west running arterial located on the northern side of the project area. Some 
traffic signals are found along Hueneme Road within the project area, and are located at the intersections of 
Hueneme Road with J Street, Perkins Road, and Saviers Road. Other major roads in the project area include 
the following north-south running roads: J Street; Perkins Road; Arcturus Avenue; Edison Drive; Arnold 
Road; and, Casper Road. 

• Gas and Oil Pipelines. Underground gas lines are found along sections of Perkins Road, Arcturus Avenue, 
Edison Drive, and McWane Boulevard. The Shell Pipeline Company has indicated that it does not have any 
facilities in the project area. During field observations, a marker for an underground petroleum pipeline that 
belongs to the Edison Pipeline and Terminal Company was found approximately 300 feet south of the 
southern border of the existing Halaco site. Additional markers were found to the northwest of this marker. It 
is not known if the pipeline is active or abandoned. 
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• Power Lines. A major power line of overhead cables extends from the Reliant Power Plant northward along 
Edison Drive and is supported by structural towers. Two overhead power lines run east and west parallel to 
the main line. These three sets of power lines are all found on the east side of Edison Drive. Overhead power 
lines are also found along sections of the key roads in the project area (i.e., Hueneme Road, Perkins Road, 
Arcturus Road, Arnold Road, Casper Road, McWane Boulevard). There are some cables located off-road in 
agricultural areas, such as the east-west line between Arnold Road and Casper Road, and the north-south line 
between Hueneme Road and McWane Boulevard. 

• Communications. The project site includes communication facilities owned by Verizon. Underground 
communication lines are located primarily along Arcturus Road and Perkins Road, while overhead 
communication lines are located along Casper Road, Arnold Road, Edison Drive, McWane Boulevard, and 
Hueneme Road. 

• Storm Drains and Open Channels. Storm drains are found along sections of Hueneme Road, Arcturus 
Avenue, and Edison Drive. A few open channels are located in the vicinity of the project area and include: 
the open channel along J Street (J Street Drain) that discharges into the wetland area located along the beach; 
the industrial drain that runs parallel to the Ventura County Railroad, crosses Hueneme Road, and continues 
southward to the Pacific Ocean (Oxnard Industrial Drain); and, the channel that runs parallel to the beach 
(East-Hueneme Drain). Additional open channels are located east of Edison Drive, and Arnold and Casper 
Roads. 

• Water.  Geographic Information System (GIS) data obtained from the City of Oxnard indicates that water 
pipelines and fire hydrants are present in and along all of the roads within that portion of the project site 
which is located within the jurisdictional boundaries of City of Oxnard. 

• Sewers. Sewer lines are mainly found in the northern part of the project area, with the exception of a 30- to 
48-inch diameter sewer line that extends into the ocean along the alignment of Perkins Road. An abandoned 
historical sewer line is located in the 280-acre Sub-Area (TNC property). It is an above ground, concrete pipe 
approximately four feet in diameter, and is believed to have been built in the 1920s. It is in an advanced state 
of deterioration (e.g., broken concrete); it also appears that some segments of it have been removed. 

2.5 CULTURAL RESOURCES 

An examination of cultural resources within the project area was conducted in 2004 and 2005 
(Wishtoyo Foundation and Topanga Anthropological Consultants, 2005). The examination included 
literature searches, field surveys, review of current and historic topographic maps, aerial photographs, 
subsurface, submarine and offshore sediment transport maps, other geomorphic and paleontological 
data, completion of a cultural resources records search at the Archaeological Information Center at 
California State University at Fullerton, and review of information from the collections of the Museum 
of Ventura County and Natural History Museum of Los Angeles County. The following section 
summarizes the primary findings and conclusions of this effort. 

It is generally accepted that prehistoric resources are often found in association with stream and wetland 
areas within coastal alluvial plains. Within the Oxnard Plain, the two primary Chumash settlements 
associated with the Santa Clara River are the Kanaputeqnon and Kasunalmu.  The Kanaputeqnon are 
believed to have been located in the vicinity of Montalvo, where the river turned south to flow across 
the Oxnard Plain prior to the 1812 earthquake. The Kasunalmu are believed to have settled along 
Gonzales Road, approximately one-quarter mile west of Oxnard Boulevard in the City of Oxnard.  A 
third settlement, the Muwu, has been documented south of the Kasunalmu village in the vicinity of what 
is now NBVC Point Mugu.  In addition, historic wetland areas within the project site that were created 
by surface water impounded behind Ormond Beach’s historic sand dunes extended from the City of 
Point Hueneme to Point Mugu, and may have been utilized by small settlements associated with the 
Wene’mu, Shishlomow and Shalikuwewech.    
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Changes in the locations of the above-referenced Chumash settlements, as well as other settlements, 
likely corresponded to changes in the channel of the Santa Clara River. Because there have been 
numerous changes (e.g., migrations) to the river channel over the last 3,000 years, it is believed that 
these settlements were occupied for relatively short periods of time; as such, the project site generally 
contains fewer artifacts and plant and animal remains than are typically found at sites that have been 
occupied for longer periods of time. None-the-less, the project area is considered to have a very high 
potential for the occurrence of buried archaeological resources between 200 and 3,000 years antiquity. 

Within the project area several site-specific and linear archaeological studies have been completed.  
Table 2-6 lists the cultural resources sites (prehistoric and historic) associated with these studies.   

Table 2-6.  Potential Cultural Resources Observed in the Project Area 
Site Number Material Observed Date Observed Notes 
VEN-555 loci A and B 
 

Scatterings of 
weathered Pismo 
clam (VN-127) 

1978 A supplemental site survey filed in 1990 did not find site 
VEN-555, and suggests that a small amount of shell that 
was observed was not deposited as a result of cultural 
activity (VN-900). 

VN-506 
 

Shell concentration 1986 May indicate the presence of a buried archaeological 
site. 

VN-635 
 

Two shell 
concentrations 

1988 May indicate the presence of buried archaeological 
sites. 

VN-1961 
 

Quartzite flake 2001 Recorded as isolate 56-100156. 

(N/A) Shell scatter and 
sandstone cobbles 

9/10/2004 and 
10/1/2004 

Further study is necessary to determine if shells and 
cobble on soil surface were recently placed there. 

(N/A) Broken concrete 
drainage pipe 

9/10/2004 and 
10/1/2004 

Identified as part of the 1898 Oxnard Sugar Beet 
Company field drain or an early 20th century upgrade. 

(N/A) Pieces of broken 
marine shell 

10/1/2004 Shell identified as Pismo clam and mussel. 

(N/A) Barn 10/1/2004 Appears to be more than 50 years old. 
(N/A) Light shell scatter 10/1/2004 May indicate the presence of an archaeological site in 

the area. 
 

Within the project area fill for agricultural and other development and the deposition of material from 
historic floods has likely buried most or all of the archaeological sites that may be present. Burial of 
these sites has probably helped preserve them from disturbance, but has also concealed them. Some 
sites may be buried at relatively shallow depths (ten feet or less from grade level). Soils that were 
deposited under water in old lagoons or in low areas between the natural levies of old river channels are 
not expected to contain cultural resources. However, soils that have been deposited at comparatively 
higher elevations, such as the tops of historic river levees and adjacent to historic marshes and wetlands 
are likely to contain such resources. Historic houses and related features are present on some parcels 
that were not surveyed as part of the project’s cultural resources investigation, and these structures may 
be of historic significance. However, for those properties surveyed, with the exception of the barn 
noted in Table 2-6 and a broken concrete drainage pipe associated with the Oxnard Sugar Beet 
Company (see Section 6.1.4.1 [Alternative 10, Cultural Resources]) , no other structures of potentially 
historic significance were observed at the time of the project’s cultural resources survey.   
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3. OPPORTUNITIES AND CONSTRAINTS 

In addition to issues associated with biological resources, hydrology, hydraulics and geomorphics, 
potential soil and surface water contamination, land use and infrastructure, and cultural resources, key 
logistical opportunities and constraints related to land availability and supplemental water sources, 
public recreation and education, and potential funding sources and land management partners have been 
identified for the project. Summaries of these opportunities and constraints are provided in the 
following sections.  

3.1 LAND AVAILABILITY AND POTENTIAL SUPPLEMENTAL WATER SOURCES 

3.1.1 Land Availability 

As addressed in Section 1.1 (Project Background) the SCC’s goal is to restore and enhance over 1,000 
acres of wetland habitat in the project area. The SCC acquired its first property within the project area 
in June 2002, which totaled 260 acres. With SCC funding, TNC purchased an additional 280 acres of 
land adjacent to (north/northwest of) the SCC’s property in August 2005. Figure 1-8 provides a map of 
these properties as well as the other surrounding properties that are of interest. Acquisition of additional 
lands surrounding the SCC and TNC properties to achieve the maximum acreage needed for the 
unconstrained alternatives presented in this Feasibility Study is, however, potentially limited by a 
number of existing land uses, as follows: 

• Active farmland (e.g., sod farms, cultivated crops);  

• Existing and past industrial uses, including the Agromin Site, Reliant Power Plant, and Halaco Site; and, 

• Active managed duck clubs (the VCGP). 

Although the SCC has been pursuing the acquisition of the remaining acreage needed for the 
unconstrained alternatives, their availability, and the timing of their availability, is currently unknown. 
Due to this uncertainty, it is possible that implementation of the project may require phasing to 
accommodate future land purchases. Phasing of the project may, however, provide opportunities for the 
development and refinement of adaptive management techniques that promote long-term habitat 
viability and sustainability.  Phasing of the project in response to land acquisition may also support 
other logistical issues, such as development of a final preferred alternative design plan that is a 
combination of one or more of the preliminary alternatives presented in this Feasibility Study and future 
project funding.   

3.1.2 Potential Supplemental Water Sources 

At the time that technical investigations of the project site’s existing conditions were initiated, which 
occurred prior to development of the alternatives evaluated in this Feasibility Study, a preliminary 
evaluation of supplemental water sources to support wetland restoration and enhancement, if needed, 
was undertaken (Everest International Consultants, Inc., 2005). The preliminary evaluation included 
assessment of the Hueneme, East Hueneme, J Street, and Oxnard Industrial Drains, the Oxnard 
Drainage Ditch Number 3 (ODD #3), the drainages bordering the VCGP, the drainage channel flanking 
the Reliant Power Plant, the J Street Lagoon, and the salt marshes and flats located within the City of 
Oxnard/beachfront (90 acres) property and those surrounding the Reliant Power Plant. The preliminary 
evaluation additionally noted the possibility of using the Calleguas Municipal Water District’s 
(CMWD’s) brine line and the Groundwater Recovery Enhancement and Treatment (GREAT) Program 
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(e.g., the Oxnard brine line) as supplemental water sources upon their completion.  The preliminary 
evaluation concluded that there were several data gaps regarding these supplemental water sources, 
particularly as related to water quality, and that additional analysis was needed (Everest International 
Consultants, Inc., 2005). 

Parallel to the preliminary evaluation addressed above, an additional assessment of potential water 
sources was completed.  As identified in the Potential Water Sources for the Ormond Beach Restoration 
Feasibility Plan (Kennedy/Jenks Consultants, 2005), five supplemental water sources other than 
groundwater were identified; Table 3-1 lists these water sources and the opportunities and constraints 
associated with each. 

Table 3-1.  Potential Supplemental Water Sources 
Water Source1 Opportunities Constraints 
CMWD Brine 
Line 

1) Estimated Capacity: 17.5 million 
gallons per day (MGD) 
2) The brine line would be developed 
as part of a regional salinity 
management conveyance system 
that has been endorsed by CMWD. 

1) Ormond Beach would be “at the end of the line” in terms of the brine 
line’s flow sequence. If there were competing uses for the brine line 
effluent, the Ormond Beach restoration effort would only be allotted any 
remaining flow after other uses (e.g., the Duck Club properties) were 
allotted their share. 
2) Recycled water demand is greatest during summer months, so the 
flows from Waste Water Treatment Plants (WWTPs) into the brine line 
could be lower during the summer if WWTPs recycle directly from the 
treatment facility. 
3) Use of this water source may not be suitable for aquatic life without 
prior treatment to remove constituents exceeding water quality criteria. 

City of Oxnard 
Brine Line 

1) Estimated Capacity: 20 MGD 
2) As part of the GREAT Program, 
the Oxnard brine line would serve 
the following purposes: enable the 
City to reduce the hydraulic and 
mineral loading of its wastewater 
treatment plant; and, provide a water 
supply for wetland restoration. 

1) Some wastewater sources that would be excluded from the GREAT 
Program, and consequently would not contribute to the project would 
include the: Santa Clara Wastewater Company, which was eliminated 
due to the presence of hydrocarbons in its wastewater; and, the Ventura 
Regional Sanitation District, which was eliminated due to its isolated 
location.  

Seawater Effluent 
from the Reliant 
Power Plant 

1) Estimated Capacity: 688.2 MGD 1) The Reliant Power Plant has pre-existing agreements for its 
wastewater; therefore, it is unknown how much of this effluent would be 
available for the project. 
2) Wastewater discharged from Reliant Power Plant exceeded National 
Pollutant Discharge Elimination System (NPDES) limits during the 5-
year period between December 1994 and January 2001.2 

Agricultural Water 
from United 
Water 
Conservation 
District (UWCD) 

1) Estimated Capacity: 17.6 MGD 
(delivery)3 

1) UWCD delivers approximately 17.6 MGD to its customers. Because 
of these pre-existing commitments, it is difficult to predict the volume of 
water that could be made available for the project. 
2) A key component to the UWCD system is the Pumping Trough 
Pipeline (PTP) which directs water to agricultural use and groundwater 
recharge. The demand for PTP water (and its availability for the project) 
varies over three cycles: climactic cycles (weather), seasonal cycles, 
and diurnal cycles. 

Recycled Water 
from the City of 
Oxnard: 

1) Estimated Capacities: 
- New Tertiary Treatment Facility: 

5.0 MGD (Phase 1); 32.6 MGD 
(Phase 2) 

- New Advanced Water 
Treatment Facility (AWTF): 3.8 
MGD (Phase 1); 15.3 MGD 
(Phase 2) 

- Converted Ocean View 
Pipeline: 3.0 MGD 

1) While the current agricultural demand from the Ocean View Pipeline 
(under conversion to convey recycled water) totals approximately 3,400 
acre feet per year (AFY), the pipeline is capable of delivering 
approximately 6,100 AFY (assuming a velocity of 6 feet per second and 
operation 365 days per year). However, assuming no other irrigation 
sources are developed within the City, the Ocean View Pipeline would 
need to be paralleled with a 30-inch diameter pipeline in order to meet 
the recycled water demand projected in Phase 2 of the GREAT 
Program, which does not include the project efforts. 
2) The GREAT Program indicates that under average year conditions 
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Water Source1 Opportunities Constraints 
2) The Oxnard WWTP currently 
produces secondary effluent that is 
discharged to the ocean outfall. As 
part of the GREAT Program, filtration 
and improved disinfection facilities 
would be constructed to produce a 
tertiary effluent that would allow for 
direct use of the recycled water, 
which may include wetland 
restoration efforts. 

and full implementation of the recycled water facilities, the demand for 
the recycled water will equal supply; the project is not included in the 
demand forecasts. However, recycled water may be available during 
wet years and during wet winter months when irrigation demands drop. 

1 For further information on the characteristics of each water source, refer to the Potential Water Sources for the Ormond 
Beach Restoration Feasibility Plan (Kennedy/Jenks Consultants, 2005). 

2  The U.S. Environmental Protection Agency issues NPDES (National Pollutant Discharge Elimination System) permits for 
five categories of stormwater discharges, which includes discharge associated with industrial activity (USEPA, 2008b). 
The following NPDES limits were exceeded: 30-day average for copper, chronic toxicity limit, and total suspended solids 
(Reliant Energy, 2002).  

3  The UWCD manages the delivery of surface water and groundwater resources within its boundaries for agricultural use 
and groundwater recharge.  

Following the completion of the Preliminary Evaluation of Potential Water Sources and the Potential 
Water Sources for the Ormond Beach Restoration Feasibility Plan, the alternatives evaluated in this 
Feasibility Study were developed. As currently designed, only Alternative 2 could potentially require a 
supplemental water source. As addressed in Section 5.2 (Restore Seasonally Open Wetland Habitats and 
Ponds [Alternative 2]), the seasonal pond at the center of this alternative would be non-tidal, and would 
be excavated such that precipitation and groundwater would be its water sources. Because precipitation 
is strongly seasonal, with nearly all rainfall occurring during the winter and spring, the pond’s surface 
water area would fluctuate significantly with the seasons; the minimum extent of the pond’s surface 
water would depend on the area of the ground surface which falls below the dry season water table. If 
final design calls for this alternative to always maintain a specific volume of water in the pond, a 
supplemental water source may be needed; however, it is also possible that final design and grading 
plans may be able to excavate the pond to a depth such that the prescribed volume of water is 
maintained. Consequently, implementation of the project, under any alternative, may not require a 

supplemental water source. A final determination for supplemental water source needs, if any, cannot 
be predicted until final design plans for the project are completed.  

3.2 PUBLIC RECREATION AND EDUCATION 

Implementation of the project could represent a significant opportunity to increase public access to the 
coast for recreational purposes, and provide public education on coastal wetland ecosystems, flora and 
fauna. Due to the project area’s location and limited points of access, the beach itself is underutilized by 
the public in comparison to most other Southern California beaches. However, the limited access and 
development along this portion of the coast has helped maintain its natural qualities, which provides for 
unusual opportunities for habitat restoration. Through careful planning and diligent management, it 
should be possible to augment recreational and educational uses while also enhancing habitat quality and 
ecosystem functions. The following is a summary of some opportunities for public access and education 
that have been identified within the project area, as provided in the Recreation and Education 
Opportunities Report for the Ormond Beach Wetlands Restoration Project (Aspen Environmental 
Group, 2005): 

Greenbelt and Trails. The Oxnard, Camarillo and Ventura Greenbelt could be extended to include the 
project area. A trail system could also be created to connect various portions of the project area for 
continuous access, and serve as an extension of the California Coastal Trail. As with pedestrian trails, 
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bike trails could also be created within the project area and incorporated into the City of Oxnard’s 
Bicycle Facilities Master Plan. 

Recreation and Educational Facilities. The project is planned to include a future visitor center which 
could include educational programs targeting neighborhood schools, birders, and nature enthusiasts. A 
Chumash cultural center could also be constructed or combined with the visitor center. Additional 
recreational facilities that could be introduced include bird blinds and observation decks and boardwalks 
near the dunes, but away from sensitive habitat areas. 

Improving future uses of the project area for recreational and educational purposes would have to 
involve working around or correcting certain unfavorable aspects of the area’s current conditions while 
maintaining compatibility with the project’s primary purpose of habitat restoration. Because public 
recreation and education are important but secondary goals of the project, it might be necessary to make 
“trade-offs” between maximizing recreational and educational opportunities while ensuring the success 
of the habitat restoration. Some of the issues that have been identified to date which pose potential 
constraints to public recreation and education include:  

• Limited parking and vehicular and pedestrian (e.g., trail) access;  

• Physical barriers to pedestrian access such as channels and property line fences;  

• Illegal dumping;  

• Public uses which can disturb sensitive species and their habitat such as the western snowy plover and 
California least tern (e.g., dog walking, paragliding and ultralight flights, the discharging of firearms, off-
road cycling and vehicle use, dune exploration, and camping);  

• Prominent industrial uses (e.g., the Reliant Power Plant, its associated transmission lines, the Oxnard 
Wastewater Treatment Plant and the Halaco Site), which diminish visual quality and the public’s  perceived 
recreational/outdoor “experience;” and,  

• Restrictions due to the USEPA’s investigation and long-term remediation plans for the Halaco Site.   

As addressed in Section 1.3 (Prior Project Studies and Reports), the Graduate Design 606 Studio of the 
California State Polytechnic University of Pomona is currently working with the SCC to develop an 
“Access Vision Plan” for the project. Once complete, the Access Vision Plan will be factored into 
future phases of the project, including refinement and optimization of the final alternatives.   

3.3 POTENTIAL FUNDING SOURCES 

Restoring, enhancing and creating native wetland habitats and providing public education and 
environmentally sensitive recreational opportunities are costly endeavors. None-the-less, preserving 
open space and restoring wetlands in California and the nation are important for the sustainability and 
health of ecosystems. These needs have triggered the development of federal, State, and private 
assistance programs that work to protect, enhance, and restore native habitats. 

The project would require funding for the various aspects of its implementation, including: land 
acquisition; ecological enhancement and restoration; recreational and educational amenities and 
programs; programs related to the protection and conservation of agricultural lands; and, watershed 
management, flood control, and water quality improvement and/or protection. Table 3-2 summarizes a 
few of the funding sources that have been identified for various aspects of the project as of February 
2007. For a complete list of potential funding sources, please refer to the Ormond Beach Wetland 
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Restoration Feasibility Study Potential Project Funding Sources Report (Aspen Environmental Group, 
2007). 

Table 3-2. Potential Funding Sources 
Project Aspect Potential Funding Source Agency 
Land acquisition for 
conservation, 
habitat 
enhancement and 
restoration, or 
recreation 

Habitat Conservation Fund State Department of Parks and 
Recreation (DPR) 

American Land Conservation Fund The Conservation Fund 
Land and Water Conservation Fund (Propositions 40 and 
84) 

State Wildlife Conservation Board, SCC 

Coastal Watershed and Wetland Protection Program 
(Proposition 50) 

State Wildlife Conservation Board 

Coastal and Estuarine Land Conservation Program NOAA 
Wetlands Recovery Project SCC 

Habitat 
enhancement and 
restoration planning 
and implementation 

Coastal Resources Grant Program California Resources Agency 
Native Plant Conservation Initiative National Fish and Wildlife Foundation 
Coastal Counties Restoration Initiative National Fish and Wildlife Foundation, 

NOAA, National Association of Counties 
Migratory Bird Conservancy National Fish and Wildlife Foundation, 

Migratory Bird Conservancy 
Proposition 40, 50 and 84 Grants State Water Resources Control Board, 

State Department of Water Resources, 
DPR, SCC, State Wildlife Conservation 
Board, State Conservation Corps 

Community Based Habitat Restoration Program/ Individual 
Program Grant and Regional Partnership Grant 

NOAA 

Adding or enhancing 
recreation, 
education, and 
access facilities 

California Coastal Trail Program, Public Access Program, 
Urban Waterfronts Program 

SCC 

Murray-Hayden Urban Parks and Youth Services Program 
(Proposition 40) 

DPR 

Per Capita Grant Program (Proposition 40) DPR 
Land and Water Conservation Program State Wildlife Conservation Board 
Recreational Trails Program (Non-Motorized) Federal Highway Administration, DPR 
Kodak American Greenways Award Program The Conservation Fund 
Nature Education and Research Grants (Proposition 84) DPR 
Local and Regional Parks Development and Public 
Outreach (Proposition 84) 

DPR 

Housing Urban, Suburban and Rural Parks Account 
(Proposition 1C) 

State Department of Housing and 
Community Development 

Urban Greening Projects (Proposition 84) Administrating agency unknown 
Short and long-term 
maintenance, 
monitoring, and 
management of 
resources 

Environmental Grants Program Patagonia 
Community Based Habitat Restoration Program/ Individual 
Program Grant and Regional Partnership Grant 

NOAA 

Watershed Assistance Grants USEPA 

Agricultural lands 
conservation and 
protection 

Wetlands Reserve Program U.S. Department of Agriculture (USDA), 
Natural Resources Conservation 
Service (NRCS) 

Farm and Ranch Lands Protection Program USDA, NRCS 
California Farmland Conservancy Program (Proposition 40) State Department of Conservation 
Land and Water Conservation Program State Wildlife Conservation Board 
Planning Grants (Including Agricultural Lands) (Proposition 
84) 

Administrating agency unknown 

Agricultural Preservation Program SCC 
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Project Aspect Potential Funding Source Agency 
Watershed 
management and 
flood control 
protection 

Integrated Watershed Management Program and Integrated 
Regional Water Management Program (Propositions 40, 50 
and 84) 

State Water Resources Control Board, 
State Department of Water Resources 

Watershed Protection and Flood Prevention Program USDA, NRCS 
Watershed Assistance Grants USEPA, River Network 
Flood Control Prevention (Proposition 84) State Department of Water Resources 
Stormwater Flood Management (Proposition 1E) State Department of Water Resources 
Statewide Flood Protection Corridors and Bypasses 
(Proposition 1E) 

State Department of Water Resources 

Water quality Clean Beaches Program (Propositions 50 and 84) State Water Resources Control Board 
Beaches Environmental Assessment and Coastal Health 
(BEACH) Act Grants 

USEPA 

Integrated Watershed Management Program and Integrated 
Regional Water Management Program (Propositions 40, 50 
and 84) 

State Water Resources Control Board, 
State Department of Water Resources 

Coastal Watershed and Wetland Protection Program 
(Proposition 50) 

State Wildlife Conservation Board 

Beaches, Watershed and Water Quality Program 
(Proposition 40) 

SCC 

Safe Drinking Water and Protection of Water Quality 
(Proposition 84) 

State Department of Water Resources 

Note: For a full list of potential funding sources and contact information for each source, as well as approved State 
propositions that would be applicable to wetland restoration as of February 2007, please refer to Tables 1 through 3 of the 
Ormond Beach Wetland Restoration Feasibility Study Potential Project Funding Sources Report (Aspen Environmental Group, 
2007). 
 

3.4 POTENTIAL LAND MANAGEMENT PARTNERS 

Several resource agencies and private and public entities have expressed interest in managing the 
project. It is noted, though, that most of the entities outlined below historically have avoided taking on 
new land management responsibilities unless a separate party secures a significant new source of 
funding to supplement their respective operating budgets. However, given that a new, long-term 
management partner will not be needed until the construction phase of the project is complete, this issue 
does not need to be resolved in the near future. For further information on management activities and 
other concerns expressed by the agencies and entities noted below, please refer to the Ormond Beach 
Wetland Restoration Study Potential Land Management Partners Report (Aspen Environmental Group, 
2005).  The following paragraphs summarize the principal public and private organizations that have 
been identified as potential land management partners 

Santa Monica Mountains Conservancy. The Santa Monica Mountains Conservancy (SMMC) manages 
land through the Mountains Recreation Conservation Authority (MRCA). The SMMC consists of 
approximately five employees who are involved in program administration, while the MRCA has 
approximately 85 employees who are focused on land management activities. The SMMC office is 
located in Malibu, approximately 40 minutes by automobile from the project site. 

The SMMC could be involved in the future management of the project. As this agency is not tied to 
jurisdictional boundaries, it is at large to become involved in land management throughout the region 
on a short- or long-term basis. Rangers can provide services that include exotic species removal, trash 
disposal, and facility cleaning. 

California Department of Fish and Game. The CDFG owns and manages numerous properties in 
Southern California ranging in size from a few acres to thousands of acres. CDFG focuses on wildlife 
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in choosing what lands to acquire and manage. The project area would be under the responsibility of 
CDFG’s San Diego office. 

In order for the project to be managed by CDFG, it would be established as an Ecological Reserve. As 
part of this process, the Wildlife Conservation Board (the branch of CDFG that acquires land) acquires 
title to the land in fee or gains control through a binding agreement. Once property is acquired, CDFG 
staff can prepare a proposal to the California Fish and Game Commission for consideration. If the 
Commission agrees with the proposal, a notice is issued to the public for a 45-day review. If necessary, 
a public hearing is held to consider the proposed Ecological Reserve. Once the public review and 
comment process is complete, the proposal goes to the Office of Administrative Law for adoption. 

While CDFG is interested in managing the project, it has indicated that staffing is a significant concern. 
There are currently no reserve managers for lands north of Orange County. 

U.S. Fish and Wildlife Service. The Ventura Office of the U.S. Fish and Wildlife Service (USFWS) 
has indicated an interest in managing the project under the National Wildlife Refuge (NWR) system, 
and has also suggested that project area may be established as an Overlay Refuge with the adjacent 
NBVC Point Mugu. Adding a new unit to the NWR system requires an act of Congress, which would 
take at least one year to complete. All lands to be considered for the NWR system must go through the 
approval process, and there is no certainty that Ormond Beach would ultimately be included. 

The USFWS has expressed concern that it will not have the funding, manpower, or needed on-site 
facilities to manage the project. However, the USFWS was supportive of partnering with another entity 
to provide on-site management (e.g., the CDFG or SMMC). According to the USFWS, at least one 
ranger/refuge manager with some enforcement capability should be permanently available onsite to 
address a number of issues that the project would face as an Urban Refuge, including: off-road vehicle 
use; trespassing, dogs; and, gang-related activity. The USFWS has also suggested that project fencing 
would be necessary in some areas. 

National Park Service. The National Park Service (NPS) may not be able to manage the project unless 
it is located within the boundary of the Santa Monica Mountains National Recreation Area. A boundary 
adjustment would require an act of Congress; two to three years may be needed to receive 
Congressional approval. The NPS may consider partnering with the USFWS or the CDFG in the 
management of project, although there is not much of a precedent for this type of approach. Keys issues 
related to NPS involvement would include full remediation of any project site contamination, 
completion of the project itself, and incorporating and developing visitor centers, trails, and similar 
recreational amenities. 

The Nature Conservancy. TNC is a leading international nonprofit organization with the mission of 
preserving the plants, animals and natural communities that represent the diversity of life on earth by 
protecting the lands and waters they need to survive. With SCC funding, the TNC acquired 280 acres 
of land in the project area that were previously co-owned by MWD and the City of Oxnard. TNC 
typically does not manage lands that it acquires over the long-term and thus is not considered a viable 
long-term management entity. However, TNC remains a key partner for the acquisition of lands and the 
restoration of wetland habitats in the project area.   

Public Universities. Local public universities have expressed an interest in monitoring the progress and 
success of the project. These universities would benefit the project by providing much of the onsite 
monitoring in exchange for permission to use the data collected for their research purposes. Research 
universities known or expected to be interested in the project’s monitoring and potentially project 
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maintenance include: University of California, Los Angeles (Environmental Science and Engineering 
Program); University of California, Santa Barbara (Donald Bren School of Environmental Science and 
Management); and, California State University, Channel Islands (Environmental Science and Resource 
Management Program). 
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4. ANTICIPATED REGULATORY REQUIREMENTS 

Prior to its implementation, environmental review of the project under the California Environmental 
Quality Act (CEQA) and National Environmental Policy Act (NEPA) will be required. Additionally, 
implementation of the project will require the acquisition of several federal, State and local regulatory 
permits or approvals. The following agencies have been identified as having jurisdiction over the 
project, or are otherwise anticipated to have regulatory authority over the project: 

• Federal: USACE; USEPA; USFWS; and, National Marine Fisheries Service (NMFS). 

• State: State Historic Preservation Officer (SHPO) and Advisory Council on Historic Preservation (ACHP); 
CDFG; State Water Resources Control Board (SWRCB) and Los Angeles Regional Water Quality Control 
Board (LARWQCB); CCC; and, California Air Resources Board (CARB). 

• Local: Ventura County Planning Division; Ventura County Air Pollution Control District (VCAPCD); 
Ventura County Watershed Protection District (VCWPD); City of Oxnard; and, City of Port Hueneme. 

Table 4-1 summarizes the applicable statutes and regulations that would be enforced by the agencies 
listed above, as well as the anticipated requirements that may be placed on the project. For a detailed 
discussion of regulatory requirements of the USACE and other agencies with jurisdiction over the 
project, please refer to the Ormond Beach Wetland Restoration Feasibility Study Anticipated Regulatory 
Requirements Report (Aspen Environmental Group, 2006). 

Table 4-1. Anticipated Regulatory Requirements 
Statute/Regulation and 

Agency Applicability Project Requirements/ Actions 
California Environmental 
Quality Act (CEQA) 
 
SCC as State Lead 
Agency 

As a public agency within 
California, any project that is 
undertaken by the SCC which 
may cause a physical change in 
the environment is subject to 
review and approval under 
CEQA. 

It is anticipated that preparation of an Environmental Impact 
Report (EIR) will be required for the project.  A joint EIR/EIS 
or EIS/EIR may be prepared pursuant to CEQA and NEPA 
(below). 

National Environmental 
Policy Act (NEPA) 
 
USACE as Federal Lead 
Agency 

As a federal action agency, the 
USACE ensures compliance with 
NEPA for projects proposing to 
impact waters of the U.S. 

It is anticipated that an Environmental Impact Statement 
(EIS) will be required for the project in conjunction with the 
USACE regulatory permit process.  A joint EIR/EIS or 
EIS/EIR may be prepared pursuant to CEQA and NEPA. 

Section 404 Clean Water 
Act (CWA) 
 
USACE 

Regulates the discharge of 
dredged material, placement of fill 
material, and certain types of 
excavation within “waters of the 
U.S.” 

General Permits are issued for general categories of projects 
having minimal impacts to the aquatic ecosystem on an 
individual and cumulative basis. 
Individual Permits are issued for individual projects, including 
those that would exceed the minimal impacts threshold. 

Section 10 River and 
Harbor Act 
 
USACE 

Regulates any work or structures 
within Section 10 jurisdiction 
(extending three [3] nautical miles 
from the Mean High Tide line to 
the limit of the territorial seas). 

No additional regulatory requirements other than those 
required under Section 404 of the CWA are anticipated for 
the project. 

Section 103 Marine 
Protection, Research, 
and Sanctuaries Act 
 
USACE 

Permits issued for the 
transportation of dredged material 
to be dumped in the ocean. 

If ocean disposal is proposed as part of the project, a permit 
would be required for the transport and disposal of material 
at an approved ocean dredged material disposal site (e.g., 
site LA-2, which is located approximately six [6] miles south-
southwest of the entrance to Los Angeles Harbor). 
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Statute/Regulation and 
Agency Applicability Project Requirements/ Actions 

1996 Sustainable 
Fisheries Act 
 
NMFS 

Requires federal agencies to 
consult with NMFS on all federal 
actions or proposed actions that 
may adversely affect Essential 
Fish Habitat. 

It is expected that the project will involve federal consultation 
with NMFS. 

Migratory Bird Treaty Act 
 
USFWS; CDFG 

Prohibits the take, possession, 
import, export, transport, selling, 
purchase, barter, or offering for 
sale, purchase or barter, any 
migratory bird, eggs, parts, and 
nests, except as authorized under 
a valid permit. 

A recent Federal Court decision held that federal agencies 
are only bound by the Migratory Bird Act when the agency 
itself is actually taking the migratory birds, as such, 
consultation with the USFWS for the project would not be 
expected.  However, it is likely that a CDFG Streambed 
Alteration Agreement (SAA) will be required. The CDFG 
often includes conditions in its authorizations that protect 
migratory birds, which would minimize potential Migratory 
Bird Treaty Act issues. Measures protecting migratory birds 
may also be incorporated into other agency authorizations. 

Fish and Wildlife 
Coordination Act 
 
USACE in coordination 
with USFWS, NMFS, and 
CDFG 

Requires federal agencies to 
consult with USFWS, NMFS, and 
state wildlife agencies for 
activities that affect, control, or 
modify waters of any stream or 
bodies of water. 

The USACE has entered into a Memorandum of Agreement 
(MOA) with the USEPA, USFWS, and NMFS that enables 
the agencies to collaborate during the Section 404 permit 
review process. The USFWS or NMFS may recommend 
denial of a permit application, the incorporation of additional 
permit conditions to minimize adverse effects, or mitigation 
actions. Under this act, the USFWS, NMFS and CDFG have 
responsibility for project review. 

Federal Endangered 
Species Act (ESA) 
 
USFWS or NMFS 

Applies to activities that “may 
affect” a federally listed 
threatened or endangered 
species or its designated critical 
habitat. 

The USACE (as federal lead agency) submits a biological 
report (e.g., Biological Assessment [BA]) to the USFWS 
and/or NMFS. USFWS/ NMFS issues a Biological Opinion 
(BO) that is used by the lead agency in making its permit 
decision.  Given that the project would improve the functions 
and values of the project area, it is expected that USFWS will 
issue a BO authorizing species take incidental to the 
restoration and enhancement activities. 

California Endangered 
Species Act (CESA) 
 
CDFG 

Requires projects to obtain an 
incidental “take” permit for a 
State-listed threatened or 
endangered species only if 
specific criteria are met. 

A project must complete the CESA process before it can 
obtain a SAA from CDFG. The CESA process can be 
coordinated with the federal ESA process for species that are 
both federal- and State-listed. If CDFG determines the 
federal BO to be consistent with CESA, a separate take 
permit is not required. 

Section 1600 of the 
California Fish and Game 
Code 
 
CDFG 

Requires any project that may 
substantially adversely affect 
existing fish or wildlife resources 
to notify CDFG and to obtain a 
Lake or SAA, per CDFG review. 

As a Responsible Agency pursuant to CEQA, CDFG must 
consider the certified CEQA document before it will issue a 
SAA. The CDFG will propose measures necessary to protect 
the fish or wildlife that could be affected by the project. 

Section 106 National 
Historic Preservation Act 
 
SHPO or Tribal Historic 
Preservation Officer 
(THPO) 

Applies to projects that adversely 
affect historic properties listed or 
eligible for listing on the National 
Register of Historic Places 
(NRHP). 

If any properties/structures in the project area are eligible for 
the National Register of Historic Places (NRHP), the USACE 
(as the federal lead agency) would enter into a MOA with the 
SHPO/THPO and the Advisory Council on Historic 
Preservation. The MOA would specify the measures the 
USACE would take to avoid or reduce effects on historic 
property(ies). 
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Statute/Regulation and 
Agency Applicability Project Requirements/ Actions 

Section 401 Clean Water 
Act Water Quality 
Certification; Porter-
Cologne Act Waste 
Discharge Requirements 
 
SWRCB/RWQCB 

Requires that any applicant for a 
federal permit or license that may 
result in a discharge of pollutants 
into “waters of the U.S.” obtain a 
Water Quality Certification (WQC) 
or waiver from the RWQCB, 
certifying that the activity 
complies with all applicable State 
water quality standards, 
limitations, and restrictions. 

Project activities requiring a Section 404 or Section 10 permit 
from the USACE will also require a conditional Section 401 
WQC or Waste Discharge Requirements. 
The Los Angeles RWQCB will require CEQA to be completed 
before it will issue an authorization for the project. 

Section 402 Clean Water 
Act National Pollution 
Discharge Elimination 
System (NPDES) 
Requirements 
 
SWRCB 

Regulates discharges of 
“pollutants” from point sources to 
“waters of the U.S.” through the 
issuance of NPDES permits. 

If one acre or more of ground will be disturbed by project-
related activities, it will be necessary to prepare a Storm 
Water Pollution Prevention Plan (SWPPP) and submit it and 
a Notice of Intent and applicable fee to the SWRCB to use its 
NPDES General Permit for Discharges of Storm Water 
Associated with Construction Activity. 

Coastal Act and Coastal 
Zone Management Act 
 
CCC 

Requires activities within or 
outside the coastal zone that 
directly affect any natural 
resources, land uses, or water 
uses of the coastal zone to 
remain consistent with approved 
State coastal zone management 
programs. 

Due to its partial location with the Coastal Zone, 
implementation of the project is expected to require a Coastal 
Development Permit, as well as a federal Coastal 
Consistency Determination from the CCC. 

Clean Air Act (CAA) 
(federal and State) 
 
USEPA, CARB, 
VCAPCD 

The federal CAA directs the 
attainment and maintenance of 
National Ambient Air Quality 
Standards. The California CAA 
mandates achieving the health-
based California Ambient Air 
Quality Standards. 

Due to the breadth of construction-related activities, 
coordination and potentially permitting will be required 
through the VCAPCD, per the Ventura County Air Quality 
Management Plan. 

Local Approvals 
 
County of Ventura, City 
of Oxnard, City of Port 
Hueneme 

Determines project consistency 
with county and city land use 
plans and ordinances. 

Conversion of protected agricultural land to habitat in the 
Coastal Zone could trigger permit requirements per the 
Coastal Area Plan of the Ventura County General Plan. 
Any alterations to the Hueneme Drain, J Street Drain, or 
Oxnard Industrial Drain would additionally require an 
encroachment permit from the Ventura County Watershed 
Protection District (VCWPD). 
The project would require an encroachment permit from the 
City of Oxnard for any activities that would affect city roads or 
other facilities. 

 

As noted above, project review and approval under CEQA and NEPA will be required prior to its 
implementation. It is currently anticipated that a joint EIR/EIS will be necessary. Under CEQA, the 
SCC will be acting as the project’s Lead Agency. Under NEPA, it anticipated that the USACE will be 
acting as the Lead Agency, as addressed below. The environmental review process will additionally 
involve participation be numerous interested, Responsible and Trustee Agencies, as well as the public.   

As a federal action agency, the USACE’s regulatory review routinely includes ensuring compliance 
with NEPA. As such, the USACE is usually the federal Lead Agency for projects that would affect 
waters of the Unites States; implementation of the project would affect waters of the Unites States. 
Other regulatory agencies such as the USFWS, NMFS, USEPA, SHPO and ACHP often assert their 
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jurisdiction or address their statutory requirements through coordination or consultation with the 
USACE, or another federal agency that may act as the Lead Agency under NEPA. As part of its 
permitting process, the USACE must also ensure that a proposed project complies with all other 
applicable federal resource protection laws, such as the Endangered Species Act, the National Historic 
Preservation Act, the Coastal Zone Management Act, the Magnuson-Stevens Fishery Conservation and 
Management Act, and Section 401 of the Clean Water Act (see Table 4-1). Similarly, the SCC must 
also ensure that all applicable State and local laws, ordinances and regulations are addressed and 
complied with as part of the environmental review process, including coordination with appropriate 
regulatory agencies and jurisdictions. 

It is not unusual for the environmental review process for a joint CEQA/NEPA document to take two to 
three years, or more, to complete. The process typically involves the following steps:  

• Project Definition/Refinement; 

• Public and Agency Noticing and Public Scoping Meetings; 

• Preparation, Publication and  Circulation of a Draft EIR/EIS; 

• Coordination and Completion of  Public Meetings on the Draft EIR/EIS; 

• Responding to Public and Agency Comments on the Draft EIR/EIS; 

• Preparation, Publication and Circulation of a Final EIR/EIS; and, 

• Completion of the Final EIR/EIS’s Decision Making Process.  
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5. PROJECT ALTERNATIVES 

Three broad strategies were identified for developing the project’s restoration alternatives. These 
strategies include: 

• Alternative 1: Creation of a new tidal lagoon with a permanent open connection to the ocean; 

• Alternative 2: Restoration of historic wetland habitat mosaic with intermittingly open inlets and seasonal 
ponds; and, 

• Alternative 3: Enhancement of existing habitats with minimal hydrologic and ground surface modifications. 

Each of these strategies has two variants that bracket the range of the project site that is available for 
restoration. The “unconstrained” variant (Figure 5-1) encompasses the maximum feasible acreage of 
the project site whereas the “constrained” variant (Figure 5-2) is limited to those properties that are 
currently owned by the SCC and TNC. For the purposes of this Feasibility Study’s constrained 
alternatives, it is assumed that the southern 230 acres of the Southland Sod Farm will be acquired, as 
shown in Figure 5-2. Each restoration alternative is then fit to each variant’s footprint. For example, 
the unconstrained variant of Alternative 1 (Alternative 1U), maximizes the footprint of the tidal lagoon 
and adjacent tidal wetlands. The constrained variant of Alternative 1 (Alternative 1C), consists of the 
smallest tidal lagoon possible while maintaining the same nominal function of an open inlet, but 
compromises by reducing wetland extent.   

The guiding principle behind each alternative’s design is to restore habitats through both topographic 
and hydrologic modifications that together sustain ecologic functions. This integration of habitat with 
the underlying geomorphic and hydrologic processes ensures that the designs can be sustained.  The 
concept of sustainability is complex, the elements of which are further addressed in Sections 6 
(Alternatives Analysis) and 7 (Comparative Evaluation of the Alternatives); it is noted, though, that 
some of the alternatives presented below would be, ecologically and geomorphically, more sustainable 
in that they would be more stable and self-sustaining. As such, they would be more likely to require 
less on-going management cost or adaptive management.   

The descriptions of the alternatives in this section correspond to expected conditions within the first 
decade following project construction. During this first decade, an alternative’s design grading plan 
would largely determine the physical layout of the project site. It is assumed that vegetation, which 
would be planted as part of project design, would have fully colonized the project site. In addition, the 
project site would have been exposed to, and adapted, to some degree, to seasonal and inter-annual 
climatic variability.   

The designs also anticipate long-term changes in physical processes that would act on the project site. 
Because of its coastal location, a significant long-term change would be future sea level rise. Sea level 
rise would elevate the tidal water levels which determine tidal wetland habitat type, magnify the impact 
of extreme storm events, and shift the coastline landward. These alternatives are designed to anticipate 
the impact of three feet of sea level rise. While uncertainty remains as to future rates of sea level rise 
because of uncertainty about future carbon emission rates and the oceans’ response, it is reasonably 
certain that three feet of sea level rise will occur between 50 and 100 years from the present (Isenberg, 
2008). 

These restoration alternatives are compared with the option of taking no action on the project site, 
summarized below as Alternative 4 (the “No Project Alternative”). 
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5.1 CREATE NEW TIDAL LAGOON (ALTERNATIVE 1) 

This alternative features a large tidal lagoon permanently connected to the ocean by an inlet channel 
(Figures 5-3 and 5-4). Creation of a tidal lagoon departs from the project area’s historic conditions, but 
is consistent with the regional goal of replacing subtidal habitat lost throughout Southern California.  
The lagoon would be fringed with tidal southern coastal salt marsh. The salt marsh would transition to 
dune habitat towards the ocean and to coastal grassland landward.  On the southeastern parcel (the 
VCGP), the site would be reconfigured to expand salt marsh habitat, enhance managed duck habitat, 
and create coastal grassland uplands. Freshwater inputs to the project site would be re-routed to 
complement the design. The common aspects of these components of Alternative 1 are described below; 
specifics of the unconstrained and constrained variants are then detailed in Sections 5.1.1 and 5.1.2. 

The proposed open-water lagoon would cover a substantial portion of the project site. As shown in 
Figure 5-5, its maximum depth would be approximately 4.6 feet below mean lower low water (MLLW) 
or 4.8 feet below North American Vertical Datum of 1988 (NAVD88), providing subtidal habitat for 
fish and benthic species. A permanent inlet would connect the lagoon to the ocean, which would supply 
the regular tidal water level fluctuations and consistent salinity needed to sustain tidal habitat. To ensure 
that the inlet remains open, a jetty on the north side of the inlet is recommended. The jetty would 
provide additional resistance to inlet closure and limit lateral migration of the inlet by deflecting the 
predominant sand transport away from the inlet’s mouth.   

A progression of habitats would surround the proposed tidal lagoon. The delineation of these habitats 
has been determined by their hydraulic connection and ground elevation relative to the tides. The 
project site’s existing beach and foredune system, which is supplied with sand by alongshore transport, 
would be largely unchanged except for the incision for the new inlet. Windblown sand from the beach 
and foredunes would support re-introduced backdune habitat, typified by vegetated swales and 
depressions. The tidal lagoon would sustain a fringing salt marsh with regular fluctuations of water 
level and consistent salinity. As elevations gradually increase, the marsh would transition to coastal 
grassland, which would be configured with slight depressions to pond rainfall and create seasonal 
wetlands. It would also include expansion of existing stands of willow scrub. The portion of coastal 
grassland adjacent to the salt marsh, denoted as “transitional,” represents that portion of the project site 
that is likely to become future salt marsh in response to three feet of sea level rise. The actual 
transitions between these habitats would not be the sharp boundaries, as shown for convenience in 
Figures 5-3 and 5-4. Rather, the habitats would blend at their boundaries, with a mixture of 
characteristic vegetation spanning the transition from one habitat to another. Please refer to Section 
6.1.1 for more information on the biological specifics of each habitat type. 

Alternative 1 accommodates freshwater flows entering the project site from the adjacent watershed by 
routing them through treatment wetlands and then incorporating them into the project site’s hydrology. 
Treatment wetlands trap watershed pollutants, minimizing their distribution throughout the project site 
and into the ocean. The specific design of treatment wetlands depends on the pollutants to be removed, 
so these features will be further refined after subsequent studies clarify the type and extent of watershed 
pollution. The larger drains which flow throughout the year would be connected to the tidal lagoon. 
This creates brackish habitat between saline and fresh water. Connection to the lagoon would also be 
likely to improve flood conveyance. Freshwater flow can pass through the permanently open inlet 
rather than becoming impounded behind in the existing beach berm.   
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The existing ODD #3, which currently cuts across the land slated for the lagoon and drains to the 
southeast, would be reconfigured. A large subsurface drain which delivers water to ODD #3 within the 
project area may either be re-routed parallel to Arnold Road and re-connected with the ODD #3 south 
of the channel block, or filtered through a treatment wetland at the edge of the lagoon before spilling 
into the lagoon. 

5.1.1 Unconstrained (Alternative 1U)  

Alternative 1U leverages the extensive project area to provide both a variety of wetland habitats and the 
flexibility for the habitats to adapt to future change, such as sea level rise (Figure 5-3). At 
approximately 450 acres each, open water habitat and tidal salt marsh would be the two largest habitat 
areas. Coastal grassland would fringe the tidal salt marsh to permit a gently-sloped transitional zone for 
transgression of the salt marsh in response to sea level rise. Because of the unconstrained project area, 
the tidal inlet can be located in the northern half of the site’s coastline.   

Alternative 1U integrates flows from all three drains in the local discharge network. The Oxnard 
Industrial, J Street, and Hueneme Drains would flow first into treatment wetlands just inside the project 
site’s boundaries, and then into the lagoon. Their previous outlet, the J Street lagoon, would be 
incorporated into the new lagoon. This permanent connection to the ocean, which enhances flood 
conveyance, is of particular value for the J Street Drain since it currently poses the largest flood risk to 
developed areas of the City of Oxnard.  

Actions on the southeastern portion of the site, the existing VCGP, would be implemented only for the 
unconstrained variant. The design restores salt marsh habitat to muted tidal exchange via Mugu Lagoon 
while re-configuring management of a portion of the existing VCGP managed duck ponds. The salt 
marsh restoration would expand northward from existing salt marsh. To provide muted tidal exchange 
with Mugu Lagoon, the existing channels and culverts would be upgraded. Modifications to the 
managed duck ponds would optimize the environment for ducks, seeking to maintain or enlarge the 
total duck population the ponds can support by increasing population density.  In addition to these 
hydrologic changes, a graded berm would be created along the northern boundary of the VCGP.  This 
berm would serve multiple purposes. It would raise this area above elevations that are prone to coastal 
flooding. The southern face of the berm would also create a transitional zone for tidal marsh 
transgression in response to future sea level rise. Additionally, the fill required to form the berm would 
provide for onsite placement of the soil excavated from the proposed tidal lagoon, thereby reducing 
construction costs.   

5.1.2 Constrained (Alternative 1C) 

Alternative 1C would require modifications to the configuration of the lagoon, habitats, and integration 
with watershed inflow and infrastructure, as shown in Figure 5-4. The lagoon would dominate the 
project site, restricting the amount of other habitats that could be included.  

For Alternative 1C, an additional parcel would need to be added to the previously defined constrained 
project area. The added parcel, currently owned by MWD, lies at a key constriction of the lagoon; 
without this parcel, the connection between the east and west sides of the lagoon would be severely 
restricted. This parcel adds 20 acres to the project area and lies immediately to the west of Edison 
Drive, enhancing the lagoon’s connectivity across this road.   
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Within the constrained project area, the lagoon would fill 357 acres, which approaches the minimum 
size needed to maintain an open inlet. The lagoon’s inlet would be located downstream from the Reliant 
Power Plant relative to the alongshore sand transport. This location would reduce the risk lateral inlet 
migration interfering with the power plant and its offshore outfall. Because of the reduced tidal prism 
and the limited tolerance for lateral inlet migration, a jetty at the inlet’s mouth would be a likely 
necessity. 

The lagoon’s size relative to the project site would limit the area available for fringing salt marsh and 
coastal grassland habitat. The tidal salt marsh habitat would total 180 acres and the coastal grassland 
would total approximately 90 acres. The transitional coastal grassland would be quite narrow around 
the lagoon’s salt marsh. This would limit the extent to which the salt marsh could transgress landward 
in response to sea level rise.   

The persistence of infrastructure immediately adjacent to, and surrounded by, the project area would 
require measures to protect and access this infrastructure. Situated in the middle of the project area, the 
Reliant Power Plant would require an elevated causeway over the lagoon for access. At the very least, 
this causeway would carry a roadway. If the power plant also needs to maintain railroad access (a spur 
currently traverses the project site from McWane Boulevard to the northwest side of the power plant 
property [see Appendix A, Figure A-1]), the causeway would also need to carry this rail line. In 
addition, the presence of the lagoon may expose the power plant, the Halaco Site, and the Agromin 
facilities to increased coastal flood risk. Additional assessment will be necessary to determine if flood 
defenses are required at these sites. 

Only the Oxnard Industrial Drain would cross the constrained project boundary and it is incorporated 
into the design. 

5.2 RESTORE SEASONALLY OPEN WETLAND HABITATS AND PONDS (ALTERNATIVE 2) 

Alternative 2 would restore a mosaic of wetland habitats modeled after historic conditions as 
represented in 19th century maps. The predominant features would be a lagoon intermittingly connected 
to the ocean and a seasonal pond supplied by precipitation and ground water (Figures 5-6 and 5-7). 
Under these conditions evaporation would concentrate salts in the soil, creating basins edged by saline 
and brackish water species in fringing areas. Open water habitat would be seasonally subject to tidal 
exchange, resulting in fringing salt marsh vegetation. Beach and foredune habitats would be similar to 
existing conditions and supplemented with expanded backdune habitat.  

The design of the open water, intermittently tidal lagoon on the northwestern side of the site would 
follow the historic ponds found on the project area in the 19th century. At low tide, as shown in Figure 
5-6, the pond’s depth would be two feet over most of its area. A lagoon of this size does not have 
sufficient tidal exchange to maintain a permanently open inlet. During periods of increased wave action, 
alongshore sand transport would deposit more sand in the inlet channel than tidal exchange between the 
ocean and lagoon can scour, causing the inlet to close. Once closed, the lagoon mouth would re-open 
when freshwater flows from watershed flooding or strong waves associated with winter storms incise a 
new inlet.   

The seasonal pond at the center of the project area would be non-tidal, and instead would be excavated 
such that precipitation and groundwater would be its water sources. However, since precipitation is 
strongly seasonal, with nearly all rainfall during the winter and spring, the pond’s area would fluctuate 
significantly with the seasons. Figure 5-6 depicts the pond as it would be at its fullest, rainy-season 
extent. Once the rain stops in the spring, the pond would then decrease in size as evaporation lowers 
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water levels and ultimately reach a minimum size just before the next winter’s rains. The minimum 
extent would depend on the area of the ground surface which falls below the dry season water table. As 
currently conceived, the pond’s area would shrink in the dry season to be only one quarter to one third 
of its fullest winter extent. Inputs from saline groundwater, evaporation of only fresh water and 
occasional wave overtopping by ocean storm events would create elevated salinity within the pond and 
leave behind salt-encrusted soils during the dry season when the pond shrinks in size. 

A progression of habitats would surround the tidal lagoon and seasonal pond.  The delineation of these 
habitats has been determined by their hydraulic connection and ground elevation relative to the tides.  
The project site’s existing beach and foredune system, which is supplied with sand by alongshore 
transport, would be largely unchanged except for intermittent incision by the lagoon inlet. Windblown 
sand from the beach and foredune would support re-introduced backdune habitat. The tidal lagoon 
would sustain fringing salt marsh vegetation with water levels that fluctuate with the tides when the 
inlet is open and change slowly when the inlet is closed. Non-tidal salt marsh would fringe the seasonal 
pond.  At the end of summer and early fall, when water levels in the seasonal pond are at their lowest 
point, the exposed land at the edges of the seasonal pond would consist of a salt panne habitat (e.g., 
exposed soils with high loading with salt particles). As elevations gradually increase, the marsh would 
transition to coastal grassland, which has been configured with slight depressions to pond rainfall and 
create seasonal wetlands. It would also include expansion of existing stands of willow scrub.  The 
transitional coastal grassland represents the area that would be likely to become salt marsh in response 
to three feet of sea level rise. 

Management actions for the surface water drains and ODD #3 would be the same as Alternative 1 
(Create New Tidal Lagoon). In summary, the surface drains would pass through treatment wetlands and 
then integrate with the site’s hydrology. ODD #3 terminates at the project boundary and the subsurface 
drain which connects to ODD #3 would be routed around the project area or directed into the lagoon. 

5.2.1 Unconstrained (Alternative 2U) 

Alternative 2U would allow for both restored ponds to be nearly 100 acres in size and fringed with even 
larger areas of vegetated wetland habitat. The uplands portion of the project site would include 
relatively large swaths of coastal grassland, including transitional coastal grassland to accommodate 
three feet of sea level rise.   

For Alternative 2U (Figure 5-6), the connection between the existing J Street Lagoon and the lagoon 
would be restricted to a juncture just before the inlet channel breaches the dunes and connects to the 
ocean. This limited connection, along with the current bed elevation of the J Street Lagoon above 
MHHW, would preserve the brackish salinity characteristics in the J Street Lagoon that are favored by 
the tide water goby. Only the Oxnard Industrial Drain would connect directly to the lagoon. 

Management actions on the southeast portion of the site, where VCGP is currently located, would be 
identical to those proposed for Alternative 1U. 

5.2.2 Constrained (Alternative 2C) 

The exclusion of specific parcels from the project area required adjustments to Alternative 2C’s design 
(Figure 5-7).  For each excluded parcel (Figure 5-1), these adjustments would include: 

• City of Oxnard: Loss of the limited connection to the J Street and Hueneme Drains, as well as to the J Street 
Lagoon. 
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• Halaco Site: Reduction in the size of the proposed lagoon, eliminating the land area that included the historic 
lagoon.   

• Reliant Power Plant: Loss of marsh habitat and added flood exposure along the power plant’s northwest 
boundary with the lagoon. 

• Northeast Sod Farm: Reduction in the transitional coastal grassland, thereby limiting the capacity of the 
design to adapt to sea level rise.    

With the exclusion of both the City of Oxnard parcel at the north end of the beach and the power plant, 
the location for the lagoon’s inlet would be constrained. As depicted in Figure 5-7, the inlet would be 
as far from the power plant and its ocean outfall pipes as possible, and a jetty to limit lateral migration 
would be included. 

5.3 ENHANCE EXISTING NON-TIDAL WETLAND HABITATS (ALTERNATIVE 3) 

Existing non-tidal habitats would be enhanced under Alternative 3 by undertaking minimal grading to 
expand backdunes, non-tidal salt marsh, and brackish marsh in regions that can support these habitats 
(Figures 5-8 and 5-9). Coastal grassland habitat, graded with seasonal wetland depressions would cover 
the remaining inland portion of the project area. This approach would minimize construction costs as 
well as changes to existing hydrologic conditions. 

The excavation requirements for this alternative would be minimal. Instead, the existing surface would 
be re-graded to remove roads and drainage canals, create local topography that would define seasonal 
wetlands within the coastal grassland, and expand existing wetland habitats.  

Examples of backdune, non-tidal salt marsh, and brackish marsh already exist in the project site. These 
habitats could be expanded with minimal change to existing hydrologic conditions, as described below:  

• Backdune habitat is supported by coastal wind and wave processes shaping the land surface immediately 
landward of the beach and dunes. Currently, only a small portion of backdune remains within the project 
area, to the southeast of the Reliant Power Plant, since much of the region immediately behind the dunes has 
been impacted by development. However, the healthy beach and foredune system should be capable of 
supporting a more extensive backdune habitat.   

• Non-tidal salt marsh would replicate and expand existing, onsite examples of this habitat located at the end of 
Arnold Road and northeast of the power plant. This habitat is supported by direct rainfall and seasonal 
fluctuations in the groundwater table, with occasional wave overtopping during ocean storm events.   

• Brackish marsh exists along the surface drains and the J Street Lagoon where fresh water from the watershed 
mingles with salt from the ocean to create fluctuating intermediate salinity levels.  

Landward of the regions directly influenced by coastal processes, the habitat would transition to coastal 
grassland. The transitional portion of the coastal grassland would represent the land area that would be 
susceptible to coastal flooding during extreme storm events. 

Existing hydrologic conditions would be changed to the least extent possible. Surface drains flowing 
into the project area would be nearly unchanged, except for the addition of treatment wetlands to buffer 
the project site from watershed pollutants. The existing ODD #3, which currently cuts across the 
project area and drains to the southeast, would instead end at the project boundary. A large subsurface 
drain which delivers water to ODD #3 within the project area would be re-routed parallel to Arnold 
Road and re-connected with ODD #3 south of the channel block.   







Ormond Beach Wetland Restoration 
Feasibility Study 

 
 

Final 5-17 October 2009 

5.3.1 Unconstrained (Alternative 3U) 

The expansion of existing habitat, the creation of coastal grassland, and minimal hydrologic 
modifications, as described above, are readily applied to Alternative 3U, as shown in Figure 5-8. 

The VCGP managed duck ponds would be abandoned and largely converted to coastal grassland with 
seasonal wetland depressions. A portion of existing salt marsh in the southeast corner of the VCGP 
would be maintained. Tidal flows to this salt marsh would be supplied by the existing channel and 
culvert connection with Mugu Lagoon. Between the salt marsh and coastal grassland, existing patches 
of salt grass habitat would be expanded.   

5.3.2 Constrained (Alternative 3C) 

The topographic and hydrologic gradients for Alternative 3C would be minimal. Therefore, the habitats 
could be laid out identically to Alternative 3U, but with no action on the excluded parcels. The 
resulting habitat configuration is shown in Figure 5-9.   

5.4 NO PROJECT ALTERNATIVE (ALTERNATIVE 4) 

The No Project Alternative (Alternative 4) project area is defined by the boundaries of the SCC and 
TNC properties, as shown on Figure 5-10, for a total of 540 acres. This project area does not include 
the 230-acre southern portion of the Southland Sod Farm. Under this alternative there would be no 
construction of seasonal wetland depressions, no conversions of wetlands to coastal grassland, and no 
grading. Although existing habitats would be enhanced though plantings, weeding, and other 
maintenance efforts, the specifics regarding these activities, or their implementation, have not been 
established by the SCC or TNC to date. 

The central portion of Alternative 4 would be dominated by a 130-acre cultivated sod field. The next 
largest habitat types would be 96 acres of non-native grassland, located primarily in the northern and 
southern sections of the project area, and 96 acres of non-tidal southern coastal salt marsh, which 
would be spread throughout the site. There would be 28 acres of non-tidal brackish marsh adjacent the 
non-native grassland in the northern section of the project area, and 45 acres of seasonal pond/panne 
adjacent to and intermixed among the non-tidal southern coastal salt marsh habitat. The portion of the 
project area abutting the ocean would consist of 86 acres of beach and southern foredune. Other habitat 
types within Alternative 4 project area would include 21 acres of mixed transitional vegetation, nine 
acres of developed/industrial land uses, three acres of open water, and three acres of alkali meadow 
(saline/haline herbs), as well as areas of coyote brush/eucalyptus and coyote brush/lollipoptree 
associations. 





Ormond Beach Wetland Restoration 
Feasibility Study 

 
 

Final 6-1 October 2009 

6. ALTERNATIVES ANALYSIS 

The following section provides an analysis of the seven project alternatives described in Section 5 
(Project Alternatives). The analysis is presented on a subject-specific basis for habitat distributions and 
biological resources, hydrologic, hydraulic and geomorphic conditions, land use and infrastructure, 
cultural resources, and soil management, construction quantities and cost estimates. The analysis 
methodology used for all alternatives is described within the first alternative’s section; subsequent 
sections only discuss analysis results. The analysis is not intended to be an impact evaluation, or 
otherwise a mechanism for identifying measures that could mitigate potential adverse impacts. The 
purpose of the analysis is to provide an overall characterization of what would likely occur to the 
above-referenced subject areas if any one of the alternatives were to be implemented.  

As noted in Section 1.2 (Project Purpose and Scope), the final alternative chosen for implementation 
could be some type of hybrid of one or more of the alternatives presented in Section 5 (Project 
Alternatives). As such, the analysis presented in this section should be considered preliminary; its 
overall conclusions will very likely shift with future refinement and optimization of the preliminary 
alternatives presented in this Feasibility Study. It is additionally noted that under Alternative 4 (the No 
Project Alternative) no soil management, construction quantities and cost estimates are provided. 
Although it is assumed that under this alternative the SCC and TNC would eventually undertake some 
type of habitat restoration and enhancement on their respective properties, the specifics and timing of 
such activities have not been identified to date; consequently, the soil management and construction 
quantities and costs associated with this alternative cannot be predicted with reasonable certainty.  

In addition to the analysis provided below, Section 7 (Comparative Evaluation of the Alternatives) 
compares and contrasts the alternatives and includes summary tables of the acreages of habitat created, 
restored and enhanced by each alternative, as well as a ranking of the alternatives according to a suite 
of 26 project-specific criteria. 

6.1 CREATE NEW TIDAL LAGOON (ALTERNATIVE 1) 

6.1.1 Habitat Distributions and Biological Resources 

6.1.1.1 Methodology 

Delineation of Habitat Areas. The delineation of the alternatives’ coastal wetland habitat types is 
determined by the vertical elevation of the graded land relative to the tidal elevations within the project 
area. The vertical elevations assigned to these habitat boundaries were selected based on a review of 
observed Southern California habitats and wetland restoration projects (Sullivan, 2001; Santa Monica 
Bay Restoration Commission et al., 2008). For Alternatives 1 and 2 (constrained and unconstrained), 
the relationship between habitat elevations and tidal elevations in the lagoon are summarized below and 
depicted visually in Figure 5-5. Note that the tidal elevations within the lagoon are dependent on the 
specific alternative, as described below in Section 6.1.2. 

• Deepest Subtidal: 6 feet below lagoon MLLW to ensure sufficient water depth for pelagic species; 

• Subtidal to Intertidal Mudflat:  lagoon MLLW; 

• Intertidal Mudflat to Southern Coastal Salt Marsh: 1.5 feet above lagoon MLLW; 

• Southern Coastal Salt Marsh to Transitional Coastal Grassland: 2.5 feet above lagoon MHHW; and 
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• Transitional Coastal Grassland to Coastal Grassland: 5.5feet above lagoon MHHW, which is 3 feet above the 
salt marsh – grassland boundary, in accordance with the anticipate sea level rise used for planning (please 
refer to Section 2.2). 

Buffer Area Between Wetlands and the Project’s Boundaries. To quantify the buffer area between the 
alternatives’ upper wetland boundary and the project site’s boundaries, three characteristic transects 
across the project area were first identified. Then, the distance between the project boundary and the 
outer edge of the wetland habitat was measured along each transect and averaged. The transects were 
perpendicular to and equally spaced across the project area’s northern boundary. For the unconstrained 
case, this boundary was McWane Boulevard.  For the constrained case, the boundary was the 
northwest-southeast boundary between Edison Drive and Arnold Road. Details of the transects are 
provided in Appendix B.1. 

Habitat Response to Sea Level Rise.  A preliminary estimate of habitat response to sea level rise was 
conducted by partitioning the proposed grading surfaces into three elevation-based areas for current 
mean sea level, and a future mean sea level increased by three feet. The three areas are subtidal, 
intertidal and supratidal. These three areas are roughly equivalent to open water, wetlands/mudflats, 
and grassland/transitional habitats. The areas were estimated from the hypsometry curves calculated for 
each alternative. (See Section 6.1.2.1, below for a description of tidal elevations and hypsometric 
curves.) Details of the methodology are provided in Appendix B.2. The analysis assumes no change in 
the ground surface over the time period which sea level increases by three feet. This assumption is 
reasonable for a first approximation, since geomorphic change, such as erosion and sedimentation, is 
likely to be concentrated at the coastline. The actual evolution of habitats in response to sea level rise 
would be governed by a complex interaction between water levels (both average and extreme), 
hydraulic connectivity, geomorphic change, and biogenic processes. A more detailed predictive model 
which accounts for these additional components could be developed at later planning stages. 

6.1.1.2 Unconstrained (Alternative 1U) 

The preliminary habitat map for Alternative 1U is provided in Figure 5-3, and the extent and acreage of 
high quality habitat created and habitats supporting special status species are provided in Figure 6-1. In 
comparison to all of the other alternatives, Alternative 1U would maximize the project’s: 

• Net restored aquatic wetland habitat value (973 acres);  

• Benefits to listed species; 

• Creation of high quality habitat (1,412 acres); and, 

• High quality habitat preserved and created (1,394 acres). 

In addition, Alternative 1U would be the best at minimizing the potential for colonization by invasive 
species since it has 973 acres of habitat types least impacted by invasive plant species (i.e., subtidal and 
intertidal habitats). Alternative 1U would also have no barriers to wildlife migration or plant dispersal 
corridors. 

Alternative 1U would result in the most habitat for the light-footed clapper rail (499 acres), California 
least tern (671 acres), Belding’s savannah sparrow (604 acres), western snowy plover (259 acres), and 
brown pelican (474 acres). Alternative 1U would also result in the second greatest habitat acreage for 
Least Bell’s vireo (38 acres).  
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In terms of support of native species, Alternative 1U would result in the most fish habitat (474 acres), 
benthic habitat (536 acres), and salt marsh vegetation habitat (447 acres). Alternative IU would also 
create the second greatest backdune community habitat (70 acres) for the support of native species. In 
addition, Alternative 1U is one of only two alternatives that would result in managed waterfowl habitat 
(168 acres).  

When the Alternative 1U ground surface is subjected to three feet of sea level rise, the predicted tidal 
areas change by the percentages shown in Table 6-1. Almost one-third (30 percent) of the total project 
area would be affected, with a loss of supratidal area. The existing supratidal area would be converted 
to a combination of subtidal and intertidal areas, with a slightly larger increase in intertidal area (17 
percent versus 13 percent). Subtidal and intertidal areas are pre-conditions for open water and coastal 
wetland habitat, respectively.  

Table 6-1. Change in Subtidal, Intertidal, and Supratidal Areas in Response 
to Three Feet of Sea Level Rise 

Alternative 
Percent Change 
in Subtidal Area 

Percent  Change in  
Intertidal Area 

Percent Change in  
Supratidal Area 

Alternative 1U 13 17 -30 
Alternative 1C 17 2 -19 
Alternative 2U 20 21 -41 
Alternative 2C 27 4 -31 
Alternative 3U 9 39 -48 
Alternative 3C 0 38 -38 
Alternative 4 0 28 -28 

The only major weaknesses of Alternative 1U are that it would not minimize edge effects (in 
comparison to Alternatives 2 and 3), and that it would not provide tidewater goby habitat. 

6.1.1.3 Constrained (Alternative 1C) 

The preliminary habitat map for Alternative 1C is provided in Figure 5-4, and the extent and acreage of 
high quality habitat created and habitats supporting special status species are provided in Figure 6-2. 
Alternative 1C would provide 572 acres of total new aquatic habitat within the project area, including 
subtidal, intertidal, and non-tidal wetlands, and it would be quite effective at minimizing the potential 
for colonization by invasive species. Alternative 1C would also result in 357 acres of brown pelican 
habitat, 357 acres of fish habitat and 392 acres of benthic habitat.  

When the Alternative 1C ground surface is subjected to three feet of sea level rise, the predicted tidal 
areas change by the percentages shown in Table 6-1. About one-fifth (19 percent) of the total project 
area would be affected, with a loss of supratidal area. The existing supratidal area would be converted 
primarily to subtidal area (17 percent) with only a small increase in intertidal areas (2 percent). Subtidal 
and intertidal areas are pre-conditions for open water and coastal wetland habitat, respectively.  

The principal weaknesses of Alternative 1C are that it would create only nine habitat types in total, and 
it would avoid only 28 percent of the project area’s existing highest quality habitat. Additionally, it 
would provide only a 150-feet maximum buffer distance from development, and would not provide 
Least Bell’s vireo habitat, tidewater goby habitat, or seasonal open water community habitat in the 
support of native species. In comparison to Alternatives 2 and 3, Alternative 1C would create the least 
amount of beach and foredune community habitat (79 acres).  
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6.1.2 Hydrologic, Hydraulic and Geomorphic Conditions 

6.1.2.1 Methodology 

Tidal Elevations and Range. The vertical extent of tidal water level variation in the ocean determines 
the maximum potential tide range within the adjacent lagoon. Key vertical tidal elevations for the 
ocean, as observed at Santa Monica, the closest NOAA gage to the project site, are presented in Table 
6-2.  

Table 6-2. Ocean Vertical Tidal Datum for Santa Monica (NOAA Station ID 9410840) 
Tidal datum Elevation (feet MLLW) Elevation (feet NAVD88) 
Highest Observed Water Level 
(11/30/82) 

8.5 8.31 

Mean Higher High Water (MHHW) 5.42 5.23 
Mean High Water (MHW) 4.69 4.5 
Mean Tide Level (MTL) 2.81 2.62 
Mean Low Water (MLW) 0.93 0.74 
North American Vertical Datum 
(NAVD88) 

0.19 0 

Mean Lower Low Water (MLLW) 0 -0.19 
Lowest Observed Water Level 
(12/17/1933) 

-2.84 -2.65 

However, the inlet’s narrow cross-sectional area and corresponding friction losses limit the tidal 
exchange between the lagoon and the ocean. As a result, the tide range within the lagoon is typically 
less than the oceanic tide range. To estimate the amount of tidal damping, Keulegan (1967) solves the 
equations of motion for a simplified channel flow to develop an analytic model of lagoon tide range. 
This analysis yields a dimensionless parameter K, known as the coefficient of repletion, which is 
defined as:  
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where T equals tidal period, Aavg equals average channel cross-sectional area, Ab equals surface area of 
bay, g equals gravitational acceleration, a0 equals ocean tide amplitude, ken equals entrance loss 
coefficient, kex equals exit loss coefficient, f equals Darcy-Weisbach friction factor, L equals inlet 
length, and R equals inlet hydraulic radius. The repletion coefficient is then used in the analytic solution 
of the equations of motion to determine the ratio of the lagoon’s diurnal tide amplitude relative to the 
ocean tide amplitude. The diurnal tide amplitude is the water level difference during the larger of the 
two unequal tidal cycles occurring each day, calculated as MHHW minus MLLW. Because of its larger 
size, this tide range best correlates with geomorphic conditions.   

Estimates for the value of these parameters were made for the lagoons of Alternatives 1 and 2. An 
estimate for the inlet’s cross-sectional area comes from Jarret’s (1976) relationship between inlet 
channel size and tidal prism. Choosing values of these parameters appropriate for the alternatives (see 
Appendix B.3), yields the estimates for the coefficient of repletion and the ratio of bay tidal amplitude 
to ocean tidal amplitude. To reference this tidal range to explicit tidal elevations, it is assumed that the 
lagoon shares the same value for MHHW as the ocean. This is consistent with observations at many 
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tidal inlets, including nearby Mugu Lagoon (RMA, 2003). Much of the tide range reduction inside  
lagoons is caused by reduced tidal exchange near low tides, when the water depths in the inlet are 
shallow and strongly influenced by friction energy losses. MLLW inside the lagoon is then estimated as 
MHHW minus the lagoon tidal range predicted by the coefficient of repletion. MTL inside the lagoon is 
estimated as the midpoint between MHHW and MLLW. 

Hypsometry, Tidal Volume and Tidal Prism. A hypsometric curve shows the distribution of graded 
ground surface elevations as a function of cumulative area. Because of the sensitivity of habitat area to 
elevation, particularly in relationship to tidal elevations, these types of curves provide useful insight 
into the alternatives and serve as the basis for preliminary graded volume calculations. For each 
alternative, a hypsometric curve was generated in several steps. First, the appropriate elevation was 
assigned to the each alternative’s key habitat boundaries by combining the tidal range estimates for each 
alternative with the habitat elevation assumptions described in Section 6.1.1.1. The habitat boundaries 
were then converted into a set of contour lines. These contour lines were interpolated to create an 
approximation of the alternatives’ ground surface in three dimensions. The linear interpolation was 
conducted over the entire project area, using grid cells with a 50-meter (167 feet) spatial resolution. 
Finally, the interpolated surface was sorted according to the grid cells’ elevation and related to the 
cumulative area to estimate the hypsometry. Examples of the hypsometric curves derived for the 
unconstrained alternatives are shown in Figure 6-3. Details of the methodology are provided in 
Appendix B.4. 

The elevation versus depth relationship expressed by a hypsometric curve can be integrated to estimate 
the volume between two specified elevations. When the specified elevations are selected according to 
the lagoon tidal ranges described above, the resulting volumes can be related to tidal function. For 
example, integrating between MHHW and the lowest elevation provides an estimate of the diurnal tidal 
volume, the volume which is filled with tidal flow at least once per day. Similarly, the diurnal tidal 
prism, the average quantity of water which enters and exits the lagoon during the larger of a day’s two 
tides, can be estimated by integrating between MHHW and MLLW. 

Inlet Closure Stability. Alternatives 1 and 2 feature a tidal lagoon that is permanently (Alternative 1) or 
intermittently (Alternative 2) connected to the ocean through an inlet channel. When open, the inlet 
channel provides the mechanism for supporting intertidal and subtidal habitats within the lagoon. The 
inlet also provides connectivity for the transport of energy and nutrients and for organisms to move 
between the lagoon and coastal waters. During high runoff from the watershed, an open inlet also 
reduces flood risk by preventing water from backing up in the channels that drain to the lagoon.  

The ability of the inlet to remain open largely depends upon the relative balance between alongshore 
sand transport and tidal currents within the inlet. Waves transport sand alongshore and into the mouth 
of the inlet, where a portion of the material is deposited during flood tides. Strong ebb tidal currents, 
which are primarily controlled by the lagoon’s tidal prism, scour this material and maintain the inlet’s 
opening. Natural variations in the strength of these two processes can shift the short-term balance of 
these two processes. For instance, inlet closure is more likely when large waves from energetic coastal 
storms coincide with weak neap tides. When averaged over multiple years, the wave climate exhibits a 
relatively consistent seasonal pattern. However, tidal currents change as the lagoon’s tidal prism and 
morphology evolve. For this reason, changes to tidal prism largely control the long-term closure 
potential. Once closed, a lagoon re-opens when runoff from the watershed raises water levels in the 
lagoon to the point that flow overtops the beach barrier berm. Occasionally, strong waves associated 
with winter storms may assist this re-opening by eroding some or all of the beach barrier berm. 
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This balance between deposition and erosion within the inlet channel forms the basis for two 
geomorphic models used to assess inlet stability. The first model, developed by Johnson (1973), uses 
empirical data from existing inlets to derive a threshold for closure as a function of tidal prism versus 
wave energy. Using Johnson’s analysis and measurements of the offshore wave field, it has been 
estimated that 1,500 acre feet of diurnal tidal prism serves as a minimum threshold for maintaining a 
permanently open tidal inlet at Ormond Beach (PWA and WRA, 2007). A second method developed by 
Escoffier (1977) compares an inlet channel’s velocity versus its cross-sectional area to estimate 
equilibrium geomorphic conditions. In particular, the smaller of the two intersection points between an 
inlet’s geomorphic stability curve and its velocity curve provides an estimate of the minimally stable 
cross-sectional area for stable conditions (e.g., the example point labeled in Figure 6-4 for Alternative 
2C). If the expected cross-sectional area, as predicted from the tidal prism (Jarrett, 1976) is closer to 
the minimally stable cross-sectional area, natural variations such as storms and neap tides are more 
likely to cause closure. The Channel Equilibrium Area software (Seabergh and Kraus, 1997) was used 
to conduct the Escoffier analysis for the restoration alternatives. Details of this analysis are included in 
Appendix B.5. 

The characteristics of two similar existing inlets, Mugu Lagoon and Bolsa Chica, provided additional 
context for interpreting the geomorphic models: 

• The adjacent Mugu Lagoon presently remains open without management, although in the past dredging was 
used to maintain the inlet (Warme, 1971). The addition of rip-rap to stabilize the inlet’s location may 
contribute to its present-day ability to avoid closure. Although adjacent to the project site, the wave field and 
sand transport conditions at Mugu Lagoon are probably altered by the depths of the Hueneme Canyon 
immediately offshore. This canyon disperses wave energy and captures sand. In combination, the canyon 
reduces the potential for wave-transported sand to close Mugu Lagoon’s inlet.  

• Bolsa Chica is a recently constructed tidal lagoon that includes 366 acres of a fully tidal basin and 200 acres 
of a muted tidal basin to yield approximately 1,600 acre feet of diurnal tidal prism. It is located on a more 
sheltered coast with less littoral transport than Ormond Beach. Two jetties flank its inlet.  

Lateral Inlet Stability. A second form of inlet stability refers to the lateral migration of the inlet 
channel. Migration typically occurs as the inlet mouth moves in the direction of net alongshore 
sediment transport, elongating the inlet channel (van Rijn, 1998). Eventually, the channel can no longer 
sustain sufficient velocity to scour sand from this longer channel, leading to inlet closure (Battalio et 
al., 2007). Inlet re-opening frequently occurs at the inlet’s earlier up-coast location, so the cycle of 
channel elongation repeats.  

Data, much less predictive capability, for lateral inlet stability is sparse (Mehta, 1996). In the absence 
of general procedures and principles for predicting lateral migration, observed rates of lateral migration 
at the nearby Mugu Lagoon inlet provide the best indication of potential lateral migration for the 
project’s alternatives. Warme (1971) interprets historic maps and geomorphic evidence to infer a 
migration range of 4,000 feet. Onuf (1987) confirms this interpretation with observations of 4,300 feet 
of lateral migration in the late 1970s to the early 1980s. 

Water Quality. The primary causes of poor water quality are assumed to be either on-site soils or the 
drains which convey watershed pollutants into the project area. However, the type and magnitude of 
contamination from these sources is not well defined. In the absence of specific data about contaminant 
loading, the alternatives can be assessed with respect to the physical processes which would offset 
contaminant loading. When the inlet is open, poor water quality can be mitigated by mixing with the 
ocean water, which is assumed to be relatively free from contamination. The rate at which ocean water 
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would mix with and mitigate poor water quality can be characterized by the hydraulic residence time. 
This parameter represents the average length of time that water remains within the project site before it 
is flushed to the ocean. It can be estimated as the ratio of tidal volume over tidal prism. The unit of 
time associated with the tidal prism is the average length of a tidal cycle, 12.4 hours. Shorter residence 
times correlate with better water quality since contaminants are more rapidly removed from the project 
area.  

6.1.2.1 Unconstrained (Alternative 1U) 

Tidal Elevations and Range. Based on the Keuglegan method described above and detailed in 
Appendix B, the predicted diurnal tidal range for Alternative 1U is 4.4 feet, 81 percent of the existing 
tide range of the ocean. This predicted decrease in tide range is consistent with the observed lagoon 
water levels at similarly-sized, continuously-open lagoons such as Mugu Lagoon and the Tijuana 
Estuary. In Mugu Lagoon, the tide range decreases by 82 percent as compared to the oceanic tide range 
(PWA, 2000; RMA, 2003). In the Tijuana Estuary, the tide range also decreases by approximately 80 
percent as compared to the oceanic tide range (PWA, 1991). The corresponding values for MTL and 
MLLW are shown in Table 6-3.  

Table 6-3. Estimated Lagoon Tidal Elevations, Alternatives 1 and 2 
 Alternative 1 Alternative 2  

(In Feet 
NAVD) 

Unconstrained 
(Alternative 1U) 

Constrained 
(Alternative 1C) 

Unconstrained 
(Alternative 2U) 

Constrained 
(Alternative 2C) 

Ocean 

MHHW 5.2 5.2 5.2 5.2 5.2 
MTL 3.0 3.3 4.0 4.1 2.6 
MLLW 0.8 1.4 2.7 2.9 -0.2 

Hypsometry, Tidal Volume and Tidal Prism. The hypsometry of Alternative 1U (Figure 6-3) clearly 
demonstrates the deep, subtidal lagoon which sets the elevation for over 600 acres of the project area. 
The remaining portion of the project area with elevations higher than five feet comprises the extensive 
salt marsh and grassland habitats of this alternative. The tidal volume of this grading surface is 
estimated as more than 4,000 acre feet (Table 6-4). Because of the relatively large subtidal volume 
relative to the total tidal volume, the tidal prism is approximately half of the tidal volume. 

Table 6-4. Estimated Tidal Volume, Tidal Prism and Resident Rate 
Alternative Tidal Volume (Acre Feet) Tidal Prism (Acre feet) Residence Time (Days) 
Alternative 1U 4,100 2,200 0.94 
Alternative 1C 2,700 1,600 0.86 
Alternative 2U 490 470 0.54 
Alternative 2C 420 360 0.60 
Alternative 3U 14 14 0.51 
Alternative 3C 0 0 - 
Alternative 4 14 14 0.51 

Inlet Closure Stability. Based on the lagoon’s tide range and hypsometry, the estimated tidal prism for 
Alternative 1U is 2,200 acre feet (Table 6-4). This tidal prism is substantially larger than the 1,500 acre 
feet threshold derived from Johnson (1976), thereby providing a factor of safety to increase the 
likelihood of an open inlet. The Escoffier analysis (Figure 6-4) also indicates that this alternative would 
probably maintain an open inlet since its expected cross-sectional area (1,720 square feet) significantly 
exceeds its minimally stable cross-sectional area (670 square feet). 
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Lateral Inlet Stability. Under Alternative 1U, the tidal inlet could be located in the northwestern 
portion of the project site’s coastline, as shown in Figure 5-3. The northwesterly placement would 
provide a larger extent for southeasterly migration of the inlet in response to the predominate direction 
of alongshore sand transport. For this alternative, the coastline is longer than the 4,000 feet of lateral 
migration observed at Mugu Lagoon (Warme, 1971; Onuf, 1987). Because of the length of shoreline is 
longer than potential lateral migration, a jetty may not be necessary to constrain the location of the inlet 
for this alternative. However, further analysis of the processes affecting inlet geomorphology (ocean 
wave, littoral sediment transport, and lagoon tidal prism) would be necessary before foregoing the jetty.  

Water Quality. The estimated residence time for Alternative 1U is 0.94 days (Table 6-4). Because the 
inlet for this alternative is expected to always be open, this residence time approximates “worst-case” 
conditions. 

6.1.2.2 Constrained (Alternative 1C) 

Tidal Elevations and Range. Based on the Keuglegan method described above and detailed in 
Appendix B, the predicted diurnal tidal range for Alternative 1C is 3.8 feet, 70 percent of the existing 
tide range of the ocean. The decrease in the predicted lagoon tide range between the unconstrained and 
constrained variants of Alternative 1 is consistent with the increasing importance of friction in the inlet 
channel as the dimensions of the lagoon decrease between Alternative 1U and 1C. In particular, Jarrett 
(1976) predicts that the cross-sectional area of the inlet channel will decrease by approximately 30 
percent from Alternative 1U to Alternative 1C. Frictional losses within this smaller channel extract 
more energy, resulting in smaller lagoon tide ranges for Alternative 1U.   The corresponding values for 
MTL and MLLW are shown in Table 6-3. 

Hypsometry, Tidal Volume and Tidal Prism. The hypsometry of Alternative 1C is displayed in Figure 
6-5. The hypsometric curve indicates that more than half of this alternative’s ground surface is below 
MHHW (5.2 feet), which limits the area available for wetlands and grassland. The tidal volume of this 
grading surface is estimated to be 2,700 acre feet and the tidal prism is estimated to be 1,600 acre feet 
(Table 6-4).    

Inlet Closure Stability. Based on the lagoon’s tide range and hypsometry, the estimated tidal prism for 
Alternative 1C is 1,600 acre feet (Table 6-4). This tidal prism is just larger than the 1,500 acre feet 
threshold derived from Johnson (1976), suggesting the inlet is expected to remain open. The Escoffier 
analysis (Figure 6-4) also indicates that this alternative would probably maintain an open inlet since its 
expected cross-sectional area (1,220 square feet) significantly exceeds its minimally stable cross-
sectional area (540 square feet). 

Lateral Inlet Stability. The reduced length of coastline within the constrained project area justifies a 
southeastern location for the inlet for Alternative 1C, downstream from the Reliant Power Plant relative 
to the alongshore sand transport, as shown in Figure 5-4. This location reduces the risk of lateral inlet 
migration interfering with the power plant and its offshore outfall, the most significant infrastructure on 
the coastline. Because of the proximity of the inlet to the Reliant Power Plant, a jetty on the north side 
of the inlet would be a likely necessity to ensure the inlet does not migrate towards the power plant. A 
portion the VCNB Point Mugu property would be located 4,000 feet downstream of the north jetty. 
This distance corresponds to the observed migration distance of the Mugu Lagoon inlet and hence the 
potential migration distance of the inlet. If the potential for encroachment on the VCNB Point Mugu 
property is not acceptable, a second jetty on the southern side of the inlet could be required.  
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Water Quality. The estimated residence time for Alternative 1C is 0.86 days (Table 6-4). Because the 
inlet for this alternative is expected to always be open, this residence time approximates the worst-case 
conditions. 

6.1.3 Land Use and Infrastructure 

As described in Section 5 (Project Alternatives), each of the three alternatives addressed in this 
Feasibility Study includes an unconstrained option and a constrained option. Several key land uses that 
are located within boundaries of the unconstrained options that would not be affected under the 
constrained options as depicted in Figures 5-1 and 5-2. These land uses differentiate the unconstrained 
and constrained alternatives, as described in Table 6-5, below. 

Table 6-5. Expected Land Use Conversion(s)  
Property Unconstrained Constrained 

Halaco Site Following the completion of ongoing remediation 
activities by the USEPA, this former metal recycling 
facility (operated between early 1960s and 2004) 
would be converted to wetland restoration area. 

Future long-term use of this site is not known, except 
that the USEPA will complete current remediation 
activities. 

Reliant Power 
Plant 

Existing power plant infrastructure would be removed 
and the site would be converted to wetland 
restoration. An alternative source of energy to the 
power plant’s service area would likely be required. 

Current power plant operations would continue. 

Agromin Site/Duck 
Club Annex 

This private property would be obtained from 
Shoreline Organics and current green waste 
composting activities would be converted to wetland 
restoration. Similarly, the currently undeveloped Duck 
Club Annex would be converted to wetland 
restoration. 

Current green waste composting activities would 
continue (owned/operated by Shoreline Organics).  
Duck Club Annex property would likely remain 
undeveloped. 

VCGP If the VCGP agrees to being included in a 
cooperative habitat restoration project, the area 
would be transformed into more productive habitat 
while allowing for improved duck hunting a few 
months of the year. VCGP activities and facilities, 
such as the duck blinds, would continue without 
disturbance. Pedestrian trails would be provided for 
public use during the non-hunting season. 

Present duck hunting activities and management 
would continue. 

Gateway Park/ 
City of Oxnard 
Exclusion Property 

Agricultural and open space/undeveloped uses would 
be removed and the properties would be converted to 
wetland restoration. 

Current agricultural and open space uses would 
continue.  Future uses of the property could include 
development, if proposed. 

City of Oxnard 
Beach-Front 
Property 

Existing wetland habitats would be enhanced and 
restored. 

Current conditions and uses of the property would 
remain; degraded wetland habitats would not be 
enhanced or restored. 

MWD Exclusion 
Property 

Agricultural uses would be removed and the property 
would be converted to wetland restoration. 

Current agricultural uses would continue.  Future 
uses of the property could include development, if 
proposed. 

Southland Sod 
Farms North 

Agricultural uses would be removed and the property 
would be converted to wetland restoration. 

Current agricultural uses would continue.  Future 
uses of the property could include development, if 
proposed. 

The following provide a discussion of the land uses and infrastructure that would be affected under the 
unconstrained and constrained versions of Alternative 1 (New Tidal Lagoon). 
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6.1.3.1 Unconstrained (Alternative 1U) 

Alternative 1U would create approximately 1,756 acres of habitat and require approximately 
12,108,000 cubic yards of earthwork. Among the alternatives, this alternative would result in the 
greatest volume of earth movement and subsequently, the greatest potential for construction activities 
that affect surrounding land uses and the built environment. Under Alternative 1U, all existing 
infrastructure and land uses located within the project site would be converted to wetland habitat. As 
described in Section 2.4 (Land Use and Infrastructure), the project area is within the vicinity of several 
notable types of land uses. Table 6-6 identifies all surrounding land uses that may be affected by 
implementation of Alternative 1U. At this time, it is not known where existing land uses would be 
relocated. 

As also described in Table 6-6, Alternative 1U would result in the removal and/or relocation of 
multiple infrastructure features, including both overhead and underground facilities. These 
removal/relocation efforts would be concentrated mostly in the northwestern portion of the project area, 
east of Perkins Road and south of Hueneme Road. Removal of other types of infrastructure, including 
structures, machinery, and other equipment, would also be necessary at several industrial sites within 
the project area, including the Reliant Power Plant, the Halaco Site, and the Agromin Site.  

Table 6-6. Alternative 1U Land Use and Infrastructure Conversion(s)  
Sub-Area1 Surrounding Use(s) Existing Use(s) Infrastructure Potentially Removed / Relocated 

25 acre Sub-
Area 
(Gateway Park 
and City of 
Oxnard 
Exclusion 
Property) 

• Business and residential 
developments to the 
north and west 

• Industrial uses to the 
east 

• Open Space/ 
Undeveloped to the 
south 

Agriculture  • Railroad spur adjacent to Oxnard Industrial Drain 
• Open channel storm drain (Oxnard Industrial Drain)  
• Sewer line adjacent to Oxnard Industrial Drain and 

railroad spur.  
 

280-Acre Sub-
Area (TNC 
Property) 

• North of McWane 
Boulevard: the 
Weyerhaeuser 
Company is to the west 
and a railroad spur is to 
the east 

• South of McWane 
Boulevard: Ormond 
Beach is to the south, 
Reliant Power Plant is to 
the southeast, Edison 
Drive is to the east 

 

Open Space and 
Agriculture 

• Railroad spur between McWane Boulevard and 
Reliant Power Plant, parallel Edison Drive  

• Gas Line along northern and eastern borders 
• Overhead and underground communication lines 

along McWane Boulevard and parallel to the east side 
of Perkins Road 

• Open channel storm drain (Oxnard Industrial Drain)  
• Water pipeline along Edison Drive and McWane 

Boulevard  
• Sewer lines and manholes along McWane Boulevard 
• Abandoned Historical Sewer between McWane 

Boulevard and railroad spur to Reliant Power Plant 
• Electrical distribution lines along McWane Boulevard 

and transmission lines parallel to Edison Drive 
35-Acre Sub-
Area (Halaco 
Site) 

•  Weyerhaeuser 
Company is to the north 

• Ormond Beach is to the 
south and southeast 
and west/southwest 

 

Superfund Site (former 
Halaco); west portion of 
this Sub-Area is the 
former Halaco foundry, 
and east portion of Sub-
Area is former Halaco 
Waste Pile  

• Underground communication line in northwest portion 
of the foundry 

• Open channel storm drain (Oxnard Industrial Drain) 
between the foundry and waste pile areas 

• Underground water pipelines fire hydrants along 
McWane Boulevard and along Perkins Road 

• Sewer line and manholes along McWane Boulevard 
and Perkins Road 

• Gas pipeline along Perkins Road 
• Electrical distribution lines along McWane Boulevard 

and Perkins Road 
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Sub-Area1 Surrounding Use(s) Existing Use(s) Infrastructure Potentially Removed / Relocated 
• Overhead and underground communication lines 

parallel to McWane Boulevard and Perkins Road 

90-Acre Sub-
Area (City of 
Oxnard 
Property) 

• Halaco Site, Oxnard 
Wastewater Treatment 
Plant and open space 
(TNC property) to the 
north 

• Ocean to the south 
• Recreation and open 

space (Hueneme Beach 
and SCC property) to 
the west and east 

Open Space and 
Recreation 

• Petroleum pipeline parallels the Sub-Area’s north 
property line and coastline 

• Open channel storm drain (Oxnard Industrial Drain)  
• Sewer line extending from Perkins Road to Ocean 

20-Acre Sub-
Area (MWD 
Exclusion 
Property) 

• Agriculture to the north, 
west and east 

• Reliant Power Plant and 
open space (SCC 
property) to the south 

 

Agriculture • Two underground gas pipelines extending north 
adjacent to Edison Drive from Reliant Power Plant 

• Transmission lines extending north adjacent to Edison 
Drive from Reliant Power Plant 

• Overhead communication line  extending north 
adjacent to Edison Drive from Reliant Power Plant 

• Open channel storm drain extending north adjacent to 
Edison Drive 

• Underground water pipeline extending north adjacent 
to Edison Drive from Reliant Power Plant 

360-Acre Sub-
Area 
(Southland 
Sod Farms 
Properties 
[North and 
South]) 

• Agriculture to the west, 
north and east 

• McWane Boulevard to 
the north 

• Arnold Boulevard to the 
east 

• VCGP, ODD # 3, and 
NBVC Point Mugu to the 
south 

• Edison Drive to the west 
and southwest 

Agriculture (Southland 
Sod Farms) 
 

• Gas pipeline parallel to Edison Drive 
• Three transmission lines parallel to the east side of 

Edison Drive 
• Electrical distribution lines parallel to the west side of 

Arnold Road and along Casper Road, McWane 
Boulevard. and between Casper Road and Arnold 
Road 

• Overhead communication line along Casper Road, 
Arnold Road and Edison Drive and parallel to the 
north side of Casper Road  

• Open channel storm drain along Edison Drive, parallel 
to the north side of Casper Road from Edison Drive,  
and parallel to the west side of Arnold Road 

40-Acre Sub-
Area 
(Agromin 
Property [20 
acres] and 
Duck Club 
Annex 
Property [20 
acres]) 

• Cultivated crops and 
sod farms to the north, 
west and east 

• VCGP and NBVC Point 
Mugu to the south and 
southeast 

• Open space and 
recreation to the south 
and southwest (SCC 
property)  

Shoreline Organics 
Agromin recycling facility 
(green waste composting 
for municipalities) 

• Infrastructure (structures/equipment) associated with 
green waste composting activities 

• Overhead electrical distribution lines 
• Overhead communication line 
• Open channel storm drain (ODD #3)  

260-Acre Sub-
Area 
(SCC Property) 

• NBVC Point Mugu Air 
Station to the southeas 

• VCGP to the east  
• Agriculture to the north 

and west 

Open Space, Informal 
Recreation (coastal 
access along Arnold 
Road), and Industrial 
(Reliant Power Plant and 
former tank farm area) 

• Petroleum pipeline parallel to the coastline, leading 
into Reliant Power Plant 

• Three transmission lines leading to/from Reliant 
Power Plant adjacent to Edison Drive 

• Electrical distribution line from Casper Road 
• Overhead communication line into southeast portion of 

Sub-Area from Casper Road 
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Sub-Area1 Surrounding Use(s) Existing Use(s) Infrastructure Potentially Removed / Relocated 
Reliant  
Power Plant  
(50 acres) 

• Agriculture to the north 
• Open space and 

recreation to the east, 
west and south (SCC 
property)  

Industrial (power plant, 
transmission lines and 
related facilities). 

• Reliant Power Plant and associated underground 
petroleum and gas pipelines, transmission lines, 
overhead communication lines, underground water 
pipelines and outfall.  

VCGP  
(570 acres) 

• ODD # 3 to the south 
and west 

• Agriculture to the north 
• Mugu Game 
•  Preserve to the 

northeast 
• NBVC Point Mugu to the 

east and south 

Recreational facility 
(private waterfowl-
hunting club) 

• Electrical distribution line along Casper Road  
• Overhead communication line along Casper Road  
• Open channel storm drain along Casper Road to the 

north, and the ODD #3 to the south/southwest 
• Open channel storm drain  in southeast portion of the 

Sub-Area   

1 Please refer to Figure 1-8 for a map of the Sub-Areas outlined in Table 6-6. 

Existing roadways that cross through the project site, including those identified above in Table 6-6, 
would provide access to portions of the project area during construction, and would be removed and/or 
relocated outside of the project site to provide for full wetland restoration. Roadways to be removed 
and/or relocated would include portions of McWane Boulevard, Edison Drive, Arnold Road, and 
Casper Road. Based on construction phasing, it is not known at this time which road(s) would be used 
for construction access, or which road(s) would be relocated following the completion of construction. 

Surrounding land uses noted in Table 6-6 would be affected by construction-related traffic, noise, 
aesthetics and air quality emissions, particularly as related to the movement of construction vehicles and 
equipment. Residential and business developments located to the north of Hueneme Road may be 
affected by noise and congestion resulting from construction-related traffic to and from the project site. 
Construction activities may occur in phases based on land availability; under this scenario, site-specific 
construction-related effects would not occur over the entire duration of project construction.  

In order to maximize the project’s long-term success, development of Alternative 1U would require that 
the SCC enter into management agreements with various agencies and organizations. For instance, 
cooperative management of the VCGP area could provide for continued use of this property following 
implementation of the project. Under Alternative 1U, approximately 474 acres of the project site would 
be occupied by a contiguous open water lagoon. This area would be useful as wildlife habitat but would 
not be usable for purposes of public recreation. Additionally, as described above, the VCGP would be 
converted to managed duck ponds (168 acres), southern coastal salt marsh, willow scrub, coastal 
prairie, and seasonal wetland depression. Existing physical characteristics of the VCGP area would not 
be maintained; however, VCGP activities and facilities would continue without disturbance.  Pedestrian 
trails would be provided for public use during the non-hunting season.  

6.1.3.2 Constrained (Alternative 1C) 

Alternative 1C would avoid the conversion of existing land uses on the properties identified in Table 6-
6. Because this alternative would leave these properties in place while implementing wetland restoration 
across the rest of the project area, it may result in increased flood risks to these properties and thus may 
require the implementation of additional flood control features.  

Alternative 1C would require use of the 20-acre MWD property located adjacent to and west of Edison 
Drive (Figure 5-2). This 20-acre parcel would enhance the connectivity of the east and west sides of the 
lagoon, which would encompass approximately 360 acres. This site does not include any infrastructure 
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related to transportation (railroads and roads) or utilities (gas and oil pipelines, power lines, 
communications, storm drains and open channels, water and sewers).  Use of this area would require 
cooperative management and/or agreements between the SCC and MWD. 

As described in Section 5.1.2, Alternative 1C includes the construction of an elevated causeway over 
the lagoon to maintain vehicle access between the Reliant Power Plant and McWane Boulevard. The 
elevated causeway would be built to accommodate one roadway, and could be built to accommodate 
one railway as well, depending on the operational needs of the Reliant Power Plant. The SCC would 
need to coordinate with the City of Oxnard to determine the causeway’s design and operational 
requirements.  

In comparison with Alternative 1U, this alternative includes a smaller area of restored wetland habitat, 
but would offer greater opportunities for public use and passive recreational activities due to a smaller 
open water lagoon area (357 acres under Alternative 1C versus 474 acres under Alternative 1U). As 
noted in Table 6-6, this constrained alternative would not include development of the VCGP; therefore, 
existing recreational uses and features of the VCGP would not change. Because Alternative 1C does not 
include the conversion of land uses at the Reliant Power Plant or the Agromin Site, existing 
infrastructure would remain in place and current operations would continue. At this time, it is not 
known what the future use of the Halaco Site would be. 

6.1.4 Cultural Resources 

As noted in Section 5.1 (Create New Tidal Lagoon [Alternative 1]), the two primary Chumash 
settlements identified within the project area are associated with the Santa Clara River and include the 
Kanaputeqnon and Kasunalmu. Because there have been numerous changes to the river channel over the 
last 3,000 years, it is believed that these settlements were occupied for relatively short periods of time; 
as such, the project area generally contains fewer artifacts and plant and animal remains than are 
typically found at sites that are occupied for longer periods of time. None-the-less, cultural resource 
surveys of the project area have concluded that the project area has a very high potential for buried 
archeological resources. The following analysis discusses the potential effects of Alternatives 1U and 
1C in relation to the cultural resource sites identified in Table 2-6; it is noted that prior to project 
implementation additional cultural resource surveys of the project area would be needed as part of the 
project’s environmental review process. 

6.1.4.1 Unconstrained (Alternative 1U) 

The primary features of Alternative 1U include a large tidal lagoon fringed by tidal southern coastal salt 
marsh with transitions to dune habitat towards the ocean and coastal prairie towards land. On the 
southeastern parcel, the existing managed duck ponds would be enhanced, the salt marsh habitat would 
be expanded, and coastal prairie uplands would be created. The following effects to currently known 
cultural resources within the project area (as identified in Table 2-6) could occur as a result of 
implementation of Alternative 1U: 

Site VEN-555 loci A and B. Site VEN-555 is located within the project boundaries for the 
unconstrained alternatives (Figure 5-1). Restoration activities affecting Site VEN-555 would include 
southern coastal salt marsh (tidal), backdune with transitions to beach and southern foredune, and the 
southwest edge of the tidal lagoon. A 1978 survey indicated that scatterings of weathered Pismo clam 
are present; however, a supplemental survey in 1990 did not find site VEN-555, which suggests that the 
shell scattering may not have been the result of pre-historic human activity. None-the-less, the project 
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area has a very high potential for buried archeological resources, and restoration activities related to 
Alternative 1U could unearth and disturb sensitive cultural resources. 

Site VN-506. A 1986 survey noted a shell concentration that indicates the potential for buried 
archeological resources. However, Site VN-506 is located northeast of the boundaries of the 
unconstrained project area. Therefore, restoration activities related to Alternative 1U would not have 
the potential to disturb potential cultural resources at this site. 

Site VN-635. A 1988 survey identified shell concentrations that indicate the potential for buried 
archeological resources. However, as with Site VN-506, Site VN-635 is located northeast of the 
boundaries of the unconstrained project area. Therefore, restoration activities related to Alternative 1U 
would not have the potential to disturb cultural resources that may be associated with this site. 

Site VN-1961. Site VN-1961 is located north of the project site and has been recorded as an isolate find 
of quartzite flake. Due to its proximity outside of the boundaries of the unconstrained project area, 
Alternative 1U would not have the potential to disturb potential cultural resources at this site. 

Shell Scatter and Sandstone Cobbles. The site of these materials is located within the boundaries of the 
unconstrained project area (Figure 5-1). Excavation and analysis of this site indicate that the soil with 
shell on the surface is historic fill and may cover archeological deposits. Restoration activities 
associated with Alternative 1U would require excavation at this site, and thus would have the potential 
to unearth and disturb sensitive cultural resources, if present. 

Broken Concrete Drainage Pipe. This drainage pipe is located within the boundaries of the 
unconstrained project area as part of what was the 1898 Oxnard Sugar Beet Company field drain or an 
early twentieth century upgrade.This type of concrete pipe is no longer being produced and could be 
considered a historic resource. If restoration activities associated with Alternative 1U were to occur, the 
pipe should be relocated to a museum or a similar venue. 

Pieces of Broken Marine Shell. The site of these materials is located within the boundaries of the 
unconstrained project area (Figure 5-1). The shell was identified as Pismo clam and was discovered in 
the Arnold Paelochannel, which is an old and inactive channel of the Santa Clara River. The location of 
the shell concentration is an area where archaeological resources could be expected to occur. The site 
of these materials would be intensively excavated for the unconstrained alternatives, and, therefore, 
implementation of Alternative 1U would have the potential to unearth and disturb sensitive cultural 
resources, if present. 

Barn. The site of this structure is located in the northeast corner of the Southland Sod Farm property. 
The barn was used as a storage shed and appears to be more than fifty years old. As such, it could be 
eligible as a historic resource. Restoration activities associated with Alternative 1U would require 
demolition of this structure, which would be replaced with southern coastal salt marsh (tidal), and 
transitional and non-transitional coastal grassland. As such, additional evaluation of this structure would 
be needed for implementation of Alternative 1U.  

Light Shell Scatter. The site of these materials is located within the boundaries on the unconstrained 
alternatives project area, east of Edison Drive. The shell may indicate the presence of an archaeological 
site. Restoration activities associated with Alternative 1U in the vicinity of this site would include 
southern coastal salt marsh (tidal), backdune with transitions to beach and southern foredune, and 
would border the southeast edge of the tidal lagoon. As such, restoration activities associated with 
Alternative 1U could unearth and disturb sensitive cultural resources, if present. 
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6.1.4.2 Constrained (Alternative 1C) 

The primary features of Alternative 1C are a tidal lagoon fringed by tidal southern coastal salt marsh 
with transitions to dune habitat towards the ocean and coastal grasslands towards land. The properties 
noted in Table 6-5 would not be included under Alternative 1C, except for the 20-acre MWD Exclusion 
property. However, with one exception, the properties noted in Table 6-5 do not contain any recorded 
cultural resource sites. Therefore, restoration activities and potential disturbances to cultural resources 
within the boundaries of the constrained alternatives project area (Figure 5-2) would be nearly identical 
to those of the unconstrained alternatives, including Site VEN-555 loci A and B, the shell scatter and 
sandstone cobbles site and broken concrete drainage pipe, the pieces of broken marine shell, the barn 
located on the Southland Sod Farm property, and the light shell scatter site located east of Edison 
Drive. Please refer to Section 6.1.4.1, above, for a description of these resources. 

6.1.5 Soil Management, Construction Quantities and Cost Estimates 

6.1.5.1 Background and Methodology 

As referenced in Section 1.2 (Study Purpose and Scope), construction quantities and cost estimates for 
implementation of each of the alternatives have been prepared, with the exception of Alternative 4 (the 
No Project Alternative). The cost estimates do not include land acquisition costs or maintenance/ 
management costs for any of the alternatives. The paragraphs below provide a summary of the 
background and methodology used for these estimates. Appendix C provides the alternative-specific 
details and assumptions used for these estimates.   

Property-Specific Considerations. Under the unconstrained alternatives (Alternatives 1U, 2U and 3U), 
the project site includes two properties that required special consideration for the purposes of the 
project’s costing analysis: the Halaco Site and the Reliant Power Plant. In the construction cost 
estimates, it was assumed that the existing material (e.g., contaminated soil) associated with the Halaco 
Site would be treated and removed by others as part of future remediation activities. Additionally, it 
was assumed that the Reliant Power Plant would be decommissioned and removed by others. 
Therefore, the project’s construction cost analysis did not include estimates associated with these 
efforts.  

Earthwork. The volumes of material to be removed from the project site for the six alternatives were 
estimated using the Autodesk Land Development software. The estimates were based on a 2001 
topographic survey in AutoCAD format, AutoCAD files that show topographic information for the 
alternatives, and PDF files showing graphic layouts of the alternatives for both the constrained and 
unconstrained alternatives. For the purposes of the costing analysis, the project site was grouped into 
two major areas, as follows and as shown in Figure 6-6: 

• The northwestern portion of the project site (Northwest Area), where a lagoon would be developed under 
Alternatives 1 and 2; and, 

• The southeastern portion of the project site (Southeast Area) where the existing managed duck ponds are 
located. 

Soil Management Options. Soil and surface water investigations of the project site were conducted in 
2006 (AMEC Earth and Environmental, Inc., 2006). Thirty boreholes were drilled and ten surface 
water samples were collected throughout the project site. The results of the investigations provided 
information on the characteristics of the soil materials including classification, grain sizes, ground water 
elevations, and chemical content. While more detailed information will be needed for subsequent design 
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phases of the project, the 2006 site investigation provided adequate information for determining 
appropriate disposal options and estimating the volume of material suitable for each alternative. 

Several options were considered for the beneficial use and disposal of excavated materials. These 
beneficial use and disposal options were based on the above-referenced site investigation and sediment 
management scenarios designed and/or implemented for similar projects within southern California 
(e.g., Batiquitos Lagoon, Agua Hedionda Lagoon, San Dieguito Lagoon, Bolsa Chica Wetlands, and 
Buena Vista Lagoon). The options include beneficial use of material as beach fill, onsite upland fill, 
over-excavated pit disposal, and offsite landfill disposal, as follows: 

• Beach Fill:  Beach-suitable material would be excavated and/or dredged and then placed on the beach in the 
immediate vicinity of the project site. The boring logs included in the project’s soil and surface water 
investigation report (AMEC Earth and Environmental, Inc., 2006) indicated the presence of silty sand or silty 
gravelly sand in 18 of the 30 boreholes. Sandy material, where present, was found mostly at or below 
elevation -1 feet, NAVD88, which is an average of about 10 feet below the existing ground level. Never-the-
less, sandy material was found near the existing ground surface in five borehole locations. Based on this 
information and a study of the locations of these boreholes relative to the proposed grading configurations of 
the alternatives, it was assumed that 20 percent of the material excavated from the project would be suitable 
for use as beach fill.  

• Onsite Upland Fill:  A portion of the material excavated from the cut (excavated) areas could be placed in 
onsite upland areas. This material would be dried if excavated below ground water, compacted, and graded as 
needed for open space/wildlife habitat land uses. 

• Over-Excavated Pit Disposal:  This option is based on the over-dredged pit disposal used for construction of 
the Batiquitos Lagoon Enhancement Project in Carlsbad, California. This option would be used under 
Alternative 1 (Create New Tidal Lagoon) for the Northwest Area, where a lagoon would be formed from 
deep excavation. Based on the project’s soil and surface water investigation report (AMEC Earth and 
Environmental, Inc., 2006), sand would likely be found at and below the bottom elevation of the lagoon. 
Therefore, material unsuitable for beach fill excavated above the lagoon bottom would be stockpiled on site. 
Material would then be overdredged (i.e., dredged deeper than needed to achieve ultimate project design 
depths) and the deeper beach-suitable sand would be placed on the beach as beach fill. The pit would then be 
backfilled with the stockpiled material. It was assumed that 25 percent of the total volume of excavated 
material under Alternative 1 could be disposed of using this option. 

• Offsite Landfill Disposal: This disposal option is based on disposal of material in an approved landfill. After 
the above disposal options have been exhausted, the remaining material would be disposed of at a nearby 
landfill as either daily cover or waste. One possible landfill site would be the Simi Valley Landfill, which is 
about 35 miles from the project site.  The material would be excavated or dredged, dried, and hauled to the 
landfill on trucks. The costs include excavation, drying, hauling, and landfill tipping fees. 

• Offsite Disposal on Adjoining Property: Depending on the schedule of the construction, it may be possible 
to dispose of the excavated materials to nearby properties if the land development of such properties warrants 
a need for these materials as backfill or grading.  This option would mutually benefit the restoration project 
and the materials receiver.  Compared with the Offsite Landfill Disposal option, the cost savings to the 
restoration project would include the much reduced transportation cost and any landfill tipping fees.  The cost 
of this disposal option was not analyzed, however, because there has not been any development of the 
adjoining properties identified. 

Miscellaneous Infrastructure. A visitor/nature center has been factored into all of the alternatives. For 
the purposes of the cost analysis, a visitor/nature center building approximately 2,500 to 5,000 square 
feet in size was used. There would also be visitor parking, viewing platforms, and pedestrian trails. For 
the constrained variant of Alternative 1 (Alternative 1C), an elevated causeway at Edison Drive to 
bridge this alternative’s lagoon and provide vehicle access to the Reliant Power Plant was also factored 
into the costing analysis.  
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Jetties. For some of the alternatives, to stabilize ocean inlets/outlets, a single jetty would likely be 
needed. For the purposes of this Feasibility Study, detailed jetty design information was not prepared. 
As such, a nominal cost similar to the jetty constructed as part of the Batiquitos Lagoon Enhancement 
Project was used to obtain an order of magnitude cost estimate. 

Other Costs. The construction cost estimates include a contingency of 25 percent to account for 
unpredictable costs such as those associated with onsite conditions at the time of project 
implementation. Several other costs were considered in addition to the construction cost for estimating 
the total development cost of any of the alternatives (Alternatives 1 through 3). These costs, which 
include preliminary engineering, environmental review, final engineering design, construction 
management, and environmental monitoring were estimated as percentages of the construction cost 
estimates. The percentages used are listed in Table 6-7. 

Table 6-7. Estimates of Other Costs as Percentages of Construction Cost 
Item Percentage of Construction Cost (Percent) 

Preliminary Engineering 1.0 
Environmental Review 1.0 

Final Engineering Design 3.5 
Construction Management 3.5 
Environmental Monitoring 1.0 

Total 10.0 

6.1.5.2 Unconstrained (Alternative 1U) 

The volumes of cut (excavation) and fill are listed in Table 6-8. Alternative 1U would have the largest 
volume that would need to be exported, with approximately 11 million cubic yards and 0.2 million 
cubic yards from the Northwest Area and Southeast Area, respectively (see Figure 6-6). 

Table 6-8. Cut and Fill Volumes for Alternative 1U 

Cut/Fill/Export Earthwork Volume  
(Thousand Cubic Yards) 

 Northwest Area Southeast Area 
Cut 11,037 1,071 
Fill 0 854 

Net Export 11,037 217 

The estimated cost to implement Alternative 1U would be approximately $757 million (2009 U.S. 
dollars). With a project area of 1,756 acres, the estimated cost per acre would be $431,000.  Earthwork 
(excavation, fill, and soil disposal) would comprise about 70 percent of the total cost. Other 
construction items would include planting, infrastructure construction, demolition, and jetty 
construction as well as protection and relocation of existing utilities. The estimated implementation cost 
estimate for Alternative 1U is summarized in Table 6-9, and detailed in Appendix C. 

Table 6-9. Alternative 1U Cost Estimate 

Items (Percent) Alternative 1U Costs 
(In Thousands of 2009 U.S. Dollars) 

Construction $688,310 
Preliminary Engineering (1.0) $6,880 
Environmental Review (1.0) $6,880 

Final Engineering Design (3.5) $24,090 
Construction Management (3.5) $24,090 
Environmental Monitoring (1.0) $6,880 

Total $757,130 
Cost Per Acre $431 
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6.1.5.3 Constrained (Alternative 1C)  

The volumes of cut and fill for Alternative 1C are summarized in Table 6-10. In the Northwest Area, 
the volume of material that would need to be exported offsite is approximately 7.5 million cubic yards. 
No earthwork would be carried out in the Southeast Area (Figure 6-6). 

Table 6-10. Cut and Fill Volumes for Alternative 1C 

Cut/Fill/Export 
Earthwork Volume  

(In Thousand Cubic Yards) 
Northwest Area Southeast Area 

Cut 7,536 0 
Fill 0 0 

Net Export 7,536 0 

The estimated cost to implement Alternative 1C would be approximately $519 million (2009 U.S. 
dollars). With a project area of 794 acres, the estimated cost per acre would be $654,000. Earthwork 
(excavation, fill, and soil disposal) would comprise about 70 percent of this total. Other construction 
items would include planting, infrastructure construction, demolition, and jetty construction as well as 
protection and relocation of existing utilities. The implementation cost estimate for Alternative 1C is 
summarized in Table 6-11; a detailed cost estimate is provided in Appendix C. 

Table 6-11. Alternative 1C Cost Estimate 

Items (Percent) Alternative 1C Costs 
(In Thousands of U.S. Dollars) 

Construction $472,120 
Preliminary Engineering (1.0) $4,720 
Environmental Review (1.0) $4,720 

Final Engineering Design (3.5) $16,520 
Construction Management (3.5) $16,420 
Environmental Monitoring (1.0) $4,720 

Total $519,320 
Cost Per Acre $654 

6.2 RESTORE SEASONALLY OPEN WETLAND HABITATS AND PONDS (ALTERNATIVE 2) 

6.2.1 Habitat Distributions and Biological Resources 

6.2.1.1 Unconstrained (Alternative 2U) 

The preliminary habitat map for Alternative 2U is provided in Figure 5-6, and the extent and acreage of 
high quality habitat created and habitats supporting special status species are provided in Figure 6-7. 
The major strengths of Alternative 2U are that it would maximize benefits to wildlife species by 
creating 16 habitat types, and also maximize biodiversity by creating 35 habitat type transitions. 
Alternative 2U would additionally result in: 

• Very high benefits to listed species; 

• The creation of 1,209 acres of high quality habitat; and,  

• Total preservation and creation of 1,190 acres of high quality habitat. 

Alternative 2U would not have any barriers to wildlife migration or plant dispersal corridors and would 
have a maximum buffer distance of 1,300 feet from development. This alternative would result in the 
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creation of 119 acres of tidewater goby habitat, and 43 acres of Least Bell’s vireo habitat, 220 acres of 
western snowy plover habitat and 339 acres of Belding’s savannah sparrow habitat.  

Alternative 2U is one of only two of the alternatives that would create managed waterfowl habitat, and 
it would create the same amount of salt marsh vegetation habitat (436 acres) as Alternative 1U. 
Additionally, in comparison to Alternatives 1 and 3, Alternative 2U would have the greatest acreage of 
salt panne/seasonal hypersaline community habitat (93 acres) and seasonal open water community 
habitat (261 acres). 

When the Alternative 2U ground surface is subjected to three feet of sea level rise, the predicted tidal 
areas change by the percentages shown in Table 6-1. About four-tenths (41 percent) of the total project 
area would be affected, with a loss of supratidal area. The existing supratidal area would be converted 
to a combination of subtidal and intertidal areas, with a slightly larger increase in intertidal area (21 
percent versus 20 percent). Subtidal and intertidal areas are pre-conditions for open water and coastal 
wetland habitat, respectively. In addition, the increase in sea level would also elevate the groundwater 
in the semi-perched surface aquifer, leading to more extensive and frequent inundation of the seasonal 
pond and wetlands. 

There are no major weaknesses associated with Alternative 2U.  

6.2.1.2 Constrained (Alternative 2C) 

The preliminary habitat map for Alternative 2C is provided in Figure 5-7, and the extent and acreage of 
high quality habitat created and habitats supporting special status species are provided in Figure 6-8. 
Alternative 2C would create 15 habitat types and 29 habitat type transitions. In addition, Alternative 2C 
is one of only three of all the alternatives that would provide salt panne/seasonal hypersaline community 
habitat (90 acres) for the support of native species. 

When the Alternative 2C ground surface is subjected to three feet of sea level rise, the predicted tidal 
areas change by the percentages shown in Table 6-1. About one-third (31 percent) of the total project 
area would be affected, with a loss of supratidal area. The existing supratidal area would be converted 
primarily to subtidal area (27 percent) with only a small increase in intertidal areas (4 percent). Subtidal 
and intertidal areas are pre-conditions for open water and coastal wetland habitat, respectively. In 
addition, the increase in sea level would also elevate the groundwater in the semi-perched surface 
aquifer, leading to more extensive and frequent inundation of the seasonal pond and wetlands. 

Alternative 2C is less desirable than Alternative 2U since Alternative 2C has barriers to wildlife 
migration and plant dispersal corridors. In terms of major weaknesses, in comparison to the other 
alternatives it generally falls mid-range between the overall habitat benefits and disadvantages. 

6.2.2 Hydrologic, Hydraulic and Geomorphic Conditions 

6.2.2.1 Unconstrained (Alternative 2U) 

Tidal Elevations and Range. When the intermittent tidal lagoon on the northwest half of the project 
area is open, the Keuglegan method (please refer Section 6.1.2 and Appendix B.3) predicts that the 
diurnal tidal range for Alternative 2U is 2.5 feet, 46 percent of the existing tide range of the ocean. 
This reduction is consistent with observed tide ranges at other intermittent inlets (e.g., the Russian 
River [Behrens, 2008]). The corresponding values for MTL and MLLW are shown in Table 6-3. This 
reduced tidal range contributes to the intermittent closures expected for this alternative’s lagoon since 
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flow through the inlet is not always sufficient to counter sand deposition by littoral transport (see 
section below on inlet closure stability). This estimate of the tidal range represents a typical value; as 
the inlet narrows towards closure, the tidal range will concurrently decrease towards zero.      

Hypsometry, Tidal Volume and Tidal Prism. The hypsometry of Alternative 2U is displayed in Figure 
6-3. Only about 300 acres of this alternative lies below the elevation of MHHW (5.2 feet); the large 
remaining expanse provides ample space for wetlands and grassland. The tidal volume of this grading 
surface is estimated to be 490 acre feet. Because of its shallow nature, the estimated tidal prism is only 
slightly less, 470 acre feet (Table 6-4). When the inlet closes (see below), the tidal prism would go to 
zero.   

Inlet Closure Stability. Based on the lagoon’s tide range and hypsometry, the estimated tidal prism for 
Alternative 2U is 470 acre feet (Table 6-4). This tidal prism is considerably smaller than the 1,500 acre 
feet threshold derived from Johnson (1976), confirming the expectation of an intermittently closed inlet. 
The Escoffier analysis (Figure 6-4) also indicates that this alternative is marginally stable since its 
expected cross-sectional area (340 square feet) approaches its minimally stable cross-sectional area (240 
square feet). 

Lateral Inlet Stability. Alternative 2U consists of both an intermittently open lagoon with a smaller 
tidal prism and a large extent of coastline within the project area. Together, these factors imply 
moderate lateral migration and minimal undesired impact. Therefore, this alternative’s inlet is not likely 
to require a jetty. 

Water Quality. The estimated residence time for Alternative 2U is 0.54 days (Table 6-4). This 
residence time approximation may not capture the worst-case conditions, which would be likely to 
occur during a closure event. 

6.2.2.2 Constrained (Alternative 2C)  

Tidal Elevations and Range. Based on the Keuglegan method described in Section 6.1.2 and detailed in 
Appendix B.3, the predicted diurnal tidal range for Alternative 2C is 2.3 feet, 42 percent of the existing 
tide range of the ocean.   The corresponding values for MTL and MLLW are shown in Table 6-3. As 
discussed above, this reduced range is consistent with the intermittent nature of this alternative’s 
lagoon.  The tide range is slightly smaller than that of Alternative 2U because of the slight reduction in 
the lagoon’s areal extent due to the constrained project area. 

Hypsometry, Tidal Volume and Tidal Prism. The hypsometry of Alternative 2C is displayed in Figure 
6-5. Approximately one-quarter of ground surface lies below the elevation of MHHW (5.2 feet); the 
remaining portion provides space for wetlands and grassland. The tidal volume of this grading surface 
is estimated to be 420 acre feet. Because of its shallow nature, the estimated tidal prism is only slightly 
less, 360 acre feet (Table 6-4). When the inlet closes (see below), the tidal prism would go to zero.   

Inlet Closure Stability. Based on the lagoon’s tide range and hypsometry, the estimated tidal prism for 
Alternative 2C is 360 acre feet (Table 6-4). This tidal prism is considerably smaller than the 1,500 acre 
feet threshold derived from Johnson (1976), confirming the expectation of an intermittently closed inlet. 
The Escoffier analysis (Figure 6-4) also indicates that this alternative is marginally stable since its 
expected cross-sectional area (290 square feet) only just exceeds its minimally stable cross-sectional 
area (210 square feet). 
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Lateral Inlet Stability. Under Alternative 2C the intermittent lagoon’s inlet would be located up-coast 
of the Reliant Power Plant. Within this stretch of coastline, inlet migration must be managed to avoid 
encroachment onto non-project areas (e.g., the City of Ormond Beach property to the northwest and the 
Reliant Power Plant and its ocean outfall to the southeast). If further investigation finds that a single 
jetty cannot adequately manage the risk of the lateral migration impacting the power plant, a second 
jetty to the southeast of the inlet may be required in addition to the single jetty already shown in Figure 
5-7.  

Water Quality. The estimated residence time for Alternative 2C is 0.60 days (Table 6-4). This 
residence time approximation may not capture the worst-case conditions, which are likely to occur 
during a closure event. 

6.2.3 Land Use and Infrastructure 

6.2.3.1 Unconstrained (Alternative 2U) 

All land use conversions and infrastructure removal/relocation that would occur under Alternative 1U 
(see Section 6.1.3.1 and Tables 6-5 and 6-6), would also occur under Alternative 2U. As such, the 
properties listed in Table 6-5 would all be converted to wetland habitat.  

In comparison with Alternative 1, Alternative 2 would convert a smaller area of land to lagoon (open 
water), and would instead develop a greater area of coastal grassland (221 acres for Alternative 2U 
versus 171 acres for Alternative 1U), and coastal grassland / transitional (308 acres for Alternative 2U, 
versus 162 acres for Alternative 1U). This greater area of restored coastal grassland and coastal 
grassland/transitional habitat would increase passive recreational opportunities.  

Cooperative management of the VCGP, located in the southeast portion of the project site, would be 
exactly the same under Alternative 2U as under Alternative 1U (see Section 6.1.3.1).  

6.2.3.2 Constrained (Alternative 2C) 

Alternative 2C would not include restoration of the properties listed in Table 6-5. Edison Drive, 
providing access between the Reliant Power Plant and McWane Boulevard and Hueneme Road, would 
stay in place to allow for continued operation of the power plant following implementation of this 
alternative. 

Under Alternative 2C construction-related disturbances such as noise, traffic, and air quality effects 
would be the same as under Alternative 1C. Existing uses and features of the VCGP, City of Oxnard 
beachfront and exclusion properties, Gateway Park property, MWD Exclusion property, the Duck Club 
Annex and the northern Southland Sod Farm property would be maintained. Because Alternative 2C 
would not include the conversion of land uses associated with the Reliant Power Plant property or the 
Agromin property, existing infrastructure would remain in place and current operations would continue. 
Due to the USEPA’s on-going investigation, it is currently unknown what the future use of the Halaco 
Site will be. 
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6.2.4 Cultural Resources 

6.2.4.1 Unconstrained (Alternative 2U) 

Restoration activities and potential effects to recorded cultural resources (as identified in Table 2-6) 
associated with Alternative 2U would be nearly identical to Alternative 1U, as addressed in Section 
6.1.4.1.   

6.2.4.2 Constrained (Alternative 2C) 

Although the volume of excavation required for Alternative 2C would be less than that required for 
Alternative 1C, earth-disturbing activities associated with Alternative 2C would still have the same 
potential to affect the same cultural resources as under Alternative 1C.  Please refer to Section 6.1.4.2 
for a summary of these resources.   

6.2.5 Soil Management, Construction Quantities and Cost Estimates 

6.2.5.1 Unconstrained (Alternative 2U) 

The volumes of cut and fill for Alternative 2U are summarized in Table 6-12. The volumes of material 
that would need to be exported offsite are approximately 3.1 million cubic yards in the Northwest Area 
and roughly 0.2 million in the Southeast Area (please refer to Figure 6-6). 

Table 6-12. Cut and Fill Volumes for Alternative 2U 

Cut/Fill/Export 
Earthwork Volume  

(Thousand Cubic Yards) 
Northwest Area Southeast Area 

Cut 3,290 1,071 
Fill 162 854 

Net Export 3,128 217 

The estimated cost to implement Alternative 2U would be an estimated $293 million (2009 U.S. 
dollars). With a project area of 1,756 acres, the estimated cost per acre would be $167,000.  Earthwork 
(excavation, fill and soil disposal) would comprise about 65 percent of this total. Other construction 
items would include planting, infrastructure construction, and demolition as well as protection and 
relocation of existing utilities. The implementation cost estimate for Alternative 2U is summarized in 
Table 6-13 and a detailed cost estimate for it is provided in Appendix C. 

Table 6-13. Alternative 2U Cost Estimate 

Items (Percent) Alternative 2U Costs 
(In Thousands of 2009 U.S. Dollars) 

Construction $265,970 
Preliminary Engineering (1.0) $2,660 
Environmental Review (1.0) $2,660 

Final Engineering Design (3.5) $9,310 
Construction Management (3.5) $9,310 
Environmental Monitoring (1.0) $2,660 

Total $292,570 
Cost Per Acre $167 
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6.2.5.2 Constrained (Alternative 2C) 

The volumes of cut and fill for Alternative 2C are summarized in Table 6-14. In the Northwest Area 
the volume of material to be exported off-site would be an estimated 2.8 million cubic yards. No 
earthwork work would be needed in the Southeast Area. 

Table 6-14. Cut and Fill Volumes for Alternative 2C 

Cut/Fill/Export 
Earthwork Volume  

(Thousand Cubic Yards) 
 Northwest Area Southeast Area 

Cut 2,938 0 
Fill 180 0 

Net Export 2,758 0 

The estimated cost to implement Alternative 2C would be an estimated $226 million (2009 U.S. 
dollars). With a project area of 772 acres, the estimated cost per acre would be $292,000.  Earthwork 
(excavation, fill and soil disposal) would comprise about 65 percent of this total. Other construction 
items include planting, infrastructure construction, and demolition as well as protection and relocation 
of existing utilities. A jetty would be built under this alternative. The implementation cost estimate for 
Alternative 2C is summarized in Table 6-15 and a detailed cost estimate is provided in Appendix A. 

Table 6-15. Alternative 2C Cost Estimate 

Items (Percent) Alternative 2C Costs 
(In Thousands of 2009 U.S. Dollars) 

Construction $205,110  
Preliminary Engineering (1.0) $2,050  
Environmental Review (1.0) $2,050  

Final Engineering Design (3.5) $7,180  
Construction Management (3.5) $7,180  
Environmental Monitoring (1.0) $2,050 

Total $225,620 
Cost Per Acre $292 

6.3 ENHANCE EXISTING NON-TIDAL WETLAND HABITATS (ALTERNATIVE 3) 

6.3.1 Habitat Distributions and Biological Resources 

6.3.1.1 Unconstrained (Alternative 3U) 

The preliminary habitat map for Alternative 3U is provided in Figure 5-8, and the extent and acreage of 
high quality habitat created and habitats supporting special status species are provided in Figure 6-9. 
Alternative 3U would result in a maximum buffer distance of 4,000 feet from development. In 
comparison to Alternatives 1 and 2, Alternative 3U would create the greatest salt marsh bird’s-beak 
habitat (637 acres), transitional marsh vegetation community habitat (615 acres), and backdune 
community habitat (85 acres). Additionally, Alternative 3U is the only alternative that would provide 
salt grass community habitat for the support of native species (150 acres).  

When the Alternative 3U ground surface is subjected to three feet of sea level rise, the predicted tidal 
areas change by the percentages shown in Table 6-1. Almost one-half (48 percent) of the total project 
area would be affected, with a loss of supratidal area. The existing supratidal area would be converted 
mostly to intertidal area (39 percent) with a smaller increase in intertidal areas (9 percent). Subtidal and 
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intertidal areas are pre-conditions for open water and coastal wetland habitat, respectively. In addition, 
the increase in sea level would also elevate the groundwater in the semi-perched surface aquifer, 
leading to more extensive and frequent inundation of seasonal wetlands. 

The one major weakness of Alternative 3U is that it would not provide seasonal open water community 
habitat in the support of native species. 

6.3.1.2 Constrained (Alternative 3C) 

The preliminary habitat map for Alternative 3C is provided in Figure 5-9, and the extent and acreage of 
high quality habitat created and habitats supporting special status species are provided in Figure 6-10. 
Alternative 3C would result in a maximum buffer distance of 2,800 feet from development.  It would 
also create 284 acres of salt marsh bird’s-beak habitat and 269 acres of transitional marsh vegetation 
habitat. Alternative 3C would create 157 acres of western snowy plover habitat, 162 acres of California 
least tern habitat, and five acres of brown pelican habitat. It would not provide light-footed clapper rail 
habitat, Belding’s savannah sparrow habitat, or tidewater goby habitat. 

In comparison to Alternatives 1 and 2, Alternative 3C would provide the least amount of fish habitat 
and benthic habitat for the support of native species (5 acres of each), and is one of three alternatives 
that would provide no seasonal open water community habitat in the support of native species. 

When the Alternative 3C ground surface is subjected to three feet of sea level rise, the predicted tidal 
areas change by the percentages shown in Table 6-1. About four-tenths (38 percent) of the existing 
supratidal area would be converted mostly to intertidal area. Subtidal and intertidal areas are pre-
conditions for open water and coastal wetland habitat, respectively. In addition, the increase in sea level 
would also elevate the groundwater in the semi-perched surface aquifer, leading to more extensive and 
frequent inundation of seasonal wetlands. 

The major weaknesses of Alternative 3C are that it would only provide 183 acres of net restored aquatic 
habitat value and thus would neither maximize benefits to listed species, nor minimize the potential for 
colonization by invasive species. Additionally, Alternative 3C would only result in 13 habitat type 
transitions and thus would not maximize biodiversity. 

6.3.2 Hydrologic, Hydraulic and Geomorphic Conditions 

Because the proposed changes to existing hydrology, hydraulics and geomorphology are limited for 
Alternative 3, the difference between the unconstrained and constrained alternatives is minimal. As 
such, the two variants are described simultaneously, with slight differences noted.  

Tidal Elevations and Range. Because Alternative 3 (constrained and unconstrained) would not 
significantly alter the tidal connections of existing conditions, the tidal range remains identical to 
existing conditions. The bed elevation of the existing J Street Lagoon (see Figure 1-2) lies almost 
entirely above the ocean tide range (Tetra Tech, 2005) Therefore, even during the intermittent periods 
when this lagoon is connected to the ocean, the change in water surface elevation due to the tides would 
be minimal.  
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Hypsometry, Tidal Volume and Tidal Prism. The hypsometry of Alternative 3 is nearly identical to 
existing conditions, with almost the entire ground surface situated above MHHW (Figures 6-3 and 6-5). 
Only the unconstrained alternative includes a small amount of tidal volume, 14 acre feet (Table 6-4), 
which would be created by the existing salt marsh in the southeastern portion of the VCGP. Because of 
its shallow nature, these wetlands have a tidal prism identical to the tidal volume.  

Inlet Closure Stability. Since this alternative would not modify the J Street Lagoon, this inlet would 
continue to be closed for most of the time and occasionally open when freshwater discharge breaches 
the beach berm. 

Lateral Inlet Stability. Alternative 3 would not modify the existing intermittent inlet between the J 
Street Lagoon and the ocean. Consequently, it would exhibit similar lateral inlet migration patterns to 
existing conditions. In the last ten years, the inlet’s location has been observed to vary between the 
midpoint and southern end of the lagoon, a distance of not more than one-half mile (URS, 2005). This 
amount of lateral migration has not created a documented concern.  

Water Quality. The existing J Street Lagoon is not tidal and therefore residence time was not calculated 
for this project element. As for the existing salt marsh in the southeastern portion of the VCGP 
(Alternative 3U), the estimated residence time is 0.51 days (Table 6-4). 

6.3.3 Land Use and Infrastructure  

6.3.3.1 Unconstrained (Alternative 3U) 

As with Alternatives 1U and 2U, all of the land use conversions and infrastructure removal/relocation 
that are outlined in Tables 6-5 and 6-6 that would occur under Alternative 3U. As such, the properties 
listed in Table 6-5 would all be converted to wetland habitat. However, as shown on Figure 5-8, 
Alternative 3U would not include any managed duck pond areas, which would be included under both 
Alternatives 1U and 2U. As such, implementation of Alternative 3U would not provide for the 
continuation of existing VCGP duck hunting activities. Therefore, it is expected that a cooperative 
management agreement related to the VCGP property would not be entered into for this portion of the 
project site, although cooperative management towards other mutual purposes and goals could be 
established. 

Alternative 3U would result in the smallest area of open water (27 acres), and thus would have the 
potential to offer the greatest area available for passive recreation, such as wildlife viewing, trails and 
educational programs. In addition, Alternative 3U would include substantially less earth moving activity 
than Alternatives 1U and 2U (250,000 cubic yards, versus 12,108,000 cubic yards and 4,361,000 cubic 
yards, respectively); therefore, Alternative 3U would result in the smallest construction-related effects 
to surrounding land uses among the unconstrained alternatives. As such, residential and business 
developments in the project area would experience the least noticeable effects, among the unconstrained 
alternatives, as related to construction traffic, noise, aesthetics and air quality.  

6.3.3.2 Constrained (Alternative 3C) 

As with the constrained variations of Alternatives 1 and 2, Alternative 3C would not include wetland 
restoration of the properties listed in Table 6-5. Edison Drive, which provides access between the 
Reliant Power Plant and McWane Boulevard and Hueneme Road, would stay in place to allow for 
continued operation of the power plant following project implementation. 
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With the exception of the No Project Alternative (Alternative 4), this alternative would result in the 
fewest construction-related effects to surrounding land uses and infrastructure because the lowest 
intensity of construction activities would be required. Alternative 3C would include three acres of open 
water habitat, and the movement of approximately 200,000 cubic yards of earth materials. Therefore, 
this alternative would allow for the greatest area of passive recreation, while also resulting in the lowest 
construction-related effects associated with the traffic, noise, aesthetics and air quality.  

Alternative 3C would not include the conversion of existing land uses or features associated with the 
VCGP.  

6.3.4 Cultural Resources  

6.3.4.1 Unconstrained (Alternative 3U) 

The primary features of Alternative 3U are the expansion of existing habitat types, the creation of 
coastal grasslands, and minimal hydrologic modifications. Although Alternative 3U would minimize 
earth disturbing activities in comparison to Alternatives 1U and 2U, any type of ground disturbance 
would have the potential to unearth known cultural resources or possibly unearth new (e.g., unknown 
or unrecorded) cultural resources. As such, Alternative 3U could affect the same cultural resources as 
Alternatives 1U or 2U.  Please refer to Section 6.1.4.1 for a discussion of the known cultural resource 
sites associated with the unconstrained project area that could be affected by implementation of 
Alternative 3U.   

6.3.4.2 Constrained (Alternative 3C) 

The primary features of Alternative 3C are minimal topographic and hydrologic enhancements to 
existing non-tidal habitats. The project area associated with Alternative 3C is identical to that of 
Alternatives 1C and 2C, and thus the same cultural resources associated with these alternatives are 
applicable to Alternative 3C. Although Alternative 3C would result in the least amount of earth 
disturbance in comparison to the other unconstrained and constrained alternatives, it would still require 
the cut and fill of approximately 200,000 cubic yards of soil. As noted above in Section 6.3.4.1, any 
type of earth disturbance, including surface grading, has the potential to impact cultural resources. As 
such, Alternative 3C would have the potential to affect the same cultural resources as described for 
Alternatives 1C and 2C.  Please refer to Section 6.1.4.2 for a discussion of these resources.   

6.3.5 Soil Management, Construction Quantities and Cost Estimates 

6.3.5.1 Unconstrained (Alternative 3U) 

The volumes of cut and fill for Alternative 3U are summarized in Table 6-16. There would be no 
export of material under this alternative. Topographic information for the Southeast Area was not 
available for the purposes of this Feasibility Study; therefore, the cut and fill volumes for Alternative 
3U could not be estimated for this case. However, based on other available information (e.g., graphics 
and description), it was assumed that the amount of cut would be balanced by the amount of fill such 
that no material would be exported offsite. 

In estimating the cost of grading for Alternative 3U, it was assumed that the earthwork would be 
carried out by scrapers, which move materials directly from cut locations to fill locations (i.e., no 
“double handling” would be required). This grading work was estimated using a unit cost of $6,450 per 
acre. 
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Table 6-16. Cut and Fill Volumes for Alternative 3U 

Cut/Fill/Export 
Earthwork Volume  

(Thousand Cubic Yards) 
 Northwest Area Southeast Area 

Cut 250 * 
Fill 250 * 

Net Export 0 0 
* Cut and fill volumes not calculated for this alternative for the Southeast Area. 
 

The estimated cost to implement Alternative 3U would be approximately $41 million (2009 U.S. 
dollars). With a project area of is 1,755 acres, the estimated cost per acre would be $23,000.  
Earthwork would comprise roughly 45 percent of this total. Other construction items would include 
planting, infrastructure construction, and demolition as well as protection and relocation of existing 
utilities. The implementation cost estimate for Alternative 3U is summarized in Table 6-17 and a 
detailed in Appendix C. 

Table 6-17. Alternative 3U Cost Estimate 

Items (Percent) Alternative 3U Costs 
(In Thousands of 2009 U.S. Dollars) 

Construction $37,040  
Preliminary Engineering (1.0) $370  
Environmental Review (1.0) $370  

Final Engineering Design (3.5) $1,300  
Construction Management (3.5) $1,300  
Environmental Monitoring (1.0) $370  

Total $40,750  
Cost Per Acre $23 

6.3.5.2 Constrained (Alternative 3C) 

The volumes of cut (excavation) and fill for Alternative 3C are summarized in Table 6-18. Alternative 
3C would require the least amount of earthwork and there would be no export of excavated material 
under this alternative. In estimating the cost of grading for Alternative 3C, it was assumed that the 
earthwork would be carried out by scrapers, which move materials directly from cut (excavation) 
locations to fill locations (i.e., no “double handling” would be required). As with Alternative 3U, this 
grading work was estimated using a unit cost of $6,450 per acre. 

Table 6-18. Cut and Fill Volumes for Alternative 3C 

Cut/Fill/Export 
Earthwork Volume  

(Thousand Cubic Yards) 
Northwest Area Southeast Area 

Cut 200 0 
Fill 200 0 

Net Export 0 0 

For Alternative 3C, proposed topographic information for the Southeast Area was not available at the 
time of the project’s costing analysis, and thus the cut and fill volumes were not estimated for this 
alternative. Based on other available information, it was assumed that the amount of cut would be 
balanced by the amount of fill such that no material would be exported offsite. 

The estimated cost to implement Alternative 3C would be $23 million (2009 U.S. dollars). With a 
project area of 774 acres, the estimated cost per acre would be $30,000.  Earthwork (excavation, fill, 
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and soil disposal) would comprise about 40 percent of this total. Other construction items would include 
planting, infrastructure construction, and demolition as well as protection and relocation of existing 
utilities. The implementation cost estimate for Alternative 3C is summarized in Table 6-19 and a 
detailed cost estimate is provided in Appendix C. 

Table 6-19. Alternative 3C Cost Estimate 

Items (Percent) Alternative 3C Costs 
(In Thousands of 2009 U.S. Dollars) 

Construction $21,300  
Preliminary Engineering (1.0) $210  
Environmental Review (1.0) $210  

Final Engineering Design (3.5) $750  
Construction Management (3.5) $750  
Environmental Monitoring (1.0) $210  

Total $23,430  
Cost Per Acre $30 

6.4 NO PROJECT ALTERNATIVE (ALTERNATIVE 4) 

6.4.1 Habitat Distributions and Biological Resources 

The preliminary habitat map for Alternative 4 is provided in Figure 5-10, and the extent and acreage of 
high quality habitat created and habitats supporting special status species are provided in Figure 6-11. 
Of all of the alternatives, Alternative 4 would be expected to maximize the preservation of existing 
higher quality habitat, although the actual acreage habitat being preserved ranks lowest when compared 
to the other alternatives. Alternative 4 would also result in the creation of salt panne/seasonal 
hypersaline community habitat (45 acres) and would provide some seasonal open water community 
habitat (45 acres). 

When the Alternative 4 ground surface is subjected to three feet of sea level rise, the predicted tidal 
areas change by the percentages shown in Table 6-1. About three-tenths (28 percent) of the existing 
supratidal area would be converted to intertidal area. Subtidal and intertidal areas are pre-conditions for 
open water and coastal wetland habitat, respectively. In addition, the increase in sea level would also 
elevate the groundwater in the semi-perched surface aquifer, leading to more extensive and frequent 
inundation of seasonal wetlands. 

The major weaknesses of Alternative 4 would be that it would provide the least benefit to listed plant 
and wildlife species and their habitat, and it would not create any high quality habitat. Of all of the 
alternatives, Alternative 4 would provide the lowest amount of salt marsh vegetation habitat and no 
backdune community habitat, fish habitat, or benthic habitat. In sum, Alternative 4 is considered the 
least preferable alternative from the perspective of biological resources. 

6.4.2 Hydrologic, Hydraulic and Geomorphic Conditions 

As noted at the beginning of Section 6, under Alternative 4 it is assumed that the SCC and TNC would 
eventually undertake some type of habitat restoration and enhancement of their respective properties.  
However, the specifics and timing of such alternatives have not, as yet, been identified.  Therefore, 
under Alternative 4 it is currently assumed that there would be no changes to the hydrologic, hydraulic, 
and geomorphic conditions described in Section 2.2. These components of the project site would 
function in a manner similar to Alternative 3, as described in Section 6.3.2.  
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6.4.3 Land Use and Infrastructure 

Under the No Project Alternative, it is likely that the SCC and TNC would restore or enhance habitats 
within their existing properties. As portrayed in Figure 1-8, the SCC currently owns approximately 260 
acres of land surrounding the Reliant Power Plant, while TNC owns approximately 280 acres north and 
east of the Halaco Site, for a total of 540 acres. Since any future habitat restoration or enhancement 
under Alternative 4 would be limited to the SCC and TNC properties, it is can be reasonably assumed 
that no substantial changes to the existing land uses (e.g., open space) of these parcels would occur. 
Land uses outside of the boundaries of these properties would not be expected to be appreciably 
affected by any future habitat restoration or enhancement.    

6.4.4 Cultural Resources 

Although it is assumed that the SCC and TNC would implement some type of habitat restoration and 
enhancement on their properties in the future, the need for any type of earth disturbing activity is 
currently unknown.  However, both of these properties do contain potentially sensitive cultural 
resources.  As such, if future habitat restoration and enhancement on these properties would involve 
subsurface excavation or surface grading, sensitive cultural resources could be unearthed.  
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7. COMPARATIVE EVALUATION OF THE ALTERNATIVES 

7.1 METHODOLOGY 

Ultimately, the SCC and its partners will need to weigh the benefits and disadvantages of each of the 
alternatives developed for this Feasibility Study to determine its “proposed project.” To facilitate this 
process, the DIG developed a suite of 26 evaluation criteria that address the project’s overall goals and 
objectives, as well as other issues associated with its implementation and management. The evaluation 
criteria fall into five categories, including: habitat restoration; environmental quality; hydrology and 
geomorphology; sustainability; and, costs and construction. For each criterion identified, the DIG then 
developed a metric to provide for a consistent comparison between the alternatives. Where possible, the 
comparative metrics were quantified. Due to their nature, some of the comparative metrics involve a 
qualitative ranking. All of the criterion were subsequently ranked in terms of their metric-specific 
preference (e.g., 1st, 2nd, 3rd, etc.); for some criterion two or more of the alternatives are, or are nearly, 
identical and thus carry the same preference ranking.  

Due to the largely quantified nature of the comparative metrics, two additional considerations were 
required for their evaluation. One involved identification of the specific types and acreages of habitat 
that would be created by each of the alternatives; the other involved quantification (in acres) of the 
specific habitats for both special status and native plant and wildlife species that would be created under 
each alternative. Table 7-1 provides a summary of the habitat acreages that would occur under each 
alternative, and Table 7-2 provides a summary of these acreages separately for those portions of the 
unconstrained alternatives that are located northwest and southeast of Arnold Road.  Table 7-3 provides 
a summary of the acreages for special status species and native species (plant and wildlife) that would 
occur under each alternative. These tables are found at the end of Section 7.  

7.2 ALTERNATIVES EVALUATION MATRIX 

Table 7-4, also located at the end of Section 7, provides a matrix of the evaluation criteria and metrics 
outlined above, as well as the results of their evaluation under each alternative. The following 
discussion summarizes the matrix by each of the five categories referenced in Section 7.1.   

Habitat Restoration.  Alternative 1U would maximize the net restored aquatic habitat of the project 
area, whereas Alternative 4 would not provide any restored aquatic habitat. The net restored aquatic 
habitat of the remaining alternatives would range between 707 acres (Alternative 2U) and 183 acres 
(Alternative 3C). Alternative 1U would additionally maximize the creation of high quality habitat 
(1,412 acres) while Alternative 4 would not create any new high quality habitat. Alternative 2U would 
rank second for the number of acres of high quality habitat created (1,209 acres), as well as preserving 
75 percent of its original high quality habitat.  Alternative 3U would rank third for the creation of high 
quality habitat (716 acres) while preserving 99 percent of its original high quality habitat.  

Alternative 2U would maximize benefits to wildlife species, followed by Alternative 2C, and 
Alternatives 2U, 2C, 3U, 3C and 4 would all equally maximize benefits to plant species due to the 
number of vegetated habitat types created. Alternatives 1U and 1C would maximize benefits to fish 
species (at 475 acres and 357 acres of subtidal habitat, respectively), whereas Alternatives 3C and 4 
would provide the lowest benefits to fish species. Alternative 1U would maximize benefits to special 
status species, followed by Alternative 2U and then Alternative 3U; Alternatives 3C and 4 would 
minimize these benefits. 
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The unconstrained alternatives (Alternatives 1U, 2U and 3U) would minimize barriers between the 
restored and created habitats, thereby maximizing enhancements to wildlife migration and plant 
dispersal corridors; Alternatives 2C, 3C and 4 would minimize these enhancements. Alternative 1U 
would also minimize the potential for colonization by invasive plant species within the project area, 
followed by Alternative 1C and then Alternative 2U. Alternatives 3U and 3C would do very little to 
minimize the potential for colonization by invasive species, but would minimize edge effects, with 
Alterative 3U providing a 4,000-foot buffer distance between existing development and the edge of the 
restored and enhanced habitat areas, and Alternative 3C providing a 2,800-foot buffer distance. 
Alternatives 2U and 2C would maximize biodiversity by providing the greatest number of habitat type 
transitions (35 and 29 transitions, respectively). 

Environmental Quality.  Alternatives 3U, 3C and 4 would minimize the potential for contaminant 
exposure. Due to the volume of grading that would be required, Alternative 1U would maximize the 
potential for contaminant exposure, followed by Alternative 1C. Because Alternatives 3U, 3C and 4 
would result in the least amount of open water acreage, they would also result in the shortest resident 
time of standing water and thus maximize water quality; Alternatives 2U and 2C would rank second 
and Alternatives 1C and 1U would rank third and fourth, respectively. All of the unconstrained 
alternatives (Alternatives 1U, 2U and 3U) would maximize the buffering of degraded inflows within the 
project area, and there would be no appreciable difference between the constrained alternatives 
(Alternatives 1C, 2C and 3C). Alternative 4 would not buffer degraded inflows into the project area.   

Hydrology and Geomorphology.  The drains which enter the project area (e.g., the J Street, Hueneme 
and Oxnard Industrial Drains [please refer to Figure 1-2]) pose a flood hazard since they periodically 
overtop their banks. In particular, the J Street Drain has a history of flooding property within the City 
of Oxnard, and is the subject of ongoing studies to reduce flood hazards (URS, 2005; Tetra Tech, 
2005). Several of the proposed J Street Drain flood mitigation measures identified to date aim to 
improve the connectivity between the existing J Street Lagoon and the ocean. All of the alternatives 
would be compatible with these proposed flood mitigation actions. 

Because of its continuously open inlet with the ocean, Alternative 1 is likely to provide the greatest 
reduction in fluvial flood hazard.  The open inlet provides an unimpeded pathway from the drains to the 
ocean. This pathway prevents ponding of water in the lagoon, which can have a backwater effect that 
elevates water levels upstream.  Alternative 1U is ranked first in Table 7-4 because it is hydraulically 
connected with all three drains and provides the most direct pathway to the ocean.  In contrast, 
Alternative 1C is ranked second because it only connects to one drain and has a longer, less direct 
pathway to the ocean. Alternative 2 garners the third place ranking because its proposed lagoon is 
considerably larger than the existing J Street Lagoon. Therefore, it would probably maintain an open 
connection with the ocean more frequently and for a longer duration than existing conditions.  Both 
variants of Alternative 2 are given a third place ranking because they cannot be differentiated based on 
the present level of the project’s planning and analysis. Alternatives 2U and 2C have different 
components which make it difficult to determine which has the greatest overall benefit.  For example, 
Alternative 2U benefits all three drains while Alternative 2C may remain open more often because of its 
jetty. Alternatives 3 and 4 do not change the existing hydraulic configuration of the project area and 
therefore would have a negligible contribution towards minimizing fluvial flood hazard. Therefore, they 
are all assigned fourth, the lowest rank. 

Three factors play a role in determining the risk that inlet migration poses to infrastructure:  the 
distance between the inlet and infrastructure; the potential migration distance of the inlet; and, the 
extent of structural protection, such as a jetty. The infrastructure most at risk is the Reliant Power Plant 
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and its outfall. As noted in Section 6.1.2 (Hydrologic, Hydraulic and Geomorphic Conditions), 
predicting potential migration distances can be difficult; as a surrogate, the inlet migration extent is 
assumed to scale with the tidal prism flowing through the inlet.  The jetty configuration evaluated below 
is that described in the text and figures of Section 5 (Project Alternatives).  Modifying these jetty 
configurations remains a design option which may be used to change inlet migration risk during later 
stages of alternative optimization. 

Both variants of Alternatives 3 and 4, which all maintain the existing J Street Lagoon inlet, are ranked 
first for minimizing the inlet migration to risk infrastructure criterion. The existing inlet is furthest from 
the Reliant Power Plant and has the smallest tidal prism. In addition, its historic behavior, with 
migration distance less than 2,000 feet (URS, 2005), has not warranted consideration of a jetty. The 
second most favorable alternative for this criterion is Alternative 2U because it calls for the removal of 
the power plant, and has only a moderate tidal prism. Alternative 3U is ranked third based on the 
removal of the power plant, but would entail more risk than Alternative 2U because of its larger tidal 
prism. The last two rankings are assigned to Alternatives 1C and 2C because these alternatives place 
the active inlet in close proximity to the Reliant Power Plant. Alternative 2C ranks fourth, more 
preferable to Alternative 1C, because of its smaller potential for migration, characterized by its smaller 
tidal prism. 

Sustainability.  Alternatives 1 and 2 (constrained and unconstrained) would involve the creation of a 
lagoon (Alternative 1) or seasonally open ponds (Alternative 2). Alternative 1U would provide the 
largest tidal prism and thus maximize inlet resistance to closure, followed by Alternatives 1C and 2U 
and then Alternative 2C. Alternatives 3U and 3C and would minimize inlet migration risks to 
infrastructure as well as sea level rise effects on the habitats restored, enhanced or created, whereas 
Alternatives 1U and 1C are the least favorable for these sustainability criteria. Alternative 2U is 
considered to be the second most favorable for the minimization of inlet migration risks to 
infrastructure and the third most favorable for the minimization of sea level rise effects on habitat.    

Costs and Construction.  Although it is likely that the SCC and TNC would eventually undertake some 
type of habitat enhancement or restoration on their respective properties within the project area, for the 
purposes of the costs and construction evaluation criteria it has been assumed that no construction-
related activities would occur within the reasonably foreseeable future. To this end, and for the purpose 
of distinguishing the differences between those alternatives that would involve construction, this 
discussion is focused on Alternatives 1 through 3 (constrained and unconstrained).   

Alternatives 3U and 3C would minimize construction-related costs, maximize project cost effectiveness, 
maximize aquatic habitat cost effectiveness, and minimize construction-related impacts to both existing 
habitat and wildlife and surrounding land uses and the built environment.  For these criteria, 
Alternatives 3U and 3C would be the most favorable and Alternatives 1U and 1C would be the least 
favorable, with Alternatives 2U and 2C falling between Alternatives 1 and 3 (constrained and 
unconstrained).   

Alternative 2C would minimize construction-related impacts to existing habitat and wildlife, followed 
by Alternative 3C. Alternatives 1U and 2U would maximize these impacts, and Alternatives 3C, 1C 
and 3U would rank second, third and fourth, respectively.  

For all of the alternatives it is noted that the restoration costs per acre for this project are similar to the 
restoration costs per acre of other Southern California coastal wetland restoration projects once inflation 
is factored into the costs of previously completed restoration projects, such as the Batiquitos Lagoon 
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Enhancement Project (Carlsbad), Bolsa Chica Wetlands Restoration Project (Huntington Beach), and 
San Dieguito Lagoon Restoration Project (Del Mar). 

7.3 SUMMARY AND CONCLUSIONS 

Based upon the results of the alternatives evaluation for the metrics presented in Table 7-4, the 
unconstrained alternatives are consistently more favorable than their constrained counterparts. The 
unconstrained alternatives would minimize barriers between habitats, thereby benefitting wildlife 
migration and maximizing plant dispersal corridors. The constrained project area presents many more 
issues that affect implementation, long term maintenance, and stability, such as: buffering of inflows; 
room to transgress in response to sea level rise; barriers to plant and animal migration; the need for a 
constructed causeway; levees to control inlet migration; and, flooding of buildings and infrastructure. 

Of all the alternatives, Alternative 1 was found to be the most favorable overall. Roughly speaking, 
when weighting all of the metrics equally, Alternative 1 (Create New Tidal Lagoon) is most favorable 
40 percent of the time, Alternative 2 (Restore Seasonally Open Wetland Habitats/Ponds) is most 
favorable 30 percent of the time, Alternative 3 (Enhance Existing Non-Tidal Wetland Habitats) is most 
favorable 20 percent of the time, and Alternative 4 (No Project Alternative) is most favorable 10 
percent of the time.  

Although this Feasibility Study does not presume to choose a preferred alternative (or “proposed 
project”) for the SCC and its project partners, the following paragraphs outline the overall conclusions 
of the alternatives evaluation process.  

Alternative 1 (Create New Tidal Lagoon).  By creating a large, permanently connected tidal lagoon, 
Alternative 1 would create the largest extent of aquatic and wetland habitat in the project area. This 
alternative, therefore, maximizes the acreage of high quality habitat and has the highest benefit for 
listed species and fish species. Because of the large excavation costs needed for the lagoon, Alternative 
1 would also be the most expensive alternative. 

Inlet closure potential remains a significant source of uncertainty in estimating the excavation 
requirements for the subtidal lagoon.  Reducing the uncertainty of this process may enable reduced 
lagoon excavation (and costs) by reducing the tidal prism requirements and/or by including active 
management options for the inlet. 

The unconstrained version of Alternative 1 would provide the most benefits to the project area. The 
most salient benefits of Alternative 1U include:   

• Hydraulic Design 
- Provides flexibility to accommodate sea level rise and other uncertainties; 
- Less restrictive for generating tidal prism sufficient to insure inlet stability; 
- Removes concerns about inlet migration that would impact the existing Reliant Power Plant and its 

outfall; 
- Facilitates connections to existing wetlands and drain mouths; and,  
- Provides space for natural dune system migration in response to sea level rise. 

• Habitat Creation 
- Creates wider range of habitat types – subtidal, intertidal, uplands; 
- Creates larger spatial extent of habitat types; 
- Allows for a greater diversity and amount of wildlife utilization; 
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- Reduces the impact of sea level rise on habitat; 
- Likely to provide the best habitat for several federally listed and special status species (such as salt marsh 

bird’s-beak, tidewater goby,  and light-footed clapper rail); and,  
- Facilitates the establishment of experimental populations of several special status plants due to known 

tidal conditions during the entire year. 

• Costs 
- Reduces the need for flood protection costs in response to sea level rise that would be associated with 

existing development or new residential development since the created lagoon would accommodate 
intermittent flooding. 

Construction cost savings of Alternative 1C compared to Alternative 1U would be modest1, but the long 
term sustainability of salt marsh habitat under Alternative 1C would be limited.  The constrained 
project area would severely restrict the extent of salt marsh habitat and would provide little room for 
this habitat to transgress in response to future sea level rise.  

Alternative 2 (Restore Seasonally Open Wetland Habitats/Ponds). Alternative 2 would create a 
substantial total wetland area, which would be distributed among a variety of wetland types. Alternative 
2 would also maximize the benefit to plant and wildlife species and maximize biodiversity by offering 
the highest number of habitat type transition zones.    

Because of the initial, relatively even distribution between subtidal, intertidal and supertidal habitat 
area, Alternative 2 would be able to accommodate future sea level rise. Accommodation would be 
simpler for Alternative 2U, primarily due to the absence of infrastructure. However, infrastructure 
could be defended against sea level rise if coastal protections, such as levees, are constructed. 

Sustaining a portion of Alternative 2’s wetlands would rely on groundwater.  The quantity and quality 
of the project area’s groundwater needs to be further quantified.  Groundwater quantity would affect the 
grading of the ponds (less quantity would require deeper excavation) and groundwater quality would 
influence habitat vitality.  

Alternative 3 (Enhance Existing Non-Tidal Wetland Habitats). Alternative 3 would only minimally 
modify the existing hydrology of the project area.  Without changes to the surface water configuration, 
expansion of the project area’s existing wetland area would be limited. However, Alternative 3 would 
be the least costly alternative to implement because it would require the least amount of earthwork.  In 
addition, Alternative 3 would be the best alternative for minimizing edge effects by providing the 
greatest buffer distance from development along the edge of the wetland restoration area. 

The large expanses of coastal prairie created under Alternative 3 would enable accommodation of future 
sea level rise.  For Alternative 3U, additional consideration of sea level rise impacts to infrastructure 
would be needed.   

Project Phasing.   Because of its size and tidal prism requirement, the large subtidal lagoon at the 
center of Alternative 1 would be difficult to build in a phased manner.  Alternatives 2 and 3 could be 
implemented in phases because the components, smaller seasonal ponds or just coastal grassland, are 
more independent. 

                                              
1  Land acquisition costs were not considered in the costing analysis, which would increase the difference in the 

costs between Alternatives 1U and 1C. 
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Table 7-1. Habitat Acreages by Alternative 

Habitat 

Alternatives 

Create New Tidal Lagoon1 

(Alternative 1) 
Restore Seasonally Open Wetland 

 Habitats/Ponds1 
(Alternative 2) 

Enhance Existing Non-Tidal  
Wetland Habitats1 

(Alternative 3) No Project Alternative1 
(Alternative 4) Unconstrained 

(Alternative 1U) 
Constrained 

(Alternative 1C) 
Unconstrained 
(Alternative 2U) 

Constrained 
(Alternative 2C) 

Unconstrained 
(Alternative 3U) 

Constrained 
(Alternative 3C) 

Beach and Southern Foredune 127 79 152 90 153 92 86 
Backdune 70 50 55 44 85 65 0 
Southern Coastal Salt Marsh (Tidal) 437 180 246 78 44 0 0 
Southern Coastal Salt Marsh (Non-Tidal) 0 0 190 142 180 153 96 
Treatment Wetlands 21 7 25 7 24 8 0 
Coastal Grassland 171 50 221 70 222 69 0 
Coastal Grassland (Transitional) 162 36 308 127 650 295 0 
Seasonal Wetland Depression (Vegetated) 26 0 77 16 151 58 0 
Open Water 474 357 119 64 27 5 3 
Unvegetated Inter-Tidal 62 35 13 15 0 0 0 
Managed Duck Ponds 168 0 168 0  0 0 0 
Willow Scrub 38 0 43 5 8 4 0 
Brackish Marsh (Non-Tidal) 0 0 46 24 61 25 28 
Seasonal Pond / Panne 0 0 93 90 0 0 45 
Salt Grass 0 0 0 0 150 0 0 
Total Acreage2 1,756 794 1,756 772 1,755 774 2583 
1 All habitat types are provided as total acreage. 
2 As indicated in Figures 5-1 and 5-2, the property boundaries used to define the unconstrained and constrained alternatives’ acreages were prepared for general planning purposes only and were not land surveyed for parcel-specific legal boundaries or 

acreages.  Similarly, the Geographic Information System (GIS) data used to calculate total habitat acreages were not land surveyed for property-specific legal boundaries or acreage.  Due to the types of data used and differences in GIS calculation 
rounding, the total acreages presented in Table 7-1 differ from the total acreage of the unconstrained and constrained “footprints” by 26 acres and four (4) acres, respectively.  Assuming total acreage “footprints” of 1,730 acres for the unconstrained 
alternatives and 770 to 790 for the constrained alternatives, the total habitat acreages presented above may vary by 1.5% (unconstrained) and 0.5% (constrained). 

3 The total “footprint” of Alternative 4 is 540 acres, as shown on Figure 5-10. The remaining acreage (282 acres) associated with Alternative 4 would be comprised of alkali meadows, mixed transitional vegetation, a cultivated sod field (130 acres), 
developed/industrial uses, non-native grasslands, and coyote brush/eucalyptus and coyote brush/lollipop tree associations. 
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Table 7-2. Habitat Acreages for the Unconstrained Alternatives Northwest and Southeast of Arnold Road 
  Alternatives  
 
Habitat Create New Tidal Lagoon1 

(Alternative 1) 
Restore Seasonally Open Wetland 

 Habitats/Ponds1 
(Alternative 2) 

Enhance Existing Non-Tidal  
Wetland Habitats1 

(Alternative 3) 
 Northwest of Arnold Road Southeast of Arnold Road Northwest of Arnold Road Southeast of Arnold Road Northwest of Arnold Road Southeast of Arnold Road 
Beach and Southern Foredune 127 0 152 0 153 0 
Backdune 70 0 55 0 85 0 
Southern Coastal Salt Marsh (Tidal) 292 145 101 145 0 44 
Southern Coastal Salt Marsh (Non-Tidal) 0 0 190 0 180 0 
Treatment Wetlands 19 2 23 2 23 1 
Coastal Grassland 83 88 133 88 174 48 
Coastal Grassland (Transitional) 81 81 227 81 382 268 
Seasonal Wetland Depression (Vegetated) 0 2,626 51 26 87 64 
Open Water 452 22 97 22 19 8 
Unvegetated Inter-Tidal 62 0 13 0 0 0 
Managed Duck Ponds 0 168 0 168 0 0 
Willow Scrub 2 36 7 36 8 0 
Brackish Marsh (Non-Tidal) 0 0 46 0 61 0 
Seasonal Pond / Panne 0 0 93 0 0 0 
Salt Grass 0 0 0 0 19 131 
Total Acreage2 1,188 568 1,188 568 1,191 564 

1 All habitat types are provided as total acreage. 
2 As indicated in Figures 5-1 and 5-2, the property boundaries used to define the unconstrained and constrained alternatives’ acreages were prepared for general planning purposes only and were not land surveyed for parcel-specific legal boundaries or 

acreages. Similarly, the Geographic Information System (GIS) data used to calculate total habitat acreages were not land surveyed for property-specific legal boundaries or acreage. Due to the types of data used and differences in GIS calculation rounding, 
the total acreages presented in Table 7-1 differ from the total acreage of the unconstrained and constrained “footprints” by 26 acres and four (4) acres, respectively. Assuming total acreage “footprints” of 1,730 acres for the unconstrained alternatives and 
770 to 790 for the constrained alternatives, the total habitat acreages presented above may vary by 1.5% (unconstrained) and 0.5% (constrained). 
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Table 7-3. Biological Resources Considerations 

Habitat Type 

Alternatives 

Create New Tidal Lagoon1 

(Alternative 1) 
Restore Seasonally Open Wetland  

Habitats/Ponds1 
(Alternative 2) 

Enhance Existing Non-Tidal  
Wetland Habitats1 

(Alternative 3) No Project Alternative1 
(Alternative 4) Unconstrained 

(Alternative 1U) 
Constrained 

(Alternative 1C) 
Unconstrained 
(Alternative 2U) 

Constrained 
(Alternative 2C) 

Unconstrained 
(Alternative 3U) 

Constrained 
(Alternative 3C) 

Support Habitats for Special Status Species        
• Salt Marsh Bird’s-Beak Habitat (Acreage of 

Transitional Marsh) 
136 54 255 123 637 284 31 

• Tidewater Goby Habitat (Acreage Brackish 
Open Water) 0 0 119 64 27 0 0 

• Light-Footed Clapper Rail Habitat (Acreage 
of Low/High Salt Marsh-breeding; Acreage 
of Low Salt Marsh/Tidal Habitat-foraging) 

499 215 259 93 44 0 0 

• Western Snowy Plover Habitat (Acreage of 
Beach and Dune Habitat–breeding; Acreage 
of Tidal Habitat-foraging) 

 259 164 220 149 238 157 86 

• California Least Tern Habitat (Acreage of 
Beach and Dune Habitat–breeding; Acreage 
of Tidal and Open Water- foraging) 

 671 486 326 198 265 162 89 

• Least Bell’s Vireo Habitat (Acreage of 
Willow Scrub Habitat-breeding/foraging ) 

38 0 43 5 8 4 0 

• Belding’s Savannah Sparrow Habitat 
(Acreage of Southern Coastal Salt Marsh-
breeding; Acreage of Southern Coastal Salt 
Marsh and Adjacent Upland-foraging. 

604 264 339 136 360 0 0 

• Brown Pelican Habitat (Acreage of Open 
Water-foraging) 

474 357 119 64 27 5  3 

 Total Acreage 2,681 1,540 1,680 832 1,606 612 209 
Support Habitats for Native Species        
• Fish (Acreage of Subtidal Habitat) 474 357 119 64 27 5 0 
• Benthic (Acreage of Sub- and Intertidal 

Habitat) 536 392 132 79 27 5 0 

• Salt Marsh Vegetation  (Acreage) 437 180 436 220 224 153 96 
• Transitional Marsh Vegetation (Acreage) 92 36 211 101 615 269 21 
• Salt Grass Community (Acreage) 0 0 0 0 150 0 0 
• Salt Panne Community (Acreage) 0 0 93 90 0 0 45 
• Seasonal Open Water Community 

(Acreage) 168 0 261 90 0 0 45 

• Seasonal Hypersaline Community 
(Acreage) 0 0 93 90 0 0 45 

• Beach and Foredune Community (Acreage) 127 79 152 90 153 92 86 
• Backdune Community (Acreage) 70 50 55 44 85 65 0 
• Managed Waterfowl (Acreage of Managed 

Wetland) 168 0 168 0 0 0 0 

 Total Acreage 2,072 1,094 1,720 868 1,281 589 338 
1 All habitat types are provided as total acreage. 
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Table 7-4. Alternatives Evaluation Matrix 

Evaluation Criteria Comparative Metric 

Alternatives 
Create New Tidal Lagoon 

 (Alternative 1) 
Restore Seasonally Open Wetland 

Habitats/Ponds 
(Alternative 2) 

Enhance Existing Non-Tidal  
Wetland Habitats 

(Alternative 3) No Project Alternative 
(Alternative 4) Unconstrained 

(Alternative 1U) 
Constrained 

(Alternative 1C) 
Unconstrained 
(Alternative 2U) 

Constrained 
(Alternative 2C) 

Unconstrained 
(Alternative 3U) 

Constrained 
(Alternative 3C) 

Habitat Restoration         
Maximize Net Restored Aquatic 
Habitat Value  

Best = Total new aquatic habitat created within 
project site (includes subtidal, intertidal, and non-
tidal wetland) (acres) 

973 Acres 
1st 

572 Acres 
3rd 

707 Acres 
2nd 

415 Acres 
4th 

312 Acres 
5th 

183 Acres 
6th 

0 Acres 
7th 

Maximize Benefit to Wildlife 
Species 

Best = Number of habitat types created1  
 

12 Habitats 
 

 (BD, BS, CG, CE, DP, 
OW, SW, SM, TW, MF, 
WS, and CH) 
 
 

5th 

9 Habitats 
 
 (BD, BS, CG, CE, OW, 
SM, TW, MF, and CH) 
 
 
 

6th 

16 Habitats 
 

 (BD, BS, BM, CG, CE, 
DP, OW, SP, SW, SN, 
SM, TW, MF, WS, IC, 
and CH) 
 

1st 

15 Habitats 
 

 (BD, BS, BM, CG, CE, 
OW, SP, SW, SN, SM, 
TW, MF, WS, IC, and 
CH) 
 

2nd 

14 Habitats 
 

 (BD, BS, BM, CG, CE, 
OW, AM, SW, SN, SM, 
TW, WS, IC, and CH) 
 
 

3rd 

13 Habitats 
 

 (BD, BS, BM, CG, CE, 
OW, SW, SN, TW, WS, 
and CH)  
 
 

4th 

No new habitat created. 
There are 9 existing 
habitats: OW, BS, SP, 
SN, BM, NG, AM, SF, 
and MT.  
 

 
6th 

Maximize Benefit to Plant 
Species 

Best = Number of vegetated habitat types created1 
 

9 Habitats 
 
(Same as above but no 
OW, UI, or CH) 
 

2nd 

9 Habitats 
 
(Same as above but no 
OW, MF, or CH) 
 

2nd 

11 Habitats 
 
(Same as above but no 
OW, SP, MF, IC, or CH) 
 

1st 

11 Habitats 
 
(Same as above but no 
OW, SP, MF, IC, or CH) 
 

1st 

11 Habitats 
 
(Same as above but no 
OW, IC, or CH) 
 

1st 

11 Habitats 
 
(Same as above but no 
OW or CH) 
 

1st 

11 Habitats 
 
(Same as above but no 
OW, CH, IC, SP, or SF) 
 

1st 
Maximize Benefit to Fish 
Species 

Best= Acreage of available subtidal habitat 475 Acres 
1st 

357 Acres 
2nd 

119 Acres 
3rd 

64 Acres 
4th 

27 Acres 
5th 

5 Acres 
7th 

15 Acres 
6th 

Maximize Benefit to Listed 
Species  

Best = Extent of habitat for selected listed plant 
and wildlife species that could potentially be 
supported by the project2 

 
1st 

 
4th 

 
2nd 

 
5th 

 
3rd 

 
6th 

 
7th 

Maximize Preservation of 
Higher Quality Habitat  

Best = Avoidance/Preservation of highest-quality 
habitats (percent) 

54% 
5th 

28% 
7th 

75% 
4th 

44% 
6th 

99% 
2nd 

81% 
3rd 

100% 
1st 

Maximize Creation of High 
Quality Habitat  

Best = Acreage of new high quality habitat acreage 
created (see Section 5 and Section 6 Figures) 

1,412 Acres 
1st 

706 Acres 
4th 

1,209 Acres 
2nd 

569 Acres 
5th 

716 Acres 
3rd 

403 Acres 
6th 

0 Acres 
7th 

Maximize Total High Quality 
Habitat Preserved and Created  

Best = Total acreage of high quality habitat created 
and preserved minus high quality habitat converted 
to lower quality habitat 

1,394 Acres 
1st 

697 Acres 
3rd 

1,190 Acres 
2nd 

567 Acres 
5th 

677 Acres 
4th 

399 Acres 
6th 

258 Acres 
7th 

Enhance Wildlife Migration and 
Plant Dispersal Corridors 

Best = Minimize barriers between 
restored/preserved habitats and maximize 
connectivity to adjacent existing habitats 

No Barriers 
 
 
 
 
 
 

3 Barriers 
 
(1) Reliant Power Plant 
(47.41 acres; perimeter 
is 6,878 linear feet); 
(2) Agromin Property 
(19.21 acres; perimeter 
is 3,879 linear feet); 
(3) Halaco Site (37.93 
acres; perimeter is 5,475 
linear feet).  The 
elevated causeway 
should not be a barrier. 

No Barriers 
 

5 Barriers 
 
(1) Reliant Power Plant 
(47.41 acres; perimeter 
is 6,878 linear feet); 
(2) Agromin Property 
(19.21 acres; perimeter 
is 3,879 linear feet); 
(3) Halaco Site (37.93 
acres; perimeter is 5,475 
linear feet); 
(4) MWD Exclusion 
(24.24 acres; perimeter 
is 4,259 linear feet); 
(5) Edison Drive (5.67 
acres; perimeter is 5,506 
linear feet)  

No Barriers 
 
 

5 Barriers 
 
(1) Reliant Power Plant 
(47.41 acres; perimeter 
is 6,878 linear feet); 
(2) Agromin Property 
(19.21 acres; perimeter 
is 3,879 linear feet); 
(3) Halaco Site (37.93 
acres; perimeter is 5,475 
linear feet); 
(4) MWD Exclusion 
(24.24 acres; perimeter 
is 4,259 linear feet); 
(5) Edison Drive (5.67 
acres; perimeter is 5,506 
linear feet)  

5 Barriers 
 
(1) Reliant Power Plant 
(47.41 acres; perimeter 
is 6,878 linear feet);  
(2) Agromin Property 
(19.21 acres; perimeter 
is 3,879 linear feet); 
(3) Halaco Site (37.93 
acres; perimeter is 5,475 
linear feet); 
(4) MWD Exclusion 
(24.24 acres; perimeter 
is 4,259 linear feet); 
(5) Edison Drive (5.67 
acres; perimeter is 5,506 
linear feet)   

  1st 2nd 1st 3rd 1st 3rd 3rd 
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Evaluation Criteria Comparative Metric 

Alternatives 
Create New Tidal Lagoon 

 (Alternative 1) 
Restore Seasonally Open Wetland 

Habitats/Ponds 
(Alternative 2) 

Enhance Existing Non-Tidal  
Wetland Habitats 

(Alternative 3) No Project Alternative 
(Alternative 4) Unconstrained 

(Alternative 1U) 
Constrained 

(Alternative 1C) 
Unconstrained 
(Alternative 2U) 

Constrained 
(Alternative 2C) 

Unconstrained 
(Alternative 3U) 

Constrained 
(Alternative 3C) 

Minimize Potential for 
Colonization by Invasive 
Species 

Best = Acreage of habitat types least impacted by 
invasive plant species (subtidal, intertidal)1   
 

 
973 Acres 

 
1st 

 
572 Acres 

 
2nd 

 
378 Acres 

 
3rd 

 
157 Acres 

 
4th 

 
71 Acres 

 
5th 

 
5 Acres 

 
6th 

 
3 Acres 

 
7th 

Minimize Edge Effects Best = Maximum buffer distance from development 
along the edge of the wetland restoration area 
(feet)  

300 Feet 
5th 

150 Feet 
6th 

1,300 Feet 
3rd 

560 Feet 
4th 

4,000 Feet 
1st 

2,800 Feet 
2nd - 

Greatest Potential for 
Transition Zone Interaction to 
Maximize Biodiversity 

Best =  Greatest number of habitat type transitions 
(e.g. measure of the boundaries between habitat 
types)1 
 

20 Transitions 
 
(CE-SM, SM-TW, TW-
CG, TW-CE, TW-MF, 
TW-OW, OW-MF, OW-
SM, CE-CG, OW-BS, 
BS-BD, BD-SM, CG-SW, 
SW-CE, CE-DP, WS-
CG, WS-CE, CH-SM, 
DP-SM, SM-MF) 
 
 
 
 
 
 

4th 

14 Transitions 
 
(CE-SM, SM-TW, TW-
OW, OW-MF, OW-SM, 
CE-CG, OW-BS, BS-BD, 
BD-SM, CG-SW, SW-
CE, CH-SM, SM-MF, 
TW-CG) 
 
 
 
 
 
 
 

 
6th 

35 Transitions 
 
(CE-SM, TW-OW, OW-
MF, CE-CG, OW-BS, 
BS-BD, BD-SM, CG-SW, 
SW-CE, CE-DP, WS-
CG, WS-CE, CH-SM, 
DP-SM, SM-MF, SP-SN, 
SP-BD, SN-SM, BD-SN, 
SN-CE, BM-TW, WS-
TW, OW-BM, CH-MF, 
CH-OW, IC-BS, BM-BS, 
BM-BD, BM-MF, BM-
SM, TW-CG, TW-CE, 
WS-CE, WS-OW, BM-
CE) 

1st 

29 Transitions 
 
(CE-SM, TW-OW, OW-
MF, CE-CG, OW-BS, 
BS-BD, BD-SM, CG-SW, 
SW-CE, CE-DP, WS-
CG, WS-CE, CH-SM, 
DP-SM, SM-MF, SP-SN, 
SP-BD, BD-SN, SN-CE, 
WS-TW, OW-BM, IC-BS, 
BM-MF, BM-SM, TW-
CG, TW-CE, WS-CE, 
WS-OW, BM-CE) 
 
 
 

2nd 

22 Transitions 
 
(CG-CE, CG-WS, CG-
TW, WS-OW, WS-BM, 
WS-TW, TW-OW, TW-
BM, TW-CE, BM-SN, 
BM-BD, OW-BS, BD-SN, 
SN-CE, CE-SW, CE-AM, 
AM-SN, AM-SM, SM-
CH, SW-CG, BD-BS, 
WS-CE) 
 
 
 
 
 

3rd 

15 Transitions 
 
(CG-CE, WS-BM, WS-
TW, TW-OW, TW-BM, 
TW-CE, BM-SN, OW-
BS, BD-SN, SN-CE, CE-
SW, CE-AM, SW-CG, 
BD-BS, WS-OW) 
 
 
 
 
 
 
 

 
5th 

9 Transitions 
 
(BM-NG, BM-OW, MT-
SN, SN-OW, SN-SP, 
BS-OW, BS-MT, SP-AM, 
MT-SP)  
 
 
 

 
 
 
 
 
 
 

7th 
Environmental Quality         
Minimize Potential 
Contaminant Exposure   

Best = Lowest disposal volume of potentially 
contaminated soils (cubic yards [cy3]) 

6,071,000 cy3 
5th 

4,145,000 cy3 
4th 

2,470,000 cy3 
3rd 

2,170,000 cy3 
2nd 

0 cy3 
1st 

0 cy3 
1st 

0 cy3 
1st 

Maximize Water Quality Best = Shortest residence time (days) (See also 
“‘Maximize Inlet Resistance to Closure” and 
Section 6)  

0.95 Days 
4th 

0.90 Days 
3rd 

0.63 Days 
2nd 

0.63 Days 
2nd 

0.53 Days 
1st 

0.53 Days 
1st 

0.53 Days 
1st* 

Maximize Buffering of 
Degraded Inflows 

Best = Largest area of treatment wetlands (acres) 21 Acres 
3rd 

7 Acres 
5th 

25 Acres 
1st 

7 Acres 
5th 

24 Acres 
2nd 

8 Acres 
4th 

0 Acres 
6th 

Hydrology and Geomorphology        
Maximize Tidal Area Best = Maximum area under tidal influence (acres)  974 Acres 

1st 
537 Acres 

2nd 
379 Acres 

3rd 
157 Acres 

4th 
71 Acres 

5th 
20 Acres 

6th 
20 Acres 

6th 
Maximize Tidal Range  Best = Maximum tide range (feet) [% ocean tide 

range] 
4.4 Feet [81%] 

1st 
3.8 Feet [70%] 

2nd 
2.5 Feet [46%] 

3rd 
2.3 Feet [42%] 

4th - - - 
Minimize Fluvial Flood Hazard Best = Largest reduction to existing flood stage 

elevation3 
1st 2nd 3rd 3rd 4th 4th 4th 

Sustainability         
Maximize Inlet Resistance to 
Closure 

Best = Largest tidal prism (acre feet [AF]) 2,300 AF 
1st 

1,700 AF 
2nd 

410 AF 
3rd 

370 AF 
4th 

- - - 

 Minimize Inlet Migration Risk 
to Infrastructure 

Best = Largest distance to infrastructure, largest 
number of jetties and/or smallest tidal prism3 3rd 5th 2nd 4th 1st 1st 1st 

Minimize Sea Level Rise 
Effects to Habitats 

Best = Maximize creation of intertidal wetlands3 4th 5th 3rd 3rd 1st 2nd 2nd 
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Evaluation Criteria Comparative Metric 

Alternatives 
Create New Tidal Lagoon 

 (Alternative 1) 
Restore Seasonally Open Wetland 

Habitats/Ponds 
(Alternative 2) 

Enhance Existing Non-Tidal  
Wetland Habitats 

(Alternative 3) No Project Alternative 
(Alternative 4) Unconstrained 

(Alternative 1U) 
Constrained 

(Alternative 1C) 
Unconstrained 
(Alternative 2U) 

Constrained 
(Alternative 2C) 

Unconstrained 
(Alternative 3U) 

Constrained 
(Alternative 3C) 

Costs and Construction         
Minimize Construction Costs  Best = Lowest construction cost  $757,130,000 

6th 
$519,320,000 

5th 
$292,570,000 

4th 
$225,620,000 

3rd 
$40,750,000 

2nd 
$23,430,000 

1st 
$0 

(N/A) 
Maximize Project Cost 
Effectiveness  

Best = Lowest cost per acre ($/acre) $431,000 
5th 

$654,000 
6th 

$167,000 
3rd 

$292,000 
4th 

$23,000 
1st 

$30,000 
2nd 

$0 
(N/A) 

Maximize Aquatic Habitat Cost 
Effectiveness  

Best = Lowest cost per net total new aquatic 
habitat created ($/acre) 

$778,000 
5th 

$908,000 
6th 

$414,000 
3rd 

$544,000 
4th 

$131,000 
2nd 

$128,000 
1st 

$0 
(N/A) 

Minimize Construction Impacts 
to Existing Habitat and Wildlife  

Best = Smallest area impacted during construction 
(acres) 

1,756 
5th 

794 
3rd 

1,756 
6th 

772 
1st 

1,755 
4th 

774 
2nd 

0 
(N/A) 

Minimize Construction Impacts 
to Surrounding Land Uses and 
Built Environment  

Best = Lowest construction-related activities 
(duration and intensity) affecting issues such as 
transportation, noise and air quality as quantified 
by smallest total volume of earthwork (cubic yards) 

12,108,000 
6th 

7,536,000 
5th 

4,361,000 
4th 

2,938,000 
3rd 

250,000 
2nd 

200,000 
1st 

0 
(N/A) 

 
1  Key to Habitat Types         
 AF Agricultural Field CE Coastal Grassland (Ecotone) IC Intermittent Channel OW Open Water SP Seasonal Pond/Panne 
 AM Alkali Meadow/Salt Grass CH Channel MF Mudflats (Unvegetated Inter-Tidal) SF Cultivated Sod Field SW Seasonal Wetland Depression (Vegetated) 
 BD Backdune CG Coastal Grassland MT Mixed Transitional SM Southern Coastal Salt Marsh (Tidal) TW Treatment Wetlands 
 BM Brackish Marsh DI Developed/Industrial NG Non-Native Grassland SN Southern Coastal Salt Marsh (Non-Tidal) WS Sothern Willow Scrub 
 BS Beach & Southern Foredune DP Managed Duck Ponds       
 

2 Evaluation criteria is a quantitative ranking for creating the most habitat for salt marsh bird’s beak, tidewater goby, light-footed clapper rail, western snowy plover, California least tern, least bell’s vireo, belding’s savannah sparrow, and brown pelican.  One (1) is most favorable.   
3 Criterion is a qualitative ranking, specific to that criterion, rather a quantitative measure.  The basis for qualitative rankings is provided in Sections 6 and 7 of the Feasibility Study.  First (1st) is most favorable.  Each less favorable ranking, i.e. second as opposed to first, represents a 

significant change in favorability.  Since several alternatives may be nearly identical and have the same ranking, the least favorable ranking changes between criteria (e.g., sometimes 1st-4th, sometimes 1st-5th). 
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8. RECOMMENDATIONS FOR THE PROJECT’S FUTURE STEPS 

To facilitate future planning, design and regulatory approval steps for the project, the DIG established a 
series of short- and long-term recommendations for the SCC’s consideration. The recommendations 
have been grouped according to their subject matter, including biological resources, environmental 
resources and physical processes, regulatory reviews and approvals, and economics (e.g., project costs 
and funding sources).  

Each recommendation has also been categorized according to the phase of the project within which the 
results of the recommendation would be needed, or otherwise should be initiated.  The first category 
addresses project design; it includes refinement and optimization of the conceptual alternatives 
addressed in this Feasibility Study for the purposes of the project’s environmental review, and final 
design and engineering for the alternative that is selected for implementation (e.g., the “approved 
project”). The second category addresses regulatory processes. This category also has two components.  
The first addresses needs for preparation of the project’s environmental review document and 
completion of its decision making process. The second speaks to regulatory permit acquisition and 
approvals, which, for some regulatory agencies, cannot be completed until the project’s environmental 
review process is complete and the project’s final design and engineering have been established. The 
third category addresses project implementation, which includes project construction, management and 
monitoring.  

Realistically, implementation of all of the recommendations provided to the SCC is not considered 
feasible.  Constraints associated with their funding will likely be a limiting factor.  Additionally, not all 
of the recommendations are necessary for the project’s implementation. As such, each recommendation 
has been prioritized for the SCC’s consideration; it is noted, however, that as the project progresses 
additional prioritization of the recommendations may be warranted.  The prioritization of the 
recommendations for this Feasibility Study includes:  

• Critical: Completion of the recommendation is considered an absolute necessity for project implementation 
and success;  

• Very High: Completion of the recommendation is considered extremely important to project implementation 
and success; 

• High: Completion of the recommendation is considered important, but if it is not undertaken it would not 
pose a “fatal flaw” to the project’s implementation and success; and, 

• Advantageous: Completion of the recommendation would benefit some aspect (or aspects) of the project, but 
it is not necessary for the project’s implementation and success. 

Short-term recommendations relate to studies and actions that can be initiated within the next one to 
three years. Long-term recommendations relate to studies and actions that can be initiated during the 
project’s implementation, assuming an estimated 50-year planning horizon. Table 8-1, located at the 
end of this section, provides a summary of the recommendations. 
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8.1 SHORT-TERM RECOMMENDATIONS 

8.1.1 Biological Resources 

Prepare Species-Specific Pre-Restoration Studies  

Purpose. These studies are intended to (1) gain a greater understanding of the project area’s various 
biological attributes as well as their relationships to each other, (2) further refine what species-specific 
restoration techniques and concepts are most likely to succeed, and (3) assist with the development of 
success criteria at species-specific, habitat-specific and overall ecological scales. For several species it 
would be ideal to have at least two seasons (e.g., years) of data collection and assessment. Additionally, 
some surveys must be conducted within a specific timeframe, and their advance planning and 
completion would help avoid future “critical path” data gaps.  

Project Phase. The results of these studies would provide valuable information during refinement and 
optimization of the conceptual alternatives, as well as during final design and engineering of the 
approved project. The “baseline” data collected from these studies would also facilitate preparation of 
the project’s environmental review document and its regulatory permit acquisition and approvals 
process. 

Priority. Advantageous to Critical. Some species-specific studies are considered an absolute necessity 
while others would provide additional scientific knowledge, at both local and regional scales, that 
would benefit the project but are not considered essential to its success.  Prioritization is provided 
below at a study-specific level. Additional prioritization may be warranted as the project’s planning 
process moves forward. 

The following species-specific studies listed have been identified:  

• Locate nesting sites for Belding’s Savannah Sparrow (Passerculus sandwichensis beldingi) versus observed 
non-nesting use/foraging areas and describe their habitat differences such as tidal versus nontidal, dominant 
vegetation and density, etc.    

Priority. Critical   

• Determine pollinators for Salt Marsh Bird’s-Beak (Cordylanthus maritimus) and locate breeding habitat for 
pollinators (e.g., native, solitary ground-nesting bees) and identify habitat characteristics of the project area’s 
sub-population for this species including soil type, salinity, inundation depth/duration, host plant(s), etc. 

Priority.  Critical 

• Determine which stands of Saltgrass (Distichlis spicata) sustain populations of the Wandering Skipper 
(Panoquina errans), a butterfly of special concern. Establishing new sub-populations of this species may 
depend on the nature of the Saltgrass stands and the availability of nectar plants for the adult Wandering 
Skippers. 

Priority.  High 

• Determine the conditions under which Salt Marsh Goldfields (Lasthenia glabrata ssp. coulteri) can be 
sustained within the project area, if additional sub-populations can be established, and if existing populations 
should be proposed for removal as a result the project’s final engineering and design plans. 

Priority.  High 

• Determine if the project area’s dunes support populations of Globose Dune Beetles (Coelus globosus), Ciliate 
Dune Beetles (Coelus ciliatus), and Silvery Legless Lizards (Anniella pulchra pulchra) and if there are there 
any threats to the long-term sustainability of their occurrence.  
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Priority. Advantageous to High 

• Determine the distribution of Juncus acutus and other plant species along the interface of the project area’s 
dunes and marsh and evaluate the potential dependence of these species on freshwater from the dunes.  

Priority.  Advantageous 

• Determine if the project area supports three common snails of intertidal salt marshes (Cerethidea, Melampus, 
and Assiminea) and their habitat preferences. Evaluate if existing subpopulations of these species will be 
impacted by the project and if they can be translocated successfully to other sites or new sites within the 
project area. If absent, evaluate if they can they be translocated from another estuary or inoculated through 
natural processes.   

Priority. High 

• If California Hornsnails (Cerethidea californica) are present, evaluate if and how they support trematodes. 
Determine what species of trematodes are present, and as a group, evaluate if they represent a healthy or 
degraded system.  

Priority. High 

• Determine if the project area supports populations of staphylinid beetles and if the project can support these 
species. 

Priority.  Very High 

• Monitor populations of New Zealand mudsnails (Potamopyrgus antipodarum) in the project area and evaluate 
methods for its eradication. The species has been observed northwest of the project area and its introduction 
into the project area could result in significant damage to biological resources. 

Priority. Advantageous 

• Sample the small mammal population of the project area to determine which species are present, what habitats 
they frequent, and if they are prey for raptors, herons, and egrets.  Evaluate if any small mammals are not 
present in the project area, and if there are habitats to support them under existing conditions. 

Priority.  Advantageous 

In addition to the above, the following experimental studies have been identified: 

• Conduct translocation and greenhouse/nursery experiments with Salt Marsh Goldfields and Salt Marsh Bird’s 
Beak to help understand the habitat parameters of these species and evaluate whether the project can 
successfully accommodate sub-populations. Identify any limitations in dispersal mechanisms and determine if 
the limitations contribute to the distribution of subpopulations. (Prior to implementation, acquire any 
applicable regulatory permits or approvals).  

Priority.  Critical 

• Conduct enhancement/restoration experiments in the wetland transition and upland habitats, including 
removal of invasive weeds and the planting of native species, to determine the effects of both actions and how 
the experiments might help guide the design and implementation of project-wide transition and upland buffer 
creation, enhancement and restoration efforts.  (Prior to implementation, acquire any applicable regulatory 
permits or approvals.) 

Priority. Advantageous to Critical 

Prepare Analysis of Environmentally Sensitive Habitat Areas   

Purpose.  The purpose of this analysis is to identify Environmentally Sensitive Habitat Areas (ESHAs) 
within the project area to ascertain if implementation of the project would require additional 
compensation/mitigation per the California Coastal Commission’s ESHA Guidelines. 
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Project Phase.  Identifying ESHA’s within the project area prior to refinement and optimization of the 
conceptual alternatives would allow for the avoidance or minimization of ESHA impacts, which, in 
turn, would reduce possible compensation and mitigation requirements.   

Priority.  High 

Prepare Essential Fish Habitat Analysis 

Purpose.  The purpose of this analysis is to identify existing Essential Fish Habitat (EFH) within the 
project area. The analysis should include a determination as to whether tidewater gobies are restricted 
to the J-Street and Hueneme Drain area or if they also occur along the Oxnard Industrial Channel. It is 
recommended that the analysis include a monitoring program to evaluate the salinity of the J Street 
lagoon to ascertain the viability of those project alternatives that include tidewater goby habitat.   

Project Phase.  Preparing the EFH analysis prior to refinement and optimization of the conceptual 
alternatives would allow for the avoidance or minimization of EFH impacts and additionally provide the 
opportunity to further assess the viability of creating new tidewater goby habitat.   

Priority.  Critical.  Completing the EFH analysis early would support and advance all future phases of 
the project.   

8.1.2  Environmental Resources and Physical Processes 

Prepare Ecological Gaps Analysis 

Purpose.  The purpose of this analysis it to identify gaps in the regional ecological functions of the 
project area to maximize opportunities that support weak or missing functions.   

Project Phase.  Identifying gaps in the region’s ecological functions prior to refinement and 
optimization of the project’s conceptual alternatives would ultimately maximize the project’s 
environmental benefits at both local and regional scales. The results of the analysis would also be useful 
during preparation of the project’s environmental review document by providing additional information 
in support of the project’s stated objectives, as required by both CEQA and NEPA.  

Priority.  High 

Complete Cross-Sections 

Purpose. The purpose of completing two-dimensional cross-sections of each of the project’s conceptual 
alternatives is to provide a means of evaluating their relatedness in terms of habitat types, topography, 
sea level, hydrology and other environmental factors.   

Project Phase. Completion of the cross-sections should be done prior to refinement and optimization of 
the project’s conceptual alternatives to ensure their long-term success and sustainability. 

Priority.  Critical 

Complete a Regional Littoral Sediment Budget Analysis   

Purpose.  The results of a sediment budget analysis from Port Hueneme to Point Mugu would improve 
current predictions for inlet resistance to closure, thereby increasing the level of confidence in creating 
sustainable habitats for some of the project’s alternatives.  
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Project Phase.  The results of the sediment budget analysis prior to refinement and optimization of the 
project’s conceptual alternatives are considered a key aspect of the project’s future steps and imperative 
for completion of the approved project’s final engineering and design plans.   

Priority:  Critical if Alternative 1 is chosen as the proposed project; High for the remaining 
alternatives.  

Complete Nearshore Wave Monitoring   

Purpose.  The purpose of this monitoring program is to assess local nearshore wave patterns to further 
refine and improve predictions for inlet stability and resistance to closure, which would improve the 
degree of confidence in developing long-term, viable wetland habitats. It is suggested that the Coastal 
Data Information Program (CDIP) be contacted for possible collaboration opportunities.  

Project Phase.  The monitoring program should be implemented well in advance of the refinement and 
optimization phase of the project’s conceptual alternatives to ensure that the resulting data is considered 
for long-term sustainability. Data collected from the monitoring program is also considered essential for 
the approved project’s final engineering and design plans.   

Priority.  Critical if Alternative 1 is chosen as the proposed project; High for the remaining 
alternatives. 

Complete Morphological Modeling of Inlet   

Purpose.  The purpose of the morphological modeling for those conceptual alternatives that involve an 
inlet, in terms of location, migration, ebb and flood shoals bathymetry, and influence on their 
respective lagoon’s tidal range, would help refine decisions related to the need for, and geometry of, 
jetties. The modeling would also assist with the development of site grading plans and infrastructure 
protection requirements.    

Project Phase.  Completion of the modeling should be done prior to refinement and optimization of the 
project’s conceptual alternatives to ensure their long-term viability.   

Priority.  Critical 

Prepare Agricultural Drainage Study 

Purpose.   The purpose of this Study is to assess the project area’s agricultural drainage connectivity, 
discharge and conveyance capacity.  The Study should include assessment of subsurface drains and 
limiting culvert capacity of the duck club property to ensure that the water supply needed for the project 
is sufficient.  

Project Phase.  The Study should be prepared prior to refinement and optimization of the project’s 
conceptual alternatives as it would be highly instrumental in identifying any alternative that may be 
infeasible.   

Priority.  Critical 

Prepare Sea Level Rise and Coastal Flood Inundation Study   

Purpose. The purpose of this Study is to predict changes to the project area’s coastline in response to 
anticipated sea level rise and assess the project area’s coastal flood inundation zones as they relate to 
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sea level rise. The results of the Study would be useful for land acquisition strategies, as well as 
establishment of final engineering and design plans as well as grading plans. The Study may 
additionally be used to further refine all of the alternatives that are truly viable and thus carried forward 
for detailed analysis in the project’s environmental review document. 

Project Phase. The Study should be completed either prior to or during refinement and optimization of 
the project’s conceptual alternatives.   

Priority.  Critical 

Prepare a Groundwater Study 

Purpose. The purpose of the Groundwater Study is to assess the hydraulic conductivity and 
groundwater flow rates in project area’s semi-perched surface aquifer and examine the connectivity 
between semi-perched and deep aquifers of the project area to assess potential salinity intrusion.  
Identification of the potential location of seeps and springs fed from shallow groundwater sources for 
each alternative also is important for potential establishment of brackish marsh habitat and nontidal 
palustrine marshes on the margins of estuary.    

Project Phase. The Study should be prepared prior to preparation of the project’s environmental review 
document as its results would be instrumental in identifying excavation requirements, particularly as 
related to the current conceptual plans for Alternative 2. 

Priority.  Critical 

Prepare a Subsidence Feasibility Analysis 

Purpose.  The purpose of this analysis is to assess of the feasibility and costs of pumping groundwater 
to cause managed subsidence of the project area to reduce the need for excavation and provide a water 
source for the project.  If this analysis concludes that managed subsidence is a viable option for one or 
more alternatives, it would likely lessen project implementation costs due to reduced excavation costs. 

Project Phase. Should the SCC wish to pursue to feasibility of managed subsidence this Study should 
be prepared prior to or during refinement and optimization of the project’s conceptual alternatives and 
before preparation of the project’s environmental review document. 

Priority. Critical 

Complete Water Quality Monitoring and Sampling Program   

Purpose. The purpose of this program is to ensure that the quality of the water sources required for the 
long-term sustainability of the project is adequate. The program should include a wide range of 
sampling locations and be undertaken over multiple seasons.   

Project Phase.  The program should be initiated prior to or during refinement and optimization of the 
project’s conceptual alternatives and completed prior to final engineering and design of the approved 
project.   

Priority. Critical 
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Prepare an Ecological Risk Analysis 

Purpose.  The purpose of this analysis is to further evaluate the historic and existing contaminant 
sources within and surrounding the project area to determine: (1) the volume of excavated soil that 
could be re-used on-site versus the volume of excavated soil that would need to be transported and 
disposed of off-site; and, (2) the potential effects of these contaminant sources on the habitats created. 
The archived soil samples that were collected during the project’s Site-Wide Soil/Surface Water 
Investigation are recommended for this analysis. A program for cooperative data sharing with the 
USEPA could also be pursued to facilitate this analysis. The recommendations of the Site-Wide 
Soil/Surface Water Investigation should be integrated into the analysis. 

Project Phase.  The analysis should be completed prior to or during refinement and optimization of the 
project’s conceptual alternatives.   

Priority. Critical 

Integrate Public Access and Recreation Plans into Project Design Plans   

Purpose.  The purpose of this process is to integrate the “Access Vision Plan” into the conceptual 
alternatives that have been developed for the project. The process would require careful consideration 
of the project’s habitat restoration goals and objectives versus public access and use and the restrictions 
that may be necessary for habitat protection.   

Project Phase.  The integration process should be completed during refinement and optimization of the 
project’s conceptual alternatives.   

Priority. Critical 

8.1.3  Regulatory Processes 

Identify Proposed Project 

Purpose. The purpose of this recommendation is to establish which alternative the SCC wishes to 
pursue as the “proposed project” for completion of the environmental review and decision making 
process. To facilitate identification of the type of environmental review document to be prepared and to 
guide the document’s impact analysis, this process should additionally include a determination as to 
whether the project’s implementation will be phased.    

Project Phase.  The proposed project must be identified prior to preparation of the project’s 
environmental review document. 

Priority. Critical 

Identify and Coordinate with the Federal Lead Agency  

Purpose.  It is currently anticipated that a joint CEQA/NEPA environmental review document would 
need to be prepared for the project and that the USACE, Los Angeles District, would act as the federal 
Lead Agency. The purpose of this recommendation is to verify that the project’s environmental review 
requires consideration under NEPA and that the USACE will act at the federal Lead Agency.   
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Project Phase.  Verification of NEPA compliance and identification of the federal Lead Agency must 
be completed prior to preparation of the project’s environmental review document. Coordination with 
USACE should be initiated as soon as the SCC identifies the proposed project.    

Priority. Critical 

Initiate Public and Involvement and Participation Program 

Purpose.  The purpose of this program is to facilitate the public’s understanding, acceptance and 
support of the project. This program would also assist with the early resolution of possible issues of 
concern and controversy that could hinder the project’s environmental review process.    

Project Phase. This program should be initiated prior to the “formal” start of the project’s 
environmental review process (e.g., publication of a Notice of Intent/Notice of Preparation) so that the 
public, local stakeholders and affected agencies are provided with the opportunity to comment on the 
project and its alternatives. 

Priority. Very High 

Initiate Informal Agency Consultations   

Purpose.  The purpose of initiating informal agency consultations is to facilitate the project’s regulatory 
permit acquisition process and ensure that agency concerns are appropriately addressed in the project’s 
environmental review document. 

Project Phase.  The informal agency consultations should be initiated prior to preparation of the 
project’s environmental review document. 

Priority. Very High 

Complete Formal Wetland Delineation 

Purpose. The purpose of completing a formal wetland delineation of the project area is to support 
regulatory permitting with federal agencies including the USACE and USFWS and State agencies 
including the CDFG and CCC. Completion of the delineation would additionally facilitate completion 
of the biological and water resources analyses of the project’s environmental review document. Because 
the CCC and CDFG criteria for delineating wetlands within the Coastal Zone generally includes more 
wetland habitat than the USACE three-parameter approach, and because outside the limit of the Coastal 
Zone the CDFG’s approach would likely include more wetland habitat than the USACE approach, it 
will be important to conduct more than one delineation for the entire set of properties that make up the 
final project area. It will also be important determine the differences among the regulatory boundaries 
for the federal and State agencies. The USFWS approach would generally be consistent with the State’s 
approaches rather than the USACE approach.  

Project Phase.  The wetland delineation should be completed prior to preparation of the project’s 
environmental review document. 

Priority. Critical 
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Complete Cultural Resources Phase I or Phase II Investigation  

Purpose.  The purpose of this investigation, as warranted, is to ascertain if significant cultural 
resources would be affected by project implementation so that a Section 106 consultation process with 
the SHPO can be initiated as soon as possible. Establishing the need for a Section 106 consultation is 
key because there are no regulatory time limits for its completion, and several agencies, including the 
USACE will not issue their permits and approval until the Section 106 SHPO consultation is complete. 

Project Phase.  The investigation should be completed either prior to or during preparation of the 
project’s environmental review document. 

Priority. Very High 

Complete Environmental Review and Permit Acquisition Processes   

Purpose. The purpose of this recommendation is to ensure that all regulatory review processes and 
approvals are complete prior to project implementation.  

Project Phase. The environmental review and decision making process must precede the regulatory 
permit acquisition and approval process.  Some regulatory permits and approval may not be issued until 
final engineering and design of the approved project are complete. 

Priority. Critical 

Prepare Wetland Restoration Management and Monitoring Plan 

Purpose.  The purpose of the Wetland Restoration Management and Monitoring Plan (Management and 
Monitoring Plan) is to guide all future phases of the project once the proposed project has been 
established.  The Management and Monitoring Plan should be flexible, interdisciplinary, programmatic 
and adaptive to ensure that ecosystem functions and social and economic values are sustained.  The 
Management and Monitoring Plan should also include additional monitoring and management activities 
that such as watershed and water quality monitoring, habitat-specific sustainability success criteria and 
sea level rise monitoring.   

Project Phase.  A Draft Management and Monitoring Plan should be relatively well established prior to 
preparation of the project’s environmental review document. A Final Management and Monitoring Plan 
may be required by some regulatory agencies prior to issuance of permits and approvals, and must be 
complete prior to project implementation.  

Priority. Critical 

8.1.4  Economics 

Complete Cost Feasibility Analysis  

Purpose. The purpose of this analysis is to complete a detailed cost feasibility analysis of the project’s 
refined and optimized alternatives to determine if any of them are too costly to pursue. Although the 
project’s environmental review document cannot dismiss alternatives solely on the basis of economic 
constraints, a detailed cost analysis would assist with the “paring down” of those alternatives that were 
considered but ultimately considered infeasible. The analysis would also provide valuable information 
for the SCC’s future pursuit of potential funding sources.   
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Project Phase.  The analysis should be completed prior to preparation of the project’s environmental 
review document. 

Priority. Critical 

Assess Funding Potential Under the USACE In-Lieu Fee Program   

Purpose. The purpose of this assessment is to ascertain if the project is a candidate for funding under 
the USACE in-lieu fee program per the “Mitigation Rule” published April 10, 2008.   

Project Phase. The assessment should be completed prior to or during preparation of the project’s 
environmental review document.  

Priority. Very High 

Complete Carbon Sequestering Analysis 

Purpose.  The purpose of this analysis is to estimate and compare carbon sequestration potential of the 
project’s refined and optimized alternatives. Under the right conditions, tidal marsh vegetation can 
extract and sequester carbon dioxide, a climate-changing greenhouse gas, from the atmosphere. Partial 
project funding may be available from the sale of carbon credits for carbon sequestered as a result of 
project implementation.  

Project Phase.  The analysis should be prepared following refinement and optimization of the project’s 
conceptual alternatives. The analysis could be integrated into the scope of the project’s environmental 
review document.   

Priority.  High 

8.2 LONG-TERM RECOMMENDATIONS 

8.2.1 Biological Resources 

Develop and Implement Seed Collection Program 

Purpose.  The purpose of this recommendation is to develop a program for on-site seed collection and 
the propagation of plant materials for long-term use within the project area. Implementation of the 
program would help maintain local genotype and may be the only viable method of providing the 
required plantings necessary for full restoration.  Implementation of the program is considered key to 
the project’s long-term viability. It will be important to understand the viability of seed for each species 
collected, because some species will have short periods of viability and cannot be stored for long 
periods. Additionally, some species are likely to have dormancies mechanisms, which will have to be 
understood to be able to initiate germination. 

Project Phase.  The program should be initiate soon after the approved project has been established and 
all properties for project implementation have been secured. 

Priority.  Very High 
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8.2.2 Environmental Resources and Physical Processes 

Implement and Evaluate Wetland Restoration Management and Monitoring Plan 

Purpose.  Implementation of the Wetland Restoration Management and Monitoring Plan (Management 
and Monitoring Plan) will be the primary mechanism for the project’s short- and long-term success. 
Evaluation and revision to the Management and Monitoring Plan should be completed at routine 
intervals to achieve a long-term management strategy that is flexible and adaptive to resource/issue-
specific site conditions as they evolve.   

Project Phase.  Implement as first task of any pre-construction activities. Evaluate and revise every five 
years or as warranted by project site conditions. 

Priority. Critical 

8.2.3 Regulatory Processes 

Develop and Implement Permit Compliance Plan 

Purpose.  The purpose of the Permit Compliance Plan (Compliance Plan) is to ensure that all of the 
conditions of the project’s regulatory permits and approvals are implemented. The Compliance Plan 
should categorize the conditions into pre-construction, construction and project implementation phases 
as well as by resource/issue-area. The Compliance Plan should additionally identify any reports that 
may need to be prepared for agency review and the required submittal timing of these reports.  

Project Phase.  Development of the Compliance Plan’s organization and structure should begin during 
the project’s regulatory permit acquisition process and completed immediately upon receipt of all of the 
project’s regulatory permits and approvals. The duration of the Compliance Plan’s implementation 
would be contingent upon the stipulations of each of the project’s agency-specific permits or approvals. 

Priority.   Very High 

8.2.4 Economics 

Develop Long-Term Funding Program 

Purpose.  The purpose of this program is to develop and implement a strategy that would ensure a 
funding source (or sources) for the project’s long-term management and monitoring. The program 
should be flexible and allow for regular evaluation to address changing economic conditions and new 
funding opportunities that will evolve with time. The goal of the program should be to secure project 
funding in perpetuity. 

Project Phase.  The program should be developed and implemented as soon as the approved project is 
established and the properties necessary for its implementation are secured. 

Priority.  Critical 

 



Ormond Beach Wetland Restoration 
Feasibility Study 

 
 

October 2009 8-12 Final 

Table 8-1.  Summary of Short- and Long-Term Recommendations 
Recommendation Project Phase Priority 
Short-Term Recommendations   
Biological Resources   
Prepare Species-Specific Pre-Restoration Studies Prior to refinement and optimization of the conceptual alternatives Critical to 

Advantageous1 
Prepare Analysis of Environmentally Sensitive Habitat Areas Prior to refinement and optimization of the conceptual alternatives High 
Prepare Essential Fish Habitat Analysis Prior to refinement and optimization of the conceptual alternatives Critical 
Environmental Resources and Physical Processes   
Prepare Ecological Gaps Analysis Prior to refinement and optimization of the conceptual alternatives High 
Complete Cross-Sections Prior to refinement and optimization of the conceptual alternatives Critical 
Complete a Regional Littoral Sediment Budget Analysis   Prior to refinement and optimization of the conceptual alternatives Critical to 

High2 
Complete Nearshore Wave Monitoring Prior to refinement and optimization of the conceptual alternatives Critical to 

High2 
Complete Morphological Modeling of Inlet Prior to refinement and optimization of the conceptual alternatives Critical 
Prepare Agricultural Drainage Study Prior to refinement and optimization of the conceptual alternatives Critical 
Prepare Sea Level Rise and Coastal Flood Inundation Study Prior to or during refinement and optimization of the project’s conceptual alternatives Critical 
Prepare a Groundwater Study Prior to preparation of the project’s environmental review document Critical 
Prepare a Subsidence Feasibility Analysis Prior to or during refinement and optimization of the project’s conceptual alternatives Critical  
Complete Water Quality Monitoring and Sampling Program Initiated prior to or during refinement and optimization of the project’s conceptual 

alternatives 
Critical 

Prepare an Ecological Risk Analysis Prior to or during refinement and optimization of the project’s conceptual alternatives Critical 
Integrate Public Access and Recreation Plans into Project Design 
Plans   

During refinement and optimization of the project’s conceptual alternatives Critical 

Regulatory Processes   
Identify Proposed Project Prior to preparation of the project’s environmental review document Critical 
Identify and Coordinate with the Federal Lead Agency Prior to preparation of the project’s environmental review document Critical 
Initiate Public and Involvement and Participation Program Prior to preparation of the project’s environmental review document Very High 
Initiate Informal Agency Consultations   Prior to preparation of the project’s environmental review document Very High 
Complete Formal Wetland Delineation Prior to preparation of the project’s environmental review document Critical 
Complete Cultural Resources Phase I or Phase II Investigation Prior to preparation of the project’s environmental review document Very High 
Complete Environmental Review and Permit Acquisition Processes   Initiate during the preparation of the project’s environmental review document Critical 
Prepare Wetland Restoration Management and Monitoring Plan Complete Draft Plan prior to preparation of the project’s environmental review 

document 
Critical 
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Recommendation Project Phase Priority 
Economics   
Complete Cost Feasibility Analysis Prior to preparation of the project’s environmental review document Critical 
Assess Funding Potential Under the USACE In-Lieu Fee Program Prior to or during preparation of the project’s environmental review document Very High 
Complete Carbon Sequestering Analysis During (as part of) preparation of the project’s environmental review document High 
Long-Term Recommendations   
Biological Resources   
Develop and Implement Seed Collection Program Initiate soon after the approved project has been identified and all properties for project 

implementation have been secured. 
Very High 

Environmental Resources and Physical Processes   
Implement Wetland Restoration Management and Monitoring Plan Implement as first task of any pre-construction activities.  Evaluate and revise every 

five years or as warranted by project site conditions 
Critical 

Regulatory Processes   
Develop and Implement Permit Compliance Plan Development of the Plan’s organization and structure should begin during the project’s 

regulatory permit acquisition process and completed immediately upon receipt of all of 
the project’s regulatory permits and approvals 

Very High 

Economics   
Develop Long-Term Funding Program The program should be developed and implemented as soon as the approved project 

is established and the properties necessary for its implementation are secured 
Critical 

1 Prioritization is study-specific.  Please refer to Section 8.1.1 (Short-Term Recommendations, Biological Resources) for the priority of each study. 
2  Critical if Alternative 1 is chosen as the proposed project; High for the remaining alternatives. 
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9. LIST OF ACRONYMS  

Acronym Meaning 

ACHP Advisory Council on Historic Preservation 

AET Apparent Effects Threshold (dry weight) 

AF Acre Feet 

AFY Acre Feet Per Year 

AWTP Advanced Water Treatment Plant 

BA Biological Assessment 

BMPs Best Management Practices 

BO Biological Opinion 

CAA (Federal and California) Clean Air Act 

CARB California Air Resources Board 

CCC California Coastal Commission 

CDFG California Department of Fish and Game 

CDIP Coastal Data Information Program 

CEQA California Environmental Quality Act 

CESA California Endangered Species Act 

CMWD Calleguas Municipal Water District 

CNPS California Native Plant Society 

CWA Clean Water Act 

DDD Dichloro-Diphenyl-Dichloroethane 

DDE Dichloro-Diphenyl-Dichloroethylene 

DDT Dichloro-Diphenyl-Trichloroethane 

DIG Design Integration Group 

DPR (California) Department of Parks and Recreation 

EA Environmental Assessment 

EFH Essential Fish Habitat 

EIR Environmental Impact Report 

EIS Environmental Impact Statement 

ERL Effects Range-Low (dry weight)  

ERM Effects Range-Median (dry weight) 

ESA (Federal) Endangered Species Act 

ESHA Environmentally Sensitive Habitat Area 

FEMA Federal Emergency Management Agency 

Ft3/s Cubic Feet Per Second 

GIS Geographic Information System 

GREAT Program Groundwater Recovery Enhancement and Treatment Program 

LARWQCB Los Angeles Regional Water Quality Control Board 

MGD Million Gallons per Day 
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Acronym Meaning 

Mg/kg Milligram per kilogram 

MHHW Mean Higher High Water 

MHW Mean High Water 

MLLW Mean Lower Low Water 

MOA Memorandum of Agreement 

MRCA Mountains Recreation Conservation Authority 

MTL Mean Tide Line 

MWD Metropolitan Water District of Southern California 

NAVD88 North American Vertical Datum of 1988 

NBVC Naval Base Ventura County (Point Mugu) 

NEPA National Environmental Policy Act 

NMFS National Marines Fisheries Service 

NOAA National Oceanic and Atmospheric Administration 

NPDES National Pollutant Discharge Elimination System  

NPS National Park Service 

NRCS Natural Resources Conservation Service 

NRPH National Register of Historic Places 

NWR National Wildlife Refuge 

OBTF Ormond Beach Task Force 

ODD #3 Oxnard Drainage Ditch Number 3 

OSHA Occupational Safety and Health Administration 

PCB Polychlorinated Biphenyl 

PEL Probable Effects Level 

PTP Pumping Trough Pipeline 

SAA Streambed Alteration Agreement 

SCC (California) State Coastal Conservancy 

SCE Southern California Edison 

SHPO State Historic Preservation Officer 

SLERA Screening Level Environmental Risk Assessment 

SMMC Santa Monica Mountains Conservancy 

SWPPP Storm Water Pollution Prevention Plan 

SWRCB State Water Resources Control Board 

TEL Threshold Effect Level 

THPO Tribal Historic Preservation Officer 

TNC The Nature Conservancy 

USACE United States Army Corps of Engineers 

USEPA United States Environmental Protection Agency 

USDA United States Department of Agriculture 
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Acronym Meaning 

USFWS United States Fish and Wildlife Service 

UWCD United Water Conservation District 

VCAPCD Ventura County Air Pollution Control District 

VCGP Ventura County Game Preserve 

VCWPD Ventura County Watershed Protection District 

VOC Volatile Organic Compound 

WQC Water Quality Certification 

WWTP Waste Water Treatment Plant 
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10. LIST OF PREPARERS AND REVIEWERS 

Preparation of this Feasibility Study has been a collaborative effort that has involved numerous public, 
private and non-profit parties. Discussions with these parties will continue to be a vital part for the final 
Ormond Beach Wetland Restoration effort’s implementation. The SCC gratefully acknowledges and 
appreciates all parties that have been involved to date.  

For the purposes of this Feasibility Study’s preparation, the parties listed in Table 10-1 are noted. 

Table 10-1.  List Preparers and Reviewers 

Name Association & Role 
 California State Coastal Conservancy (SCC) 
Peter Brand SCC Project Manger 
David Pritchett  Consultant to the SCC 
 Aspen Environmental Group (Aspen) 
Jon Davidson Aspen Program Manager 
Sue Walker Aspen Project Manager 
Chris Huntley Senior Biologist 
Tatiana Inouye Environmental Planner 
Negar Vahidi Senior Environmental Planner 
Aubrey Mescher Environmental Planner 
Susanne Huerta Environmental Planner 
Craig Hattori AutoCad/GIS Specialist 
Judy Spicer Document Production Coordinator 
Kati Simpson Graphics, Report Production 
 AMEC Earth & Environmental, Inc. (AMEC) 
Barry Snyder AMEC Project Manager 
Tyler Huff Field Scientist 
 Everest International Consultants, Inc. (Everest) 
David Cannon Everest Project Manager 
Margaret Lee Cost Estimator 
 Philip Williams & Associates (PWA) 
Philip Williams PWA Program Manager 
Matt Brennan PWA Project Manager 
Damien Kunz GIS Specialist 
James Gregory GIS Specialist 
 Wetlands Research Associates, Inc. (WRA) 
Michael Josselyn WRA Program Manager/Wetland Scientist 
Tim DeGraff WRA Project Manager/Wetland Scientist 
Cheryl Vann Biologist 
Chris Zumwalt GIS Specialist 
 Kennedy/Jenks Consultants (Kennedy/Jenks) 
Lynn Takaichi Kennedy/Jenks Program Manager 
Linda Poksay Kennedy/Jenks Project Manager 
 Wishtoyo Foundation, Topanga Anthropological Consultants & Geo-archaeology 
Damon Wing Program Director, Wishtoyo Foundation 
Chester King Topanga Anthropological Consultants, Aarchaeologist 
Jeff Parsons Geo-archaeology, Ppaleo-archaeologisty 
 Maser Consulting P.A. 
Wayne Ferren Jr. Senior Technical Advisor 
 University of California, Los Angeles, Environmental Science & Engineering Program 
Richard Ambrose Senior Technical Advisor 
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The DIG would additionally like to acknowledge Spencer MacNeil, Michelle Mattson, Don Danmeier, 
Cope Willis and Seungjin Baek for their participation in several of the tasks that were completed for 
this Feasibility Study.  Other individuals and organizations have also been involved in the review and/or 
preparation of the various technical reports prepared for this Feasibility Study, and their contributions 
are acknowledged as well. 
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B. 1 Buffer Area Between Wetlands and the Project’s 
Boundaries 

 
To quantify the extent of buffer between wetlands habitat and the project’s boundaries, 
three transect lines were overlaid on the project area, as shown in Figure B-1 for the 
unconstrained project area and in Figure B-2 for the constrained project area.  The 
distance along each of these transects between the project boundary and the wetland 
boundary was measured for each alternative and then averaged.  An example of this 
statistic is shown in Figure B-1 for Alternative 1.  The transect buffer distances as well as 
the average for all alternatives are presented in Table B-1. 
 
Table B-1.  Buffer transect distance between wetlands and project boundaries 
Alternative West transect (ft) Center transect (ft) East transect (ft) Average (ft) 
Alternative 1U 324 256 306 295 
Alternative 1C 50 128 256 145 
Alternative 2U 1033 1194 1631 1286 
Alternative 2C 764 446 482 564 
Alternative 3U 2707 3930 5430 4022 
Alternative 3C 2559 2943 3045 2849 



Ormond Beach Wetland Restoration
figure B-1

Transects for Buffer Analysis, Unconstrained
PWA Ref# - 1738

±
 

Note: The property boundaries depicted in this figure are for general planning purposes only.  
They have not been surveyed and may not coincide exactly with parcel-specific legal boundaries.
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Ormond Beach Wetland Restoration
figure B-2

Transects for Buffer Analysis, Constrained
PWA Ref# - 1738

±
 

Note: The property boundaries depicted in this figure are for general planning purposes only.  
They have not been surveyed and may not coincide exactly with parcel-specific legal boundaries.
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B. 2 Habitat Response to Sea Level Rise 
 
A preliminary estimate of habitat response to three feet of sea level was conducted by 
partitioning the proposed grading surfaces into three elevation-based areas for existing 
mean sea level and mean sea level plus three feet. The three areas are subtidal, intertidal 
and supertidal.  The boundary between subtidal and intertidal was set equal to MLLW; 
the boundary between intertidal and supertidal was set equal to MHHW.  The areas were 
estimated from the hypsometry curves calculated for each alternative.  (See Sections 
6.1.2.1 and B. 4 for a description of tidal elevations and hypsometric curves.)   An 
example of the existing scenario and three feet of sea level rise scenario for Alternative 
1U is shown in Figure B-3.  Area estimates for all alternatives are shown in Table B-2.  
 



 
Table B-2.  Alternative habitat predictions (in acres) 

 Existing conditions +3’ mean sea level rise Percent change 

Alternative Subtidal Intertidal Supertidal Subtidal Intertidal Supertidal Subtidal Intertidal Supertidal 

Alternative 1U 357 397 1012 584 694 488 13% 17% -30% 

Alternative 1C 288 173 334 420 189 186 17% 2% -19% 

Alternative 2U 61 268 1437 420 640 706 20% 21% -41% 

Alternative 2C 48 187 540 259 218 298 27% 4% -31% 

Alternative 3U 0 79 1686 157 775 834 9% 39% -48% 

Alternative 3C 0 0 775 0 295 479 0% 38% -38% 

 



Source:  See Section 6 Figure  B-3
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Alternative 1U Habitat Areas

PWA Ref# 1738
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B. 3 Tidal elevations and range 
 
The input and resulting calculated parameters using Keuglegan (1967) are provided in 
Table B-3, along with the sources used to select the parameters.  The coefficient of 
repletion, K, is calculated from the following equation from Keuglegan (1967):  
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Table B-3.  Parameters for Keuglegan (1967) estimate of tidal range 

Input Parameter units Alt. 1U Alt. 1C Alt. 2U Alt. 2C Source 

Tidal period (T) hr 12.4 12.4 12.4 12.4 M2 tidal period 

Inlet width (W) ft 337 283 149 137 Jarrett (1976) 

Inlet depth (D) ft 5.1 4.3 2.3 2.1 Jarrett (1976) 

Average channel cross-section area (Aavg) ft2 1719 1217 343 288 W*D 

Surface area of bay (Ab) ft2 2.5E+07 2.1E+07 6.5E+06 5.7E+06 Alternative designs, Section 5 

Ocean tide amplitude (a0) ft 2.61 2.61 2.61 2.61 NOAA Santa Monica (station ID 9410840)

Entrance loss coefficient (ken) - 0.1 0.1 0.1 0.1 Keulegan (1967) 

Exit loss coefficient (kex) - 1 1 1 1 Keulegan (1967) 

Manning's n  - 0.03 0.03 0.03 0.03 U.S. Army Corps (2002) CEM 

Darcy-Weisbach friction factor (f) ft1/3 0.061 0.065 0.080 0.082 U.S. Army Corps (2002) CEM 

Inlet length (L) ft 2000 2000 2200 2200 Alternative designs, Section 5 

Hydraulic radius (R) ft 5.0 4.2 2.2 2.0 A/(W+2D) 

Calculated Parameter units Alt. 1U Alt. 1C Alt. 2U Alt. 2C Source 

Coefficient of repletion (K) - 0.90 0.70 0.41 0.37 Keulegan (1967) 

% reduction between ocean and bay (ab/a0) - 0.81 0.70 0.46 0.42 Keulegan (1967) 

Bay tidal range (ab) ft 4.4 3.8 2.5 2.3 (% reduction) * 2a0 

MHHW ft 5.2 5.2 5.2 5.2 NOAA Santa Monica (station ID 9410840)

MTL ft 3.0 3.3 4.0 4.1 MHHW-ab 

MLLW ft 0.8 1.4 2.7 2.9 MHHW-2ab 

 



B. 4 Hypsometry, Tidal Volume and Tidal Prism 
 

For each alternative, a hypsometric curve was generated in several steps.  First, the appropriate 
elevation was assigned to the each alternative’s key habitat boundaries by combining the tidal 
range estimates for each alternative with the habitat elevation assumptions described in Section 
6.1.1.1.  The habitat boundaries were then converted into a set of contour lines, as shown in 
Figure B-4.  These contour lines served as the basis for interpolation to create an approximation 
of the alternatives’ ground bathymetric surface in three dimensions (Figure B-4).  The linear 
interpolation was conducted over the entire project area, using grid cells with a 50 meters (167 
feet) spatial resolution.  Finally, the interpolated bathymetric surface was sorted according to the 
grid cells’ elevation and related to the cumulative area to estimate the hypsometry (Figure B-5).   

The elevation versus depth relationship expressed by a hypsometric curve can be integrated to 
estimate the volume between two specified elevations.  When the specified elevations are selected 
according to the lagoon tidal ranges described above, the resulting volumes can be related to tidal 
function.  For example, integrating between MHHW and the lowest elevation provides an 
estimate of the diurnal tidal volume, the volume which is filled with tidal flow at least once per 
day (Figure B-5, left panel).  Similarly, the diurnal tidal prism, the average quantity of water 
which enters and exits the lagoon during the larger of a day’s two tides, can be estimated by 
integrating between MHHW and MLLW (Figure B-5, right panel). 
 





Source:  See Section 6 Figure  B-5
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Alternative 1U Hypsometry, Tidal Volume, and Tidal Prism
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B. 5 Inlet Closure Stability  
 
The Channel Equilibrium Area software (Seabergh and Kraus, 1997) was used to conduct 
the Escoffier analysis for the restoration alternatives.   This software tool requires several 
input parameters to represent the characteristics of the ocean, bay, and inlet channel.  The 
values of these parameters were selected from several sources.  Table B-4 provides a 
summary of the parameters for the four alternatives that propose an enlarged permanent 
or seasonal lagoon. 



 
Table B-4.  Parameters used for Escoffier analysis of inlet closure stability 

Input Parameter units Alt. 1U Alt. 1C Alt. 2U Alt. 2C Source 

Tidal period (T) hr 12.4 12.4 12.4 12.4 M2 tidal period 

Inlet channel width (W) ft 337 283 149 137 Jarrett (1976) 

Average channel cross-section area (Aavg) ft2 1719 1217 343 288 W*D 

Surface area of bay (Ab) ft2 2.5E+07 2.1E+07 6.5E+06 5.7E+06 Alternative designs, Section 5 

Ocean tide amplitude (a0) ft 2.61 2.61 2.61 2.61 NOAA Santa Monica (station ID 9410840)

Entrance loss coefficient (ken) - 0.1 0.1 0.1 0.1 Keulegan (1967) 

Exit loss coefficient (kex) - 1 1 1 1 Keulegan (1967) 

Manning's n  - 0.03 0.03 0.03 0.03 U.S. Army Corps (2002) CEM 

Inlet channel length (L) ft 2000 2000 2200 2200 Alternative designs, Section 5 

Hydraulic radius (R) ft 5.0 4.2 2.2 2.0 A/(W+2D) 
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 1U: Create Lagoon, Unconstrained

1.00 YARD SETUP, MOB AND DEMOB
1.01 Mobilization and Demobilization

Item # Description Quantity Unit Unit Price TOTAL

1 Mobilization/Demobilization 1 ls $31,168,570.00 $31,168,570  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Mob/Demob costs based on 6% of total construction cost.

1.01 Mobilization and Demobilization SUBTOTAL:   $31,168,570

P2047 Ormond Cost Estimate 0509.xls/Cost Alt 1U 1 of 42



 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 1U: Create Lagoon, Unconstrained

2.00 EARTHWORK, SITE ACCESS AND PREPARATION
2.01 Northwest Area  

Item # Description Quantity Unit Unit Price TOTAL

1 Clear and grub 1,183 ac $3,000.00 $3,549,000  

2 Temporary haul/access routes 12,000 lf $40.00 $480,000  

3 Hydraulic dredge (excavate, haul, and dispose on beach) 2,207,000 cy $8.00 $17,656,000  

4 Cut (excavate, haul, and dispose off-site as landfill daily cover) 6,071,000 cy $54.50 $330,869,500  

5 Stockpile and dewater excavated material 3,035,500 cy $10.80 $32,783,400  

6 Remove existing road 98,280 sf $1.88 $185,248  

7 Remove existing railroad 9,900 lf $24.04 $237,998  

8 Upland grading 78 ac $6,450.00 $499,875  

Overexcavation
9 Cut (excavate, haul, and dispose/stockpile on-site) 2,759,300 cy $9.60 $26,489,280  

10 Hydraulic dredge (excavate, haul, and dispose on beach) 2,759,300 cy $8.00 $22,074,400  

11 Stockpile and dewater excavated material 2,759,300 cy $10.80 $29,800,440  

12 Fill and grade material on-site 2,759,300 cy $4.86 $13,410,198  

13 Berm to block Oxnard Drainage Ditch 3 1 ls $50,000.00 $50,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Assume 20% of net cut in Northwest Area would be sand and suitable for beach disposal.
3.

4. Assume 55% of net cut in Northwest Area to be disposed in landfill as daily cover.
5. Upland grading includes grading for coastal prairie.
6. Assume 50% of excavated material for land fill requires dewatering.
7.
8.

2.01 Northwest Area  SUBTOTAL:   $478,085,339

Assume Northwest Area would be overexcavated to hold 25% of net cut.  The overexcavation would be done in area where 
sand is present and displaced material would be disposed on beach.

Does not include Halaco site clean-up.  Assume Halaco site to be cleaned up and materials removed by others.
Assume Reliant Power Station Facility to be demolished by others.

P2047 Ormond Cost Estimate 0509.xls/Cost Alt 1U 2 of 42



 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 1U: Create Lagoon, Unconstrained

2.00 EARTHWORK, SITE ACCESS AND PREPARATION
2.02 Southeast Area 

Item # Description Quantity Unit Unit Price TOTAL

1 Clear and grub 575 ac $3,000.00 $1,725,000  

2 Temporary haul/access routes 5,600 lf $40.00 $224,000  

3 Cut (excavate, haul, and dispose/stockpile on-site) 854,000 cy $9.60 $8,198,400  

4 Hydraulic dredge (excavate, haul, and dispose on beach) 217,000 cy $8.00 $1,736,000  

5 Fill and grade material on-site 793,550 cy $4.86 $3,856,653  

6 Upland grading 165 ac $6,450.00 $1,064,250  

7 Berm for duck pond 6,000 lf $300.00 $1,800,000  

8 Geotextile 20,000 sy $2.83 $56,610  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Assume 100% of net cut in Southeast Area would be sand and suitable for beach disposal.
3. Upland grading includes grading for coastal prairie and wetland depression.

2.02 Southeast Area SUBTOTAL:   $18,660,913

P2047 Ormond Cost Estimate 0509.xls/Cost Alt 1U 3 of 42



 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 1U: Create Lagoon, Unconstrained

3.00 UTILITIES
3.01 Utility & Service Protection, Relocation or Removal

Item # Description Quantity Unit Unit Price TOTAL

1 Remove underground gas utilities 7,600 lf $26.59 $202,118  

2 Remove underground petroleum utilities 7,000 lf $30.00 $210,000  

3 Remove underground and overhead power utilities 23,000 lf $30.00 $690,000  

4 Remove telephone utilities 10,500 lf $12.00 $126,000  

5 Remove underground water utilities 5,700 lf $15.00 $85,500  

6 Remove underground sewer utilities 5,000 lf $18.00 $90,000  

7 Protect and/or relocate misc. utilities (nominal) 1 ls $50,000.00 $50,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

3.01 Utility & Service Protection, Relocation or Removal SUBTOTAL:   $1,453,618

P2047 Ormond Cost Estimate 0509.xls/Cost Alt 1U 4 of 42



 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Alternative 1U: Create Lagoon, Unconstrained

4.00 HYDRAULIC IMPROVEMENTS
4.01 Miscellaneous Hydraulic Improvements

Item # Description Quantity Unit Unit Price TOTAL

1 Pumping to duck pond 1 ls $80,000.00 $80,000  

2 Inlet Jetty 1 ls ########### $2,500,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Inlet Jetty cost is an allowance only.
3. Pumping cost is construction cost only.  Does not include operating costs.

4.01 Miscellaneous Hydraulic Improvements SUBTOTAL:   $2,580,000  
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 1U: Create Lagoon, Unconstrained

5.00 MISCELLANEOUS STRUCTURES AND FACILTIES
5.01 Miscellaneous Structures and Recreational Facilities

Item # Description Quantity Unit Unit Price TOTAL

1 Visitor Center 1 ls $800,000.00 $800,000  

2 Viewing platform 5,000 sf $90.00 $450,000  

3 Public parking 100,000 sf $4.12 $412,000  

4 Pedestrian trail 26,400 lf $30.00 $792,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

5.01 Miscellaneous Structures and Recreational Facilities SUBTOTAL:   $2,454,000  

P2047 Ormond Cost Estimate 0509.xls/Cost Alt 1U 6 of 42



 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 1U: Create Lagoon, Unconstrained

6.00 HABITAT
6.01 Revegetation

Item # Item Description Quantity Unit Unit Price TOTAL

1 809 Coastal praire and seasonal wetland depression 359 ac $10,000.00 $3,590,000  

2 810 Willow scrub 38 ac $48,600.00 $1,846,800  

3 813 Treatment wetlands 21 ac $15,000.00 $315,000  

4 814 Coastal salt marsh 402 ac $35,000.00 $14,080,500  

5 812 Backdune 70 ac $0.00 $0.00

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Costs include temporary irrigation during planting.
3. Assume 90% of total area of coastal salt marsh needs new planting.

6.01 Revegetation SUBTOTAL:   $16,242,300  
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 1C: Create Lagoon, Constrained

1.00 YARD SETUP, MOB AND DEMOB
1.01 Mobilization and Demobilization

Item # Description Quantity Unit Unit Price TOTAL

1 Mobilization/Demobilization 1 ls $21,379,060.00 $21,379,060  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Mob/Demob costs based on 6% of total construction cost.

1.01 Mobilization and Demobilization SUBTOTAL:   $21,379,060
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 1C: Create Lagoon, Constrained

2.00 EARTHWORK, SITE ACCESS AND PREPARATION
2.01 Northwest Area

Item # Description Quantity Unit Unit Price TOTAL

1 Clear and grub 795 ac $3,000.00 $2,385,000  

2 Temporary haul/access routes 12,000 lf $40.00 $480,000  

3 Hydraulic dredge (excavate, haul, and dispose on beach) 1,507,000 cy $8.00 $12,056,000  

4 Cut (excavate, haul, and dispose off-site as landfill daily cover) 4,145,000 cy $54.50 $225,902,500  

5 Stockpile and dewater excavated material 2,072,500 cy $10.80 $22,383,000  

6 Remove existing road 98,280 sf $1.88 $185,248  

7 Remove existing railroad 9,900 lf $24.04 $237,998  

8 Upland grading 30 ac $6,450.00 $193,500  

9 Overexcavation
Cut (excavate, haul, and dispose/stockpile on-site) 1,884,000 cy $9.60 $18,086,400  

10
Hydraulic dredge (excavate, haul, and dispose on beach) 1,884,000 cy $8.00 $15,072,000  

11 Stockpile and dewater excavated material 1,884,000 cy $10.80 $20,347,200  

12 Fill and grade material on-site 1,884,000 cy $4.86 $9,156,240  

13 Berm to block Oxnard Drainage Ditch 3 1 ls $50,000.00 $50,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Assume 20% of net cut in Northwest Area would be sand and suitable for beach disposal.
3.

4. Assume 55% of net cut in Northwest Area to be disposed in landfill as landcover.
5. Upland grading includes grading for coastal prairie.
6. Assume 50% of excavated material for land fill and on-site fill requires dewatering.

2.01 Northwest Area SUBTOTAL:   $326,535,086

Assume Northwest Area would be overexcavated to hold 25% of net cut.  The overexcavation would be done in area where 
sand is present and displaced material would be disposed on beach.
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

P2047 Ormond Cost Estimate 0509.xls/Cost Alt 1C 10 of 42



 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 1C: Create Lagoon, Constrained

3.00 UTILITIES
3.01 Utility & Service Protection, Relocation or Removal

Item # Description Quantity Unit Unit Price TOTAL

1 Remove underground gas utilities 7,600 lf $26.59 $202,118  

2 Remove underground petroleum utilities 7,000 lf $30.00 $210,000  

3 Remove underground and overhead power utilities 23,000 lf $30.00 $690,000  

4 Remove telephone utilities 10,500 lf $12.00 $126,000  

5 Remove underground water utilities 5,700 lf $15.00 $85,500  

6 Remove underground sewer utilities 5,000 lf $18.00 $90,000  

7 Protect and/or relocate misc. utilities (nominal) 1 ls $50,000.00 $50,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

3.01 Utility & Service Protection, Relocation or Removal SUBTOTAL:   $1,453,618
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Alternative 1C: Create Lagoon, Constrained

4.00 HYDRAULIC IMPROVEMENTS
4.01 Miscellaneous Hydraulic Improvements

Item # Description Quantity Unit Unit Price TOTAL

1 Inlet Jetty 1 ls ########### $2,500,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Inlet Jetty cost is an allowance only.

4.01 Miscellaneous Hydraulic Improvements SUBTOTAL:   $2,500,000  
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 1C: Create Lagoon, Constrained

5.00 MISCELLANEOUS STRUCTURES AND FACILTIES
5.01 Miscellaneous Structures and Recreational Facilities

Item # Description Quantity Unit Unit Price TOTAL

1 Visitor Center 1 ls $800,000.00 $800,000  

2 Viewing platform 5,000 sf $90.00 $450,000  

3 Public parking 100,000 sf $4.12 $412,000  

4 Pedestrian trail 26,400 lf $30.00 $792,000  

5 Elevated causeway 88,000 sf $200.00 $17,600,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

5.01 Miscellaneous Structures and Recreational Facilities SUBTOTAL:   $20,054,000  
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 1C: Create Lagoon, Constrained

6.00 HABITAT
6.01 Revegetation

Item # Description Quantity Unit Unit Price TOTAL

1 Coastal praire and seasonal wetland depression 86 ac $10,000.00 $860,000  

2 Treatment wetlands 7 ac $15,000.00 $105,000  

3 Coastal salt marsh 162 ac $35,000.00 $5,670,000  

4 Backdune 50 ac $0.00 $0.00

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Costs include temporary irrigation during planting.
3. Assume 90% of total area of coastal salt marsh needs new planting.

6.01 Revegetation SUBTOTAL:   $5,775,000  
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 2U: Restore Seasonal Ponds, Unconstrained

1.00 YARD SETUP, MOB AND DEMOB
1.01 Mobilization and Demobilization

Item # Description Quantity Unit Unit Price TOTAL

1 Mobilization/Demobilization 1 ls $15,760,920.00 $15,760,920  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Mob/Demob costs based on 8% of total construction cost.

1.01 Mobilization and Demobilization SUBTOTAL:   $15,760,920
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 2U: Restore Seasonal Ponds, Unconstrained

2.00 EARTHWORK, SITE ACCESS AND PREPARATION
2.01 Northwest Area  

Item # Description Quantity Unit Unit Price TOTAL

1 Clear and grub 1,184 ac $3,000.00 $3,552,000  

2 Temporary haul/access routes 12,000 lf $40.00 $480,000  

3 Hydraulic dredge (excavate, haul, and dispose on beach) 658,000 cy $8.00 $5,264,000  

4 Cut (excavate, haul, and dispose off-site as landfill daily cover) 2,470,000 cy $54.50 $134,615,000  

5 Stockpile and dewater excavated material 1,235,000 cy $10.80 $13,338,000  

6 Remove existing road 98,280 sf $1.88 $185,248  

7 Remove existing railroad 9,900 lf $24.04 $237,998  

8 Upland grading 40 ac $6,450.00 $258,000  

9 Berm to block Oxnard Drainage Ditch 3 1 ls $50,000.00 $50,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Assume 20% of net cut in Northwest Area would be sand and suitable for beach disposal.
3. Assume 80% of net cut in Northwest Area to be disposed in landfill as landcover.
4. Upland grading includes grading for coastal prairie.
5. Assume 50% of excavated material for land fill and on-site fill requires dewatering.
6.
7.

2.01 Northwest Area  SUBTOTAL:   $157,980,246

Does not include Halaco site clean-up.  Assume Halaco site to be cleaned up and materials removed by others.
Assume Reliant Power Station Facility to be demolished by others.
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 2U: Restore Seasonal Ponds, Unconstrained

2.00 EARTHWORK, SITE ACCESS AND PREPARATION
2.02 Southeast Area 

Item # Description Quantity Unit Unit Price TOTAL

1 Clear and grub 575 ac $3,000.00 $1,725,000  

2 Temporary haul/access routes 5,600 lf $40.00 $224,000  

3 Cut (excavate, haul, and dispose/stockpile on-site) 854,000 cy $9.60 $8,198,400  

4 Hydraulic dredge (excavate, haul, and dispose on beach) 217,000 cy $8.00 $1,736,000  

5 Fill and grade material on-site 793,550 cy $4.86 $3,856,653  

6 Upland grading 165 ac $6,450.00 $1,064,250  

7 Berm for duck pond 6,000 lf $300.00 $1,800,000  

8 Geotextile 20,000 sy $2.83 $56,610  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Assume 100% of net cut in Southeast Area would be sand and suitable for beach disposal.
3. Upland grading includes grading for coastal prairie and wetland depression.

2.02 Southeast Area SUBTOTAL:   $18,660,913
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 2U: Restore Seasonal Ponds, Unconstrained

3.00 UTILITIES
3.01 Utility & Service Protection, Relocation or Removal

Item # Description Quantity Unit Unit Price TOTAL

1 Remove underground gas utilities 7,600 lf $26.59 $202,118  

2 Remove underground petroleum utilities 7,000 lf $30.00 $210,000  

3 Remove underground and overhead power utilities 23,000 lf $30.00 $690,000  

4 Remove telephone utilities 10,500 lf $12.00 $126,000  

5 Remove underground water utilities 5,700 lf $15.00 $85,500  

6 Remove underground sewer utilities 5,000 lf $18.00 $90,000  

7 Protect and/or relocate misc. utilities (nominal) 1 ls $50,000.00 $50,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

3.01 Utility & Service Protection, Relocation or Removal SUBTOTAL:   $1,453,618
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Alternative 2U: Restore Seasonal Ponds, Unconstrained

4.00 HYDRAULIC IMPROVEMENTS
4.01 Miscellaneous Hydraulic Improvements

Item # Description Quantity Unit Unit Price TOTAL

1 Pumping to duck pond 1 ls $80,000.00 $80,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Pumping cost is construction cost only.  Does not include operating costs.

4.01 Miscellaneous Hydraulic Improvements SUBTOTAL:   $80,000  
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 2U: Restore Seasonal Ponds, Unconstrained

5.00 MISCELLANEOUS STRUCTURES AND FACILTIES
5.01 Miscellaneous Structures and Recreational Facilities

Item # Description Quantity Unit Unit Price TOTAL

1 Visitor Center 1 ls $800,000.00 $800,000  

2 Viewing platform 5,000 sf $90.00 $450,000  

3 Public parking 100,000 sf $4.12 $412,000  

4 Pedestrian trail 26,400 lf $30.00 $792,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

5.01 Miscellaneous Structures and Recreational Facilities SUBTOTAL:   $2,454,000  
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 2U: Restore Seasonal Ponds, Unconstrained

6.00 HABITAT
6.01 Revegetation

Item # Item Description Quantity Unit Unit Price TOTAL

1 809 Coastal praire and seasonal wetland depression 608 ac $10,000.00 $6,080,000  

2 810 Willow scrub 43 ac $48,600.00 $2,089,800  

3 813 Treatment wetlands 25 ac $15,000.00 $375,000  

4 814 Coastal salt marsh 392 ac $35,000.00 $13,734,000  

5 812 Backdune 55 ac $0.00 $0.00

6 811 Brackish marsh 9 ac $20,000.00 $184,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Costs include temporary irrigation during planting.
3. Assume 90% of total area of coastal salt marsh needs new planting.
4. Assume 20% of total area of brackish marsh needs new planting.

6.01 Revegetation SUBTOTAL:   $16,382,800  
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 2C: Restore Seasonal Ponds, Constrained

1.00 YARD SETUP, MOB AND DEMOB
1.01 Mobilization and Demobilization

Item # Description Quantity Unit Unit Price TOTAL

1 Mobilization/Demobilization 1 ls $12,154,500.00 $12,154,500  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Mob/Demob costs based on 8% of total construction cost. 

1.01 Mobilization and Demobilization SUBTOTAL:   $12,154,500
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 2C: Restore Seasonal Ponds, Constrained

2.00 EARTHWORK, SITE ACCESS AND PREPARATION
2.01 Northwest Area  

Item # Description Quantity Unit Unit Price TOTAL

1 Clear and grub 772 ac $3,000.00 $2,316,000  

2 Temporary haul/access routes 12,000 lf $40.00 $480,000  

3 Hydraulic dredge (excavate, haul, and dispose on beach) 588,000 cy $8.00 $4,704,000  

4 Cut (excavate, haul, and dispose off-site as landfill daily cover) 2,170,000 cy $54.50 $118,265,000  

5 Stockpile and dewater excavated material 1,085,000 cy $10.80 $11,718,000  

6 Remove existing road 98,280 sf $1.88 $185,248  

7 Remove existing railroad 9,900 lf $24.04 $237,998  

8 Upland grading 30 ac $6,450.00 $193,500  

9 Berm to block Oxnard Drainage Ditch 3 1 ls $50,000.00 $50,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Assume 20% of net cut in Northwest Area would be sand and suitable for beach disposal.
3. Assume 80% of net cut in Northwest Area to be disposed in landfill as landcover.
4. Upland grading includes grading for coastal prairie.
5. Assume 50% of excavated material for land fill and on-site fill requires dewatering.

2.01 Northwest Area  SUBTOTAL:   $138,149,746
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 2C: Restore Seasonal Ponds, Constrained

3.00 UTILITIES
3.01 Utility & Service Protection, Relocation or Removal

Item # Description Quantity Unit Unit Price TOTAL

1 Remove underground gas utilities 7,600 lf $26.59 $202,118  

2 Remove underground petroleum utilities 7,000 lf $30.00 $210,000  

3 Remove underground and overhead power utilities 23,000 lf $30.00 $690,000  

4 Remove telephone utilities 10,500 lf $12.00 $126,000  

5 Remove underground water utilities 5,700 lf $15.00 $85,500  

6 Remove underground sewer utilities 5,000 lf $18.00 $90,000  

7 Protect and/or relocate misc. utilities (nominal) 1 ls $50,000.00 $50,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

3.01 Utility & Service Protection, Relocation or Removal SUBTOTAL:   $1,453,618
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Alternative 2C: Restore Seasonal Ponds, Constrained

4.00 HYDRAULIC IMPROVEMENTS
4.01 Miscellaneous Hydraulic Improvements

Item # Description Quantity Unit Unit Price TOTAL

1 Inlet Jetty 1 ls $2,500,000.00 $2,500,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

4.01 Miscellaneous Hydraulic Improvements SUBTOTAL:   $2,500,000  
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 2C: Restore Seasonal Ponds, Constrained

5.00 MISCELLANEOUS STRUCTURES AND FACILTIES
5.01 Miscellaneous Structures and Recreational Facilities

Item # Description Quantity Unit Unit Price TOTAL

1 Visitor Center 1 ls $800,000.00 $800,000  

2 Viewing platform 5,000 sf $90.00 $450,000  

3 Public parking 100,000 sf $4.12 $412,000  

4 Pedestrian trail 26,400 lf $30.00 $792,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

5.01 Miscellaneous Structures and Recreational Facilities SUBTOTAL:   $2,454,000  
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 2C: Restore Seasonal Ponds, Constrained

6.00 HABITAT
6.01 Revegetation

Item # Item Description Quantity Unit Unit Price TOTAL

1 809 Coastal praire and seasonal wetland depression 86 ac $10,000.00 $860,000  

2 810 Willow scrub 5 ac $48,600.00 $243,000  

3 813 Treatment wetlands 7 ac $15,000.00 $105,000  

4 814 Coastal salt marsh 198 ac $35,000.00 $6,930,000  

5 812 Backdune 44 ac $0.00 $0.00

6 811 Brackish marsh 5 ac $20,000.00 $96,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Costs include temporary irrigation during planting.
3. Assume 90% of total area of coastal salt marsh needs new planting.
4. Assume 20% of total area of brackish marsh needs new planting.

6.01 Revegetation SUBTOTAL:   $7,374,000  

P2047 Ormond Cost Estimate 0509.xls/Cost Alt 2C 28 of 42



 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 3U: Enhance Existing Conditions, Unconstrained

1.00 YARD SETUP, MOB AND DEMOB
1.01 Mobilization and Demobilization

Item # Description Quantity Unit Unit Price TOTAL

1 Mobilization/Demobilization 1 ls $2,693,890.00 $2,693,890  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Mob/Demob costs based on 10% of total construction cost.

1.01 Mobilization and Demobilization SUBTOTAL:   $2,693,890
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 3U: Enhance Existing Conditions, Unconstrained

2.00 EARTHWORK, SITE ACCESS AND PREPARATION
2.01 Northwest Area  

Item # Description Quantity Unit Unit Price TOTAL

1 Clear and grub 1,182 ac $3,000.00 $3,546,000  

2 Temporary haul/access routes 6,000 lf $40.00 $240,000  

3 Remove existing road 98,280 sf $1.88 $185,248  

4 Remove existing railroad 9,900 lf $24.04 $237,998  

5 Upland grading 1,190 ac $6,450.00 $7,675,500  

6 Berm to block Oxnard Drainage Ditch 3 1 ls $50,000.00 $50,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Assume grading of entire area to be done by scrapers.
3. Assume excavation is above ground water elevation and dewatering of excavated material is not necessary.
4.
5.

2.01 Northwest Area  SUBTOTAL:   $11,934,746

Does not include Halaco site clean-up.  Assume Halaco site to be cleaned up and materials removed by others.
Assume Reliant Power Station Facility to be demolished by others.
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 3U: Enhance Existing Conditions, Unconstrained

2.00 EARTHWORK, SITE ACCESS AND PREPARATION
2.02 Southeast Area 

Item # Description Quantity Unit Unit Price TOTAL

1 Clear and grub 575 ac $3,000.00 $1,725,000  

2 Upland grading 575 ac $6,450.00 $3,708,750  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Upland grading includes grading for coastal prairie and wetland depression.
3. Assume grading of entire area to be done by scrapers.

2.02 Southeast Area SUBTOTAL:   $5,433,750
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 3U: Enhance Existing Conditions, Unconstrained

3.00 UTILITIES
3.01 Utility & Service Protection, Relocation or Removal

Item # Description Quantity Unit Unit Price TOTAL

1 Remove underground gas utilities 7,600 lf $26.59 $202,118  

2 Remove underground petroleum utilities 7,000 lf $30.00 $210,000  

3 Remove underground and overhead power utilities 23,000 lf $30.00 $690,000  

4 Remove telephone utilities 10,500 lf $12.00 $126,000  

5 Remove underground water utilities 5,700 lf $15.00 $85,500  

6 Remove underground sewer utilities 5,000 lf $18.00 $90,000  

7 Protect and/or relocate misc. utilities (nominal) 1 ls $50,000.00 $50,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

3.01 Utility & Service Protection, Relocation or Removal SUBTOTAL:   $1,453,618
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Alternative 3U: Enhance Existing Conditions, Unconstrained

4.00 HYDRAULIC IMPROVEMENTS
4.01 Miscellaneous Hydraulic Improvements

Item # Description Quantity Unit Unit Price TOTAL

No hydraulic improvements.

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

4.01 Miscellaneous Hydraulic Improvements SUBTOTAL:   

P2047 Ormond Cost Estimate 0509.xls/Cost Alt 3U 33 of 42



 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 3U: Enhance Existing Conditions, Unconstrained

5.00 MISCELLANEOUS STRUCTURES AND FACILTIES
5.01 Miscellaneous Structures and Recreational Facilities

Item # Description Quantity Unit Unit Price TOTAL

1 Visitor Center 1 ls $800,000.00 $800,000  

2 Viewing platform 5,000 sf $90.00 $450,000  

3 Public parking 100,000 sf $4.12 $412,000  

4 Pedestrian trail 26,400 lf $30.00 $792,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

5.01 Miscellaneous Structures and Recreational Facilities SUBTOTAL:   $2,454,000  
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 3U: Enhance Existing Conditions, Unconstrained

6.00 HABITAT
6.01 Revegetation

Item # Item Description Quantity Unit Unit Price TOTAL

1 809 Coastal praire and seasonal wetland depression 1,024 ac $10,000.00 $10,240,000  

2 810 Willow scrub 8 ac $48,600.00 $388,800  

3 813 Treatment wetlands 24 ac $15,000.00 $360,000  

4 814 Coastal salt marsh 112 ac $35,000.00 $3,920,000  

5 812 Backdune 85 ac $0.00 $0.00

6 811 Brackish marsh 12 ac $20,000.00 $244,000  

7 815 Salt grass 75 ac $10,000.00 $750,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Costs include temporary irrigation during planting.
3. Assume 50% of total area of coastal salt marsh needs new planting.
4. Assume 20% of total area of brackish marsh needs new planting.
5. Assume 50% of total area of salt grass needs new planting.

6.01 Revegetation SUBTOTAL:   $5,662,800  
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 3C: Enhance Existing Conditions, Constrained

1.00 YARD SETUP, MOB AND DEMOB
1.01 Mobilization and Demobilization

Item # Description Quantity Unit Unit Price TOTAL

1 Mobilization/Demobilization 1 ls $1,548,800.00 $1,548,800  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2.

1.01 Mobilization and Demobilization SUBTOTAL:   $1,548,800

Mob/Demob costs based on 10% of total construction cost.
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 3C: Enhance Existing Conditions, Constrained

2.00 EARTHWORK, SITE ACCESS AND PREPARATION
2.01 Northwest Area  

Item # Description Quantity Unit Unit Price TOTAL

1 Clear and grub 775 ac $3,000.00 $2,325,000  

2 Temporary haul/access routes 6,000 lf $40.00 $240,000  

3 Remove existing road 98,280 sf $1.88 $185,248  

4 Remove existing railroad 9,900 lf $24.04 $237,998  

5 Upland grading 845 ac $6,450.00 $5,450,250  

6 Berm to block Oxnard Drainage Ditch 3 1 ls $50,000.00 $50,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Assume grading of entire area to be done by scrapers.
3. Assume excavation is above ground water elevation and dewatering of excavated material is not necessary.

2.01 Northwest Area  SUBTOTAL:   $8,488,496
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 3C: Enhance Existing Conditions, Constrained

3.00 UTILITIES
3.01 Utility & Service Protection and Relocation

Item # Description Quantity Unit Unit Price TOTAL

1 Remove underground gas utilities 7,600 lf $26.59 $202,118  

2 Remove underground petroleum utilities 7,000 lf $30.00 $210,000  

3 Remove underground and overhead power utilities 23,000 lf $30.00 $690,000  

4 Remove telephone utilities 10,500 lf $12.00 $126,000  

5 Remove underground water utilities 5,700 lf $15.00 $85,500  

6 Remove underground sewer utilities 5,000 lf $18.00 $90,000  

7 Protect and/or relocate misc. utilities (nominal) 1 ls $50,000.00 $50,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

3.01 Utility & Service Protection and Relocation SUBTOTAL:   $1,453,618
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Alternative 3C: Enhance Existing Conditions, Constrained

4.00 HYDRAULIC IMPROVEMENTS
4.01 Miscellaneous Hydraulic Improvements

Item # Description Quantity Unit Unit Price TOTAL

No hydraulic improvements.

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

4.01 Miscellaneous Hydraulic Improvements SUBTOTAL:   
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 3C: Enhance Existing Conditions, Constrained

5.00 MISCELLANEOUS STRUCTURES AND FACILTIES
5.01 Miscellaneous Recreational Facilities and Structures

Item # Description Quantity Unit Unit Price TOTAL

1 Visitor Center 1 ls $800,000.00 $800,000  

2 Viewing platform 5,000 sf $90.00 $450,000  

3 Public parking 100,000 sf $4.12 $412,000  

4 Pedestrian trail 26,400 lf $30.00 $792,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.

5.01 Miscellaneous Recreational Facilities and Structures SUBTOTAL:   $2,454,000  
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 Everest International Consultants, Inc. ENGINEER'S
ESTIMATE

Ormond Beach Wetland Restoration Feasibility Plan
Alternative 3C: Enhance Existing Conditions, Constrained

6.00 HABITAT
6.01 Revegetation

Item # Item Description Quantity Unit Unit Price TOTAL

1 809 Coastal praire and seasonal wetland depression 422 ac $10,000.00 $4,220,000  

2 810 Willow scrub 4 ac $48,600.00 $194,400  

3 813 Treatment wetlands 8 ac $15,000.00 $120,000  

4 814 Coastal salt marsh 77 ac $35,000.00 $2,677,500  

5 812 Backdune 65 ac $0.00 $0.00

6 811 Brackish marsh 5 ac $20,000.00 $100,000  

Notes:
1. Unit costs are in-place costs and include contractor's overhead and profit.
2. Costs include temporary irrigation during planting.
3. Assume 50% of total area of coastal salt marsh needs new planting.
4. Assume 20% of total area of brackish marsh needs new planting.
5. Assume 50% of total area of salt grass needs new planting.

6.01 Revegetation SUBTOTAL:   $3,091,900  
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1. Introduction
1.1 Purpose of the Study

This study was prepared as part of the Lower Fox River/Green Bay natural resource damage
assessment (NRDA) by the U.S. Fish and Wildlife Service (the Service), the National Oceanic
and Atmospheric Administration, the Oneida Tribe of Indians of Wisconsin, the Menominee
Tribe of Indians of Wisconsin, the Michigan Attorney-General, and the Little Traverse Bay
Board of Odawa Indians (collectively referred to as the Co-trustees) in accordance with the
regulations at 43 CFR §§ 11.81-11.84, the Assessment Plan: Lower Fox River/Green Bay NRDA
at 61 FR 43,558 (August 2, 1996), and the Lower Fox River/Green Bay NRDA: Initial
Restoration and Compensation Determination Plan (iRCDP) at 63 FR 50,254 (September 21,
1998).

Releases of polychlorinated biphenyls (PCBs) into the Lower Fox River and Green Bay have
resulted in, and continue to result in, injuries to natural resources and related ecologic and human
use service flow losses at these sites. The objective of this total value equivalency (TVE) study is
to support the restoration planning portion of the Co-trustees’ damage determination by
(1) obtaining public preferences for the types and mix of restoration alternatives, and (2)
providing value-based methods to scale resource restoration projects to provide services of
equivalent societal value to the total value of all PCB-caused service flow losses from 2000 until
service flows are returned to baseline (PCB-caused service flow losses are also referred to as
PCB-caused losses, or as losses).

This study considers PCB-caused losses based on remedial scenarios proposed in the draft
remedial investigation/feasibility study (ThermoRetec Consulting, 2000a,b). The results herein
may be revised and the revisions incorporated into the Co-trustees restoration determination after
the U.S. Environmental Protection Agency (EPA) issues a Record of Decision.

The remainder of this introduction provides background on the case, explains how this study
supports the Co-trustees damage determination, and provides a summary of key results. This
study uses a survey to obtain preferences and to scale restoration. Chapters 2 and 3 provide a
summary of the survey instrument design and implementation. Chapter 4 provides a summary of
survey results, focusing on the public’s preferences across different types of restoration
alternatives. Chapter 5 provides the economic model used, and Chapter 6 reports the results for
the scaling of alternative restoration actions to provide services equivalent in value to the
ongoing PCB-caused losses. Chapter 6 also addresses the comparability and overlap between this
study and the Co-trustees’ recreational fishing damage determination (Breffle et al., 1999), and
provides additional study conclusions. The appendices provide copies of survey materials,
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supporting economic model details, and a summary of related literature concerning area
residents’ preferences and values regarding natural resource injuries and restoration programs.

While not the focus of this study, the study survey design also provides information that can be
used to compute willingness-to-pay (WTP) monetary measures for interim losses from 2000 until
a return to baseline, which can be used as a measure of compensable values. The methods to
compute these values are presented in Chapter 5 and the results are presented in Chapter 6.

1.2 Background

PCBs are hazardous substances that were released into the Lower Fox River of Wisconsin,
primarily by paper company facilities as part of the manufacturing, deinking, and repulping of
carbonless copy paper that contained PCBs (Sullivan et al., 1983; WDNR, 1998; Stratus
Consulting, 1999c), primarily between the late 1950s and mid-1970s.1 Through time, PCBs have
been and continue to be redistributed into the sediments and natural resources of the Lower Fox
River and Green Bay (Stratus Consulting, 1999c).

Fish and wildlife throughout the Lower Fox River and the waters of Green Bay are exposed to
PCBs, primarily through the food chain process (Stratus Consulting, 1999c). As a result of
elevated PCB concentrations in fish, in 1976 the Wisconsin Department of Health and Human
Services issued fish consumption advisories (FCAs) for sport-caught fish in the Wisconsin
waters of Green Bay (including the Lower Fox River), and in 1977 Michigan issued FCAs for
the Michigan waters of Green Bay (Stratus Consulting, 1999b). These FCAs continue today and
are expected to continue for decades into the future, depending on the level of remediation and
restoration at the site (Thermoretec Consulting, 2000a,b). Past and future recreational fishing
active use losses from PCB-caused FCAs in these waters were addressed by the Co-trustees in
Breffle et al. (1999). Similar to FCAs, waterfowl consumption advisories have been issued since
1987 in the Lower Fox River area because of elevated concentrations of PCBs (WDNR, 1987).

PCBs have caused injuries to fish and wildlife in the area, causing ecologic and human use
service flow losses. Walleye have higher rates of tumors and pre-tumors than do walleye from
comparable reference areas, and the difference has been attributed to PCBs (Stratus Consulting,
1999b; Barron et al., 2000). PCB injuries to bald eagles, double-crested cormorants, and
common and forster’s terns (both identified as endangered species by the State of Wisconsin) in
the area include decreased egg hatching success. Forster’s terns are also injured as a result of

                                                
1. PCBs are a hazardous substance under 40 CFR § 301.4 pursuant to Section 102(a) of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) and Section 311 of the Federal Water
Pollution Control Act.
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increased deformity rates (Stratus Consulting, 1999a). In addition, PCB concentrations pose risks
of adverse effects on piscivorous mammals in the area, such as mink (ThermoRetec Consulting,
2000c).

The assessment area includes the waters of Green Bay2 and the surrounding land and wildlife
resources directly or indirectly impacted by the PCB contamination in the waters of Green Bay,
plus a part of northeast Lake Michigan (Figure 1.1).

1.3 Objectives

The purpose of the Co-trustee’s damage determination is to “establish the amount of money to be
sought in compensation for injuries to natural resources resulting from a release of a hazardous
substance” [43 CFR §11.80(b)]. The measure of damages is defined as restoration costs plus, at
the discretion of the Co-trustees, compensable values for interim losses [43 CFR §11.80(b)]. In
addition, damages include the Co-trustees’ reasonable assessment costs [42 USC §
9607(a)(4)(C)]. The term interim losses refers to losses from the time of release to when
resources and services are returned to baseline and encompasses past losses up to the present,
and ongoing losses during and after remediation and restoration actions until services flows are
returned to baseline [43 CFR §11.80(b)]. The primary focus of this study is to support restoration
planning.

Restoration refers to actions undertaken to return an injured resource to its baseline condition as
measured by the services provided by that resource [43 CFR § 11.14(ll)]. Baseline refers to the
conditions that would have existed in the assessment area had the release of hazardous
substances not occurred [43 CFR § 11.14(e)] and services are defined as the “physical and
biological functions performed by the resource, including the human use of those functions”
[43 CFR § 11.14 (nn)]. Restoration can be accomplished by restoring or rehabilitating resources
or by replacing or acquiring the equivalent of the injured natural resources, as measured by the
services those resources provide [43 CFR § 11.82(a)]. In restoration planning, Trustees evaluate
restoration alternatives and select and determine the scale of the preferred alternative based on
the magnitude of service flow losses the releases cause over time.3 The costs to perform the
preferred alternative become the restoration cost component of the damage determination.

                                                
2. The waters of Green Bay are defined to include the Bay of Green Bay, all bays within Green Bay
(e.g., Little and Big Bay de Noc, Sturgeon Bay), and all rivers feeding into Green Bay up to the first dam or
obstruction, including the Lower Fox River starting at Little Lake Buttes des Morts to the Bay of Green Bay.

3. An alternative can consist of single actions or combinations of actions [43 CFR § 11.82(b)(1)].
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This TVE study supports restoration planning in two ways. First, the study explicitly obtains
public input regarding the preferences and values for alternative types of restoration projects,
which aids the Co-trustees in evaluating the benefits of alternatives [43 CFR § 11.82(d)(2)], and
ensures that the public has input on the selection of alternatives [43 CFR § 11.90].

Second, the study provides value-based methods to determine the appropriate scale of potential
restoration actions. In some cases, restoration can be obtained by actions that restore,
rehabilitate, or acquire the same amount of the same services at the same or very similar
locations as those that were lost. For example, if an oil spill causes a boat launch to be closed,
opening access to a comparable new boat launch nearby may provide the same services of the
same scale as the losses, and thus the replacement services are equivalent (in type, level, and
value) to the service flow losses. The amounts of services to be restored depend on the injuries
through time, which may vary with the contamination and with the remediation efforts through
time. For example, if contamination reduces mink populations, restoration might include habitat
enhancements to support the population, combined with periodic mink stocking at varying levels
to return the stocks to baseline levels through time. Scaling restoration programs that provide the
same or very similar services is sometimes referred to as service-to-service scaling, where the
amount of restored services are scaled to be equal to the amount of lost services now and through
time.

For a large share of the PCB-caused service flow losses in the assessment area, particularly
within Green Bay, where most of the PCBs have come to be located, providing restoration with
the same or very similar services may not be technically feasible (i.e., the Co-trustees may be
unable to find or develop resources that are sufficiently extensive to be developed in sufficient
quantities), may be undesirable (e.g., increasing the population of fish or birds that may continue
to experience injuries from PCB exposure), or may be too expensive. For this and other reasons,
it may be preferable to select restoration actions that provide resources and services of a similar
but different type or quality than those injured. Because such restoration may not provide the
same services, it may not be possible to apply service-to-service scaling. In these cases, value-
based scaling methods provide a basis for selecting and scaling restoration activities.

Value-to-value scaling is used in this study to scale restoration projects that provide services
similar to, but not the same as, those lost.4 Scaling is computed such that the societal value of the
services gained through restoration equals the societal value of PCB-caused losses. Value is
measured by the utility (benefits or satisfaction) that people derive from all active and passive
uses of the resources. Dollar measures of value are not required for value-to-value scaling.

                                                
4. See also 15 CFR § 990.53(d) for additional discussion of value-based scaling concepts and methods.



Stratus Consulting Introduction (Final, 10/25/00)

Page 1-6

In this study we focus on restoring all human use losses, including active use losses related to
well-identified active, and often on-site, resource uses such as recreational fishing, and passive
use losses arising from services individuals receive from resources apart from their own readily
identified and measured active uses. 5

Certain active use losses may be cost-effectively and readily individually measured and valued,
as the Co-trustees have done for recreational fishing active use losses (see Breffle et al., 1999).
However, focusing solely on these losses omits consideration of other potentially significant
losses, thus understating the services to be restored. This TVE study is a total value assessment
because it addresses most or all PCB-caused service flow losses, including but not limited to
recreational fishing and other recreational losses such as waterfowl hunting and wildlife viewing;
casual or indirect losses such as reduced enjoyment while driving or walking by or working near
a site, and when hearing about, reading about, or seeing photographs of a site; and option and
bequest losses tied to preserving resource services for future use for oneself or for others.

Value-to-cost scaling can be used to select the type and scale of restoration projects such that
their cost equals the value of the lost services. This is the same as computing compensable values
[CFR 43 § 11.83-11.84] and applying the recovered damages to selected restoration projects
[43 CFR § 11.93 (b)]. This study supports the selection of the mix and scale of restoration
projects once damages are recovered by identifying project preferences and the relative value of
alternative mixes of projects. While not the primary focus of this study, the study can provide a
measures of compensable values for interim losses from 2000 until services are returned to
baseline using a WTP measure [43 CFR §11.83(c)(2)].6,7

                                                
5. Some authors use different terms to refer to these concepts, or define the terms slightly differently. These
differences generally have little substantive impact when the focus is on restoring all human use losses. These
terms are consistent with the DOI regulations, where passive use losses include nonuse losses such as bequest
and existence losses.

6. Compensable values include “the value of lost public use of the services provided by the injured resources,
plus lost nonuse values such as existence and bequest values” [43 CFR § 11.83(c)(1)].

7. The values provided in this study could also be used to support value-to-value scaling of the compensable
values for the total interim recreational fishing losses (Breffle et al., 1999) to the value of the restoration
programs addressed here.
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1.4 Approach

Survey of preferences and values

To obtain public preferences and values, a survey was conducted with residents of 10 Wisconsin
counties surrounding the Wisconsin waters of Green Bay. The survey focuses on four groups of
natural resource restoration programs for the Green Bay area. Over 600 restoration projects for
the assessment area were compiled and analyzed, with a large majority of the proposed projects
falling into one of these groups (see Chapter 2). The levels of restoration considered for each of
the four program groups were selected reflecting relevant technical options and responses from
respondents in survey focus groups and pretests.

1. Restore wetlands near the waters of Green Bay. Wetlands restoration will provide
increased spawning and nursery habitat and increased food for a wide variety of fish,
birds, and other wildlife. This provides wildlife services similar to, but not the same as,
those injured by PCBs. Preferences and values for restoration of wetlands can also be
applied as an indicator of the preferences and values for preventing further wetland loss
and for other habitat enhancement projects. Restoration levels range from taking no
action up to a 20% increase in wetlands within five miles of Green Bay within Wisconsin
(although selected wetlands for restoration could also be located in Michigan).

2. Remove PCBs in the sediments of the assessment area. Removal of PCBs will reduce the
number of years until FCAs and the injuries to wildlife are eliminated. The levels of
removal considered result in the number of years until PCBs are at safe levels (i.e., a
return to baseline conditions) ranging from 100 years (no additional removal) to 20 years
with intensive remediation.

3. Enhance outdoor recreation in 10 counties surrounding Green Bay. Enhanced recreation
includes increasing facilities at existing parks such as adding picnic grounds, boat ramps,
and biking and hiking trails, and developing new parks. These facilities provide
recreation services, although not the same services as those affected by the PCB-caused
losses. The levels of recreation enhancements considered range from no improvements up
to a 10% increase in facilities at existing parks and a 10% increase in new park acreage.

4. Reduce runoff that contributes to pollution of the waters of Green Bay. Controlling runoff
improves water quality by lessening algae growth and improving water clarity, especially
in the lower bay. This improves aquatic vegetation and habitat for fish and some birds
and improves recreation. Runoff control in this case provides similar, but not the same,
services as those injured by PCBs. The runoff control levels considered range from no
change in the amount of runoff up to a 50% reduction, reflected by changes in water
quality measures.
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This TVE study is designed to support restoration planning by providing a large-scale
perspective of public preferences across alternative types of restoration programs, and providing
a method to scale programs that provide equivalent value to the service flow losses. The study is
not intended to provide a selection of individual projects such as specific wetland acres or
specific recreational facilities. That task is left to Co-trustees and regional planners who have a
detailed knowledge of needs, technical effectiveness, and cost-effectiveness.

The survey describes each of the four natural resource restoration programs and asks a variety of
questions to elicit preferences about the programs and the program levels. Next, the survey
includes six stated preference choice questions, where respondents state their preferences by
choosing which of two alternatives (A or B) they prefer, where each alternative has a specified
level for each of the four restoration programs.

Figure 1.2 provides an illustration of the choice questions presented to respondents. In this
question respondents are making a choice between enhanced outdoor recreational facilities at
existing parks and increased levels of runoff control. By varying the program mixes and levels
across questions and examining the choices made, mathematical methods (knows as random
utility models) are used to determine how much of one kind of restoration has equivalent value to
different amounts of other kinds of restoration.

The alternatives, and the choice between alternatives, are designed to reflect realistic and
meaningful options for natural resource management in the study area. To present realistic
choices, each of the alternatives includes a dollar cost to the household associated with the
alternative. The dollar values presented differ across choice pair, and across survey versions,
which allows for calculation of the public’s WTP for the value of PCB-caused losses, or
compensable values (see Chapter 5), and for the natural resource enhancements considered.

The TVE survey was implemented through a mail survey of a stratified random sample of
households in 10 counties near Green Bay. Of the 650 eligible respondent households,
470 responded, resulting in a 72% response rate. An evaluation of the sampling plan and
responses indicates that any potential sampling and response biases are likely to be small and
thus have a minimal impact on the results (see Chapter 3 for further discussion of potential
sampling and response biases).
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Figure 1.2. Sample choice question.
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Remediation scenarios

This TVE study determines what level of enhancements in the selected natural resource
programs has a value that is equivalent to the value of PCB-caused losses over various time
periods for alternative remediation scenarios. Figure 1.3 illustrates how ongoing PCB-caused
losses depend on the rate of remediation f services. In the figure, Area A represents past losses
experienced before remediation begins at the site (assumed to be 2000); these losses are not
addressed in this TVE study. Area B reflects an assumption of a 10 year period (2000-2009) for
remediation actions during which time limited, if any, recovery may occur. Areas C-F are
ongoing losses after remediation (if any), depending on the level of remediation. We consider
several scenarios:

1. Intensive remediation. This scenario assumes that losses continue largely unabated during
the remediation period (Area B), then linearly decline to baseline over another 10 years
(Area C) for a total of 20 years of ongoing losses. This scenario reflects the Fox River
Global Meeting Goal Statement (FRGS-97) by the Fox River Global Meeting
Participants (1997), and is similar to the more intensive remedial actions being
considered in the Remediation Investigation and Feasibility Study (RI/FS, ThermoRetec
Consulting, 2000a,b).

2. Intermediate remediation. This scenario assumes that losses continue largely unabated
during a 10 year remediation period (Area B), then linearly decline to baseline over
another 30 years (Areas C + D) for a total of 40 years on ongoing losses (10 + 30). This
scenario is similar to the intermediate remediation scenarios in the RI/FS.

3. Little or no additional remediation. These scenarios consider limited remediation over
10 years (Area B), resulting in declining losses over either (a) an additional 60 years
(Areas C + D + E) for a 70 year total (10 + 60), or (b) an additional 90 years
(Areas C + D + E + F) for a 100 year total (10 + 90).

The TVE study design allows the calculation of the scale of restoration to provide services of
equal value to the value of PCB-caused losses through time, or to a portion of the losses through
time, such as between a 20 year intensive remediation and a 40 year intermediate remediation
(Area D in Figure 1.3).
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1.5 Summary of Results

Awareness and preferences

Respondents were asked how aware they were of each of the four natural resource topics
presented (wetlands, PCBs, outdoor recreation, and runoff control) before receiving the survey.
Respondents reported being moderately to highly aware of the topics, with over 80% reporting
they were somewhat to very aware of each topic. The literature identifies that higher awareness
can be expected to enhance the reliability of responses and to reduce the burden of
communication in survey design. High levels of awareness of a topic most likely reflect personal
interest in the topics and increased preference for, and values for, natural resource restoration.

Various questions address respondent concerns and preferences for the four programs and the
service flow benefits they provide. There is a strong and statistically significant preference for
PCB removal over other natural resource enhancement programs, even though efforts were taken
to ensure that PCB removal was treated in the survey on an equal basis with the other natural
resource restoration programs (see Chapter 2). Relative to PCB removal, runoff control and
wetland enhancements have modest interest and values. Limited interest is expressed in
enhancing 120 regional parks, and almost no interest is expressed in adding new regional parks.
Table 1.1 summarizes the importance ratings for the benefits from each program. Table 1.2
summarizes preferences in terms of doing and spending less, the same, or more, compared to
current levels, for each program in the future.

ServicesBaseline
level of
services

Reduced
levels of
services =
losses

Time

2100207020402020201020001980

A B C D E F

Figure 1.3. PCB-caused service flow losses under alternative time paths for a return
to baseline.
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Table 1.1. Importance of natural resource action benefits
(1 = not at all important to 5 = very important).

Benefitsa
Mean importance ranking

(SE of mean)
Remove PCBs to reduce risks to birds, fish, and other wildlife 4.3

(0.05)
Remove PCBs so that it is safe to eat fish, and waterfowl 4.3

(0.05)
Reduce runoff to improve water clarity 4.0

(0.05)
Increase wetland acreage to support birds, fish, and other wildlife 3.9

(0.05)
Reduce runoff to reduce algae blooms 3.8

(0.05)
Add facilities at existing parks 3.6

(0.05)
Add new parks 3.3

(0.06)
a. Listed in order of mean importance score, not in the order they appear in the survey.

Table 1.2. Preferred actions for natural resource programs.

Natural resource
programsa Do less and spend lessb Do and spend the same

Do more and spend
more

PCB investigations and
removal NAc 17% 83%

Runoff reduction 2% 34% 65%

Wetlands maintenance
and/or restoration 3% 42% 56%

New facilities at existing
parks and/or opening new
parks 2% 51% 47%

a. Listed in order of mean importance score, not in the order they appear in the survey.
b. Percentages are adjusted to remove missing responses, which amount to less than 2.4% for all questions
and may not sum to 100% due to rounding.
c. Not applicable: “Do less and spend less” was not offered as an option for PCBs.
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The reported preferences vary by household characteristics. For example, households report
higher importance for the benefits of a program, and interest in doing more and spending more, if
they have anglers active in fishing the waters of Green Bay, if they live very near Green Bay, and
if they were previously very aware of the natural resource topic.

Scaling restoration

The results of the choice questions, which trade off enhancements in natural resource programs,
demonstrate that respondents predominately answer in a manner consistent with our
expectations: more enhancements are preferred to fewer enhancements, and lower costs are
preferred to higher costs. These results support the reliability of the results.

The resource trade-off questions are used to scale combinations of resource restoration programs
that would provide services that the public considers to be equivalent in value (measured in
utility) to eliminating the continuing PCB-caused losses. While the final mix and scale of
restoration programs will be determined later, the model presented here provides a basis upon
which to scale alternative restoration programs. The costs for the selected restoration programs
are addressed in the Co-trustees’ Restoration Compensation Determination Plan (RCDP).

Table 1.3 provides examples of the scale of sample mixes of restoration projects that provide
services with value equal to the ongoing PCB-caused losses for selected scenarios. Each line
represents one possible mix of restoration projects. The listed examples are but a few of the
infinite number of possible combinations that the Co-trustee Council and potentially responsible
parties could develop to provide services of equal value to the PCB-caused losses. The first three
lines provide example combinations for the scale of restoration providing services of value equal
to the PCB-caused losses from 2000 until a return to baseline if an intensive level of remediation
returns services to baseline by 2020:

} A combination of 3,100 acres of wetlands restoration, plus a 10% enhancement in
existing park facilities, plus a 50% runoff control program

} A combination of 5,500 acres of wetlands restoration, plus an 8% increase in existing
park facilities, plus a 45% runoff control program

} 11,000 acres of wetlands restoration, plus a 45% runoff control program.

The second block provides examples for the 40 year intermediate level of remediation. The third
and fourth blocks provide examples of the scale of restoration that provides services of value
equal to a portion of the PCB-caused losses corresponding to the differences between a 20 and
40 year remediation and between a 20 and 70 year remediation.
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Table 1.3. Illustration of restoration scaling.
Example mixes of restoration programs

Scenario Wetland restoration acresa Existing park enhancement Runoff controlb

PCB remediation scenariosc

Intensive: (0 to 20 years)

Intermediate: (0 to 40 years)d

Partial restoration
Intensive vs. 40 year
Intermediate (20 to 40 years)

Intensive vs. 70 year
Intermediate (20 to 70 years)

3,100
5,500
11,000

24,100
16,000

2,900
5,000
2,400

5,700
13,000

10%
8%
0%

10%
20%

2%
3%
0%

0%
10%

14”/50%
12”/45%
12”/45%

16”/55%
16”/55%

4”/25%
2”/13%
7”/33%

14”/50%
10”/40%

a. Rounded to nearest 100 acres.
b. Additional inches of water clarity/percentage decrease in number of excess algae days.
c. Restoration is for PCB-caused losses during the period indicated.
d. Requires extrapolating beyond the range of actions considered for some or all programs.

These illustrations do not include additional acres of new parks as a restoration approach because
acres of new parks in the 10 county area was found to have a near-zero value. A few key findings
emerge as applicable to the ultimate selection and scaling of restoration alternatives within the
identified three project types (wetlands, outdoor recreational facilities, and runoff control):

} Wetland (and likely other wildlife habitat) restoration programs and runoff control
programs are preferred to, and more highly valued than, programs to enhance outdoor
recreation in the assessment area. While specific outdoor recreation enhancements would
benefit some residents, the majority of residents indicated limited interest in additional
facilities and parks.

} Continued increases in the levels of wetland restoration programs increase benefits, but at
a declining rate. That is to say, there are diminishing marginal utility gains as more
wetlands are restored. As a result, increased restoration well beyond the levels addressed
in the study will most likely result in limited additional benefits to the public.
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} The value of PCB-caused losses is so substantially larger than the value of service flow
benefits from the restoration programs that it is difficult to generate benefits equivalent in
value to the PCB-caused losses with just improvements in one program. For instance, a
widespread improvement in regional parks provides services that are equal in value to
value of the first few years of PCB-caused losses, a 20% increase in wetland acres
provides services with value equal to about the first seven years of PCB-caused losses,
and a 50% additional runoff control provides services with value equal to about the first
15 years of PCB-caused losses. Therefore, to provide sufficient restoration with value
equal to the value of ongoing PCB-caused losses until a return to baseline will likely
require a combination of several programs.

} The restoration combinations presented in Table 1.3 consider up to a 40 year time
horizon for eliminating PCB injuries because even the maximum combination of the
wetlands, outdoor recreation, and runoff control programs considered do not provide
enough service flow benefits to be equivalent to eliminating PCB losses more than
40 years more quickly. To provide services flow benefits for PCB-caused losses beyond
40 years would required additional natural resource programs, or variations on the
programs addressed herein.

Double counting and comparison to other studies

The WTP value measures for interim losses estimated in this TVE study can be used to eliminate
double counting in the final damage determination and to compare the results here with other
existing literature.

This TVE study differs from, but necessarily partially overlaps, the Co-trustees’ recreational
damage determination (Breffle et al., 1999) because both include a portion of the recreational
fishing losses due to PCB-caused fish consumption advisories. The WTP results of the TVE and
recreational fishing studies can be compared for those households with Green Bay anglers in the
10 nearby Wisconsin counties. For this comparison population, the WTP values in this TVE
study are comparable to or slightly larger than the WTP values in the recreational fishing study.
This is as expected because this study values a larger set of losses than does the recreational
fishing study, although for households with Green Bay anglers, fishing losses may well be the
dominant component of PCB-caused losses. The comparability of the results supports the
estimated magnitude of damages in each study, and allows double counting between the studies
to be readily addressed (see Section 6.3.3).

The results of this study are also consistent with other existing literature specifically addressing
social preferences and values for PCBs and other natural resource management programs in
northeastern Wisconsin (see Appendix D). Existing literature consistently identifies that regional
residents are aware of and concerned about water pollution issues, and place a high priority and
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value on cleaning up contaminated water resources. While the existing literature does not address
the same scenarios as in this TVE study, allowing for differences in the scenarios, the
preferences and WTP values calculated in this TVE study are of a consistent magnitude with
those found in the literature.



2. Survey Design
Section 2.1 provides an overview of the survey instrument, key survey design considerations
influencing why we selected the stated preference choice-question approach, and how we
designed the survey. Section 2.2 provided a detailed discussion of the individual elements of the
survey.

2.1 Survey Design Overview

2.1.1 Background

To support the restoration planning objectives of this study, the survey needed to address the
range of the most relevant restoration alternatives. Therefore, we first developed a database of
potential restoration projects, drawing on work completed by many groups in the Green Bay area
(Hagler Bailly Services, 1998). The database merged the specific project recommendations made
in the 1988 Lower Green Bay Remedial Action Plan for the Lower Fox River and Lower Green
Bay Area of Concern (WDNR, 1988), projects from the 1994 Green Bay Habitat Restoration
Workshop Summary (WDNR, 1994), and projects that in various documents were developed,
gathered by, and presented to the WDNR Habitat Restoration Workgroup (the Boronow Group),
which worked during 1997 and 1998. The Potential Restoration Projects Database contains over
600 individual projects or ideas.

Most of the identified restoration projects could be placed into one of four broad natural resource
topic areas. Working with scientists, for each topic area we next developed technical information
about current conditions, and about the types of benefits that could be obtained from restoration
projects. The levels of restoration to be considered in the survey for each topic area were selected
reflecting technical options and responses from respondents in survey focus groups and pretests
(see Section 2.2.2). The four natural resource restoration topics, along with their related service
flows and range of restoration levels are as follows:

1. Restoration of wetlands near the waters of Green Bay. Wetlands restoration will provide
increased spawning and nursery habitat and increased food for a wide variety of fish,
birds, and other wildlife. This provides wildlife services similar to, but not the same as,
those injured by PCBs. Preferences and values for restoration of wetlands can also be
applied as an indicator of the preferences and values for preventing further wetland loss
and for other nonwetland habitat enhancement projects. Restoration levels range from
taking no action up to a 20% increase in wetlands within five miles of Green Bay in
Wisconsin (although selected wetlands could also be located in Michigan).
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2. Removal of PCBs in the sediments of the assessment area. Removal of PCBs will reduce
the number of years until FCAs and the injuries to wildlife are eliminated. The levels of
removal considered result in the number of years until PCBs are at safe levels (i.e., a
return to baseline conditions), ranging from 100 years (no additional removal) to
20 years.

3. Enhance outdoor recreation in 10 counties surrounding Green Bay. Enhanced recreation
includes increasing facilities at existing parks such as adding picnic grounds, boat ramps,
and biking and hiking trails, and developing new parks. These facilities provide
recreation services, although not the same services as those affected by the PCB-caused
losses. The levels of recreation enhancements considered range from no improvements up
to a 10% increase in facilities at existing parks and a 10% increase in new park acreage.

4. Reduce runoff that contributes to pollution of the waters of Green Bay. Controlling runoff
improves water quality by lessening algae growth and improving water clarity, especially
in the lower bay. This improves aquatic vegetation and habitat for fish and some birds
and improves recreation. Runoff control in this case provides similar, but not the same,
services as those injured by PCBs. The runoff control levels considered range from no
change in runoff up to a 50% reduction, reflected by changes in water quality measures.

After describing the topics and restoration program levels, the survey included six stated
preference choice questions, where respondents stated their preferences across restoration types
and levels. Figures 1.2 and 2.1 provide illustrations of two examples of choice questions.

} In Figure 1.2, respondents were asked to make a choice between two restoration
alternatives: enhanced outdoor recreational facilities at existing parks in Alternative A or
increased levels of runoff control in Alternative B. In both alternatives, household costs
increase by $25 per year for 10 years.

} In Figure 2.1, respondents were asked to make a choice between a restoration alternative
or remaining with the status quo: PCB removal resulting in a reduction to 40 years until
PCBs are safe, at a per household cost increase of $200, in Alternative A, or no additional
resource enhancements and no additional household costs in Alternative B.

The restoration levels for the four programs and the associated household costs are varied across
the alternatives in each question and across the questions. By examining the choices made,
mathematical methods (knows as random utility models) are used to determine how much of one
kind of restoration has equivalent value to different amounts of other kinds of restoration, and to
compute the WTP value of ongoing PCB-caused losses and of the restoration alternatives.
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Figure 2.1. Typical choice question.

 14 If you had to choose, would you prefer Alternative A or Alternative B? Check one

box at the bottom.

Alternative A  
ï

Alternative B
ï

Wetlands
     Acres . . . . . . . . . . . . . . . . . . . . . . 

     

58,000 acres 
(current)

58,000 acres
(current)

PCBs
     Years unt il safe for nearly all fish
     and wild life . . . . . . . . . . . . . . . . .

40 years unt il safe
(60% faster)

100+ years until safe
(current)

Outdoor Recreation 
     Facilit ies at existing parks. . . . . . 

    Acres in new parks . . . . . . . . . . . . 

0% more

0 acres 
(current)

0% more

0 acres
(current)

Runoff
     Average water clarity in the 
     southern Bay . . . . . . . . . . . . . . . .

    Excess algae days in lower Bay . .

20 inches
(current)

80 days or less
(current)

20 inches
(current)

80 days or less
(current)

Added cost to your household 
     Each year for 10 years . . . . . . . . . $200 more $0 more

Check (U) the box for the

alternative you prefer Û ñ ñ
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2.1.2 Selection of the stated preference choice-question survey approach

Generally, two broad classes of approaches are often used to evaluate preferences and values for
natural resource changes: stated preference (SP) approaches and revealed preference (RP)
approaches.1 SP approaches use survey questions to have respondents explicitly or implicitly
state their preferences and value. In a very simple SP approach, respondents could be asked,
“When fishing in this area do you prefer fishing for perch, or fishing for catfish?” or “Would you
pay $5 to launch your boat in these waters?” In contrast, an RP approach examines behavioral
choices that have been made, and which are observed in markets or reported by respondents in
surveys, to infer preferences and values. In our simple example, RP data might find that most
anglers in the area fish for perch and few fish for catfish, and thus we reveal that for the current
conditions there is a preference for perch fishing; and RP data might find that most boat anglers
will pay $5 to launch their boat at the site rather than fish elsewhere, or would fish elsewhere.

We selected the SP approach because it would cost-effectively provide the most comprehensive,
valid, and accurate information to support the restoration planning objectives of the study.2 A
stated preference survey can be more comprehensive because it can measure preferences and
values (in utility or dollars) for more PCB-caused service flow losses, and for most or all of the
service flow gains from a restoration alternative. Another strength of the SP approach is that the
researcher can measure public preferences and values directly relevant to all levels of all four
restoration alternatives being considered for the site of interest, including restoration providing
service levels that do not currently exist, thus obtaining valid and accurate information
(Morikawa et al., 1990; Louviere, 1996).

We judged that using RP approaches would not sufficiently serve the study objectives. RP
approaches could be cost-effectively applied, or applied at all, for only a limited number of PCB-
caused losses, such as for recreational fishing (such as in Chen and Cosslett, 1998; Herriges
et al., 1999; and Breffle and Morey, 2000), and for only a limited number of the service flow
benefits for a few of the restoration alternatives of interest (such as for selected recreational
activities). RP approaches would not be cost-effective for many types of active uses related to
enjoying a site and generally could not be used to reveal values for some service flows, including
passive uses and cultural uses.

                                                
1. See, for example, Kopp and Smith (1993), Freeman (1993), Adamowicz et al. (1994), Breffle et al. (1999),
and the U.S. DOI NRDA regulations at 43 CFR § 11.83(c). Some authors use different terms to refer to these
methods.

2. Comprehensive refers to covering all or a large set of the service flow losses and gains, for all or a large set
of the restoration options of interest. Valid refers to measuring the specific variable of interest, without bias,
rather than measuring a close but different variable or measuring the variable with bias. Accuracy refers to
measuring the variable with reasonable precision.
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Even for the service flows that RP approaches could cost-effectively measure, RP approaches
would not be able to reliably and accurately measure values for many of the restoration
alternatives of interest because some alternatives enhance natural resources in ways that do not
currently exist in the assessment area. Therefore, relevant behavioral data for the assessment area
to measure preferences and values does not exist. In some cases, RP information can be used
from other comparable sites, or the same site in prior years, to learn about preferences and values
for some of the service flows of interest, but generally the ability to comprehensively, reliably,
and accurately measure current preferences and values relevant to the unique assessment area is
limited.

Using RP data as the primary approach would have the undesirable effect of understating PCB-
caused losses and limiting the evaluation to the types and levels of restoration alternatives to
those that may not be of the most interest and value. Thus, for a comprehensive assessment,
SP studies would be required. Conducting additional RP studies, beyond the recreational fishing
damage determination and in addition to the required SP study, would not be cost-effective
because of the limited coverage of restoration alternatives and service flows that RP studies
could provide.

2.1.3 Choice-question method as an established method

We selected a choice-question method because the method is established in the literature, and
can be designed to cost-effectively and directly assess the study objectives for the specific types
and levels of PCB-caused losses and restoration alternatives of relevance.

Choice questions evolved from conjoint analysis, which has been extensively used in marketing
and transportation research.3 Choice questions have come into widespread use in environmental
economics. For example, Magat et al. (1988) and Viscusi et al. (1991) applied SP data to
estimate the value of reducing health risks; Adamowicz et al. (1994, 1997) and Morey et al.
(1999a) applied it to estimate recreational site choice models for fishing, moose hunting, and
mountain biking, respectively; Breffle et al. (1999) used it to value changes in recreational
fishing; Adamowicz et al. (1998) used it to estimate the value of enhancing the population of a
threatened species; Layton and Brown (1998) used it to estimate the value of mitigating forest
loss resulting from global climate change; Morey et al. (1999b) applied SP data to estimate WTP
for monument preservation in Washington, DC; Swait et al. (1998) compared prevention versus
compensation programs for oil spills; and Mathews et al. (1997) and Ruby et al. (1998) asked
anglers to choose between two saltwater fishing sites as a function of their characteristics.
Breffle et al. and Mathews et al. were NRDA applications.

                                                
3. For survey articles and reviews related to use in marketing, see Louviere (1988, 1992, 1994), Green and
Srinivasan (1990) Batsell and Louviere (1991); and for use in transportation planning, see Hensher (1994).
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A number of additional applications to environmental topics have used a rating variation of
choice questions, in which survey respondents rate the degree to which they prefer one
alternative over the other. For example, Opaluch et al. (1993) and Kline and Wichelns (1996)
develop a utility index of the characteristics associated with potential noxious facility sites and
farm land preservation. Johnson and Desvousges (1997) estimate preferences and WTP for
various electricity generation scenarios and related environmental and social impacts.4

We chose to use choice questions rather than the rating variation of choice questions and to limit
the choice to two alternatives. Choice questions mimic the real choices individuals continuously
make, whereas individuals rank and rate much less often.5 And choice questions among two
options are easier, thus reducing the burden on our respondents while still providing information
sufficient for the study objectives.

The use of the choice-question method in this natural resource damage assessment is consistent
with U.S. DOI NRDA regulations [43 CFR § 11.83(c)(3)]. The choice-question methods used
here combine elements of random utility models used in recreation assessment and stated
preference methods, which are identified as acceptable methods in the U.S. DOI regulations
[43 CFR § 11.83(c)(3)]. Choice-question methods are explicitly identified (under the name
“conjoint methods”) in the NOAA NRDA regulations for use in value-to-value scaling of
restoration alternatives (15 CFR Part 990, preamble Appendix B, part G), which is supported in
Mathews et al. (1995, 1997)..

2.1.4 Key design considerations

Once we had chosen a survey based choice-question approach, our attention turned to strategies
to design and implement a state-of-the-art application. To provide valid and accurate preferences
and values, our SP survey incorporates general survey design considerations as described in
several standard works, including Dillman (1978, 2000), Shuman and Presser (1996), and
Tourangeau et al. (2000). In addition, we addressed survey design considerations that are specific
to all SP surveys (Mitchell and Carson, 1989; Kopp et al., 1997) and to choice-question
application of SP surveys. In this section we discuss selected key survey design considerations.

                                                
4. Other examples include Rae (1983), Lareau and Rae (1998), Krupnick and Cropper (1992), Gan and Luzar
(1993), and Mackenzie (1993). Adamowicz et al. (1997) provide an overview of environmental valuation
choice and ranking studies up to 1996. Dozens of new environmental economic applications are now occurring
each year.

5. See, for example, Louviere and Woodward (1983), Louviere (1988), and Elrod et al. (1992).
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Accurate, neutral, and accessible information

An important consideration to our design was to present accurate information in a neutral and
accessible manner. Throughout the survey design we consulted with scientists and public
officials to assure and document that all of the information presented in the survey provided
accurate and balanced perspectives of the natural resource topics of interest.

Beyond accuracy in the scientific information, several actions were taken to assure the survey
made a neutral presentation. These included not identifying the sponsor, but rather noting the
usefulness of the results to government, industry, and citizen groups; assuring there was a
consistent and equal presentation of each of the four natural resource topics addressed; and
repeatedly recognizing that respondents may not place importance on the identified resource
enhancements (e.g., “how important, if at all, . . .” and rather than assuming restoration would be
preferred, including options such as “do less and spend less” and “do and spend the same”).

In pretests, when respondents were asked for whom and why they thought the survey was being
conducted, the most frequent answer was they did not know, second was that it involved the
State of Wisconsin in its efforts to help evaluate what to do in the Green Bay area, and some
respondents indicated that they thought the paper companies were sponsoring the research.
While our focus was on restoration preferences and scaling for PCB-caused losses, focus group
and pretest respondents indicated they thought that the survey had to do with all four resource
topics and was not motivated by, or oriented to, consideration of PCBs or any of the other topics.
When asked if they felt that the survey contained any bias for or against any particular issue,
focus group and pretest respondents overwhelmingly indicated that they did not feel the survey
was biased.

An important design consideration is to present the required information in a manner that is
accessible to, and not a burden to, respondents; otherwise respondents may not complete any or
all of the survey, and may be confused by information and provide unreliable and/or inaccurate
information. In this survey, wherever possible, we present information at a basic level, and to
facilitate reading the survey we carefully structured the information in consistent formats for
each resource topic and in the choice questions. While considerable information is presented,
simple questions and maps, graphs, and tables are interspersed among the text to break up the
information, to be visually interesting, and to help the respondent think about the information as
he or she progresses through the survey. The simple questions also provide useful attitudinal and
demographic information. Again, focus groups and pretests were used to work on survey
language and respondent ability to understand the survey and provide valid and accurate
answers.
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Context

A standard tenet of SP design is that if the SP context of the presentation and questions simulates
real choices, and if the responses could have a real impact on the respondents, there is incentive
for the respondents to provide answers that are a valid and accurate reflection of their
preferences. In this survey, we present a realistic context that government, industry, and citizen
group planners are examining options for natural resources in northeast Wisconsin. These issues
have long and frequently received a high level of attention in the news in the assessment area. In
fact, a large portion of respondents in the focus groups, pretests, and final instrument expressed
awareness of, and concern about, the various natural resource topics being addressed. A large
share of the residents in the area enjoy the natural resources of interest in one way or another,
and thus changes in the resources would affect them. Often there are public meetings on these
natural resource topics, and it is reasonable for citizens to accept that decision makers seek
public input through a survey of this type, and that results will influence the selection of the
types and levels of actions to be taken.

In most SP studies, the context of who will pay, and how, is a key design feature. While our
study focused on restoration priorities and scaling of restoration, which did not require that we
specify the costs, participants in focus groups quickly identified that consideration of who will
pay and how was important to set a realistic context for the choices they were presented with:
“Who is going to pay,” or “I know we will have to pay some for these natural resource
improvements, but industry, users, and farmers should pay their share” typify the types of
comments received. These types of concerns also identify that respondents took the survey
seriously.

Reflecting the concern about who pays and how, we included dollar costs to the household
associated with each alternative. Dollar costs would be paid through a combination of federal,
state, and local taxes, as most often occurs for these types of major natural resource programs.
Dollar costs would be paid over a 10 year period, matching the implementation period identified
for the projects. With these aspects added to the context, most respondents in focus groups and
the pretest identified the choice questions as reasonable and meaningful. While the inclusion of
dollar costs adds realism to the context of the presentation, by varying the costs across choice
pairs and across survey versions, it also allows for calculation of the public’s WTP for the value
of PCB-caused losses (see Chapter 5), and for the natural resource enhancements considered.

Information presentation

Another consideration in any SP survey is that respondents have the information necessary for
them to make informed choices (Fischoff and Furby, 1988). Choices that are poorly informed
may result in inaccurate and potentially biased reflections of preferences. We addressed this
consideration in two ways: by carefully selecting the information to be presented (and making
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sure it is accurate), and by limiting the population surveyed to those households near the site (see
the section below on the choice of population to be surveyed).

One of the most important peculiarities of SP surveys, compared to surveys used for other
purposes, is the amount of information that must be conveyed to, and understood by,
respondents. Ideally, to make the best choices, people should be fully informed, but a goal of full
information is impractical, would create an unnecessary respondent burden, and may even
worsen the response rates and the quality of response. As identified by Fischoff and Furby
(1988):

Simply telling people everything provides no guarantee that they have understood
everything. Such a strategy might even impede understanding if attention to
critical features of the contingent market is diverted by a deluge of details about
features that could have gone without saying because they have little practical
effect on decisions.

What we strive for in designing SP surveys (and often in life) is information that is fundamental
to the choice process; that is accurate, neutral, and realistic; and that is simple and
straightforward to understand. In this specific SP instrument, we specifically identify the natural
resource topics of interest and identify characteristics of current conditions, and changes in
current conditions if natural resource programs are undertaken. Thus, we have specified the
goods to be compared in the choice questions and, as discussed above, the context under which
changes would occur.

A related informational consideration is the number of restoration alternatives, and their
characteristics, to present. Clearly, as the number of details about restoration alternatives
increase, it becomes more challenging for the respondent to understand, track, and trade off
many characteristics, which increases the chance of confusion or focusing on only one or a few
of the attributes (reducing accuracy), or dropping out (resulting in low response rates).

We chose to present four types of restoration program characteristics by seven index variables,
as illustrated in Figures 1.2 and 2.1. Generally, a small number of characteristics is included so
as not to overwhelm the respondent.6 The respondent must understand each of the characteristics
(in our case, programs and their benefits) and keep track of changes in each of the characteristics
in both alternatives of a choice question.

                                                
6. For example, Opaluch et al. (1993) characterize noxious facilities in terms of seven characteristics;
Adamowicz et al. (1997) use six characteristics to describe recreational hunting sites; Johnson and Desvousges
(1997) use nine characteristics to describe social and environmental impacts of electricity-generation
scenarios; and Mathews et al. (1997) use seven characteristics to describe fishing sites.
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Our design asks respondents meaningful questions that support restoration planning by providing
a large-scale perspective of public preferences across alternative types of restoration programs,
and by providing information to scale programs that provide equivalent value to the PCB-caused
losses. The study is not intended to provide a selection of individual projects such as which
specific wetland acres to restore or specific recreational facilities to build. That task is left to Co-
trustees and regional planners who have a detailed knowledge of needs, technical effectiveness,
and cost-effectiveness.

The choice of the population to be surveyed

We limited the study to a “target population” of residents from a 10-county area near Green Bay
and the Lower Fox River (Figure 2.2) and sampled from this population. Each county is located
nearly entirely within 60 miles of Green Bay. Because of their proximity to the bay, individuals
from these counties could be expected to be more active users of, and more familiar with, the
natural resources in the Green Bay area than individuals from outside of the target population.
For example, approximately 90% of all recreational fishing days in the waters of Green Bay
(including the Lower Fox River and other tributaries up to the first obstruction) by Wisconsin
residents are by anglers who reside in the 10 counties (Breffle et al., 1999). Respondent
familiarity with the resources increases saliency and thus response rates and reduces the amount
of information that must be presented in the survey. In addition, Shuman and Presser (1996) have
argued that the more crystallized respondent attitudes and values are (which familiarity should
support), the less important small context changes are likely to be in survey design.

Of course, people farther from Green Bay may have suffered damages from PCBs. Restricting
our study to the 10 counties represented a compromise. Some losses would probably remain
uncounted for the sake of greater accuracy of the losses that would be addressed (see Section 6.4
for additional discussion).

Choice of survey mode

The survey was designed to be conducted by mail, with a telephone survey of nonrespondents
(see Chapter 3). On a general level there are three major modes for administering surveys:
personal interview, telephone interview, and mail (Dillman, 2000; Tourangeau et al., 2000).
Telephone interviews were rejected as the main survey mode because we concluded that we
needed to present too much information to effectively convey over the phone without also
mailing information to respondents, and thus increasing costs with limited demonstrated gain in
the response rates and quality over a mail survey. Personal interviews with visual aids can be
effective in communicating information for these types of surveys (Carson et al., 1992), but are
very labor intensive to obtain the desired response rates and generally cost hundreds of dollars
per completed interview. Both telephone and personal interview surveys can be beneficial when
there is a need for interaction between an interviewer and respondent, such as to explain complex
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information, or when the series of questions to be asked varies depending on the answers
received as the survey progresses. However, the interpersonal communication in telephone and
personal interviews is more likely to result in potential social desirability biases, wherein the
respondents are more likely to provide what they consider to be socially desirable responses
(Dillman and Tarnai, 1991; Whittaker et al., 1998; Ethier et al., 2000).

By limiting the sample to people in the 10-county area, and by careful design and pretesting, we
reduced the burden of information communication substantially. Our statistical design for the
key questions did not require the questions to be asked to vary depending on the responses to
prior questions. Based on experience, and on repeated pretesting, we concluded that the required
information could be successfully presented in a mail survey approach with high quality
responses and high response rates, so long as respondents were provided a modest completion
incentive of $15. As such, the mail survey approach was the most cost-effective approach to
obtain high quality data.

Focus groups, pretesting, and peer review

An important aspect of survey design is to use focus groups and pretests to ensure that all
material in the survey was clear and readable by members of the general public, that the
information was presented so the context was meaningful and realistic to ensure neutrality of the
survey, and that respondents are providing the information that researchers seek (e.g., the survey
obtains valid information for the study objectives). The TVE survey instrument was developed
and pretested through a series of eight focus groups and three rounds of in-person pretest
interviews conducted in northeast Wisconsin with 182 subjects. The focus groups generally
included 8 to 12 people in semi-structured discussions. In the pretests, the respondents completed
draft survey instruments, and a research team member debriefed the respondent on the survey
instrument and their answers. Table 2.1 indicates the date, site, activity, number of participants,
and focus of the various survey development and pretesting steps.

To further assure that the survey reflected professional standards, the survey instrument was peer
reviewed at various stages by Vic Adamowicz, Professor, Department of Rural Economics,
University of Alberta; Don A. Dillman, Professor of Sociology and Rural Sociology and Deputy
Director for Research of the Social and Economic Sciences Research Center at Washington State
University in Pullman; and Roger Tourangeau, Senior Research Scientist at the Survey Research
Center at the University of Michigan and Research Professor at the Joint Program in Survey
Methodology at the University of Maryland.
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Table 2.1. Green Bay total value equivalency survey focus groups and pretests.

Date Site Activity
Number of

participants
Type of

respondents Focus Investigators
4/29/98 and
4/20/98

Green Bay,
Wisconsin

Four focus groups 34 General public Assess familiarity with and
terminology used to describe
natural resource issues in NE
Wisconsin

Jeff Lazo, Mike Welsh

9/22/98 and
9/23/98

Green Bay,
Wisconsin

Four focus groups 42 General public Explore strategies for using stated
preference questions and to better
understand the amount and type
of information that was needed
and could be provided

Jeff Lazo, Mike Welsh

6/9/99 and
6/10/99

Green Bay,
Wisconsin

Self-administered
w/debriefing

56 General public Explore stated preference
strategies and ways of describing
the resource management options

Rich Bishop, Jeff Lazo,
Sonya Wytinck

8/4/99 Green Bay,
Wisconsin

Self-administered
w/debriefing

36 General public Pretest final survey instrument Rich Bishop, Jeff Lazo

8/5/99 Oshkosh,
Wisconsin

Self-administered
w/debriefing

14 General public Pretest final survey instrument Rich Bishop, Jeff Lazo
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2.2 Detailed Design

In this section we discuss the details of the four major sections of the survey:

1. introductory materials
2. introduction of the four natural resource management topics and programs
3. choice questions
4. follow-up questions including sociodemographic questions.

Table 2.2 outlines the final survey instrument and the general purposes of the questions. A copy
of one version of the survey instrument is provided in Appendix A (the versions vary only by the
levels of programs and costs in the choice questions, which is discussed below).

2.2.1 Introductory materials

Along with the survey instrument, respondents received a personalized cover letter. The
sponsor(s) of the survey and the intended use of the results for restoration planning and damage
assessment were not identified. The cover letter stated that the survey would help
“representatives from government, industry, and citizen groups” determine “what should the
priorities be for natural resource programs in Northeast Wisconsin?” This approach was adopted
as part of our strategy to make the survey neutral with respect to the natural resource alternatives.

The introductory material identified the study area as northeast Wisconsin. This was
reemphasized on the cover page with the title, “What Are Your Opinions About the Future of
Natural Resources in Northeast Wisconsin,” and a color map of the study area on the front page.
When respondents opened the survey booklet, they found an introductory sentence stating that
“Decision makers are examining options for natural resources in northeast Wisconsin.” The
inside front cover provided the definition of the “Bay of Green Bay” as “the waters of the Bay of
Green Bay and all tributaries up to the first dam or obstruction” to focus respondents on
resources issues related to the Bay.

Question 1 asked respondents how often they personally participate in activities related to the use
of the resources on the waters and shorelines of the Bay of Green Bay. This question served as a
simple beginning question, reinforced the location of interest, and elicited information on the
respondents’ natural resource uses to begin the cognitive process of thinking about how the
resources relate to the respondent through their activities.
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Table 2.2. Outline of Green Bay total value equivalency survey.

Section Item or question Purpose
Cover letter Provide information on the purpose and importance of the study.
Cover page —
map

Show the location of Green Bay, major cities and towns, tributaries,
and first dam or obstruction. Identify the study area and indicate the
general purpose of the survey to seek their opinions about the future of
natural resources in the area.

Inside cover Define the term “Bay of Green Bay.”

Introductory
materials

Question 1 Elicit information on participation in outdoor activities. Have
individuals consider their uses of the natural resources around the Bay.
Introduce the four natural resource topics addressed in the remainder of
the survey.

Questions 2-3 Provide information on wetlands and the benefits from increased
wetlands. Elicit the importance on increased wetlands benefits.
Introduce levels of program options in terms of restoring wetlands.

Questions 4-6 Provide information on PCBs and the benefits from PCB removal.
Elicit the importance of PCB removal benefits. Introduce levels of
removal, safe levels, and years of injury.

Questions 7-9 Provide information on state and county parks and their facilities.
Identify levels of enhancements and elicit importance of improved
facilities and new park benefits. Introduce concepts and levels of
programs for enhancing and enlarging state and county parks.

Introduction
to natural
resource
programs

Questions 10-12 Provide information on runoff (nonpoint source pollution) and the
benefits from increased runoff control. Elicit importance of the benefits
of runoff control. Introduce levels of programs to reduce runoff and its
impacts in terms of water quality variables.

What alternatives
do you prefer

Introduce the choice questions. Introduce and define the payment
vehicle. Reiterate key information about each of the four resource
topics.

Choice
questions

Questions 13-18 Implement the choice questions.

Questions 19-22 Obtain information to assist in analyzing individuals’ responses to the
choice questions.

Questions 23-35 Obtain sociodemographic information.

Follow-up and
socio-
demographics

Question 36 Elicit additional open-ended comments on the survey.
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2.2.2 Natural resource topics

The next section of the survey introduced each of the four natural resource topics in four separate
two-page sections. Each natural resource topic was given consistent treatment so that none of the
four topics stood out as being presented as more or less important than the others. The four
sections followed a similar presentation, as outlined in Table 2.3 and discussed below.

Table 2.3. Format of the natural resource topic sections.

Natural
resource
topic

Define
topic and
related
benefits

Describe historical trends and
current status of resources for
the topic, and elicit
respondents’ opinions on
importance of enhancement
benefits

Introduce possible
levels of
enhancement and
respondents’
attitudes on action

Provide supporting
table or diagram
on the natural
resource topic and
service flows

Wetlands Introduction Question 2 Question 3 Map of WI wetlands
within 5 miles of the
Bay of Green Bay

PCBs Introduction Questions 4 & 5 Question 6 Table of GB/LFR
FCAs

Outdoor
recreation

Introduction Questions 7 & 8 Question 9 Map of state and
county recreation
areas

Runoff Introduction Questions 10 & 11 Question 12 Figure of water
pollution from
runoff

For each natural resource topic, the presentation began with information defining the resources in
the topic area and other information found to be useful to respondents, such as historical trends
and current status. The next questions identified the benefits associated with resource
enhancements (or correspondingly the impacts of current conditions) and asked how important it
was to the respondent, if at all, to undertake resource programs that would obtain these benefits.
These questions again have respondents consider how the benefits relate, if at all, to their own
interests. Each presentation was accompanied by diagrams or tables, which provided supporting
information, and helped to sustain respondent interest and attention.

The last section for each topic gave more information about potential enhancement programs and
program levels, identified a 10 year implementation period (which matches the subsequent
10 year payment period), and provided other program information. The questions then asked
respondents if they felt that less, the same, or more should be done and spent on the resource
enhancement programs. These questions continue the process of considering program benefits,
especially relative to the added costs to undertake the programs.
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In addition to providing useful information on their own, the responses to the importance and
action questions in these sections also provide consistency checks against the results of the
choice questions. We expected when we designed these questions that the relative importance of
benefits from the natural resource programs, and desire to do or spend less, the same, or more on
these types of programs, would be highly correlated with the results to the choice questions for
all respondents as a whole and generally for each individual respondent.

Wetlands

The resource description focused on wetlands within 5 miles of the Bay of Green Bay and
historical trends in wetland losses and related policies (Harris et al., 1977; Bosley, 1978; WDNR,
1988; Shideler, 1992). A distance of five miles was used to include the primary feeding range of
bald eagles and other species living near the bay, and as an approximation of the distance up the
tributaries where Green Bay fish spawn most often, thus making a strong connection to the
injured natural resources and services. These wetlands were identified using GIS techniques
(ESRI, 1998; WDNR, 1999a). It was stated that regulations now in place will effectively prevent
further reductions in wetland acres (NRCS, 1990; USGS, 1996; WDNR, 1999c) to focus on the
benefits of wetland restoration.

Question 2 identified wetland services such as habitats for fish, birds, and mammals and
described the expected changes in wetland-dependent species if the quantity of wetlands
increased (WDNR, 1979; Christie and Meyers, 1987; Brazner, 1997; Stratus Consulting, 1999a).
Respondents were asked to indicate how important they felt it was to increase wetland acreage to
support birds, fish, and other wildlife (e.g., to obtain program benefits).

Question 3 asked respondents whether they would prefer that less or the same be done and spent
to maintain wetlands, or more be done and spent to restore wetlands. The “do more” option
introduces information on options to restore wetlands and indicates that up to 11,600 acres could
be restored. Based on a review of proposed restoration options, it seemed unlikely that
significantly more than a 20% to 30% increase in wetland acreage would be likely. In addition,
in focus groups and survey pretests, there was significantly diminishing interest in more than a
20% increase in wetlands.

PCBs

The industrial sources of PCBs in the Lower Fox River were identified (U.S. EPA, 1997) and it
was pointed out that PCBs were banned from industrial use in the mid-1970s, which makes it
clear that the issue is not one of stopping continued industrial releases (U.S. EPA, 1998). To
identify how PCBs affect the environment and people, the survey identifies that PCBs have
accumulated in the sediments of the Lower Fox River and the Bay of Green Bay and that birds,
fish, and wildlife ingest PCBs through the food chain (WDNR, 1999b). Injuries were then
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described in terms of (1) FCAs, including an FCA summary table (U.S. EPA, 1996, 1999;
WDNR, 1999b), and (2) harm to wildlife in and around Green Bay. The indicated magnitudes of
risks to birds, fish, and other wildlife were based on several sources (Christie and Meyers, 1987;
Matteson, 1988; Mossman, 1988; Matteson and Erdman, 1992; U.S. EPA, 1998; Stratus
Consulting, 1999a, 1999b; ThermoRetec Consulting, 1999).

Questions 4 and 5 discussed the impact of PCBs on wildlife and potential human health impacts
and asked respondents to tell us how important they felt PCB removal was, if at all, to them so
that it is safe to eat fish and waterfowl, and to reduce harm to birds, fish, and other wildlife.
Question 6 then asked them whether they would prefer that no further efforts go into PCB
investigations and removal, or that more should be done to remove PCBs. To provide a single
index of PCB injuries (or benefits from removal), the concept of years until PCBs are at safe
levels was identified and defined: “By safe levels we mean there are no consumption advisories
for, and no harm to, nearly all fish and wildlife.” The question introduction and responses
identified how long it will be until safe levels under alternative options, ranging from 100 years
under the do-no-more options to between 20 and 70 years with some PCB removal (Stratus
Consulting, 1999a). Also introduced are the 10 year removal implementation period and that
damages would decline through time thereafter. “ No “do less” option was offered since doing
less removal (other than completing the demonstration projects) is not feasible.

Outdoor recreation

The quantity and distribution of state parks and natural areas and county parks (there are no
national parks) in the 10 county region were described in the introduction and on the
accompanying map in this section of the survey (ESRI, 1998; WDNR/GEO, 1998). Recreational
sites throughout the 10 counties are widely accessible to residents, and many of these sites
provide services similar to the types of recreational services affected by PCB contamination. We
included all 10 counties to increase the likelihood that a respondent (from any of the 10 counties)
would expect to experience benefits from the proposed enhancements (e.g., focus groups
suggested that if only parks within two miles of the bay were included, many respondents from
greater distances would have a lower likelihood of using the enhancements, and would most
likely report lower importance and values for such a recreation program). We excluded city
parks as many of these provide services (e.g., ball parks, playgrounds) dissimilar to the affected
recreational services. Facilities offered at outdoor recreation sites were described (WLRB, 1997)
as was the potential need for more facilities to meet future needs.

Questions 7 and 8 introduced the possibility of adding facilities at existing parks and opening
new parks throughout the 10 county area, with the 10% enhancement level illustrated.
Respondents were asked how important it was to them to improve existing parks and to add new
parks. In Question 9, the 10 year implementation period was defined, and respondents were
asked if they prefer less or the same be done and spent to maintain existing facilities, or more be



Stratus Consulting Survey Design (Final, 10/25/00)

Page 2-19

done to add facilities and new parks. Note that only a 10% enhancement was considered because,
in focus groups and pretests, most respondents expressed significantly diminishing and even zero
interest in more than a 10% increase in recreational facilities.

Runoff

Sources of runoff to the Green Bay watershed, and the impacts of runoff on bay resources, were
explained next (WDNR, 1988, 1993a, 1993b, 1996a, 1996b, 1997a, 1997b, 1997c; Harris, 1993).
In response to what we heard in focus groups and pretest interviews, we identified how runoff
can be reduced; pointed out that invasion of zebra mussels was leading to some improvements in
water clarity, but that the future effects of the zebra mussel invasion were uncertain (Harris,
1993); and identified that runoff is not a source of PCBs and does not affect drinking water
quality (Bierman et al., 1992). To improve respondents’ understanding of runoff, an illustration
provided a stylized river cross-section showing sources, transport, and impacts.

Question 10 discussed how, how much, and where nutrients in runoff lead to excess algae in
Green Bay (Harris and Christie, 1987; Harris, 1993; Sachs, 1999), and asked respondents how
important it is to them to reduce the number of days with excess algae in Green Bay. Question 11
discussed the impacts of sediments and algae on water quality, and the resulting impacts on
aquatic habitat, fish, and birds (Sager et al., 1996). Because not all these effects could be
quantified, water clarity was used as an index for these effects when asking how important it
would be to reduce runoff to improve water clarity (and used in subsequent survey questions).

Question 12 stated that runoff control options would take 10 years to reach their goals and asked
individuals if they prefer less, the same, or more be done and spent to control runoff. The “do the
same” option reminded respondents that current water clarity averages about 20 inches in the
summer and that there are currently about 80 days a year of excess algae in the southern Bay of
Green Bay. The “do more” option specifies that potential control programs could lead to up to a
50% reduction in runoff, resulting in water clarity of 34 inches and 40 days a year of excess
algae. The days of excess algae and inches of water clarity were estimated based on regression
models of phosphorus and water quality in lower Green Bay using data provided by Dr. Paul
Sager, University of Wisconsin-Green Bay, and summarized in Harris (1993).

2.2.3 Choice questions

Introduction

The choice questions were preceded by an introductory page “What Alternatives Do You
Prefer?” which set the context for the choices to be made. The context included making choices
among alternatives that enhance natural resources and that will cost more for the respondents’
households beyond what they are now paying. To provide a credible scenario and to reduce
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scenario rejection since respondents often indicated that the responsible parties (industry,
farmers) and specific/interest user groups should pay for these improvements, the survey
indicated that “some costs will be paid by industry, farmers, and conservation organizations. But
taxpayers may have to pay something as well.” Household payments would be made through
increases in local, state, and federal taxes. Consistent with the 10 year time period for each of the
natural resource options to be implemented, a 10 year payment period was specified. Based on
the focus groups and pretest interviews, we judged that this represented an acceptable and
realistic payment vehicle and time frame to respondents.

To ensure that key features of the trade-off scenarios were clear, the choice section introduction
reiterated key items of the natural resource programs, and the choice questions further identified
how the proposed program levels compared to existing conditions. The first choice question also
provided extended information, including describing the baseline conditions and identifying the
specific differences between the two alternatives to aid in successfully working through the first
question.

Choice question design

Each choice question includes a pair of alternatives, or a choice pair. Each alternative contains a
specific combination of the levels of the four natural resource programs and costs to the
respondent’s household. The levels considered for each natural resource program, and household
costs, are summarized in Table 2.4. The levels considered ranged from the current conditions to
varying levels of improvement to current conditions (discussed above for each program). This
reflects the objective of determining the level of restoration program enhancements that will
provide services of equivalent value to the value of an enhanced PCB removal program. Further,
we found in pretesting, as well as in the final results, that very few respondents preferred to do
less and spend less on any one of the natural resource programs (typically less than 3%). If fact,
except for increased recreational facilities and parks, the majority of respondents supported
doing more and spending more on each of the programs (between 55% and 81%). However, for
some or all programs, some respondents may prefer the status quo level of effort, spending, and
benefits as compared to program improvements that cost them money. This potential is
accommodated in the design of the questions (see “referendum pairs” below). The annual
household costs ranged from $0 to $200. This range reflected focus group and pretest results and
a desire to have a range that covered a substantial share of the likely range of values that
households may have so as to reduce potential truncation bias that could bias downward the
valuation results (Rowe et al., 1996).



Stratus Consulting Survey Design (Final, 10/25/00)

Page 2-21

Table 2.4. Green Bay equivalency value survey — attribute levels.
Attribute Level 1 Level 2 Level 3 Level 4 Level 5
Wetlands

Acres in Wisc. around Green Bay
(currently 58,000)

58,000
acres

(current)

60,900
acres

(5% more)

63,800
acres

(10% more)

69,600
acres

(20% more)

n.a.

PCBs
Years until safe
(currently more than 100 years)

100 or more
years

(current)

70 years
(30%
faster)

40 years
(60%
faster)

20 years
(80%
faster)

n.a.

Outdoor recreation
Facilities at existing parks 0% more

(current)
10% more n.a. n.a. n.a.

Outdoor recreation
Acres in new parks
(currently about 86,000 acres in
state and county parks)

0
(current)

4,300
(5% more)

8,600
(10% more)

n.a. n.a.

Runoff
Average water clarity in southern
Bay (currently 20 inches)

Excess algae (currently up to 80
summer days in the southern 
Bay)

20 inches
(current)

80 days or
less

(current)

24 inches
(20%

deeper)

60 days or
less

(25%
fewer)

34 inches
(70%

deeper)

40 days or
less

(50%
fewer)

n.a.

n.a.

n.a.

n.a.

Added cost to your household
Each year for 10 years $0 $25 $50 $100 $200

The alternatives were designed and combined into choice pairs to obtain sufficient independent
variation in the attributes to statistically identify the separate influence of each attribute on the
choice of Alternative A or Alternative B. The survey was designed to include six choice pairs to
limit potential respondent fatigue associated with answering repetitive questions. Ten sets of
choice pairs (i.e., 10 survey versions) were designed to obtain sufficient variation in choice pairs
for statistical analysis. Thus, a total of 60 alternatives were designed (10 sets with 6 pairs each).

Given the number of characteristics and the levels they can take, there were over 1,400 possible
alternatives and an extremely large number of possible pairs of alternatives. Several software
packages are available to select choice pairs to meet statistical design objectives, and in many
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packages constraints may be imposed to eliminate certain types of inappropriate pairs. We used
SAS Proc Factex and Proc Optex to help design the pairs. However, one quickly finds that, even
with multiple constraints imposed on the selected pairs, the software package results are not
entirely satisfactory. Therefore, we further designed the selected choice pairs to reflect additional
considerations related to the complexity of the pairs and to ensure realism and consistency in the
pairs presented to any one respondent, as discussed below. The final survey pairs are
summarized in Appendix A, Table A.1.

Using randomly generated pairs results in many, or even most, pairs involving varying levels of
many attributes in each alternative. Thus, respondents are presented with the task of
comprehending and selecting between mixes of multiple programs changes in each alternative in
most or all of the questions. This may be a complex task for some respondents, especially if there
are limited practice questions, and may result in respondents choosing to focus only on a subset
of attributes as the basis for decision making, thus increasing the variance in the estimation of
preferences. One way to try to partially address this would be to provide simplified practice
questions to make respondents accustomed to the format. However, a lot of space and respondent
time would go into practice questions that would not generate useful data.

Instead of practice questions, we selected a design to graduate respondents from simple to more
complex choice pairs as they progressed through the survey instrument, thus reducing the
cognitive burden at the outset. This would have the additional benefit of allowing us to do
selected statistical comparisons of the responses across different types of choice pairs and, early
in the question sequence, to address potential preferences for the status quo (see Section 4.7 and
Chapter 5). Three types of choice questions were used:

} Simple resource-to-resource pairs. The first paired comparison question in each version
of the survey (see Figure 1.2 and Question 13 in all of the survey versions) presented a
choice between an improvement in one attribute in Alternative A and an improvement in
a second attribute in Alternative B.7 Other program levels (attributes) were held at current
levels in both alternatives, and the same dollar cost was presented in both alternatives
(see Question 13 in the sample survey in Appendix A). The programs and levels of
changes were varied across the survey versions, and across Alternatives A and B, to
cover all the resources, with slightly more cases with PCBs as one of the alternatives.
This design provided several benefits. First, respondents began the paired comparisons
with a relatively simple question that was expected to be more easily answered, leading
them to continue the survey. Second, the results provided simple tradeoff results between
program levels that did not require a complex statistical model to begin to evaluate the
results.

                                                
7. A few simple resource-to-resource questions were added or randomly occur in subsequent questions.
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} Referendum pairs. The second question in each survey version (Question 14) presented
a choice between an improvement in one attribute and the associated increased costs
versus no change in the attributes from current levels and costs (e.g., the status quo, see
Figure 2.1 from survey version 1 where Alternative A reduces the years until PCBs are at
safe levels from 100 years to 40 years at a cost of $200, and no other changes occurring,
compared to Alternative B of the status quo and no increase in household costs). For the
referendum questions, the attribute levels and dollar costs were varied across the survey
versions, and across Alternatives A and B, to cover a broad range of the resources, with
slightly more cases with PCB as one of the alternatives. These questions provided a
relatively simple trade-off early in the question sequence to aid respondents’ progress
through the choice questions, and provided an early question in which respondents may
demonstrate a preference for the status quo as opposed to program enhancements at
added costs to their household. This type of question is similar to a traditional contingent
valuation referendum question and provided evidence on the relative merits of resource-
to-resource trade-offs versus resource-to-money trade-off questions.

} Complex choice pairs. The third type of questions are ones in which either or both
Alternative A and Alternative B may have changes in more than one resource program
and costs as compared to current conditions, generally resulting in complex comparisons
that we expect may result in increased noise in the estimation of preferences.

The pairs in Questions 15 through 18 were allowed to be of any of the above question types, and
generally are complex choice pairs. The starting point for selecting these pairs was obtained by
applying the pair-design software programs to generate more pairs than needed. To retain
realism, dominant choice pairs were eliminated. These were cases where one alternative was
clearly an improvement over the second alternative. For example, Alternative A would have the
same or increased levels of each natural resource program at the same or reduced cost compared
to Alternative B. Respondents reported such questions as unrealistic choices (e.g., “How can you
get more environmental benefits at the same or lower costs?”). Furthermore, such choices
provide little statistical benefit.

Next, the selection and assignment of pairs to survey versions was considered. Sequencing
conflicts within a survey version were evaluated and limited. For example, assume Question 14
proposed a small change in wetlands (e.g., 5,800 acres) at a high cost (e.g., $100 per year per
household). If a subsequent question traded off a much larger change in wetlands (or the same
small change in wetlands plus enhancements in other resource programs) at a much lower cost
(e.g., $25 per year per household), participants in focus groups and pretests questioned the
realism of the question set and its policy relevance. Sequencing was also evaluated in terms of
avoiding a string of questions in any survey version focusing on one of the four resource
programs, to avoid emphasizing any one topic in any survey version. The assignment of pairs to
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survey versions also considered the ability to compare results across survey versions, as well as
within survey versions.

These steps increased the realism of the choices for respondents. There are some nonzero
correlations between the various attribute levels across the alternatives (see Table 2.5), but this is
not uncommon and the correlations here are sufficiently orthogonal to support the accurate
estimation of parameters.

2.2.4 Follow-up questions and demographics

The remaining survey questions help us analyze responses to the choice questions and other
survey questions. Question 19 asked how important each attribute in the choice questions
(i.e., acres of wetland, years until safe levels of PCBs) was in the choices made by the
respondent. We expect a strong correlation between the choice question results and the ratings in
this question, reflecting that respondent answers to the choice questions are consistent with their
intended rating of importance of the various factors to be considered, and we further expect both
of these results to be correlated with the importance assigned to the benefits of the natural
resource programs, and desired actions for less, the same, or more of these programs as reported
in Questions 2 through 12.

Question 20 asked how confident respondents were in their answers to the choice questions, and
Question 21 asked whether their responses to the choice questions should be considered by
decision makers. Recognizing that the choice questions may be difficult for some respondents,
these questions are intended to give an indication of the quality that respondents assign to their
responses. Question 22 asked about pre-survey awareness of natural resource issues. We
expected that awareness of the issues would be related to increased interest in and value for these
programs, and that increased awareness would result in improved response quality (Cameron and
Englin, 1997).

Because we expected that whether or not individuals from a household fish in Green Bay may be
a significant explanatory variable, and to address potential double counting between the
recreational damage determination (Breffle et al., 1999), Question 23 asked whether the
respondent or anyone else in the household had fished in Green Bay or its tributaries up to the
first dam in the last 12 months. This question is more specific than Question 1, which asks about
the typical activity levels. We treat this question as an improved measure of interest in Green
Bay fishing compared to Question 1, rather than as a specific estimate of such activity because
the survey does not focus on fishing and asks for a full year recall (see Breffle et al., for
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Table 2.5. Correlation between choice set attribute levels.
Wetlands

A
PCBs

A
Recreation

A
New

parks A
Runoff

A
Cost

A
Wetlands

B
PCBs

B
Recreation

B
New

parks B
Runoff

B
Cost

B
Wetlands A 1.000
PCBs A -0.104 1.000
Recreation A 0.205 0.078 1.000
New Parks A 0.386 0.121 0.080 1.000
Runoff A 0.313 -0.167 0.097 0.186 1.000
Cost A 0.337 -0.298 0.101 0.330 0.206 1.000
Wetlands B 0.163 -0.071 0.008 0.140 0.115 0.094 1.000
PCBs B -0.474 0.107 -0.361 -0.142 -0.123 -0.042 0.076 1.000
Recreation B 0.304 -0.149 -0.045 0.116 0.178 0.102 0.122 -0.114 1.000
New Parks B 0.294 -0.319 -0.053 0.170 0.191 0.077 0.126 -0.122 0.141 1.000
Runoff B 0.194 -0.141 0.026 0.150 0.013 0.144 0.162 0.003 0.156 0.105 1.000
Cost B 0.388 0.053 0.263 0.262 0.194 0.030 0.171 -0.412 0.191 0.309 0.257 1.000
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estimates of Green Bay fishing activities and for discussions of recall bias in reported fishing
activity levels).

Questions 24 through 35 asked background sociodemographic questions. Question 36 allowed
respondents to provide additional comments about the survey and topics addressed.



3. Survey Implementation
3.1 Sample Selection

Our goal was to obtain 400 to 450 completed surveys, which would provide sufficient sample
size to evaluate preferences with statistical confidence based on experience with similar studies
(Breffle et al., 1999). With 6 choice questions per respondent, such a sample size would provide
a minimum of 2,400 choice question responses (6 × 400). Based on experience with rates of
ineligible addresses from mailing lists (10% to 20%) and expected response rates from eligible
households (60% to 75%), a total starting sample of 750 was selected.

A stratified random sample was drawn from the 10-county area based on two sampling strata, as
identified in Figure 2.1 and Table 3.1. The two strata radiate out from the Bay of Green Bay,
reflecting the focus on the natural resource programs presented:

1. The “adjacent” stratum of five counties with shoreline on the Bay of Green Bay, the
population of which is predominately located within about 20 miles of the bay.

2. The “second tier” stratum of five counties that border the “adjacent” counties.1 These
counties are located 10 to 60 miles from the bay, with the largest cities in these counties
generally 30 or more miles from the bay.

The sample was weighted to emphasize households in the first stratum, since these households
were likely to be the most familiar with the resources in question, and have the highest PCB-
caused service flow losses and the highest potential benefits from natural resource restoration
projects. However, we judged that people in the second tier counties were close enough to the
assessment area to be familiar with the resources in question and potentially to have PCB-caused
service flow losses. Furthermore, including the second tier would allow us to investigate how the
scaling of restoration and WTP vary with distance within 60 miles of the site. The strata were
weighted to achieve a minimum of 300 responses from the adjacent stratum and a minimum of
125 responses from the second tier stratum. Within each stratum, the sample was divided among
counties based on the estimated 1998 population in the county, assuming the number of
individuals per household was consistent across counties.

                                                
1. Three potential second tier counties (Forest, Menominee, and Langlade) were excluded because all or nearly
all of Forest and Langlade are more than 60 miles from the site, and Menominee has a small population.
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Table 3.1. Green Bay total value equivalency survey sample plan.

County City

County
touches

bay
Approx. county
distance to bay

Approx. largest
city distance

to bay
1998a

population % of total Sampleb

Target number of
completed

surveys
Adjacent
strata

Strata
weight 1.600

Brown Green Bay Yes <20 <10 218,149 26.87% 320
Door Sturgeon Bay Yes <20 <10 26,537 3.27% 40
Kewaunee Kewaunee Yes <25 <20 19,904 2.45% 30
Marinette Marinette Yes <60 <10 42,523 5.24% 65
Oconto Oconto Yes <60 <10 33,089 4.07% 50
Adjacent strata subtotal 340,202 41.90% 505 300

Second tier
strata

Strata
weight 0.570

Calumet Chilton No 25-40 35 38,760 4.77% 20
Manitowoc Manitowoc No 15-50 35 84,434 10.40% 45
Outagamie Appleton No 10-40 30 155,953 19.21% 80
Shawano Shawano No 10-60 30 38,730 4.77% 20
Winnebago Oshkosh No 30-60 45 153,937 18.96% 80
Second tier subtotal 471,814 58.10% 245 125
Totals 812,016 100% 750 425
a. Wisconsin Official Population Estimates, County Estimates (1998).
b. Sample by county = 750 × % of total × strata weight, rounded to nearest 5. Ten survey versions randomized across each county.
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Households within a county were randomly selected by Genesys Sampling Systems from
households with listed telephone numbers and available addresses. In northeast Wisconsin this
provided coverage of more than 77% of all households in the target population, as measured by
the ratio of households with listed telephone numbers to total households (Table 3.2). The
percentage of listed households varies by county, but is consistent across the aggregate of all
counties in the two sampling strata (76.9% and 78.4%).

Table 3.2. Households with listed telephone numbers.a

Strata/county Households Number listed Listed %
Adjacent strata
- Brown
- Door
- Kewaunee
- Marinette
- Oconto

Subtotal

88,228
17,593
7,453

26,455
17,896

157,625

71,350
14,050
6,074

19,125
10,555

121,244

81%
80%
81%
73%
59%
76.9%

Second tier strata
- Calumet
- Manitowoc
- Outagamie
- Shawano
- Winnebago

Subtotal

14,140
31,570
68,238
16,227
58,971

189,146

6,745
25,179
57,155
12,077
47,081

148,237

48%
80%
84%
74%
80%
78.4%

Total
- Unweighted
- Weightedb

77.8%
77.3%

a. Source — Genesys Sampling Systems.
b. Weighted by sample size for each strata; see Table 3.1.

Because the survey was designed to obtain head of household attitudes and values, the design
allowed for either a male or a female head of household to complete the survey.

3.2 Implementation

The survey was implemented by the Hagler Bailly Survey Center in Madison, Wisconsin. As
noted above, ten versions of the mail survey were prepared. Sampled households were randomly
assigned a version number before implementation. Standard procedures for repeat-contact mail
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surveys (Dillman, 2000) were followed, except that we added an attempt to contact
nonrespondents by telephone.

1. Initial mail survey package. This package consisted of a cover letter from the Hagler
Bailly Survey Research Center explaining the study, a 21-page mail survey booklet, and a
postage-paid return envelope. The cover letter stated that a $15 check would be sent to
respondents if they completed the survey by September 30. The surveys were mailed on
September 10.

2. Thank you/reminder postcard. All sampled individuals were mailed a postcard 5 days
after the initial mailing (September 15). The postcard thanked those who had responded
to the survey and reminded those who had not yet responded to please do so.

3. Combination telephone and mail follow-up. Between October 5 and October 12, 1999,
we tried follow-up telephone calls with all sample households that had remained
potentially eligible and that had not returned the survey up to that point. Those we
reached were told that the study deadline had been extended. They were asked whether
they had received the survey and whether they had returned it. Those who had not
returned the survey were asked to please complete it by October 18 and return it. If they
needed another copy of the survey, it was mailed the day after the telephone call.
Respondents reached by telephone who recalled receiving the mail survey, and who
indicated they would not be returning it, were asked to complete a short telephone survey.
Households that were not reached by phone by October 13 were sent another mail survey.

The cutoff date for accepting completed mail surveys was November 5, 1999.

Table 3.3 shows the response rates for the mail survey, by county, stratum, and in total. Overall,
we received completed mail surveys from 72% of the eligible (adjusted) sample. The eligible
sample did not include those who were known to be deceased, those for whom the mailings were
undeliverable, those who had disconnected telephone numbers, those where the telephone was no
longer a residential phone, and one individual identified as a U.S. Fish and Wildlife Service
employee.2 Four surveys were returned less than half completed and were treated as
nonresponses.

                                                
2. Of the starting sample, 87% remained in the eligible sample (13% were removed from the sample based on
the above criteria). While this varied somewhat by county, the eligible sample proportion of the starting
sample was quite consistent across the aggregate of all counties in each of the two sampling strata (86.5% and
87.1%). The completion rate varied by county, but was consistent across the aggregate of all counties in each
sampling strata (72.3% and 71.3%).
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Table 3.3. Mail survey response rates.
Total Brown Calumet Door Kewaunee Manitowoc Marinette Oconto Outagamie Shawano Winnebago

Starting sample size 750 320 20 40 30 45 65 50 80 20 80

Undeliverable 53 15 1 9 3 1 8 5 2 2 7

Deceased 4 2 0 0 0 0 1 1 0 0 0

Out of sample 43 19 1 2 2 5 3 0 5 0 6

Service employee 1 0 0 0 1 0 0 0 0 0 0

Disconnected phone number 39 19 1 1 1 4 3 0 5 0 5

Non-household 3 0 0 1 0 1 0 0 0 0 1

Adjusted sample size 650 284 18 29 25 39 53 44 73 18 67

Refused 51 22 1 1 3 4 7 1 6 1 5

Mail refusals 5 0 0 0 1 1 0 0 2 0 1

Phone refusals 39 19 1 1 2 2 4 1 4 1 4

Elderly/unable to
comprehend 7 3 0 0 0 1 3 0 0 0 0

Partially completed survey (less
than half completed) 4 1 0 0 0 0 2 0 0 1 0

Number of completed surveys 470 214 13 20 17 25 33 32 52 13 51

Response rate to mail surveya 72% 75% 72% 69% 68% 64% 62% 73% 71% 72% 76%
a. Computed as the number of completed surveys/adjusted sample size.
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We tried to call 327 members of the sample, reached 217 and 136 said that they intended to
return the survey. Of these 136, 83 (61%) did return the survey by the cutoff date. The remaining
81 respondents reached by telephone either refused to complete the mail survey or were
incapable of returning the survey (e.g., language barrier or age), including 13 who completed the
brief telephone survey (these 81 nonrespondents remained in the sample for response rate
calculations).

We could not reach 110 members of the sample. Of these, 42 were deleted from the sample
because of bad or disconnected telephone numbers (the sample was of households with listed
phone numbers). Of the remaining 68 subjects, 60 were sent a second mail survey and cover
letter extending the response deadline (a few respondents were deleted from this mailing
reflecting households where an individual was reached but where there was a potential language
barrier). All 68 respondents with potentially valid phone numbers, but where contact could not
be made, were left in the sample for the response rate calculations.

Of the 60 people who were sent a second survey after we could not reach them by telephone,
24 (40%) returned it before the cutoff date. The lower response rate for these households most
likely reflected a combination of factors: more resistant sample members, additional bad
addresses in the sample, and seasonal residences where respondents may not have received any
of the mail or phone contacts. The 1990 Census (Census of Population and Housing, STF1A) for
Door and Marinette counties (two counties with lower response rates) indicated that about one-
third of the housing units were for “seasonal, recreational or occasional use,” compared to an
average of about 7% for the other eight counties.

The response rate to individual survey questions was high. For all questions other than the
11 parts of Question 1 and Question 35, item nonresponse was less than 2.5%. Item nonresponse
for Question 35, the income question, was 4.7%. The rate of “don’t know” responses was also
very low, less than 3.0% for every question in the survey.

3.3 Evaluation of Potential Sample and Nonresponse Biases

3.3.1 Introduction

To summarize the results at the outset, while we find some differences in the characteristics of
the survey respondents compared to the target population, statistical analyses in Chapters 4 and 5
indicate that these differences are not likely to result in any significant biases to the results.

Sampling bias refers to possible differences between the sample selected and the target
population. The target population was all households in the 10 counties neighboring the Bay of
Green Bay and the Lower Fox River, with responses sought from a head of the selected
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household. Given the sample was selected from households with listed telephone numbers, the
most likely source of sampling bias, if any, would be differences between those households with
and without telephone numbers. Given that about 77% of the households in both sampling strata
of the target population have listed phone numbers (Table 3.2), households without listed
telephones would need to be dramatically different from those with listed phones for there to be a
substantial sampling bias in the results of this study.

Research by Piekarski (1989) indicates that households with unlisted telephone numbers are
more likely to be multifamily housing units and renter occupied than are listed households
(which are more likely to own their residences). Younger persons (both female and male) and
single, divorced, and separated householders (with and without children) are more likely to be
unlisted than are other types of households. Finally, retired householders are more likely to be
listed than employed householders. We examine the impact of these potential differences later in
this section.

Nonresponse biases potentially result from the differences between the respondents and the
nonrespondents in the sample. In some valuation assessments, analysts are concerned that
individuals who are less interested in (and have lower awareness of) the topics addressed in the
survey are less likely to respond. Such individuals would be likely to have lower benefits from
natural resource improvements. This difference could lead to an upward bias in the estimated
WTP values. However, for restoration scaling this potential bias would be minimal if
nonrespondents have proportionately lower values for both PCB injuries and for the benefits
from other restoration projects. In any case, the mail survey had a high response rate of 72%,
which can be expected to significantly limit the magnitude of any potential nonresponse bias on
the overall assessment.

3.3.2 Comparison of phone survey and mail survey respondents

In the phone survey, we completed comparison questions with 13 individuals who said they
would not return the mail survey. While the telephone follow-up sample size of 13 for this
comparison is very small, the results are suggestive. The telephone survey covered demographic
characteristics, participation rates in fishing and other outdoor activities, and streamlined
versions of the importance ratings for increased wetlands, PCB removal, and increasing facilities
at existing parks in questions that closely parallel the mail survey questions 2, 4, 5, and 7. (To
streamline the telephone survey, a runoff question was omitted.) The 13 nonrespondents were
much less likely to report that they or household members are Green Bay anglers than the mail
survey respondents (1 of 13 versus 30% in the mail survey). As described in Chapter 5, Green
Bay anglers have PCB values approximately 20% larger than for those who were not Green Bay
anglers, and similar relative values for the other natural resource programs. Thus,
nonrespondents may require slightly less restoration to provide services of equal value to PCB
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injuries than do respondents, but we would not expect the effects to be large. In addition, we
found the following:

} The 13 nonrespondents reported lower participation rates than did mail survey
respondents for each of the outdoor recreational activities asked.

} The importance ratings for each of the natural resource benefits are not statistically
different between the 13 nonrespondents and mail survey respondents (Table 3.4). As in
the mail survey, the rating for outdoor recreation facilities is much lower than for the
other programs, and the ratio of importance for PCBs and wetlands to outdoor recreation
is larger for the 13 nonrespondents than in the mail survey. The relative significance of
wetlands to PCBs is slightly higher in the phone follow-up than in the mail survey, but
the sample size is insufficient to place much emphasis on this.

} The 13 nonrespondents are slightly, but not statistically significantly, older (58.6 years
versus 50.8 years), have smaller household sizes (1.7 versus 2.7), and are more likely to
be female (46% versus 29%). The sample size in the telephone survey is insufficient to
conclude that these are meaningful differences, and thus any differences are expected to
have at most a negligible impact on the assessment.

Table 3.4. Comparison of importance ratings from phone and mail surveys.
Telephone survey Mail survey
Net of don’t knows Net of missing/don’t knows

Importance to . . . Mean SE Mean SE

Z value
for

difference
Increase wetland to support increased
populations of wildlife 4.16 0.37 3.9 0.05 0.70
Remove PCBs so it is safe to eat fish and
waterfowl 4.08 0.38 4.3 0.05 0.58
Remove PCBs to reduce risks to wildlife 4.16 0.37 4.3 0.05 0.38
Add new facilities at existing state and
county parks 3.00 0.51 3.6 0.05 1.18

In summary, the results for the 13 nonrespondents who completed the phone comparison
questions suggest that while modest differences in restoration scaling might occur because of
differences between respondents and nonrespondents, the evidence from within the study does
not support concluding that any resulting biases would be substantial.
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3.3.3 Comparison of Census information and mail survey respondents

Another way to consider sampling and nonresponse bias is to look outside the study by
comparing the characteristics of the sample and the target population based on Census data, and
then consider how these differences may affect the assessment based on the analyses in
Chapters 4 and 5. However, the mail survey sample is of heads of households, and for most
socioeconomic characteristics the most similar readily available Census data are for all adults
age 18 and older. This provides a somewhat misleading comparison because many younger
adults are less likely to be heads of households.

The analyses in Chapters 4 and 5 show that higher levels of participation in outdoor recreation
(especially whether respondents are Green Bay anglers) and higher levels of awareness of the
four resource issues are key variables in explaining how much restoration is of equal value to the
value of PCB-caused losses, and the magnitude of WTP values, per household. Therefore, we
consider here how demographic characteristics of the survey respondents might be different from
the population and how the differences might, if at all, affect the assessment.

Table 3.5 shows that more survey respondents own their residences than do members of the 1990
adult population (84% versus 71%). In part, this most likely reflects that some young adults in
the Census data are not heads of households and are less likely to own their residence than are
heads of households. This is also consistent with the Piekarski (1989) evidence that samples
based on listed telephones may over-represent households that own their residences. Simple
Pearson correlations suggest that residence ownership is positively and significantly correlated
with awareness for three of the four natural resource topics (with outdoor recreation being the
exception) and with increased levels of recreation, but not with increased participation in Green
Bay fishing. However, the strength of the relationships between residence ownership and these
variables, or on choices made in Questions 13 through 18, is either small or insignificant.

Table 3.5. Ownership of residence (Question 24).

Tenure
Number of

observations Percent of respondents
Percent of occupied housing units

in 10 county areaa

Own 395 84.0% 71.2%
Rent 73 15.5% 28.8%
Missing 2 0.4% NA
a. Source: U.S. Census Bureau (1990).

About 71% of the mail survey respondents were males, which exceeds the population proportion
among adults (Table 3.6). The fact that listed telephones are more likely to be in the male head of
household name than the female head of household name explains this result. Further, any adult
head of household could complete the survey to reflect the household attitudes and values, so it
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Table 3.6. Gender of respondents (Question 26).
Number of

observations Percent of respondents
Percent of population in

10 county areaa

Male 335 71.3% 49.2%
Female 135 28.7% 50.8%
Missing 0 0.0% NA
a. Source: U.S. Census Bureau (1990).

is valid for female heads of household to have their male counterparts complete the survey.
While we do not consider the sample gender ratio to be a source of bias, we note that males
reported higher rates of outdoor participation (including Green Bay fishing) and were more
aware of all four resource issues than females. This also may be part of the reason why the male
head of household chose to complete the survey.

The average age of survey respondents is about 51 years (ranging from 21 to 96 with a standard
error of 0.73). The Census population average is 44.3 years old for adults over 18 years of age.
That retired individuals are more likely to have listed telephones may be part of the reason.
However, the Census population average includes young adults who are living with others
(e.g., parents, older relatives), and who are not a head of the household. Thus, heads of
households are expected to be older than the average adult age 18 and older. Further, male heads
of household, who more frequently completed the survey, on average are older than female heads
of household. Finally, while recreational participation (other than fishing) increased with age, the
rate of participation in Green Bay fishing decreased. Overall, we do not anticipate that difference
between the age distribution of our respondents and the age distribution of all adults in the
population had a biasing effect on the analysis in the next chapters.

Table 3.7 shows that the sample mean family size of 2.7 individuals is comparable to the
population mean family size (also 2.7 people per household). Table 3.8 shows that the racial and
ethnic compositions of the sample and the population also are very comparable. For these two
characteristics, the Census variable is directly comparable to its counterpart sample variable, and
the results are very similar.

Table 3.9 shows that the sample tends to have a higher level of educational attainment than the
population of all adults. Here again, the Census statistics may not be strictly comparable to our
population of heads of households. Many adults 18 and older in the Census figures are younger
adults who may not have completed their schooling. There may also be some effect due to
households with unlisted telephone numbers being more likely to be renters rather than
homeowners. Presumably homeowners tend to have higher levels of educational attainment and
income.
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Table 3.7. Household and family size (Questions 28, 29, 30, 31).
Net of missing

Question
Number of

observations Mean SE Missing
How many people are there in your household,
including yourself? 468 2.7 0.06 0.4%

How many children do you have, whether
living with you or not? 467 2.3 0.08 0.6%

How many grandchildren do you have, whether
living with you or not? 464 2.0 0.18 1.3%

How many listed telephone numbers does your
household have? 465 1.1 0.02 1.1%

Census estimate of average household size
for 10 counties a NA 2.7 NA NA
a. Source: U.S. Census Bureau (1990).

Table 3.8. Racial or ethnic background (Question 34).

Racial or ethnic background Percent of respondents
Percent of population in

10 county areaa

White or Caucasian 97.9% 97.3%
Black or African American 0.2% 0.3%
Hispanic or Mexican American 0.2% 0.7%
Asian or Pacific Islander 0.4% 1.0%
Native American Indian 0.9% 1.2%
Other 0.0% 0.2%
Missing 0.4% NA
a. Source: U.S. Census Bureau (1990).

Table 3.9. Highest level of schooling attained (Question 32).

Level of schooling
Percent of

respondents

Percent of population
age 18 and older in

10 county areaa

Did not complete high school 5.1% 21.0%
High school diploma or equivalent 38.1% 40.0%
Some college, two year college degree (AS) or technical school 31.7% 17.3%
Four year college graduate (BA, BS) 12.3% 10.6%
Some graduate work but did not receive a graduate degree 4.3% NA
Graduate degree (MA, MS, MBA, PhD, JD, MD, etc.) 7.7% 3.7%
Missing 0.9%
a. Source: U.S. Census Bureau (1990).
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Table 3.10 shows that the sample has fewer employed individuals and more retired individuals
than the population. Education levels and employment status were found to have little influence
on the key assessment variables.

Table 3.10. Employment status (Question 33).
Employment category Percent of respondents Percent of 10 county populationa

Employed full time 64.7%
Employed part time 5.5%

77.4%
(employed full or part time)

Retired 25.7%
Homemaker 2.1%
Student 0.6%

19.8%
(not in labor force)

Unemployed 1.1% 2.8%
Missing 0.2% NA
a. Percent of labor force aged population (i.e., 16 years and older) for 1997.

Source: Wisconsin Department of Workforce Development (2000).

Table 3.11 summarizes the 1998 household income levels reported by the mail survey
respondents. The median household income is in the $40,000 to $49,999 bracket. We compute
the population median income as approximately $43,000 based on Census data.3 These figures
are for the same variable and the results are very comparable and do not suggest any source for
substantive sampling and nonresponse bias.

                                                
3. Specifically, we computed the median household income for each county based on 1995 Census data
(U.S. Census Bureau, 1998), escalated by the CPI from 1995 to 1998 dollars (1.0696), and weighed the county
estimates by county population to compute a 10 county median.
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Table 3.11. Household income.
Mail survey income categories % of survey respondents (omitting missing)a

Less than $10,000 4.5%
$10,000 to $19,999 11.8%
$20,000 to $29,999 12.9%
$30,000 to $39,999 15.6%
$40,000 to $49,999 14.5%
$50,000 to $59,999 10.7%
$60,000 to $79,999 16.5%
$80,000 to $99,999 6.3%
$100,000 to $149,999 3.8%
$150,000 or more 3.3%
10 county sample median
10 county Census medianb

$40,000 to $49,999
about $43,000

a. 4.7% missing. Percents may not total 100% due to rounding.
b. Based on 1995 median household income by county (U.S. Census Bureau, 1998), inflated to
1998 with the CPI, and weighted by county population.

3.4 Summary

The above evaluation indicates that any sampling and nonresponse biases will have limited
impact on the assessment. First, the differences between the measurable sample and population
characteristics are generally small, and these differences are not associated with strong
influences on the assessment. Second, the high sample coverage rates and response rates reduce
the potential for these biases and reduce the influence of these biases, if any, on the overall
assessment. Finally, the influence of any potential sampling and nonresponse bias is further
minimized in the scaling of restoration because the potential biases typically would be in the
same direction for all of the resource programs. Thus some of the potential bias may largely
cancel out when computing the scale of restoration of equivalent value to PCB losses.



4. Survey Results
4.1 Introduction

This chapter provides results on respondent activities, attitudes, awareness, and evaluations of
the four natural resource topics and programs. Responses to choice Questions 13 through 18 are
addressed in Section 4.6 and in Chapter 5. Responses to sociodemographic questions were
summarized in Section 3.3 (see also Appendix C).

A respondent’s awareness of the four natural resource topics before receiving the survey (from
Question 22) is found to be an important indicator of responses to opinion and attitude questions
(reported in this chapter), and to preferences and values for natural resource restoration options
(as reported in the next chapter). We begin by reporting on respondent awareness of the four
topics, and note throughout the presentation how the results are related to respondent awareness.
Then, we report the results on respondent activity levels in potentially related recreation, and
respondents’ ratings of the importance of natural resource topics. We conclude by simple
evaluations of the choice pair results that do not require models such as used in Chapter 5.

4.2 Topic Awareness

Question 22 asked respondents, “Prior to receiving this survey, how aware were you of each of
the four natural resource topics we addressed?” Each topic was rated from 1 = “I was not aware
of this topic” to 5 = “I was very aware of this topic.” Respondents with more awareness, or
familiarity, generally have more crystallized attitudes and values regarding the natural resource,
and thus responses may have greater validity and accuracy. Increased awareness probably
reflects respondents’ interests, and in general increased awareness may be associated with
increased preferences for natural resource enhancements.

Results for the awareness question are presented in Table 4.1. These results indicate that
respondents have a moderate to high level of awareness of the topics, especially of PCBs:
approximately 70% of respondents report awareness scores of 4 or 5 for PCBs, and over 90%
reporting scores of 3 or greater. For the other three topics, about 45% to 50% report scores of
4 or 5, and over 80% report scores of 3 or greater. Topic awareness is correlated with
participation in recreational activities, especially fishing in the waters of Green Bay, and with
several sociodemographic variables (Table 4.2). Awareness is also highly correlated with several
policy variables and with responses to questions in which respondents evaluate their own
responses to the program choice questions (discussed below).
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Table 4.1. Awareness of natural resource topics before receiving the surveya (Question 22:
1 = was not aware of this topic to 5 = very aware of this topic).

Net of missing
Natural
resource
topic

Not at all
aware

1 2

Somewhat
aware

3 4

Very
aware

5 Missing
Number of

observations

Mean
awareness

rating SE
Wetlands 8.7% 9.8% 36.6% 24.7% 20.0% 0.2% 469 3.4 0.05
PCBs 4.3% 2.6% 21.7% 29.2% 40.6% 1.7% 462 4.0 0.05
Outdoor
recreation 6.4% 12.6% 35.1% 25.3% 19.4% 1.3% 464 3.4 0.05
Runoff 7.9% 10.9% 30.0% 27.5% 22.6% 1.3% 464 3.5 0.06
a. Totals may not sum to 100% because of rounding.

4.3 Outdoor Recreational Activity in and around the Waters of
Green Bay Area

Question 1 examines the level of outdoor recreation participation for many activities on the
waters and shoreline of the Bay of Green Bay. It reiterates the geographic focus of the survey,
motivates respondents to think about if and how the natural resource enhancements might affect
them, and provides potentially useful explanatory variables for evaluation of subsequent
responses, such as the types and levels of recreational activity. Question 1 is not intended to
provide precise estimates, but indicators of relative activity levels across respondents.

The most popular outdoor activities are ones that do not require a lot of equipment or time, such
as enjoying outdoor scenery, viewing wildlife, camping or picnicking, and hiking, walking, or
jogging. More than 50% of respondents report participating in those activities at least once a
year. Other activities have smaller groups of avid participants, but more than 50% of respondents
never participate or participate less than once a year. Fishing, biking, swimming, and boating
attract about 40% of the respondents at least once a year. The least popular activities are
waterskiing or jetskiing, and canoeing or kayaking; only about 12% indicated they do these
activities at least once a year. Hunting is also a less common activity, with only 26%
participating at least once a year.

Proximity to the Bay of Green Bay influences participation. As would be expected, respondents
who live closer to the bay participate more frequently in many of the activities on the bay
(Table 4.3). The only activities that did not show a significant difference in participation by those
who live near Green Bay (about 50% live within 8.8 miles) and those who live farther away
(more than 8.8 miles, but still within the 10 neighboring counties) were camping or picnicking,
fishing, hunting, and canoeing or kayaking.
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Table 4.2. Correlations between topic awareness (Question 22) and other variables.
Natural resource topic awarenessaCorrelation

variables Wetlands PCBs Outdoor recreation Runoff
Recreation
variables

Question 1 noneb

Question 23 fish Green Bay

Question 1 fishing, boating,
skiing, canoeing, swimming,
hunting, hiking/walking,
hunting, wildlife viewing,
enjoying scenery
Question 23 fish Green Bay

Question 1 enjoying scenery,
boating, skiing, swimming, wildlife
viewing, hiking/walking, canoeing,
hunting, biking

Question 23 fish Green Bay

Question 1 none

Question 23 fish Green Bay
Policy
variables

Question 2 wetland acres

Question 6 PCB spending

Question 2 wetland acres
Question 4 PCBs FCAs

Question 2 wetland acres

Question 6 PCB spending
Question 7 enhance facilities
Question 8 add facilities

Question 2 wetland acres

Question 10 excess algae
Question 11 water clarity

Evaluation
variables

Question 19 wetlands,
algae, costs

Question 20 confidence
Question 21 use of results
Question 22 awareness —
all issues
Made a comment

Question 19 wetlands, PCBs

Question 20 confidence
Question 21 use of results
Question 22 awareness — all
issues
Made a comment

Question 19 wetlands, enhance
facilities, new parks, excess algae

Question 20 confidence
Question 21 use of results
Question 22 awareness — all
issues
Made a comment

Question 19 wetlands,
PCBs, new parks, water
clarity, excess algae
Question 20 confidence
Question 21 use of results
Question 22 awareness —
all issues
Made a comment

Socio-
demographic
variables

Question 24 own residence
Question 26 male

Question 34 ethnic
background

Question 24 own residence
Question 26 male
Question 28 # in household

Question 26 male
Question 24 own residence
Question 26 male

Question 29 # children

a. Bold = correlation at 99% confidence or higher, italics = correlation at 95% to 99% confidence, regular = correlation at 90% to 95% confidence.
b. Correlated with “enjoying outdoor scenery” at 10.4% level.
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Table 4.3. Average participation levela in outdoor activities on the waters and shorelines of
the Bay of Green Bay by distance of residence to Green Bay (Question 1).
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Mean 3.04d 2.49d 2.41d 1.92 1.81 1.83d 1.79d 1.70d 1.50 1.22 1.21d

SE 0.065 0.072 0.077 0.063 0.065 0.074 0.067 0.058 0.062 0.038 0.038
Near Green
Bayb

Nobs 232 229 229 222 229 225 223 222 221 217 218
Mean 2.73d 2.22d 2.23d 1.87 1.76 1.55d 1.54d 1.45d 1.51 1.17 1.13d

SE 0.077 0.076 0.082 0.066 0.073 0.063 0.058 0.051 0.066 0.036 0.033
Farther from
Green Bayc

Nobs 212 213 209 209 217 207 210 209 210 206 205
Mean 2.89 2.36 2.32 1.90 1.78 1.69 1.67 1.58 1.50 1.20 1.17
SE 0.051 0.053 0.056 0.046 0.048 0.049 0.045 0.039 0.045 0.026 0.025

All
respondents

Nobs 444 442 438 431 446 432 433 431 431 423 423
Nobs = Number of observations.

a. Where 1 = less than once a year or never, 2 = 1 to 5 times a year, 3 = 6 to 10 times a year, and 4 = more than
10 times a year.
b. Respondents are near Green Bay if their residence is less than 8.8 miles from Green Bay (about half the
respondents).
c. Respondents are farther from Green Bay if their residence is 8.8 miles or more from Green Bay (about half
the respondents).
d. Indicates activity level of those who live near Green Bay is significantly different from those who live farther
from Green Bay at the 95% level.

Those who were very aware of the natural resource topics addressed in the survey tended to be
more avid participants in recreational activities in the Green Bay area than those who were only
somewhat or not at all aware. Table 4.4 shows the mean activity levels for respondents who
indicated that they were more aware of all the natural resource programs presented (i.e., a rating
of 4 or 5 in Question 22 for all four issues) and for those respondents who indicated they were
less aware of the natural resource programs presented (i.e., a rating of 1, 2, or 3 in Question 22
for all four issues). The only activity that did not have a statistically significant difference in
participation levels between more aware and less aware respondents was waterskiing or
jetskiing. For all other activities named in Question 1, the respondents who were more aware of
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Table 4.4. Participation level by awareness of issue (Question 1 by Question 22).

Activity
Awareness

level
Number of

observations
Mean frequency of

activityc SE
less awarea 86 1.52d 0.093Fishing
more awareb 112 1.93d 0.101
less awarea 83 1.45d 0.084Boating (nonfishing)
more awareb 106 1.76d 0.086
less awarea 83 1.12 0.049Waterskiing or jetskiing
more awareb 100 1.21 0.052
less awarea 82 1.09d 0.036Canoeing or kayaking
more awareb 104 1.38d 0.070
less awarea 83 1.49d 0.079Swimming
more awareb 107 1.80d 0.105
less awarea 84 1.31d 0.079Hunting
more awareb 104 1.66d 0.101
less awarea 84 1.96d 0.104Wildlife viewing
more awareb 111 2.77d 0.108
less awarea 85 2.49d 0.111Enjoying outdoor scenery
more awareb 110 3.21d 0.096
less awarea 81 1.73d 0.102Camping or picnicking
more awareb 107 1.99d 0.092
less awarea 82 1.54d 0.095Biking
more awareb 108 1.86d 0.104
less awarea 85 2.11d 0.125Hiking, walking, or jogging
more awareb 109 2.53d 0.115

a. In Question 22 for each of the four natural resource topics, respondent indicated a 1, 2, 3 for how aware they
were of the topic before receiving the survey (1 = not at all aware, 3 = somewhat aware, 5 = very aware).
b. In Question 22 for each of the four natural resource topics, respondent indicated a 4 or 5 for how aware they
were of the topic before receiving the survey (1 = not at all aware, 3 = somewhat aware, 5 = very aware).
c. 1 = less than once a year or never, 2 = 1 to 5 times a year, 3 = 6 to 10 times a year, 4 = more than 10 times
a year.
d. Indicates activity level of those who are more aware is significantly different from those who are less aware
at the 95% level.

the natural resource programs in the region were also more avid participants. This result is
intuitive: people who use the resource are more aware of topics related to the resource.

Question 23 asks how many days the respondent fished in the last 12 months. The intent of this
question was to obtain an indication of interest in Green Bay fishing for respondent households
rather than a precise estimate of participation in the sample counties, which is available
elsewhere (Breffle et al., 1999). The Green Bay fishing participation rate reported in Question 23
is about 30.4%, and just over double the participation rates determined in Breffle et al. (1999).
Two reasons explain this result. First, the sample is weighted to more heavily sample
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respondents in counties adjacent to Green Bay, who would fish these waters more often
(Stratum 1, see Section 3.1). Reweighting the results to the population in the 10 study counties
results in an estimate of about 26.5%. Second, because this question asks for one year recall, we
can expect some telescoping in the response, e.g., respondents who fished in the prior year, but
not the last 12 months, may report the event in the past 12 months because of telescoping and/or
to indicate they generally fish the site (Westat, 1989; Tourangeau et al., 2000).

Question 23 also asked for the number of days fished in the waters of Green Bay by those who
had fished on Green Bay. These anglers reported fishing Green Bay an average of 10.5 days
(SE = 1.14) in the prior 12 months. This level is similar to that found in Breffle et al. (1999),
where anglers who fished Green Bay reported fishing 9.95 days (SE = 0.55) per year. In both
instances the anglers were asked to recall their fishing activities over a 12 month period, which
may be subject to recall bias. A discussion of potential biases and adjustments for bias can be
found in Breffle et al. (1999, pp. 3-29 to 3-32). With adjustments for recall bias, it was estimated
that anglers in the 1999 study had spent an average of 6.19 days of open water plus ice fishing
the Bay of Green Bay in that 12 month period.

4.4 Importance and Action Scores

Questions 2 through 12 are part of the presentation of the four natural resource topics considered
in this survey. Each presentation has a description of the current state of the resource followed by
one or two importance questions and then one action question. The importance questions ask
how important the benefits from potential programs are to the respondent. The action questions
ask whether the respondent feels that less, the same, or more should be done and spent on each of
these topics.

4.4.1 Benefits importance scores

Respondents were asked to rate the importance of the environmental and human use service flow
benefits for each of the four general programs (Question 2 for wetlands, Questions 4, 5 for PCBs,
Questions 7, 8 for outdoor recreation, Questions 10, 11 for runoff). Table 4.5 shows the ratings
of the importance questions. From the responses we see that residents of this area are concerned
about natural resource issues in and around Green Bay. Of the four programs considered,
removing PCBs is rated most important (with statistical significance), reducing runoff and
increasing wetlands are next (their ratings are not significantly different from each other at the
95% level), and improving outdoor recreation is rated least important (with statistical
significance).
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Table 4.5. Importance of all natural resource action benefits (Questions 2, 4, 5, 7, 8,
10, 11: 1 = not at all important to 5 = very important).

Net of missing/don’t know

Benefitsa
Number of

observations

Mean
importance

rating SE
Don’t
know Missing

Remove PCBs so that it is safe to eat fish and
waterfowl (Question 4) 458 4.3 0.05 1.7% 0.9%
Remove PCBs to reduce risks to birds, fish
and other wildlife (Question 5) 462 4.3 0.05 1.3% 0.4%
Reduce runoff to improve water clarity
(Question 11) 461 4.0 0.05 1.9% 0.0%
Increase wetland acreage to support birds, fish
and other wildlife (Question 2) 460 3.9 0.05 1.7% 0.4%
Reduce runoff to reduce algae blooms
(Question 10) 457 3.8 0.05 2.8% 0.0%
Add facilities at existing parks (Question 7) 467 3.6 0.05 0.6% 0.0%
Add new parks (Question 8) 466 3.3 0.06 0.9% 0.0%
a. Listed in order of mean importance, not in the order they appeared in the survey.

Respondents’ levels of awareness of the different resource topics before receiving the survey
often affects their benefits importance scores. Those who are more aware had higher benefits
importance scores for each of the natural resource topics than those who are less aware
(Table 4.6). Benefits from removing PCBs are rated on average as 4.3 on the 5 point scale by all
those who are more aware of any individual topic, and 4.1 to 4.2 by those who were less aware
of individual topics. Outdoor recreation parks and facilities receive the highest scores from those
who are more aware of outdoor recreation in the area, but they still have the lowest action score
even by this group.

While scores change with awareness, the rankings of the different benefits from natural resource
actions remain nearly the same. Removing PCBs always rank first, and enhancing outdoor
recreation (adding facilities or new parks) always rank last. The only difference is that the
rankings of wetlands programs and runoff programs sometimes switch, although the difference
in scores generally are not large.

Thus, while awareness is correlated with benefit importance scores (higher awareness scores
generally resulting in somewhat higher benefit importance scores), awareness has a relatively
limited impact on the average rankings across the four programs (e.g., PCBs always ranked first
and outdoor recreation always ranked last).
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Table 4.6. Mean (SE) importance of all natural resource action benefits by awareness of issues (Questions 2, 4, 5, 7, 8, 10, 11:
1 = not at all important to 5 = very important).

Natural resource
action benefitsa

More
aware

alla

Less
aware

alla

More
aware

wetlandsb

Less
aware

wetlandsb

More
aware
PCBsb

Less
aware
PCBsb

More
aware

recreationb

Less
aware

recreationb

More
aware
runoffb

Less
aware
runoffb

Number of observations 117 92 210 258 327 140 209 259 234 234
Remove PCBs so that it is safe
to eat fish and waterfowl
(Question 4)

4.4
(0.10)

4.0
(0.13)

4.3
(0.07)

4.2
(0.07)

4.3
(0.06)

4.1
(0.10)

4.3
(0.07)

4.2
(0.07)

4.3
(0.07)

4.2
(0.07)

Remove PCBs to reduce risks
to birds, fish, and other
wildlife (Question 5)

4.4
(0.10)

4.0
(0.13)

4.3
(0.07)

4.2
(0.07)

4.3
(0.06)

4.2
(0.09)

4.3
(0.07)

4.2
(0.07)

4.4
(0.07)

4.2
(0.07)

Reduce runoff to improve
water clarity (Question 11)

4.1
(0.10)

3.8
(0.11)

4.1
(0.07)

3.9
(0.06)

4.0
(0.06)

3.9
(0.09)

4.0
(0.07)

3.9
(0.06)

4.1
(0.07)

3.8
(0.07)

Increase wetland acreage to
support birds, fish, and other
wildlife (Question 2)

4.3
(0.11)

3.5
(0.13)

4.3
(0.08)

3.6
(0.07)

4.1
(0.06)

3.7
(0.10)

4.1
(0.08)

3.8
(0.08)

4.2
(0.07)

3.7
(0.08)

Reduce runoff to reduce algae
blooms
(Question 10)

4.0
(0.10)

3.6
(0.12)

3.9
(0.08)

3.7
(0.07)

3.8
(0.06)

3.7
(0.09)

3.9
(0.07)

3.7
(0.07)

4.0
(0.07)

3.6
(0.07)

Add facilities at existing parks
(Question 7)

3.7
(0.12)

3.5
(0.12)

3.6
(0.08)

3.6
(0.07)

3.6
(0.06)

3.7
(0.09)

3.8
(0.08)

3.4
(0.07)

3.6
(0.08)

3.6
(0.07)

Add new parks
(Question 8)

3.5
(0.12)

3.2
(0.14)

3.3
(0.09)

3.3
(0.07)

3.3
(0.07)

3.3
(0.11)

3.6
(0.09)

3.1
(0.07)

3.3
(0.08)

3.3
(0.08)

a. If respondents chose 4 or 5 for awareness of all four topics in Question 22, they fall in the “more aware all” category. If respondent chose 1, 2 or 3 for
all four topics in Question 22, they fall in the “less aware all” category.
b. If respondents chose 4 or 5 for awareness of the topic in Question 22, they fall in the “more aware topic” category, otherwise they are in the “less
aware topic” category.
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4.4.2 Action scores

Action scores refers to the questions about whether respondents prefer doing and spending less,
the same, or more than currently occurs for each resource topic (Question 3, Question 6,
Question 9, Question 12). Table 4.7 shows the level of action respondents would like to see
implemented to improve these resources. The greatest support is for actions to remove PCBs,
there is moderate support for wetlands and runoff programs, and the lowest support is for actions
to improve outdoor recreation. Respondents who are more aware tend to want more done and
spent than respondents who are less aware of the resource topic, except for PCBs, where even
respondents who indicated they were less aware also feel it is important to do more and spend
more.

Table 4.7. Preferred level of action for natural resource programs (Questions 3, 6, 9, 12).

Natural resource programa
Do less and
spend less

Do the
same

Do more and
spend more Missingd

All NAc 16.4% 81.3% 2.3%
More aware of PCBsb NA 16.2% 81.7% 2.1%

PCB investigations and
removal (Question 6)

Less aware of PCBsb NA 16.9% 80.3% 2.8%
All 1.5% 33.4% 63.6% 1.5%
More aware of runoffb 0.9% 23.8% 74.5% 0.8%

Runoff reduction
(Question 12)

Less aware of runoffb 2.1% 43.0% 52.8% 2.1%
All 2.6% 40.9% 54.7% 1.9%
More aware of wetlandsb 1.9% 26.7% 70.0% 1.4%

Wetlands maintenance and/or
restoration (Question 3)

Less aware of wetlandsb 3.1% 52.3% 42.3% 2.3%
All 1.9% 50.9% 46.8% 0.4%
More aware of recreationb 1.9% 40.0% 58.1% 0.0%

New facilities at existing parks
and/or opening new parks
(Question 9) Less aware of recreationb 1.9% 59.6% 37.7% 0.8%
a. Listed in order of preference for more action, not in the order they appeared in the survey.
b. If respondents chose 4 or 5 for awareness of the topic in Question 22, they fall in the “more aware of topic”
category, otherwise they are in the “less aware of topic” category.
c. Not applicable: “Do less and spend less” was not offered an option for PCBs, as discussed in Section 2.2.2.
d. Percentage may not total to 100% because of rounding.

These measures are correlated with the benefits importance scores. For instance, in Table 4.5 we
see that removing PCBs receives the highest importance rating of all the issues, and in Table 4.7
we see that most respondents would like to see more done and more spent to remove the PCBs.
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4.5 Evaluation Scores

This section provides results for Questions 19 through 21, to which respondents provide follow-
up evaluation of their own responses to the choice questions, Question 13 through Question 18.

Question 19 is again asking about the importance of various natural resource program benefits,
but the context is slightly different. Here the question relates to the tradeoffs that respondents
made in the set of choice questions. In these tradeoffs the respondent is constrained by the cost of
the sets of programs. The cost is an important factor for respondents (rated second to PCB
removal) and as such has an effect on the ratings of all the programs. Comparing results reported
in Table 4.5 to those in Table 4.8, we see that adding a monetary dimension reduces the average
rating of each of the issues, but does not change their relative ranking.

Table 4.8. Importance of program attributes in making choices between alternatives
(Question 19: 1 = not at all important to 5 = very important).

Net of missing

Program attributea
Number of

observations
Mean importance

rating SE Missing

Years until safe levels of PCBs 468 3.9 0.05 0.4%

Annual cost to your household 466 3.8 0.05 0.9%

Inches of water clarity 465 3.5 0.05 1.1%

Days of excess algae each summer 467 3.3 0.05 0.6%

Acres of wetlands 468 3.3 0.05 0.4%

Facilities at existing parks 464 3.1 0.05 1.3%

Acres of new parks 466 2.9 0.06 0.9%

a. Listed in order of mean importance, not in the order they appeared in the survey.

For example, PCB removal remains the most important action, but while the benefits of PCB
removal are rated an average of 4.3 on a scale of 5 (1 = not at all important, 5 = very important)
with no consideration of cost, they are rated an average of 3.9 on the same scale when a
monetary constraint is introduced. Cost is the next most important consideration. Recreation
remains the lowest ranked resource topic. In the benefits importance questions, adding facilities
was rated 3.6 and new parks 3.3, but with the addition of a monetary constraint in Question 19,
they are rated 3.1 and 2.9 on a scale of 1 to 5.

In their responses to Question 19, the more aware and less aware groups have the same relative
rankings for the benefits of natural resource programs that we saw in the benefits importance
scores (Table 4.6). When the benefits of the resource programs are ranked along with cost in
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Question 19, cost is ranked the most important factor for those who are less aware of all of the
topics and the second most important factor (after PCBs) for those who are more aware of all the
topics, suggesting that values will be lower for those who are less aware than for those who are
more aware.

Questions 20 and 21 provide two perspectives on respondents’ evaluations of their responses to
the choice questions, and these are summarized in Tables 4.9 and 4.10. Question 20 asks
respondents to consider their confidence in their choices between the alternatives in Questions 13
through 18. Question 21 takes a pragmatic perspective and tells the respondent to consider that
“Questions 13 to 18 were asked to provide citizen input for decisions makers to consider along
with scientists and planners,” and then asks, “With this in mind how much should public officials
consider your responses to Questions 13 through 18?”

Table 4.9. Confidence in choices between alternatives (Question 20: 1 = not at all
confident to 5 = very confident).

Net of missing

Categorya

Not at all
confident

1 2

Somewhat
confident

3 4

Very
confident

5 Missing Nobs

Mean
confidence

rating SE
All 1.3% 4.9% 40.0% 37.9% 15.5% 0.4% 468 3.6 0.04
More aware 0.9% 3.4% 23.9% 46.2% 24.8% 0.9% 116 3.9 0.08
Less aware 2.2% 12.9% 49.5% 29.0% 6.5% 0% 93 3.2 0.09
Nobs = Number of observations.

a. If respondents chose 4 or 5 for awareness of all four topics in Question 22, they fall in the “more aware”
category. If respondents chose 1, 2 or 3 for all four topics in Question 22, they fall in the “less aware”
category.

Respondents were generally confident about the choices in the paired comparison questions:
93% indicated they were somewhat to very confident in the choices they made. And 95% felt
that their responses should be somewhat or completely considered (along with other information
from scientists and planners) in decisions made by public officials concerning these natural
resource issues. Respondents who were more aware of the natural resource issues before
receiving the survey tended to be more confident in their answers and more certain that their
responses to the choice questions should be considered by public officials. Most all of those who
are least confident in their responses (value = 1 or 2 in both Question 20 and Question 21) are
individuals with lower awareness for several or all of the response topics and who report lower
preference for, and values for, the restoration programs.
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Table 4.10. Extent to which public officials should consider your responses to choice
questions (Question 21: 1 = should not consider my responses at all to 5 = should
completely consider my responses).

Net of missing

Categorya

Should not
consider my

responses
at all

1 2

Should
somewhat

consider my
responses

3 4

Should
completely

consider my
responses

5 Missing Nobs

Mean
confidence

rating SE
All 0.6% 3.4% 27.2% 39.4% 28.9% 0.4% 468 3.9 0.04
More aware 0.0% 0.9% 11.1% 42.7% 44.4% 0.0% 116 4.3 0.07
Less aware 1.1% 12.9% 40.9% 29.0% 16.1% 0% 93 3.5 0.10
Nobs = Number of observations.

a. If respondent chose 4 or 5 for awareness of all four topics in Question 22, they fall in the “more aware”
category. If respondent chose 1, 2 or 3 for all four topics in Question 22, they fall in the “less aware”
category.

4.6 Comments

In response to Question 36, 125 (27%) of the respondents provided written comments on the
survey. Table 4.11 provides a summary of their 181 comments. A total of 37 respondents (7.9%
of all respondents) made one or more comments that might indicate scenario rejection.1

When considering the impact of potential scenario rejection on the scaling of restoration to be of
equivalent value to PCB-caused service flow losses, what would matter is if there were a
disproportionate level of rejection tied to PCBs versus the other topics. This is in fact the case. A
total of 29 respondents made comments suggesting potential rejection of paying for PCB
removal, 4 respondents made comments suggesting potential rejection of paying for runoff
programs, 3 respondents made comments suggesting potential rejection of paying for outdoor
recreation programs, and 6 respondents made comments suggesting potential rejection of
implementing it through the government bureaucracy. Thus, this suggests that a bias, if any,
would be toward understating the required level of restoration to be of equivalent value to PCB-
caused service flow losses.

                                                
1. Scenario rejection occurs when an individual’s preference statement does not reflect his value for a
commodity but rather is in response to some component of the choice pair scenario, such as the payment
vehicle or the timing of commodity provision.
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Table 4.11. General comments made at end of survey, coded into categories.

Comment
numbera Comment category

Number
making

commentb

Percent of
those with
comments

Percent
of all

respondents
11 Industry should pay / is liable for PCBs 21 16.8% 4.5%
12 Farmers should pay for runoff 4 3.2% 0.9%
13 User should pay 3 2.4% 0.6%
14 Use other funding source / taxes already too high 5 4.0% 1.1%
15 Bureaucracy / government wastes money 6 4.8% 1.3%
16 Amount must be reasonable / don’t raise it too much 4 3.2% 0.9%

23 PCB removal is very important 11 8.8% 2.3%
24 Concerns about PCB removal — process, efficiency,

effectiveness
11 8.8% 2.3%

25 Quit fishing because of PCBs / want safer fish 7 5.6% 1.5%

30 Parks — general 1 0.8% 0.2%
31 Need more info about parks 1 0.8% 0.2%
33 Improve current parks / stop decline / current

conditions poor
6 4.8% 1.3%

34 Don’t expand / add facilities / add more parks 2 1.6% 0.4%
35 I don’t use parks 1 0.8% 0.2%
36 I do use, or have used parks 2 1.6% 0.4%

40 Wetlands — general 2 1.6% 0.4%
41 Need more info about wetlands 2 1.6% 0.4%
42 Wetlands are important for future generations 1 0.8% 0.2%
43 Wetlands are a very important resource 8 6.4% 1.7%
44 Don’t spend more on wetlands 1 0.8% 0.2%

50 Runoff — general 1 0.8% 0.2%
51 Need more info about runoff 1 0.8% 0.2%
53 Runoff is an important issue 1 0.8% 0.2%

60 Survey issues — general 3 2.4% 0.6%
61 Support for survey (compliment, thanks) 19 15.2% 4.0%
62 Survey biased 6 4.8% 1.3%
63 Didn’t like tradeoffs (wanted a spend no more option,

didn’t want to trade recreation for environment)
3 2.4% 0.6%

70 Other — general 11 8.8% 2.3%
71 Mention other environmental issues 22 17.6% 4.7%
72 Enforce current regulations 6 4.8% 1.3%
73 Environment is important / general support for

environment
9 7.2% 1.9%

a. Comment number as coded.
b. Sum is greater than 125 because some respondents brought up several topics in their comments.



Stratus Consulting Survey Results (Final, 10/25/00)

Page 4-14

4.7 Choice Pair Evaluation Using Simple Comparisons

In Chapter 5 we apply a sophisticated statistical model to evaluate the responses to the choice
questions accounting for characteristics of the respondents. However, simple evaluations of a
subset of the choice pairs provide straightforward insight into respondent preferences and into
whether respondents are responsive to the natural resource changes being presented. These
simple comparisons are based on the percentage of respondents to a choice pair that selects one
or the other of the two alternatives in the choice pair. They do not consider respondent
characteristics and are based on small sample sizes.

Table 4.12 summarizes the eight simple resource-to-resource pairs (i.e., costs are held constant
across the two alternatives) involving PCB removal, measured as years until safe levels of PCBs
are reached, versus other enhancements in one of the other three resource programs. The table
lists the version and question number (e.g., the pair of alternatives) and sample size, the change
in years until PCBs are safe and the changes in the other resource topics that are compared in the
two alternatives, the dollar amount that was held constant in both alternatives, and the percent
choosing the alternative with fewer years until PCBs are at safe levels.

Table 4.12. Pairs with PCB removal versus other single resource programs.

V#/Q#a
Number of

observations

Years until
PCB levels are

safe Versus
Fixed $
value

Percent
choosing
reduced

PCBs
9/13 48 100 to 70 years Runoff: 0% to 25% control $25 57%
9/17 49 100 to 70 years Wetlands: 0% to 10% increase in acres $25 76%b

10/13 40 100 to 40 years Runoff: 0% to 50% control $50 58%
8/13 44 100 to 40 years Wetlands: 0% to 20% increase in acres $50 69%b

6/13 32 100 to 20 years Wetlands: 0% to 20% increase in acres $50 82%b

3/16 42 70 to 40 years Parks: 0% to 5% increase in new acres
and 0% to 10% enhancements at
existing parks

$100 69%b

10/17 48 70 to 20 years Recreation: 0% to 10% enhancements
at existing parks

$50 92%b

5/15 50 40 to 20 years Recreation: 0% to 10% enhancements
at existing parks

$50 60%

a. V# =Version number, Q# = question.
b. Statistically significant at 10% or higher levels.

The results in Table 4.12 highlight a consistent preference for PCB removal when directly
compared to enhancements in other programs. In each such direct comparison, PCB removal is
preferred. Even with the small sample sizes in the individual choice questions, the preference is
statistically significant at a 10% level for most of the comparisons (falling just short of statistical
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significance in the other cases, which involve either smaller PCB changes and/or runoff control).
For other simple resource-to-resource comparisons, we find certain runoff control programs are
preferred to outdoor recreational enhancements and to certain wetland programs, and statistically
significantly so in three of four such comparisons. These simple comparisons identify that PCB
removal and runoff control are, respectively, the first and second most preferred restoration
actions. These results are consistent with the attitude scores provided earlier in this chapter and
with the model presented in Chapter 5 that incorporate all of the choice pairs and important
respondent attributes (and thus has more statistical power).

Comparing results for choice pairs from different survey versions can be used as “between-
sample” tests of if and how respondents respond to changes in the level of resource changes and
costs presented. One would expect that a program providing more benefits (e.g., more acres of
wetlands or less years of PCB contamination) would be valued the same as or more than a
program providing a lesser level of benefits. Such “scope tests” have sometimes been suggested
as a validity test for contingent valuation studies (Carson, 1997). The choices respondents make
indicate that respondents are responding to different levels of natural resource attributes
presented to them — the support for programs varies with the level of change in the program
results.

Table 4.13 compares the results of resource-to-resource choice pairs that provide scope test type
comparisons. Using the first row as an example, pair 5/15 (Version 5, Question 15, which has
50 observations) asks for a choice between a 10% increase in existing recreational facilities
(resource change 1) and reducing the years until PCBs are at safe levels from 40 years to
20 years. In this choice, the dollar cost presented to respondents for both alternatives is the same
at $50. Pair 10/17 calls for a choice between the same change in existing recreational facilities
(10% increase) and reducing the years until PCBs are at safe levels from 70 years to 20 years (in
this question, the cost of both programs was $50). In both choice pairs (5/15 and 10/17), one
resource change was a 10% increase in existing recreational facilities. In the second choice pair
listed, this change in recreation was compared to a larger change in PCBs than in the first choice
pair (70 to 20 years versus 40 to 20 years). One would expect that the preference for the
recreational enhancement in the second pair (10/17) would be less than in the first pair because
the PCB change is even larger, and this is what is found. In this case, the preference for the
recreational enhancement program drops from 40% to 8%, which is a statistically significant
change. The dollar levels are not expected to influence the choices because, except in the seventh
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Table 4.13. Simple comparison of choice pairs: Resource comparisons.

Comparison V#/Q#
Number of

observations Resource change 1 Resource change 2 $
% select
change 1

Expected
result

1 5/15
10/17

50
48

Rec: 0% to 10% ↑
Rec: 0% to 10% ↑

PCBs: 40 to 20 yrs
PCBs: 70 to 20 yrs

50
50

40%
8%

Yesa

2 8/13
6/13

44
44

Wetland: 0% to 20% ↑
Wetland: 0% to 20% ↑

PCBs: 100 to 40 yrs.
PCBs: 100 to 20 yrs

50
50

32%
18%

Yesa

3 10/17
5/18

48
49

PCBs: 70 to 20 years
PCBs: 70 to 20 years

Rec: 0% to 10% ↑
Rec: 0% to 10% ↑ and
Wetlands: 0% to 10% ↑

50
50

92%
67%

Yesa

4 10/13
1/16

48
38

PCBs: 100 to 40 yrs
PCBs: 100 to 40 yrs

Rec: 0% to 10% ↑
Rec: 0% to 10% ↑ and
Runoff control: 0% to 50% ↑

50
50

58%
53%

Yes

5 5/15
8/15

50
45

PCBs: 40 to 20 yrs
PCBs: 40 to 20 yrs

Rec: 0% to 10% ↑
Rec: 0% to 10% ↑ and
Wetlands: 0% to 5% ↑

50
50

60%
51%

(vs 5/15)
Yes

6 9/16 49 PCBs: 40 to 20 yrs Rec: 0% to 10% ↑ and
Runoff control: 0% to 25% ↑

50 41% (vs 5/15)
Yesa

7 2/13
4/15

48
47

Wetlands: 0% to 5% ↑
Wetlands: 0% to 5% ↑

Parks: 0% to 5% ↑
Parks: 0% to 10% plus other
improvements and cost decreases

25
NA

44%
9%

Yesa

8 5/15
2/17

50
48

Rec: 0% to 10% ↑
Rec: 0% to 10% ↑

PCBs: 40 to 20 years
PCBs: 40 to 20 years and
Wetlands: 10% to 20% ↑

50
100

40%
31%

Yes

Notes: V# = version number, Q# = question number. $ = fixed dollar amount in both alternatives of a pair. Pairs are ordered in each block such that the
probability of choosing resource change 1 would be expected to decrease with the second pair compared to the first pair. ↑ = enhancements/increases.

a. Statically significant difference a 10% one-tailed test level.
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comparison in this table, they are the same for both alternatives in a choice pair, but are
presented for perspective on the questions.2

The remainder of Table 4.13 lists seven additional comparisons (note that 5/15 is compared to
both 8/15 and 9/16). The table is presented so that the expected probability of selecting the
enhancements listed as “resource change 1” as compared to “resource change 2” decreases with
the second pair because the improvements in resource change 2 are larger in the second pair than
in the first pair.3 Limited pairs can be compared in this manner because in many pairs not listed
here some resources or costs increase while other decrease, or the pairs compare increases in one
or many programs with increases in one or many programs. The pairs listed provide comparisons
where the expected change in preferences is clear so long as one assumes zero or increasing
utility with increasing program levels and with decreasing costs.

In all cases in Table 4.13, the results are as expected, and in many cases the differences are
statistically significant. This is important because the sample sizes are small for such between-
sample comparisons that do not control for other variables (resident location, awareness, angler).
Given these considerations, the results provide strong evidence for between-sample scope
responsiveness for the accuracy of the resource-to-resource comparison question responses.

Table 4.14 makes similar comparisons using the referendum style questions (Question 14 in all
10 survey versions). Again, in each comparison the data are presented so that the probability of
selecting resource change 1 is expected to be less for the second choice pair than for the first
choice pair. The results here also support that respondents are responding to scope, but in two
comparisons the results do not support expectations. Both cases involve responses to Version 2,
Question 14. The reasons why the results to Version 2, Question 14 provide contradictory results
are unclear, and may be the small sample size and varying sample characteristics. For example,
respondents to Version 2 rated the importance of costs, in Question 19, higher than did
respondents in any other survey version, which is consistent with the results reported in
Table 4.14. Given the sample sizes, respondent characteristics, and other potential influences, are
not controlled in these simple comparisons, it is not surprising or unreasonable that one of the
pairs, and 2 of 14 comparisons in Tables 4.13 and 4.14, would result in unexpected results from
simple comparisons.
                                                
2. The dollar values are also the same for both choice pairs in most of the comparisons in Table 4.13. In many
utility function specification (e.g., utility linear in program levels and income, utility linear in program levels
and program levels all consistently interacting with income), the dollar level would not affect the choice
between alternatives. Other utility specifications may exist where the dollar value could affect the choice
between alternatives, but the results in Tables 4.12 and 4.13, and in Chapter 5, do not suggest cause for
concern that the dollar levels are substantially, if at all, influencing the preference and scope test conclusions
reported here.

3. The pairs are presented in this manner to facilitate comparisons. Resource change 1 and resource change 2
may be either Alternative A or Alternative B in the actual question.
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Table 4.14. Simple comparison of choice pairs: Referendum comparisons.

Comparison V#/Q#
Number of

observations Resource change 1
Resource change 2
(or $ cost change) $

% select
change 1

Expected
result

1 4/14
1/14

47
38

PCBs: 100 to 20 yrs
PCBs: 100 to 40 yrs

$0 to $200
$0 to $200

NA
NA

57%
39%

Yesa

2 5/14
1/14

51
38

PCBs: 100 to 40 yrs
PCBs: 100 to 40 yrs

$0 to $50
$0 to $200

NA
NA

67%
39%

Yesa

3 2/14
1/14

48
38

PCBs: 100 to 20 yrs
PCBs: 100 to 40 yrs

$0 to $50
$0 to $200

NA
NA

44%
39%

Yes

4 2/14
4/14

48
47

PCBs: 100 to 20 yrs
PCBs: 100 to 20 yrs

$0 to $50
$0 to $200

NA
NA

44%
57%

No

5 2/14
5/14

48
51

PCBs: 100 to 20 yrs
PCBs: 100 to 40 yrs

$0 to $50
$0 to $50

NA
NA

44%
67%

Noa

6 9/14
8/14

49
45

Parks: 0% to 10% ↑
Parks: 0% to 5% ↑

$0 to $50
$0 to $100

NA
NA

43%
22%

Yesa

Notes: V# = version number, Q# = question number. $ = fixed dollar amount in both alternatives of a pair. Pairs are ordered in each block such that the
probability of choosing resource change 1 would be expected to decrease with the second pair compared to the first pair. ↑ = enhancements/increases.

a = Statically significant difference a 10% one-tailed test level.



5.  A Model of Preferences for
Resource Alternatives

5.1 Introduction

In this chapter we present the choice-question model used to estimate preferences for resource
enhancement projects in and around the Bay of Green Bay. This model can be used to examine
how individuals trade off different levels of the four programs, such as wetlands acres and years
until PCBs are at safe levels. It can also show how individuals value changes in program levels
in monetary terms, such as the WTP for program enhancements.

The choice-question model seeks to explain statistically each respondent’s six choices from the
choice pairs as a function of a number of program and individual characteristics. The model
parameters represent a quantitative measure of the relative importance of the program
characteristics in determining the benefits individuals receive from their availability. For
example, the parameter on a variable for the number of years until no PCB-caused losses remain
indicates the decrease in benefits if the number of years increases by that much.

We assume in the model that survey respondents chose the alternative (Alternative A or
Alternative B) in each pair that would provide them with the largest net benefit. The technical
logic of pairwise choice-question models is presented in Appendix B.

Sections 5.2 and 5.3 present variables affecting utility and discuss model features. Section 5.4
constructs the utility function for the natural resource program benefits and discusses the
parameters. Section 5.5 discusses the computation of WTP for environmental changes;
Section 5.6 describes the estimation method; and Section 5.7 presents the estimated parameters
and assesses model performance.

5.2 Factors Affecting Utility from Green Bay Resources

Our choice questions are “binary” choices (i.e., they are choices between two alternatives).
Economists assume respondents choose one of the alternatives over the other because the
respondents believe that they would receive more satisfaction, or “utility,” from the chosen
alternative than from the rejected one. To analyze the survey responses, it is necessary to assume
that the “utility function” takes on a specific mathematical form. Utility is assumed to be a
function of the characteristics of the alternatives. Here we followed the common practice of
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assuming that utility is a linear function of the utility parameters as shown in Equation B-1 of
Appendix B.

In our choice pairs, the levels of the characteristics take on a limited number of discrete values
(see Table 2.4). For example, the number of years until no PCB-caused losses remain takes on a
value of 100, 70, 40, or 20; wetlands variables also take on four values. Rather than assume that
these variables are continuous variables, and then impose a functional form on the data, we have
chosen to treat each of the resource levels as separate “dummy variables,” which take on a value
of one if a particular resource level occurs in the choice alternative, and zero otherwise. This
method allows the greatest degree of flexibility in the model because the utility from each level
of a characteristic is estimated independently from other levels. Therefore, the model is not linear
in the characteristics; that is, marginal utilities (benefits) for increasing amounts of a type of
resource action are not constant. There are 11 different dummy variables for the five resource
groups (not counting the base case in each group that does not have a dummy variable, for
identification of the model). The cost of the alternative is also a determinant of utility.1

The model also incorporates preference heterogeneity; that is, marginal utilities for changes in
characteristics are allowed to vary over different types of people. Preferences typically vary
across individuals, although assuming preferences are the same across individuals is a common
assumption in models of this kind. The classic way of including heterogeneity is to let effects on
utility from changes in site characteristics vary as a function of individual socioeconomic and
demographic characteristics. This traditional method, which we use in this study, has been
employed for many years, and a summary discussion can be found in Pollack and Wales (1992).

To reduce greatly the number of parameters introduced into the model by incorporating
preference heterogeneity, a restriction was imposed to add structure within each resource group.
As noted above, for example, the model contains three dummy variables for four PCB
characteristics.2 It is assumed that the set of PCB parameters, or parameters for any of the other
resource groups, varies across different types of respondents proportionately. For example, the
PCB parameters for anglers (based on Question 23) are all higher than for non-anglers by the
same percentage.

                                                
1. Because our model is linear in income, it does not have income effects, and the income variable does not
affect estimation. When computing the utility difference between the alternatives, income drops out when
utility from one alternative is subtracted from utility in the other alternative, because income is the same in
both.

2. The fourth level serves as the current level and thus does not require a dummy variable. Its utility is simply
the level of utility when the other three dummy variables are set at zero.
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Recreational anglers and those living close to Green Bay are allowed to have different
preferences for reductions in PCB years. Further, those who have a high self-reported level of
awareness for a given resource group are allowed to have different preferences for that particular
resource group than those less aware.3 Prior respondent experience with environmental
commodities tends to increase values, which should be addressed in the econometric model, and
awareness is an effective means to proxy that experience (see Cameron and Englin, 1997). The
awareness variable is an index or conglomeration reflecting past experience and behavior as well
as exogenous characteristics of the individual, as discussed in Chapter 4. Including awareness
also captures respondent confidence in their reported results (Section 4.5).

In preliminary analyses, other individual-specific variables including gender and involvement in
other types of recreation, were found not to be statistically significant. Any variables found not
to be significant were omitted from the final specification of the model to: 1) increase the
accuracy (efficiency) of the estimates by reducing unnecessary noise, and 2) make the estimated
model parameters more straightforward to interpret by removing needless complications.

5.3 Other Model Features

5.3.1 Positioning effects

Positioning effects occur when respondents have a tendency to choose one of the alternatives
(usually the first one, Alternative A in this case) more frequently than the other after controlling
for all other relevant variables (here, the six attributes). Positioning may occur because the
survey process may be difficult or tiring for some individuals, or their preferences for the
resource program may not be well defined. In such cases, respondents may tend to select the first
alternative repeatedly to reduce their cognitive burden. In the final sample of 470 respondents,
32 chose Alternative A in all six choices and 8 chose Alternative B in all choices. To evaluate
the impact of positioning effects on our results, if any, a dummy variable equal to one was
included for A alternatives.

5.3.2 Varying difficulty of choice

Using randomly generated levels of changes in natural resource programs will result in many, or
even most, pairs involving varying levels for multiple programs in each choice pair. Thus,
respondents would be presented with the challenging task of comprehending multiple changes

                                                
3. Awareness interactions were included for all resource groups except new parks, because that resource action
was not found to yield significantly positive benefits in preliminary specifications.
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each time they compare a pair of alternatives. The choice task may be daunting for some
respondents and, if so, they may tend to focus only on a subset of the characteristics as the basis
for decision-making, thus increasing the variance in the parameter estimates.

The choice pairs throughout the 10 different versions of the survey were designed to be of
distinctly different types, some which may be more difficult for respondents to rank than others.
These are described in detail in Section 2.2.3:

} Simple resource-to-resource pairs: These choice questions present a simple one resource
versus one resource tradeoff: for example, an improvement in wetlands in one alternative
versus an improvement in recreational facilities in the second alternative, with the levels
of other programs and taxes paid the same in both alternatives.

} Referendum pairs: These choice questions mimic standard referendum questions
developed in the contingent valuation literature: for example, an improvement in
wetlands with an increase in taxes in one alternative versus the status quo in the other
alternative.

} Complex pairs: These choice questions present complex mixes of multiple changes in
natural resource levels and taxes paid in either or both alternatives of a choice pair.

The ability of respondents to reveal preferences may vary across these different types of
questions, which exhibits itself in varying degrees of randomness in decision-making. The
magnitude of this randomness can be examined using scale parameters, that differ by type of
choice question, that make all of the model parameters larger or smaller relative to the variance
of the random component of preferences. Therefore, we model not only heterogeneity of
preferences across individuals but also heterogeneity in the variance of the stochastic component
across pair types for a given individual. Two dummy variables were added to scale the
parameters to account for the fact that results may be statistically “noisier” across the three
different types of questions.4

                                                
4. Estimating separate scale factors for different choice questions in the estimation of environmental
preferences has been done to test for learning and fatigue effects (see, for example, Breffle et al., 1999 and
Adamowicz et al., 1998). With learning, randomness may decrease; and with fatigue, randomness may
increase. Swait and Adamowicz (2000) allowed for the level of unexplained noise in choices to vary over
choices and individuals using stated preference choices, and combining stated preference and revealed
preference data. Scale parameters were allowed to vary with complexity, where complexity was represented by
an endogenously-determined overall measure of uncertainty called entropy (which increases in the number of
alternatives and correlations between attributes), rather than using prespecified complexity categories as we
have done. Mazzotta and Opaluch (1995) present results supporting the hypothesis that increasing complexity
in the choice task increases the associated noise in the choice.
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5.4 The Utility Function

The following equation presents the utility function for individual i; all of the variables in this
function are defined in Table 5.1:
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Parameter 
yβ  indicates the increase in utility if the cost decreases by $1 and is typically referred

to as the marginal utility of money. It is assumed to be a constant. This parameter is expected to
have a positive sign, which also implies that the individual prefers to pay a lower cost.
Downward sloping demand (i.e., demand is a decreasing function of price) is a standard tenet of
consumer economic theory and is very often observed in practice.

The other site-characteristic parameters, ,,,,
qml pmpepwet ββββ  and 

rroβ represent the change in

utility from a change in each of the respective resource characteristics. The expected signs of the
elements of roβ  are positive for all levels and increasing for better runoff quality; individuals are

expected to prefer better water clarity and fewer excess algae days. The expected signs of the
elements of pβ  are expected to be negative for all levels and getting larger in absolute values as

the number of years increases; individuals prefer PCB-caused losses to last a shorter period.
Finally, we expect wetlands and parks to provide increasing benefits as more of the resources are
provided.

Individual characteristic dummies are defined such that the base parameter (where the dummy
equals zero) is for the type of individual with the largest expected parameter. For example,
anglers may have larger marginal utilities (in absolute value) than non-anglers, and anglers are
given a value of zero for the dummy. The parameters on the dummy variables are then used to
scale (down) the base parameters multiplicatively (see Equation 5-1) for the types of individuals
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Table 5.1. Model variables.
Variable Definition
Green Bay characteristics
COST Cost per year for 10 years

]3,1[, ∈lD
lwet

= 1 if acres of preserved wetlands increased to amount in level l
 = 0 otherwise
baseline level: 58,000 acres; increased levels: 60,900 acres, 63,800 acres, 69,600 acres

]3,1[ , ∈mD
mp

= 1 if years until safe from PCBs is decreased to time in level m
 = 0 otherwise
baseline level: 100 years; decreased levels: 70 years, 40 years, 20 years

peD = 1 if facilities at existing parks are increased by 10%
 = 0 otherwise

]2,1[, ∈qD
qpn

= 1 if acres of new parks increased by the amount in level q
 = 0 otherwise
increased levels: 5%, 10%

]2,1[, ∈rD
rro

= 1 if runoff improves water quality level to level r
 = 0 otherwise
baseline level: 20” of water clarity and 80 excess algae days or less; improved levels: 24”
(20% improvement) and 60 days or fewer (25% reduction), 34” (70% improvement) and
40 days or fewer (50% reduction)a

Individual characteristicsb

iy Income of respondent i

D D

D D

weta pa

pea roa

i i

i i

, ,

,

 

 

= 0 if respondent i is highly aware of issues related to wetlands, PCBs, existing parks, and
runoff, respectively (Question 22 = 4 or 5)
 = 1 otherwise

inD = 0 if respondent i lives near Green Bay (within two miles based on zip code)
 = 1 otherwise

if
D = 0 if respondent i is a Green Bay recreational angler (Question 23)

 = 1 otherwise
Pair- and alternative-specific variables

AD = 1 if alternative is A alternative
 = 0 otherwise

sD = 1 if pair compares two alternatives in which only one resource characteristic varies in
each alternative (single v. single)
 = 0 otherwise

rD = 1 if pair contains resource improvement(s) with positive cost compared to baseline
conditions with no cost (referendum)
 = 0 otherwise

a. Note that changes in water clarity and excess algae days are perfectly correlated in the choice pairs.
b. Note that the dummy variable definitions for individual characteristics are opposite the usual convention:
those with a characteristic get a value of zero instead of one. The base case with all dummies equal to zero is
the type expected to have the highest value for PCBs and other resources (i.e., angler, lives near, higher
awareness). Given the form of the utility function, estimation was easier by scaling down the marginal
utilities of other, lower-value types of individuals with dummies set to one.
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with dummies equal to one (e.g., non-anglers). It is easier for the estimation program to scale
down larger parameters than to scale up smaller parameters (the latter of which may effectively
equal zero). To clarify, suppose that some type of individual has a marginal utility that is
effectively zero. For example, those less aware of wetland resources may have no value for more
wetlands, and an associated zero marginal utility. It would be impossible for the estimation
program to scale up the zero parameter for the less aware group to anything positive for another
type of individual (e.g., more aware). Conversely, it is easy for the program to scale down a
positive marginal utility, even to zero.

The awareness parameters, ,,, peapaweta βββ  and roaβ , are expected to be negative, because those

with a higher awareness are expected to have a higher value for resource quality than those with
a lower awareness. Likewise, those living near Green Bay, and those who fish Green Bay
recreationally, are expected to value PCB cleanup more than those who live far and those who do
not fish; nβ  and fβ  are expected to be negative for those who do not fish and live at a distance.

5.5 Willingness to Pay per Household

For a model with no income effects and only one alternative in each state, such as this model, the
computation of WTP for a resource program (such as to avoid years of PCB-caused losses) per
household, measured as the compensating variation (CVi), is straightforward. It can be computed
as the difference between utility in the two states divided by the marginal utility of money.
Because utility is linear in the vector of marginal utilities βi, the formula for CVi is:

,)]([
1 01

iii
y

i xxCV −′= β
β

(5-2)

where x is the vector of the resource characteristics and βi varies across individuals as a function
of individual characteristics.

Because all of the resource (and respondent) characteristics are incorporated as dummy variables
with values of zero or one, the formula for CVi for a given resource characteristic is simply the
marginal utility for that characteristic as represented by a model parameter(s) divided by the
marginal utility of money. Also note that the stochastic component cancels out of Equation 5-2,
so E(CVi) = CVi æ i. Estimated values are reported in Chapter 6.
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5.6 Model Estimation

In the empirical model, parameters are estimated using a mathematical search algorithm that
makes the individuals’ observed choices most likely. In other words, the estimated parameters
maximize the likelihood of collectively observing the chosen alternatives from the choice pairs.
The parameter estimates are called maximum likelihood estimates because they are estimates of
the population parameters that maximize the likelihood of drawing the sample of the observed
choices.

The Gauss application module “Maxlik” was used to maximize the likelihood function
(Equation B-4 in Appendix B). Convergence was achieved for a variety of starting values, and
always at the same point. The model was estimated using a personal computer with a 400 MHz
Pentium II chip and 128 MB of RAM and took approximately 12 minutes to converge.

The likelihood function that is maximized is derived and presented in detail in Appendix B. In
short, it is a joint probability over all of the individuals in the data set. For a single individual it is
computed as the product of the probabilities of the chosen Green Bay alternatives over the six
choice-occasion pairs. Maximizing the likelihood function is equivalent to maximizing the joint
probability of observing the collective angler choices. Parameters estimated by maximum
likelihood have desirable statistical properties. For example, the estimates get closer to their
actual values as the sample size grows larger. Under some additional assumptions, these are also
the most precise estimates.

5.7 The Estimated Model

This section presents an overview of the estimation of the model described above. The estimated
parameters of the utility function in Equation 5-1 are discussed qualitatively here, and the
specific parameter estimates are reported in Table 5.2. In the next chapter, these parameters are
used to compute the rates at which individuals trade off PCB-caused losses with other site
characteristics, and to value in WTP the changes in site characteristics. Major conclusions that
can be drawn from this section are that model parameters are estimated with accuracy, and that
the model accurately predicts the choices.

5.7.1 Signs and significance of the parameter estimates

An important result from this estimation is that all of the estimated parameters with expected
signs do in fact have the expected signs, and within resource groups, parameters have reasonable
relative magnitudes. As expected, the cost of an alternative has a highly significant negative
effect on utility.



Stratus Consulting Resource Alternatives Preferences (Final, 10/25/00)

Page 5-9

Table 5.2. Parameter estimates.
Parameter Estimatea (asymptotic t statistic)

yβ  (marginal utility of money) 0.0060 (13.286)

lwetβ  (wetlands)

l = 60,900 acres

l = 63,800 acres

l = 69,600 acres

0.1873 (2.264)

0.3420 (3.780)

0.4187 (5.000)

mpβ  (PCBs)

m = 20 years

m = 40 years

m = 70 years

1.2172 (7.253)

0.8477 (6.735)

0.3273 (3.871)

peβ  (existing parks) 0.1077 (1.918)

qpnβ  (new parks)

q = 5%

q = 10%

0.0236 (0.438)

-0.1030 (-1.856)

rroβ  (runoff/water quality)

r = 24” clarity and < 60 excess algae days

r = 34” clarity and < 80 excess algae days

0.1838 (2.856)

0.4817 (7.465)

wetaβ  (wetlands awareness)b

paβ  (PCBs awareness)b

peaβ  (existing parks awareness)b

roaβ  (runoff/water quality awareness)b

-1.0879 (-5.527)

-0.3387 (-3.729)

-1.0780 (-2.234)

-0.4599 (-3.202)

nβ  (PCBs for group not living near)

fβ  (PCBs for non-angler group)

-0.1618 (-1.708)

-0.1958 (-2.498)

Aβ  (position dummy) 0.1244 (4.456)

ss  (scale for resource-to-resource pairs)

rs  (scale for referendum pairs)

0.5897 (2.363)

-0.4422 (-3.932)
a. Parameters can be interpreted as the change in utility for the specified change in the characteristics, as
compared to current levels.
b. Awareness = 1 if less aware of this specific resource topic.
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The signs on the wetlands improvements parameters are significant at a 5% level, and positive
and increasing at a decreasing rate with greater numbers of acres restored, suggesting
diminishing marginal utility. The second 5,800 additional acres is only valued about one-fifth as
much as the first 5,800 acres. Utility from improvements in runoff is also increasing and
significant at a 5% level; inches of water clarity also exhibit diminishing marginal utility. The
first 4 additional inches of water clarity are valued about 54% more per inch compared to
subsequent inches.

Increasing facilities at existing parks is significant at a 10% (and almost 5%) level using a two-
tailed test. A 5% increase in new parks has a positive parameter, and a 10% increase has a
negative parameter, indicating that respondents do not value more parks. Individuals may think
land designation for a significant increase in parks is a waste of government funds, or that better
uses of land exist.

Parameters on the PCB variables are highly significant, show sensitivity to scope (i.e., a greater
number of years until PCB-caused losses no longer remain reduces utility more), and indicate
that individuals discount the future. For example, a change in the number of years until PCBs are
at safe levels from 100 years to 70 years increases utility 41% less per year of change than a
change from 40 to 20 years.

Awareness was found to be a highly significant variable. Those who are less aware of
recreational parks and wetlands essentially derive no utility from changes in the levels of these
resources. Those less aware of PCBs have benefits that would be about 34% less for their
removal, and those less aware of runoff and water quality issues get about one-half the utility.

Anglers and those living in close proximity also would get more utility from the reduction in the
years until PCBs are at safe levels: the parameter for non-anglers is approximately 20% lower,
and the parameter for those living beyond two miles is approximately 16% lower.5 Distance and
angler status were found not to be significant for other resource groups. This result makes sense
because the other programs have a wider geographic impact than just the waters of Green Bay.

The parameter for positioning is significant and positive, meaning that A is selected more
frequently than B, controlling for other variables. This parameter is retained in the model to
eliminate positioning bias in the assessment; the utility from a program alternative (and
subsequently tradeoffs and WTP) is then computed using the estimated parameters but excluding
the positioning parameter, because the positioning parameter is used to calibrate for survey
                                                
5. Two miles from the Bay of Green Bay, where the large majority of recreational fishing occurs in the “waters
of Green Bay” (Breffle et al., 1999), was chosen to define the distance variable in the econometric analysis
because that is the farthest distance for which we found a statistically significant difference between the two
distance groups.
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design effects but is not a demand parameter. The significance of the positioning parameter is
caused largely by a small number of respondents (28) who chose Alternative A in all six pairs,
which may happen for some respondents because of the complexity of the choices. Furthermore,
some choices of A are expected for these individuals, and their choices are generally consistent
with other survey responses. For example, in the group who chose Alternative A in every case,
PCBs and cost were generally ranked as most important, and alternatives with better PCB and
cost characteristics were generally chosen. Theory cannot predict what effect the omission of the
positioning parameter would have on the estimated relative importance of PCBs and other
parameters; it was included as a precautionary measure, and its inclusion is econometrically
preferred.

The simple resource-to-resource comparisons have the smallest variance in the random
component. 6 The variance for simple resource-to-resource pairs is about 0.4 times the variance
of the complex pairs (60% smaller). It is not surprising that these pairs have less noise than the
complex pairs because the comparison of alternatives is more straightforward. The referendum-
style questions have the greatest variance, suggesting that individuals can make tradeoffs
between different resource improvements more easily than they can trade off site characteristics
for money; the variance for referendum pairs is about 3.21 times the variance for complex pairs
(221% larger), and about 8.11 times the variance for simple resource-to-resource pairs (or the
variance for simple resource-to-resource pairs is about 12% as large as the variance for
referendum pairs). The greater noise with referendum pairs may also suggest some degree of
scenario rejection when the respondent is essentially asked for a WTP in money. This
referendum result is supported by the data in Tables 4.13 and 4.14 which also suggest that
sensitivity to scope is manifested less in the referendum pairs.

By allowing only the variances to differ across question types (and not the means of the
parameters), we are imposing parameter proportionality across question types, where the
relative magnitude of different demand parameters remains the same. With parameter
proportionality, expected choices across the types of choice questions will be the same; only the
level of randomness varies.7 Louviere (1996) notes that parameter proportionality is often not
                                                
6. It is important here not to confuse estimated variances of the random components (which are maximum
likelihood parameter estimates that are not expected to change in any particular direction as sample size grows)
with the estimated variances for those parameter estimates (which do shrink with sample size). The statistical
significance of the estimated variance parameters is notable, given the smaller sample sizes for the referendum
and single versus single type choice pairs (about one-quarter the sample size each as compared to the number
of observations with complex pairs).

7. The reader should be clear that smaller estimated scales for certain types of choice questions mean that
responses to those types receive less weight in estimation of the model parameters (i.e., less weight in the
likelihood function discussed in Appendix B) than other types with higher scales. The demand parameter
estimates would be different if the scale were the same for every pair.
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rejected across different types of data sets in numerous studies. However, even in cases where
parameter proportionality is statistically rejected, Louviere suggests that modeling only error
variability will account for most of the heterogeneity. Estimating separate models by choice type
to test for parameter proportionality was not possible. Sample sizes were not large enough and
the variation in attribute levels too limited for some choice types and variables. Several
parameters were not identified in the models separated by choice type.

5.7.2 Measures of model fit

Statistical procedures were implemented to show how well the model explains the data. First, an
intuitively appealing test of fit is to examine the proportion of choices from choice pairs that are
accurately predicted by the model. To determine which alternative the model predicts would be
chosen from a pair, the estimated parameter values are put into Equation 5-1, along with the
resource characteristics and costs from the two alternatives. Whichever alternative gives the
highest value for estimated expected utility is the alternative the model predicts will be chosen.
The model correctly predicts about 66% of the 2,784 choices in the data.

A pseudo-R2 for the choice pairs is approximately 0.12. It is akin to a measure of fit for a simple
linear regression model where the value ranges from zero to one and indicates the percentage of
variation in the data that is explained by the model. A value of 0.12 is typical for cross-sectional
data.



6. Restoration Scaling and Valuation Results
6.1 Introduction

Section 6.2 addresses the scale of restoration of equal value to the ongoing PCB-caused losses in
terms of the three types of programs evaluated: wetlands enhancements, recreational
enhancement, and runoff control. The selection and cost of preferred restoration is addressed in
the RCDP. WTP measures for ongoing PCB-caused losses from 2000 until a return to baseline,
as well as WTP measures for the restoration alternatives, are presented in Section 6.3. The WTP
results provide additional perspective on the values used to scale restoration, as the underlying
utility measures and WTP measures are linearly related. The WTP results for PCB-caused losses
are also compared with those in the recreational fishing damage determination (Breffle et al.,
1999) to avoid double counting [43 CFR § 11.84 (c)]. Section 6.4 provides conclusions,
including a summary of study design features that indicates the estimates are likely to understate
the required amounts of restoration and understate the WTP value measures (or ongoing PCB-
caused losses).

For this assessment we assume that the regional population remains constant over the scenario
time period. This assumption has limited impact on the scaling of restoration so long as the
relative preferences between PCB removal and other restoration programs considered remain
relatively stable in the future. However, this assumption will likely understate the WTP value
measures if there will be population growth in the future because this growth is not factored into
the computations.

6.2 Restoration Scaling

We use the model results in Chapter 5 to scale the wetlands, runoff, and recreation enhancement
restoration programs to provide services of equal value to the PCB-caused service flow losses,
and to compute WTP values. Because there are many possible combinations of the mix and
levels of restoration programs, we illustrate the scale of restoration for a sample of program
combinations for selected scenarios.

The scale of restoration for PCB-caused losses is computed such that the marginal disutility from
continued PCB-caused losses is just offset by the marginal utility gained from enhancements in
other natural resource restoration programs. For example, if the estimated marginal disutility for
10 more (or utility from 10 fewer) years of PCB-caused losses is estimated to be 4, and the
marginal utility for a 25% increase in runoff control in Green Bay is estimated to be 4, then a
25% increase in runoff control would provide restoration of equal value to 10 more years of
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PCB-caused losses. As a further example, if preserving an additional 5,000 acres of wetlands
(above the current amounts) generates a marginal utility of 4 and an additional 10,000 acres has a
marginal utility of 6, and the marginal utility for a 20-year reduction in PCB-caused losses is 5,
we use linear interpolation. We infer that a 7,500-acre increase in wetlands would provide
restoration of equivalent value to 20 more years of PCB-caused losses.

To scale restoration (and subsequently to compute WTP value measures), we first need to weight
the sample results to reflect the differences between the sample and the population in the
10 sample counties. The sample was made comparable to the population using weights for
distance (counties closer to Green Bay were sampled more heavily than counties farther away,
and some living near Green Bay have higher PCB-caused losses) and recreational angler status
(the sample has a disproportionately high number of anglers, who value PCB removal more).1

Weighting did not have a large impact on results. For example, average WTP values for PCB
removal (and therefore for PCB-caused losses) per household fell by about 9% when the weights
were used. For restoration scaling the effect was even smaller. Those who value a reduction in
the number of years until PCBs are at safe levels less also tend to have lower values for other
resource programs, so the effects of sample adjustments on the computation of the scale of
restoration are largely offsetting.

Individuals differ in terms of how they trade off different resource programs for reductions in
PCB-caused losses. We determine the level of restoration that is necessary for the population as a
whole. For each scenario, for each individual in the weighted sample we use the model
parameters to compute the utils associated with the PCB-caused losses and to compute the utils
associated with the varying levels of the restoration programs. The individual utils are added up
across all individuals in the weighted sample and the appropriate scale of restoration is
determined so it yields the same total utils as the PCB-caused losses.

We consider the scale of restoration, and the WTP measures of ongoing PCB-caused losses, for a
range of remediation scenarios (see Section 1.4). Estimates of the scale of restoration of
equivalent value to PCB losses, and WTP measures for PCB-caused losses, between now (2000)
and 20 years from now are computed by annualizing the utility and WTP for changes in losses

                                                
1. The proportion of angler households in the population was determined using data from the recreational
damage determination (Breffle et al., 1999). Green Bay angler households were identified in the current study
using Question 23 about fishing Green Bay in the last 12 months. However, this question may simply reflect
interest in fishing, and weighting on the basis of this response compared to population data about anglers who
actually did fish the waters of Green Bay may result in an overcorrection. Because households with interest in
Green Bay angling have higher WTP and value the reduction of PCB years more relative to other resource
actions, this overcorrection will lead to an understatement of the scale of restoration and of WTP values for the
public as a whole.
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between remediation lasting 20 years and remediation lasting 40 years, and using a discount rate
of 3% to compute the present value of losses from period 2000 to 2020 based on Figure 1.3. A
3% discount rate is selected to be consistent with regulatory guidance (Section 6.3.2) and
consistent with all other present value calculations in the Co-trustee damage determination.

Potential natural recovery during the assumed 10 year period of remediation is not considered.
After remediation is selected, the damage estimates can be revised to account for natural
recovery. However, unless the rate of natural recovery is rapid, such revisions would be minimal.

Table 6.1 provides examples of the scale of sample mixes of restoration projects that provide
services with value equal to the ongoing PCB-caused losses over specified time periods. For
instance, the first three lines provides three examples of restoration providing services of value
equal to the PCB-caused losses from 2000 until a return to baseline if an intensive level of
remediation returns services to baseline in 2020. The second block provides examples for the
40 year intermediate level of remediation and the third block provides examples of the scale of
restoration that provides services of value equal to a portion of the PCB-caused losses
corresponding to differences between a 20 year and 40 year remediation, and between a 20 year
and 70 year remediation. The examples include a combination of wetland acreage, park
enhancements, and runoff control to provide sufficient restoration. Additional acreage of new
parks was not found to be valued, so this program is not included in constructing restoration
combinations.

For some scenarios, single resource programs using wetlands only or runoff control only, or
combinations of these two actions, provide a sufficient scale of restoration. However, even a
substantial recreation program of enhancements at 120 regional parks, for example, provides
restoration benefits equivalent to only a few years of PCB-caused losses. In some cases, more of
a program is required than considered in the survey. In these cases we extrapolate at the same
marginal utility as for the last program units added, which likely understates the scale of
restoration due to diminishing marginal utility of increasing program units (wetland acres, %
control of runoff, % improvement in existing parks).

For two reasons, it may be economically more efficient to pursue combinations of programs
rather than a single-resource program to provide properly scaled restoration. First, diminishing
marginal utility at increasingly high levels for wetlands and runoff control means that the
benefits do not increase at the same rate as the size of these programs are increased. Second, very
high quantities of a given program may result in increasing marginal costs, to the point where
some large programs may be technically infeasible.
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Table 6.1. Illustration of restoration scaling.
Example mixes of restoration programs

Scenario Wetland restoration acresa Existing park enhancement Runoff controlb

PCB remediation scenariosc

Intensive: (0 to 20 years)

Intermediate: (0 to 40 years)d

Partial restoration
Intensive vs. 40 year
Intermediate (20 to 40 years)

Intensive vs. 70 year
Intermediate (20 to 70 years)

3,100
5,500
11,000

24,100
16,000

2,900
5,000
2,400

5,700
13,000

10%
8%
0%

10%
20%

2%
3%
0%

0%
10%

14”/50%
12”/45%
12”/45%

16”/55%
16”/55%

4”/25%
2”/13%
7”/33%

14”/50%
10”/40%

a. Rounded to nearest 100 acres.
b. Additional inches of water clarity/percentage decrease in number of excess algae days.
c. Restoration is for PCB-caused losses during the period indicated.
d. Requires extrapolating beyond the range of actions considered for some or all programs.

The scenarios in Table 6.1 do not include ongoing damages from 2000 that continue beyond
2040. This is because the levels considered for increased wetlands acres plus runoff control plus
recreational enhancements do not provide benefits sufficient for ongoing PCB-caused losses
starting in 2000 and continuing beyond 2040 without extrapolating well beyond the levels
considered, and because the diminishing marginal utility reflected in the results suggests that the
incremental value may be close to zero for additional enhancements well beyond the range
considered. Therefore, for remediation that takes longer than 40 years, additional restoration
actions beyond (or variations to) the three programs considered here may also be required.

Table 6.1 also provides scales of restoration for a portion of ongoing losses. These measures may
be combined with other damage measures as an alternative approach to assess damages for all
losses through time, such as using a combination of recreational fishing damages, total
compensable damages, or habitat restoration programs for past damages and interim damages up
to 2020, and then using Table 6.1 to scale restoration for ongoing losses after 2020.
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6.3 WTP Measures of Values

6.3.1 Population-weighted annual measures of WTP per household

By asking respondents to consider tradeoffs between resource programs and monetary costs their
household pays, we are also able to derive WTP for the programs, which for PCBs is a measure
of total compensable values for ongoing PCB-caused losses. To obtain population based WTP
measures, as for restoration scaling, the sample WTP values are weighted to reflect the
population in the 10 county assessment area. To obtain present value measures, the stream of
10 year payments is discounted to 2000.

Table 6.2 presents the annual WTP estimates over 10 years based on CVi from Equation 5-2. The
values reported in Table 6.2 are population means, obtained by weighting the sample results to
the population as described in Section 6.2. The 95% confidence intervals are approximated using
the Krinsky-Robb procedure using 500 draws.

Figure 6.1 graphically presents the mean WTP results for each level of the four programs.
Table 6.2 and Figure 6.12 demonstrate that PCB removal is generally much more highly valued
than any other resource program, reflecting the results in the previous section that large
quantities of multiple programs would be necessary to compensate for some injury scenarios.
Diminishing marginal utility for a single program is reflected in the values for wetlands and
runoff control (i.e., total values for these resource programs increase at a decreasing rate as more
of the action is undertaken). The values for PCB removal increase as the years decrease until safe
levels are reached. This reflects that near-term losses (e.g., between 0 and 20 years from now)
are valued more highly by respondents than losses in the more distant future (e.g., between 100
and 70 years). Note that the mean WTP values for all resource changes and scenarios is less than
1% of the typical household’s budget.

The mean WTP values per household for PCB-caused losses in the intensive remediation
scenario (constant losses between 2000 and 2009, then linearly declining losses to zero at the end
of 2019) averages to about $36 per year (the present value of 10 payments of $83.42 = $733,
divided by 20 years of losses). The present value of annual losses ranges from about $52 per year
in the first 10 years prior to remediation reducing losses, then declining to zero at the end of the
20th year. These values are of a similar size as those reported in the literature for other
significant natural resource programs in the assessment area and Great Lakes area (Appendix D).

                                                
2. Figure 6.1 omits values for outdoor recreation enhancements through additional acres of park, which are not
statistically different from zero for all respondents or for the more aware respondents.
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Table 6.2. Mean population-weighted household willingness to pay for resource
programs (dollars per year for 10 years, in 1999 dollars).
Resource program Mean E(CV)a

PCB remediation scenarios
Intensive: (0 to 20 years)
Intermediate: (0 to 40 years)
No additional remediation: (0 to 100 years)

Other PCB scenariosb

20 to 100 years
40 to 100 years
70 to 100
0 to 70 years
20 to 70 years
40 to 70 years
20 to 40 years

$83.42 [$47.04, $116.99]
$118.92 [$67.06, $166.77]

$200.37 [$146.10, $251.59]

$116.95 [$91.09, $139.97]
$81.45 [$61.52, $102.27]
$31.44 [$17.17, $47.26]

$168.93 [$114.61, $217.11]
$85.50 [$64.95, $106.63]
$50.00 [$33.76, $68.21]
$35.50 [$20.02, $49.78]

Other resource programs
Wetlands
58,000 6 60,900 acres
58,000 6 63,800 acres
58,000 6 69,600 acres

Existing parks (10% increase)

New parks
5% increase
10% increase

Runoff control
Clarity: 20” 6 24”; reduction in algae days: 25%
Clarity: 20” 6 34”; reduction in algae days: 50%

$13.48 [$2.60, $24.76]
$24.61 [$10.76, $38.30]
$30.12 [$18.58, $42.89]

$7.73 [-$0.15, $15.83]

$0c

$0c

$23.50 [$7.54, $42.24]
$61.60 [$46.92, $78.65]

a. Simulated 95% confidence interval in brackets.
b. WTP is for avoidance of PCB-caused losses during the period indicated.
c. Not significantly different from $0 for all respondents or even for the more aware respondents
(Table 6.3).
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Figure 6.1. Population-weighted willingness to pay estimates for resource programs (household
WTP per year for 10 years, $1999).
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Heterogeneity of preferences was incorporated into the model to allow different types of
respondents to report different household WTP values. As illustrated in Table 6.3, values vary in
plausible ways; e.g., households closer to the site and with recreational anglers have higher PCB
values. For each natural resource program and scenario, the values are reported by households
that are more aware of the natural resource topic (topic awareness = 4 or 5) and by households
that are less aware of the natural resource topic (topic awareness = 1, 2, or 3). Note that the WTP
values decrease with awareness for each of the topics except the addition of new parks, for which
the values are not statistically different from zero for either the more aware or less aware group.
For PCB removal, the values are lower for the less aware group, compared to the more aware
group (by 34% to 53% depending on household location and angler status), but are still
statistically significantly larger than zero. Similarly, the runoff control values decrease by nearly
half for the less aware group as compared to the more aware group. The wetlands and existing
parks values decrease to $0 for the less aware group.

6.3.2 Aggregate present values of PCB-caused losses

In this section, the present values of interim WTP for PCB-caused losses between 2000 and a
return to baseline are presented for alternative scenarios based on the population-weighted
estimates of WTP. The aggregate values represent losses to the 346,700 households in the
10 county area; we assume the population remains constant into the future. The aggregate values
are computed using a 3% discount rate (with no discounting in the first year of payment and then
discounting the subsequent nine years of payment). A 3% discount rate is consistent with the
average real three-month Treasury bill rates over the last 15 years (Bureau of Economic
Analysis, 1998; Federal Reserve, 1998) and is consistent with the U.S. DOI implementation
guidelines (U.S. DOI, 1995) for NRDAs under 43 CFR § 11.84 (e)(2). Using a 3% discount rate,
the present value multiplier for 10 years of payments is 8.786. Using a 2% discount rate on the
10 years of payments would result in a 4.3% increase in the aggregate present value, and using a
6% discount rate would result in an 11.2% decrease in the aggregate present value. The total
values for key remediation scenarios, and differences between remediation scenarios, are
reported in Table 6.4 and range from $254 million for ongoing losses with a 20 year return to
baseline, to $610 million for ongoing losses if there is little or no PCB removal.

Aggregate WTP values for interim PCB-caused losses from 2000 until a return to baseline may
be larger than, similar to, or smaller than the costs of the appropriately scaled restoration
programs to provide services of equal value to PCB-caused losses. Differences can be attributed
to the degree of cost and technical feasibility of restoration programs, and the degree to which
resource enhancement programs provide multiple benefits, including both active and passive use
benefits, such that the values of these programs exceed the costs of these programs.
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Table 6.3. Household WTP estimates by respondent type (dollars per year for 10 years, in
1999 dollars).

Mean WTP

Resource change More awarea Less aware
PCB remediation scenariosb

Intensive: (0-20 years)
all respondents
angler, near (within two miles)
angler, not near
non-angler, near (within two miles)
non-angler, non near

Intermediate: (0-40 years)
all respondents
angler, near (within two miles)
angler, not near
non-angler, near (within two miles)
non-angler, non near

No additional remediation: (0-100 years)
all respondents
angler, near (within two miles)
angler, not near
non-angler, near (within two miles)
non-angler, non near

$118.96
$145.32
$121.80
$116.86
$93.34

$169.58
$207.16
$173.63
$166.59
$133.06

$285.72
$349.03
$292.52
$280.68
$224.19

$65.90
$96.09
$72.57
$67.64
$44.12

$93.94
$136.98
$103.45
$96.42
$62.89

$158.28
$230.80
$174.31
$162.46
$105.97

Other resource programs
Wetlands
58,000 6 60,900 acres
58,000 6 63,800 acres
58,000 6 69,600 acres

Existing parks (10% increase)

New parks
5% increase
10% increase

Runoff control
Clarity: 20” 6 24”; reduction in algae days: 25%
Clarity: 20” 6 34”; reduction in algae days: 50%

$31.34
$57.24
$70.07

$18.02

$0c

$0c

$30.75
$80.61

$0c

$0c

$0c

$0c

$0c

$0c

$16.61
$43.54

a. If respondents chose 4 or 5 for awareness of the relevant topic in Question 22, they fall in the “more aware”
category, otherwise they are in the “less aware” category.
b. WTP is for avoidance of PCB-caused losses during the period indicated.
c. Estimated values were not statistically different from zero. To estimate population-weighted means, individual
values were set to $0.
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Table 6.4. Present value of total WTP for ongoing PCB-caused losses: Residents of
10 Wisconsin counties (millions of 1999 dollars).
Scenario Mean (rangea)
PCB remediation scenarios
Intensive (20 years)
Intermediate (40 years)
Intermediate (70 years)
Limited or none (100 years)

$254 ($143-$356)
$362 ($204-$508)
$515 ($349-$661)
$610 ($445-$766)

Changes in remediation scenarios
20 rather than 40 years
20 rather than 70 years
20 rather than 100 years
40 rather than 70 years
40 rather than 100 years
70 rather than 100 years

$108 ($ 61-$75)
$260 ($198-$325)
$356 ($276-$426)
$152 ($103-$208)
$248 ($187-$312)
 $96 ($52-$144)

a. 95% confidence interval.

6.3.3 Comparison to recreational fishing damage determination

Introduction

The PCB-caused losses considered in this TVE assessment differ from, and only partially
overlap, the PCB-caused losses considered in the Co-trustee’s recreational fishing damage
determination (Breffle et al., 1999).

} Time periods. The recreational fishing assessment considers losses from 1980 until a
return to baseline. This TVE assessment considers losses from 2000 until a return to
baseline, or a subset of the time period in the recreational fishing assessment.

} Affected populations. The recreational fishing assessment considers losses to Wisconsin
resident and non-resident anglers who purchased licenses in an 8 county area of
Wisconsin surrounding the Bay of Green Bay to fish the Wisconsin waters of Green Bay,
plus losses experienced by anglers who fished the Michigan waters of Green Bay. This
TVE assessment considers losses to all residents of a 10 county area of Wisconsin. This
population includes the anglers from these counties, but does not include other anglers
from outside of these counties (e.g., from anglers from other Wisconsin counties, or from
out-of-state).

} Losses considered. The recreational fishing assessment considers only active use losses
resulting from fish consumption advisories. This TVE assessment considers these losses
and all other PCB-caused losses.
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The results of this TVE assessment and the recreational fishing assessment can be compared for
a comparison population of households with Green Bay anglers in the 10 Wisconsin counties
near the Bay of Green Bay. For this comparison population, and for ongoing damages from 2000
until a return to baseline, the WTP measures of compensable values in this TVE assessment are
slightly larger than the WTP measure of compensable values in the recreational fishing
assessment. This is as expected as this assessment values a larger set of losses than in the
recreational fishing assessment, although for households with Green Bay anglers, the active use
fishing losses may well be the dominant component of PCB-caused losses. While the two
assessments take different approaches to measure compensable values, the comparability of the
results for a comparison population supports the estimated magnitude of damages in each
assessment, and allows double counting between the assessments to be readily addressed.

Comparison

The recreational fishing assessment computed annual WTP per angler for losses in 2000. The
present value of all losses was then computed reflecting an assumed 10-year remediation period
with minimal recovery, followed by a recovery period of varying lengths (10, 20, and 90 years
for a total time period for return to baseline of 20, 40, and 100 years), and discounted to a present
value using a 3% discount rate (which is used in all subsequent comparisons). In contrast, the
estimation of WTP damages in this TVE assessment is based on the respondent WTP per year
for 10 years to obtain changes in future PCB-caused losses, including recreational fishing and
other losses. For comparison purposes, for each remediation scenario we assume that the time
stream of losses corresponding to the TVE values is the same as in the recreational fishing study.
We also use a 3% discount rate for all present value calculations.

We make the following adjustments to the total values from each assessment to make them
comparable for households in the 10 counties who have Green Bay anglers. For the TVE
assessment, we multiply the total values reported in Table 6.4 by 11.46% (the percent of
households with Green Bay anglers)3 and by 1.1703 (the ratio of WTP per household for
households with Green Bay anglers to the WTP per household for all households in the sample).
These numbers are reported in the first data column of Table 6.5. For the recreation assessment
we take the total damages for Wisconsin waters of Green Bay, which were computed for anglers
who purchase licenses in 8 neighboring counties. These values are reduced reflecting that only
76% of the anglers resided in these counties (Breffle et al., 1999; Table 3.18), and escalated by

                                                
3. In 1998 there were about 48,600 Green Bay anglers who purchased their Wisconsin fishing license in
8 nearby counties (Breffle et al., 1999; page 8-6). Approximately 76% of these anglers resided in these
8 counties. Allowing for 5% of households to have more than one Green Bay angler results in
35,117 households with Green Bay anglers, or 11.12%). We assume the same percent for Shawano and
Calumet counties, which are also included in the TVE assessment, resulting in 38,553 households and
40,480 Green Bay anglers.
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Table 6.5. Comparison of total future damages in the recreational fishing and total value
equivalency assessments.

Total values for comparison population of households
in 10 county region with Green Bay anglers

(millions, 1999$)

Scenario
Total value

equivalency study
Recreational
fishing study

Ratio of total
values to

recreational
fishing values

Intensive restoration
(0-20 years) $33.1 $30.7 1.08
Intermediate restoration
(0-40 years) $47.1 $43.1 1.09
No restoration
(100+ years) $79.4 $61.9 1.28
Intensive — intermediate
restoration (20-40 years) $14.1 $12.6 1.12

1.02 for inflation and by 1.096 to reflect the number of households in the 10 counties in the TVE
assessment as compared to households in the 8 counties in the recreational fishing assessment
(see Table 3.2). These values are reported in the second data column of Table 6.5.

The ratios of the TVE total values to the recreational fishing compensable values (for the
comparison population) are reported in the last column of Table 6.4 and range from 1.07 to 1.28,
with the variation in the ratio most likely reflecting differences in the assumptions and actual
values for discount rates and other computation variables, and normal imprecision in the
underlying estimates.

A similar comparison can be made based on individual angler household damages. For
simplicity, consider the WTP for reducing the period of recovery from 40 years to 20 years (from
intermediate to intensive remediation), a value directly reported in this TVE study (reducing
required assumptions for comparison) and estimated to be $364 ($41.4 per year for Green Bay
angling households) for 10 years discounted at 3%, where the first payment is not discounted.
The recreation study reports average angler values of approximately $51 per angler per year for
current damages for open water fishing ($1998 from Table 1.1 in Breffle et al., 1999). Adding
ice fishing (+18%), updating to 1999 dollars (+2%), and allowing for multiple Green Bay anglers
per Green Bay household results in values of $65 per year per household with Green Bay
anglers. Computing these damages for the period 20 to 40 years hence, with damages declining
from baseline levels to zero over this period (2020 to 2040), and discounting to a present value at
3% discount rate, results in a present value of $335 per household with Green Bay anglers, or
about 9% less than the comparable $364 from this assessment.
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Double counting

If both the Co-trustees’ recreational fishing damage assessment and this TVE assessment are to
be used to assess damages, double counting should be eliminated. The overlap between the
studies is for future losses from 2000 until injuries and losses are eliminated, limited to
Wisconsin households in the 10 neighboring counties with Green Bay anglers. There is no
double counting for past damages, for Wisconsin resident anglers from outside of the
10 counties, for nonresident anglers, or for any damages associated with fishing in Michigan
waters of Green Bay.

Double counting can be addressed in several ways. First, in this TVE assessment we compute the
WTP values for ongoing PCB-caused losses to households with Green Bay anglers (anglers who
fish the waters of Green Bay) in the 10-county area to be about 13% of the total value of losses
to all households in the study. Thus, one could add the recreational fishing study damages (in
total) to 87% of the values from this study and remove double counting. Alternatively, one could
add the total damages from this study to the non-overlapping portions of the recreational fishing
assessment (past damages, damages in Michigan waters of Green Bay), and to 17% of the future
losses in Wisconsin waters of Green Bay (from non-residents and from residents from outside of
the 10 county area).4

6.4 Conclusions

This TVE assessment identifies that the scale of restoration of equivalent value to, and the WTP
values for, PCB-caused losses in the Lower Fox River and Green Bay area are substantial. It is
possible for combinations of natural resource restoration programs, including wetlands
restoration, improvements to outdoor recreational facilities, and runoff control, to provide
sufficient benefits with value equal to PCB-caused losses during a limited time frame (less than
40 years) if the programs are sufficiently comprehensive and extensive.

The overall assessment results are consistent with the literature identified in Appendix D, and the
estimated values for anglers in the population are consistent with the more specific recreational
fishing damages assessment — the damages are larger here because this assessment considers all
injuries rather than just reduced enjoyment of fishing because of fish consumption advisories
considered in the recreational fishing assessment (Breffle et al., 1999).

                                                
4. 48,600 individuals purchasing licenses in the 8 counties minus 40,480 Green Bay anglers from the
10 counties accounting for in the TVE study leaves 8,180, or 17%.
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The key biases and omissions in the assessment are summarized below and in Table 6.6. Overall,
the estimated scale of restoration and WTP values are expected to be conservative (i.e., the level
or restoration, and the WTP estimates, are understated).

Table 6.6. Omissions, biases, and uncertainties resulting in conservative estimates.

Method or assumption
Effect on scale
of restoration

Effect on WTP values for
PCB losses

Past damages were omitted - -

Only about 15% of the Wisconsin households were
considered (10 counties) unknown, small -

Michigan household losses are not considered unknown, small -

Tribal resource losses are not considered - -

Unknown period for return to baseline unknown unknown

Sampling and non-response bias unknown, small +, small

Population growth not incorporated no effect -

Increasing environmental preferences not
considered unknown -

A “-” (“+”) indicates that the effect of the omission, bias, or uncertainty on the scale of restoration or WTP
value measures is to understate (overstate) the true level or value.

1. Omission of past damages. Past damages are omitted and potentially substantial. In the
recreational fishing report past damages accounted for between 44% and 60% of total
damages, depending on the remediation scenario. The significance of the omission in this
study is unknown but could be expected to be important compared to ongoing losses.

2. Omission of Wisconsin residents outside of the neighboring 10 counties and of Michigan
residents. This TVE assessment focused on residents in 10 Wisconsin counties. Distance
was found to have little effect on values except for the existence of higher values for
PCB-caused losses for a minority of respondents living very close to Green Bay.

The effect of omitting more distant residents on the scale of restoration is unknown;
however, the effect may be small because study results do not show distance as having a
great effect on tradeoffs. The effect on WTP values for PCB losses is to have a clear
downward bias that results in understated aggregate values. For example, because there
are over five times as many Wisconsin households outside of the 10 county region, even
if the average value for PCB losses by residents from outside the 10 county region were
10% of the values for households within the 10 county region, the omitted values would
be as much as 50% of the measured aggregate values.
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3. Omitted losses to Michigan households. Also omitted are preferences and values for
Michigan residents in the region. In 1990 there were about 24,000 households in two
Michigan counties adjacent to the upper portion of the waters of Green Bay (Delta and
Menominee), and another 44,000 in the next four adjacent counties (Alger, Dickinson,
Marquette, and Schoolcraft). All totaled this amounts to slightly less than 20% as many
households as in the 10 Wisconsin counties considered. Because of their proximity to the
injured natural resources, one might also expect these households to experience losses,
although potentially less than for Wisconsin households because the degree of some (but
not all) injuries is less in the upper bay. As above, the scale of restoration (largely located
in Wisconsin) may not be substantially altered, but the WTP value measures of PCB-
caused losses are understated.

4. Omitted losses associated with Tribal resources. Estimates of PCB losses focused on the
Lower Fox River and Green Bay and did not include detail on injuries to Tribal lands and
waters, and to the associated Tribal, cultural, and other losses. Neither the scale of
restoration nor the WTP value measures account for Tribal resources, and thus are
understated.

5. Unknown period for a return to baseline. The time period for remediation, and the
resulting time period until a return to baseline, is uncertain until the Record of Decision is
completed. Therefore, the assessment scales restoration, and computes WTP value
measures of ongoing losses, for a range of scenarios.

6. Sampling and nonresponse biases. As identified in Sections 3.3 and 3.4, any such biases
are expected to be small due to the comparability of the sample and the population, and
the high response rates. Any such bias would likely similarly influence the value of all
natural resource enhancement programs and thus largely cancel out for the restoration
scaling resulting in minimal impact. The impact of sampling and nonresponse biases on
the WTP values would likely be to increase the computed values, although the analysis
suggests any such biases would be small, if they existed at all.

7. Constant population. The population is expected grow over time. This is not expected to
have any effect on the scale of restoration so long as relative preferences and values
remain constant for PCB removal and for other restoration programs, but aggregate WTP
will be understated by the amount the population grows.

8. Constant preferences. Preferences for environmental commodities may change over time.
How PCB losses vis-à-vis benefits from other resource enhancement programs will
change is not clear, so the effect on the scale of restoration is unknown. However,
increased environmental preferences would have a tendency to increase WTP, and
therefore WTP value measures for PCB-caused losses.
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A.1 Introduction

This appendix includes survey materials, including:

} Initial letter with first mailing

} Mail survey instrument. Note: Only Version 1 is included. All other versions are the same
except that the choice pairs vary across versions.

} Table of choice pairs by survey version

} Follow-up postcard

} Follow-up phone survey script

} Follow-up letters for those reached by phone

} Follow-up letters for those not reached by phone

} Thank you letter

The letters included here do not show the letterhead. For the final hard copy report the letters
with letterhead will be copied and included.

The mail survey included here does not have all the pictures. For the final hard copy report the
mail survey with the pictures will be copied and included.



Initial letter with first mailing

CASEID

<Address>

Dear <Address>:

What should the priorities be for natural resource programs in Northeast Wisconsin?
Representatives from government, industry, and citizen groups are addressing this question right
now in order to develop regional action plans. Informed decisions can only be made if these
decision makers know how citizens like you think about natural resource issues in your area.

The questionnaire included with this letter asks for your household’s opinions on natural resource
issues in Northeast Wisconsin.  It should be answered by either the male or female head of
household. Your opinion matters!  Your household is part of a small sample of households in
Northeast Wisconsin that were scientifically selected to provide citizen opinions. Because the
sample size is small, it is important that we hear from you. The survey does not require any special
knowledge--we just ask that you consider each question and respond with your own opinion.

We realize this questionnaire takes time to answer and that your time is valuable. If you return the
survey by September 30 and complete all the questions, we will send you a $15 “Thank You”
check. A postage-paid envelope has been provided. As a further thank you for returning a
completed survey, we will also send you a summary of the results later this year.

All of your answers are confidential; your name will never be revealed to anyone. A code number
has been put on the questionnaire so we can send you the $15 check for completing and returning it.
If you have any questions, please call me toll-free at 1-800-935-4277.  Thank you for your help, and
please remember to complete all questions.

Sincerely,

Pam Rathbun, Manager
Survey Research Center



WHAT ARE YOUR OPINIONS ABOUT THE
FUTURE OF NATURAL RESOURCES IN

NORTHEAST WISCONSIN?



V1

Important Definition

In this survey “the Bay of Green Bay” means the waters of the
Bay of Green Bay and all tributaries up to the first dam or obstruction.
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Introduction

Decision makers are examining options for natural resources in northeast Wisconsin.  Your
responses to this survey will help in making decisions about which options are best.

How often do you personally participate in each of the following activities in Wisconsin
on the waters and shorelines of the Bay of Green Bay? Circle the letter of your answer for each
activity.

Less than
once a year

or never

1 to 5
times a

year

6 to 10
times a

year

More than
10 times a

year

Fishing . . . . . . . . . . . . . . . . A B C D

Boating (non-fishing) . . . . . A B C D

Waterskiing or jetskiing . . . A B C D

Canoeing or kayaking . . . . . A B C D

Swimming . . . . . . . . . . . . . . A B C D

Hunting . . . . . . . . . . . . . . . . A B C D

Wildlife viewing . . . . . . . . . A B C D

Enjoying outdoor scenery . . A B C D

Camping or picnicking . . . . A B C D

Biking . . . . . . . . . . . . . . . . . A B C D

Hiking, walking, or jogging A B C D

This survey addresses four natural resource topics.  The information provided reflects the
most recent scientific reports about these topics.

< Wetlands
< PCBs
< Outdoor recreation
< Runoff

V1
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Wetlands

Within 5 miles of the Bay of Green Bay there are about 58,000 acres of wetlands in Wisconsin
(see map on the facing page), and another 86,000 acres in Michigan.  These nearby wetlands
are very important to the fish and wildlife of the Bay of Green Bay.

< Farming, cutting forests, and developing residential and urban areas have reduced
wetlands in this area by more than half in the past 100 years.

< Current regulations are designed to prevent further loss of wetlands in this area.
< Programs have been proposed to restore wetlands in this area.  Any wetlands

restoration would take about 10 years.

Wetlands around the Bay of Green Bay provide spawning and nursery habitats for a
majority of the fish species in the Bay, including yellow perch, bluegill, largemouth bass,
northern pike,  and over 35 other species.  These wetlands also provide necessary habitat and
food for many bird species in the Bay area, including terns, many species of ducks and geese,
shorebirds, bald eagles, several species of hawks, coots, and others.  Other wildlife such as
deer, muskrat, and mink also use wetlands for habitat.

Increases in wetlands would support nearly proportional increases in the populations of those
bird and fish species that depend on wetlands.  For example, increasing wetland acres by 10%
would increase the numbers of those birds and fish that rely on wetlands by about 10%.

How important to you, if at all, is it to increase wetland acreage near to the Bay of Green Bay
to support birds, fish, and other wildlife? Circle the number of your answer.

Not at all
important

Somewhat
important

Very
important

Don’t
know

1 2 3 4 5 8

V1
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Wisconsin Wetlands Within 5 Miles of the Bay of Green Bay

Which of the following options do you prefer for Wisconsin wetlands near to the Bay of
Green Bay? Circle the number of your answer.
     1 Do less and spend less to maintain wetlands, resulting in a loss of wetlands.
     2 Do and spend about the same to maintain the current wetland acreage (about 58,000 acres).
     3 Do more and spend more to restore wetlands.  Options to restore wetlands range from

restoring 2,900 acres (5% more than now) to restoring 11,600 acres (20% more than now).

V1
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PCBs
PCBs are substances that were used by industry until the mid-1970s, when they were banned.
< PCBs released into the Lower Fox River have accumulated in the sediments at the

bottom of the Lower Fox River and Green Bay.
< PCBs get into fish, birds, and other wildlife through the food chain.

Because of PCBs, consumption advisories have been issued for all sport-caught fish in
Green Bay (including all tributaries up to the first dam) and for some waterfowl in the area.
The fish consumption advisories tell how often a meal of fish may be safely eaten (see table on
the facing page). Eating more fish than is recommended may increase a woman’s risk of
bearing children with learning disabilities and slow development, and for everyone may
increase the risk of cancer.

Programs have been proposed to remove PCBs in this area. How important to you, if at all, is
it to remove PCBs so that it will be safe to eat fish and waterfowl? Circle the number of your
answer.

Not at all
important

Somewhat
important

Very
important

Don’t
know

1 2 3 4 5 8

PCBs cause harm to wildlife in and near the Bay of Green Bay.
Birds Forester’s terns and common terns in the area reproduce at rates that are about half of

the rate elsewhere in Wisconsin.  Both are listed as Wisconsin endangered species.
Bald eagles in the area also reproduce at about half the normal rate for Wisconsin.  PCBs
contribute to this problem.  Bald eagles are no longer listed as endangered.
A small percentage of cormorants experience deformities such as crossed bills.

Fish  About 25% of walleye have abnormalities that can become cancerous liver tumors.
 Other Wildlife Some sensitive fish-eating wildlife, like mink, may be harmed.
Even though PCBs harm wildlife, it is unclear whether the total numbers of terns, eagles,
cormorants, walleye, mink and other species in the area are less than if there were no PCBs.
This is because wildlife migrates into and out of the area, because there is limited habitat in
the area for some species, and because other factors influence wildlife populations.
How important to you, if at all, is it to remove PCBs in the Bay of Green Bay area to reduce
harm to birds, fish, and other wildlife? Circle the number of your answer.

Not at all
important

Somewhat
important

Very
important

Don’t
know

1 2 3 4 5 8
V1

PCB removal would take about 10 years.  Any PCB removal would use the best
available technology to minimize stirring up PCBs, and the PCBs that are removed would be
disposed of in a manner that would prevent future risks to humans and wildlife.

Not all PCBs can be removed. The PCBs that are not removed may continue to harm some
fish and wildlife.  For example, with extensive PCB removal, fish consumption advisories for
yellow perch and some impacts to wildlife would be eliminated shortly after PCB removal, but
it would be 20 years total (10 years for removal plus 10 more years for nature to recover)



Wisconsin Department of Natural Resources

 Fish Consumption Advisories for PCBs

before PCBs are at safe levels.  By safe levels we mean there are no consumption advisories
for, and no harm to, nearly all fish and wildlife.

Which of the following options do you prefer for PCBs in the Green Bay area of Wisconsin?
Circle the number of your answer.
     1 No further PCB investigations or removal. With no further removal it will be 100 years or

more until PCBs are at safe levels.
     2 Do more and spend more to remove PCBs. Depending on how many PCBs are removed, the

time until PCBs are at safe levels would range from 20 years up to 70 years.
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Outdoor Recreation

In 10 Wisconsin counties around the Bay of Green Bay, there are over 120 state parks,
natural areas, and county parks covering more than 86,000 acres (see map on the facing
page).

< These parks include a variety of facilities such as picnic grounds, beaches, scenic sites,
piers, boat ramps, biking and hiking trails, and interpretive centers.

< To meet the current and future needs of area residents, programs have been proposed
to add facilities at existing parks and to open new parks.

Adding facilities at existing parks can improve recreational opportunities in these
parks.  For example, 10% more facilities would mean that most parks would see
improvements.  Some parks would add hiking or biking trails, some parks would add picnic
areas, some parks would add a boat ramp, some parks would add adjacent land, and so forth.

How important to you, if at all, is adding facilities at existing parks throughout the area to
enhance recreational opportunities? Circle the number of your answer.

Not at all
important

Somewhat
important

Very
important

Don�t
know

1 2 3 4 5 8

New parks can be opened throughout the area to increase recreational opportunities.
How important to you, if at all, is opening new parks to enhance outdoor recreational
opportunities? Circle the number of your answer.

Not at all
important

Somewhat
important

Very
important

Don�t
know

1 2 3 4 5 8

V1
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State and County Recreation Areas

Any new facilities at existing parks, and any new parks, would be located throughout
the area to best meet the needs of residents and would take up to 10 years to accomplish.
Which of the following options do you prefer for state and county parks in northeast
Wisconsin? Circle the number of your answer.
     1 Do less and spend less to maintain existing outdoor recreation parks.
     2 Do and spend about the same to maintain existing park conditions and facilities.
     3 Do more and spend more to add facilities at existing parks and/or to open new parks.
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Runoff
Runoff from farms, highways, construction sites, and residential and urban neighborhoods
carries plant nutrients and sediments into the Bay of Green Bay and its tributaries, causing
algae growth, muddy water, and changes in aquatic habitat (see figure on the facing page).
< Runoff pollution can be reduced by decreasing erosion; controlling farm, urban, and

residential wastes; fencing livestock away from streams; and other measures.
< Zebra mussels (small shellfish) have invaded Green Bay.  They filter the water, making

it clearer.  However, scientists say we cannot count on zebra mussels to improve water
clarity in the future.

< Runoff is not a significant source of the PCBs in the Lower Fox River and Green Bay
and does not affect the quality of your drinking water.

When too many plant nutrients are present, excess algae coats the surface of the water
with decaying plants and causes a foul odor.  The frequency of excess algae varies by location
in the Bay of Green Bay from seldom in the central and northern Bay to up to 80 days a
summer in the southern Bay.  Most excess algae occurs from mid-June to mid-September.

How important to you, if at all, is it to control runoff to reduce the number of days with excess
algae in Green Bay? Circle the number of your answer.

Not at all
important

Somewhat
important

Very
important

Don�t
know

1 2 3 4 5 8

Because of sediments and algae, you can only see down into the water about 20 inches
on average in southern Green
 Bay, with clearer water to the north.  This not only makes the water look less appealing but
also reduces the light that reaches underwater plants and thus reduces aquatic habitat.
Populations of desirable fish and birds are smaller and carp populations are larger than they
would be otherwise, but scientists cannot yet put numbers on the vegetation and wildlife
effects.

How important to you, if at all, is it to control runoff to improve water clarity? Circle the
number of your answer.

Not at all
important

Somewhat
important

Very
important

Don�t
know

1 2 3 4 5 8
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Water Pollution from Runoff

Any actions to reduce runoff would take up to 10 years to reach their goals.  Which of
the following options do you prefer for controlling runoff around the Bay of Green Bay?
Circle the number of your answer.
     1 Do less and spend less, resulting in reduced water clarity, increased days of excess algae,

and less aquatic habitat in Green Bay and its tributaries.
     2 Do and spend about the same.  In the southern parts of Green Bay, average summer water

clarity would remain about 20 inches, excess algae would occur up to 80 days a summer,
and aquatic habitat would remain the same.

     3 Do more and spend more to control runoff. Options range up to a 50% reduction in runoff.
In the southern parts of Green Bay, this would result in about 34 inches of water clarity,
excess algae up to 40 days per year, and increased aquatic habitat.

V1



What Alternatives Do You Prefer?

In each of the next questions there are two alternatives, labeled A and B (see Question 13).

< Each alternative describes a possible combination of options for natural resources in
and around the Bay of Green Bay and the additional costs to your household beyond
what you are now paying.

< Depending on the options, some costs will be paid by industry, farmers, and
conservation organizations. But taxpayers may have to pay something as well.  Assume
your household pays its share of any added costs through a combination of federal,
state, and local taxes each year for the next 10 years.

< Since we do not yet know how much each alternative will actually cost you or others,
we are asking about a range of costs.

< For each question, even if you do not view either Alternative A or B as ideal, still tell us
which of the two alternatives you would prefer.

< To help you get started, for Question 13 we have provided information on the right-
hand side indicating the differences, if any, between Alternatives A and B.

REMEMBER

1. The goal of wetlands restoration is to provide additional habitat for fish and wildlife.

2. For PCBs, the "years until safe" is the number of years until there are no consumption
advisories for, and no harm to, nearly all fish and wildlife. Many advisories and effects
will end sooner, but a few advisories and effects may last longer.

3. New recreation facilities at existing parks could include rest rooms, trails, boat ramps,
and picnicking and camping facilities. Any new facilities at existing parks and any new
parks would be located to best meet the needs of area residents.

4. Pollution from runoff creates excess algae, reduces water clarity, and causes the loss of
aquatic habitat, all of which occur most often in the southern Bay.
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 13 If you had to choose, would you prefer Alternative A or Alternative B? Check one box
at the bottom.

Alternative A
ï

Alternative B
ï

Wetlands
     Acres in Wisc. around Green
Bay.
     (Currently 58,000)

58,000 acres
(current)

69,600  acres
(20% more)

11,600
more acres in

wetlands

PCBs
     Years until safe for nearly all
     fish and wildlife . . . . . .  . . . . . .
     (Currently 100 years or more)

100+ years until safe

(current)

100+ years until safe
(current) No difference

Outdoor Recreation
    Facilities at existing parks . . . . . .

Acres in new parks. . . . . . . . . . . . . .
    (Currently 86,000 acres in state
    and county parks)

10% more

0 acres
(current)

0% more

0 acres
(current)

10% more
facilities at

existing parks

No difference

Runoff
    Average water clarity in southern
    Bay (Currently 20 inches) . . . . . .

    Excess algae (Currently up to 80
    summer days in the southern Bay)

20 inches
(current)

80 days or less
(current)

20 inches
(current)

80 days or less
(current)

No difference

No difference

Added cost to your household
     Each year for 10 years. . . . . . . . . $25 more $25 more No difference

Check (U) the box for

 the alternative you prefer Û
ñ

I Prefer
Alternative A

ñ
I Prefer

Alternative B
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 14 If you had to choose, would you prefer Alternative A or Alternative B? Check one box
at the bottom.

Alternative A
ï

Alternative B
ï

Wetlands
     Acres . . . . . . . . . . . . . . . . . . . . .

     

58,000 acres
(current)

58,000 acres
(current)

PCBs
     Years until safe for nearly all
fish and wildlife . . . . . . . . . . . . . . .
.

40 years until safe
(60% faster)

100+ years until safe
(current)

Outdoor Recreation
     Facilities at existing parks. . . . .

    Acres in new parks . . . . . . . . . . .

0% more

0 acres
(current)

0% more

0 acres
(current)

Runoff
     Average water clarity in the
     southern Bay . . . . . . . . . . . . . . .

    Excess algae days in lower Bay .
.

20 inches
(current)

80 days or less
(current)

20 inches
(current)

80 days or less
(current)

Added cost to your household
     Each year for 10 years . . . . . . . . $200 more $0 more

Check (U) the box for the

alternative you prefer Û ñ ñ
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 15 If you had to choose, would you prefer Alternative A or Alternative B? Check one box
at the bottom.

Alternative A
ï

Alternative B
ï

Wetlands
     Acres . . . . . . . . . . . . . . . . . . . . .

     

60,900 acres
(5% more)

63,800 acres
(10% more)

PCBs
     Years until safe for nearly all
fish
     and wildlife . . . . . . . . . . . . . . . .

100+ years until safe
(current)

20 years until safe
(80% faster)

Outdoor Recreation
     Facilities at existing parks . . . . .

    Acres in new parks . . . . . .. . . .

0% more

0 acres
(current)

10% more

8,600 acres
(10% more)

Runoff
     Average water clarity in the
     southern Bay . . . . . . . . . . . . . . .

    Excess algae days in lower Bay.
.

20 inches
(current)

80 days or less
(current)

24 inches
(20% deeper)

60 days or less
(25% fewer)

Added cost to your household
     Each year for 10 years . . . . . . . . $50 more $200 more

Check (U) the box for the

alternative you prefer Û ñ ñ
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 16 If you had to choose, would you prefer Alternative A or Alternative B? Check one box
at the bottom.

Alternative A
ï

Alternative B
ï

Wetlands
     Acres . . . . . . . . . . . . . . . . . . . . .

     

58,000 acres
(current)

58,000 acres
(current)

PCBs
     Years until safe for nearly all
fish
     and wildlife . . . . . . . . . . . . . . . .

100+ years until safe
(current)

40 years until safe
(60% faster)

Outdoor Recreation
     Facilities at existing parks . . . . .

    Acres in new parks . . . . . . . . .

10% more

0 acres
(current)

0% more

0 acres
(current)

Runoff
     Average water clarity in the
     southern Bay . . . . . . . . . . . . . . .

    Excess algae days in lower Bay .

34 inches
(70% deeper)

40 days or less
(50% fewer)

20 inches
(current)

80 days or less
(current)

Added cost to your household
     Each year for 10 years . . . . . . . . $50 more $50 more

Check (U) the box for the

alternative you prefer Û ñ ñ
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 17 If you had to choose, would you prefer Alternative A or Alternative B? Check one box
at the bottom.

Alternative A
ï

Alternative B
ï

Wetlands
     Acres . . . . . . . . . . . . . . . . .

     

69,600 acres
(20% more)

69,600 acres
(20% more)

PCBs
     Years until safe for nearly all
fish
     and wildlife . . . . . . . . . . . . . . . .

40 years until safe
(60% faster)

100+ years until safe
(current)

Outdoor Recreation
     Facilities at existing parks .  . . .

    Acres in new parks . . . .. . . . . .

0% more

4,300 acres
(5% more)

10% more

4,300 acres
(5% more)

Runoff
     Average water clarity in the
     southern Bay . . . . . . . . . . . . . . .

    Excess algae days in lower Bay
.

34 inches
(70% deeper)

40 days or less
(50% fewer)

24 inches
(20% deeper)

60 days or less
(25% fewer)

Added cost to your household
     Each year for 10 years . . .. . . . . $100 more $50 more

Check (U) the box for the

alternative you prefer Û ñ ñ
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 18 If you had to choose, would you prefer Alternative A or Alternative B? Check one box
at the bottom.

Alternative A
ï

Alternative B
ï

Wetlands
     Acres . . . . . . . . . . . . . . . . . . . . .

     

63,800 acres
(10% more)

60,900 acres
(5% more)

PCBs
     Years until safe for nearly all
fish and wildlife . . . . . . . . . . . . . . .
.

20 years until safe
(80% faster)

70 years until safe
(30% faster)

Outdoor Recreation
     Facilities at existing parks . . . . .

    Acres in new parks . . . . .  . . . .

0% more

4,300 acres
(5% more)

0% more

8,600 acres
(10% more)

Runoff
     Average water clarity in the
     southern Bay . . . . . . . . . . . . . .

    Excess algae days in lower Bay.
.

20 inches
(current)

80 days or less
(current)

34 inches
(70% deeper)

40 days or less
(50% fewer)

Added cost to your household
     Each year for 10 years . . . . . . . . $50 more $25 more

Check (U) the box for the

alternative you prefer Û ñ ñ
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When you were making your choices between alternatives A and B in Questions 13
through 18, how important were each of the following?  Circle the number of your
answer for each item.

Not at all
important

Average
importance

Very
important

Acres of wetland . . . . . .  . . . . . . . . . 1 2 3 4 5

Years until safe levels of  PCBs  . . . . 1 2 3 4 5

Facilities at existing parks . . . . . . . . . 1 2 3 4 5

Acres of new parks . . . . . . . . . . . . . . 1 2 3 4 5

Inches of water clarity  . . . . . . . . . . . 1 2 3 4 5

Days of excess algae each summer. . . 1 2 3 4 5

Annual cost to your household . . . . . 1 2 3 4 5

Overall, how confident do you feel about your choices between the alternatives in
Questions 13 through 18? Circle the number of your answer.

Not at all
confident

Somewhat
confident

Very
confident

1 2 3 4 5

Questions 13 through 18 were asked to provide citizen input for decision makers to
consider along with other information from scientists and planners.  With this in mind,
how much should public officials consider your responses to Questions 13 through 18?
Circle the number of your answer.

Should not
consider my

responses at all

Should somewhat
consider my

responses

Should completely
consider my

responses

1 2 3 4 5
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Prior to receiving this survey, how aware were you of each of the four natural resource
topics we addressed? Circle the number of your answer for each topic.

I was not
aware of this

topic

I was somewhat
aware of this

topic

I was very
aware of this

topic

Wetlands . . . . . . . . . . . . . . 1 2 3 4 5

PCBs . . . . . . . . . . . . . . . . 1 2 3 4 5

Outdoor recreation . . . . . . 1 2 3 4 5

Runoff . . . . . . . . . . . . . . . 1 2 3 4 5

About You and Your Household

This information is used to help group your responses with responses of other households.
Your individual responses and your name will not be released.

In the last 12 months, have you fished in Green Bay or its tributaries up to the first
dam (see map on the cover)? Circle the number of your answer.

1   No  (If no) in the last 12 months, have other household members fished in
Green Bay or its tributaries up to the first dam? Circle the number of
your answer.

1 No

2 Yes

3 Don�t know/Uncertain

2   Yes  (If yes) in the last 12 months, on about how many days have you fished
in Green Bay or its tributaries up to the first dam?

                            Days
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 26

 27

 28

 29

 30

 31

Do you own or rent your residence?  Circle the number of your answer.

1 Own

2 Rent

Do you have a vacation home or cabin in northeast Wisconsin?  Circle the number of
your answer.

1    Yes (If yes) about how many miles is it from your vacation home or cabin to
the Bay of Green Bay?

             _______ Miles to Green Bay

2    No

Your gender: 1  Female
2  Male

Your age:                Years old

How many people are there in your household, including yourself?

  number

How many children do you have, whether living with you or not?

  number

How many grandchildren do you have, whether living with you or not?

              number

How many listed telephone numbers does your household have?

              listed telephone numbers
V1
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 32 What is the highest level of schooling you have completed? Circle the number of your
answer.

1 Did not complete high school

2 High school diploma or equivalent

3 Some college, two year college degree (AS) or technical school

4 Four year college graduate (BA, BS)

5 Some graduate work but did not receive a graduate degree

6 Graduate degree (MA, MS, MBA, PhD, JD, MD, etc.)

What is you present employment status? Circle the number of your answer.

1 Employed full time 4 Homemaker

2 Employed part time 5 Student

3 Retired 6 Unemployed

Which of the following categories best describes your racial or ethnic background?
Circle the number of your answer.

1 White or Caucasian 4 Asian or Pacific Islander

2 Black or African American 5 Native American Indian

3 Hispanic or Mexican American 6 Other:              

What was your household income (before taxes) in 1998? Circle the number of your
answer.

1 less than $10,000 6 $50,000 to $59,999

2 $10,000 to $19,999 7 $60,000 to $79,999

3 $20,000 to $29,999 8 $80,000 to $99,999

4 $30,000 to $39,999 9 $100,000 to $149,999

5 $40,000 to $49,999 10 $150,000 or more
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 36 Is there anything we have overlooked?  Please use this space for any additional
comments you would like to make.

Your Participation Is Greatly Appreciated!

Please return the survey in the enclosed envelope to:

Hagler Bailly Services
University Research Park

455 Science Drive
Madison, Wisconsin 53711
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Table of choice pairs by survey version

Table A-1
Version 1 Choice Sets

Question 13 Question 14
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 69600 58000 58000
Change in Wetlands current 20 % more current current

PCBs - Years Until Safe 100+ 100+ 40 100+
Percent Increase in Facilities at Existing Parks 10 0 0 0

Acres in New Parks 0 0 0 0
Change in Acres in Parks current current current current

Inches of Average Water Clarity 20 20 20 20
Change in Water Clarity current current current current

Excess Algae Days in Lower bay 80 80 80 80
Change in Excess Algae Days current current current current

Added Cost to Household for 10 Years 25 25 200 0

Question 15 Question 16
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 60900 63800 58000 58000
Change in Wetlands 5% more 10% more current current

PCBs - Years Until Safe 100+ 20 100+ 40
Percent Increase in Facilities at Existing Parks 0 10 10 0

Acres in New Parks 0 8600 0 0
Change in Acres in Parks current 10% more current current

Inches of Average Water Clarity 20 24 34 20
Change in Water Clarity current 20% deeper 70% deeper current

Excess Algae Days in Lower bay 80 60 40 80
Change in Excess Algae Days current 25% fewer 50% fewer current

Added Cost to Household for 10 Years 50 200 50 50

Question 17 Question 18
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 69600 69600 63800 60900
Change in Wetlands 20 % more 20 % more 10% more 5% more

PCBs - Years Until Safe 40 100+ 20 70
Percent Increase in Facilities at Existing Parks 0 10 0 0

Acres in New Parks 4300 4300 4300 8600
Change in Acres in Parks 5% more 5% more 5% more 10% more

Inches of Average Water Clarity 34 24 20 34
Change in Water Clarity 70% deeper 20% deeper current 70% deeper

Excess Algae Days in Lower bay 40 60 80 40
Change in Excess Algae Days 50% fewer 25% fewer current 50% fewer

Added Cost to Household for 10 Years 100 50 50 25



Table A-2
Version 2 Choice Sets

Question 13 Question 14
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 60900 58000 58000
Change in Wetlands current 5% more current current

PCBs - Years Until Safe 100+ 100+ 100+ 20
Percent Increase in Facilities at Existing Parks 0 0 0 0

Acres in New Parks 4300 0 0 0
Change in Acres in Parks 5% more current current current

Inches of Average Water Clarity 20 20 20 20
Change in Water Clarity current current current current

Excess Algae Days in Lower bay 80 80 80 80
Change in Excess Algae Days current current current current

Added Cost to Household for 10 Years 25 25 0 50

Question 15 Question 16
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 63800 63800 63800
Change in Wetlands current 10% more 10% more 10% more

PCBs - Years Until Safe 70 70 100+ 70
Percent Increase in Facilities at Existing Parks 10 0 10 0

Acres in New Parks 4300 8600 8600 4300
Change in Acres in Parks 5% more 10% more 10% more 5% more

Inches of Average Water Clarity 24 20 20 24
Change in Water Clarity 20% deeper current current 20% deeper

Excess Algae Days in Lower bay 60 80 80 60
Change in Excess Algae Days 25% fewer current current 25% fewer

Added Cost to Household for 10 Years 25 200 200 50

Question 17 Question 18
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 69600 63800 63800 60900
Change in Wetlands 20 % more 10% more 10% more 5% more

PCBs - Years Until Safe 20 40 40 20
Percent Increase in Facilities at Existing Parks 0 10 10 10

Acres in New Parks 4300 4300 0 0
Change in Acres in Parks 5% more 5% more current current

Inches of Average Water Clarity 34 34 34 34
Change in Water Clarity 70% deeper 70% deeper 70% deeper 70% deeper

Excess Algae Days in Lower bay 40 40 40 40
Change in Excess Algae Days 50% fewer 50% fewer 50% fewer 50% fewer

Added Cost to Household for 10 Years 100 100 100 200



Table A-3
Version 3 Choice Sets

Question 13 Question 14
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 58000 58000 69600
Change in Wetlands current current current 20 % more

PCBs - Years Until Safe 100+ 100+ 100+ 100+
Percent Increase in Facilities at Existing Parks 0 10 0 0

Acres in New Parks 8600 0 0 0
Change in Acres in Parks 10% more current current current

Inches of Average Water Clarity 20 20 20 20
Change in Water Clarity current current current current

Excess Algae Days in Lower bay 80 80 80 80
Change in Excess Algae Days current current current current

Added Cost to Household for 10 Years 25 25 0 50

Question 15 Question 16
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 69600 69600 63800 63800
Change in Wetlands 20 % more 20 % more 10% more 10% more

PCBs - Years Until Safe 100+ 20 70 40
Percent Increase in Facilities at Existing Parks 10 0 10 10

Acres in New Parks 8600 8600 4300 0
Change in Acres in Parks 10% more 10% more 5% more current

Inches of Average Water Clarity 24 34 20 20
Change in Water Clarity 20% deeper 70% deeper current current

Excess Algae Days in Lower bay 60 40 80 80
Change in Excess Algae Days 25% fewer 50% fewer current current

Added Cost to Household for 10 Years 50 200 100 100

Question 17 Question 18
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 60900 60900 58000 69600
Change in Wetlands 5% more 5% more current 20 % more

PCBs - Years Until Safe 20 40 40 70
Percent Increase in Facilities at Existing Parks 0 0 0 10

Acres in New Parks 0 8600 8600 0
Change in Acres in Parks current 10% more 10% more current

Inches of Average Water Clarity 34 24 24 34
Change in Water Clarity 70% deeper 20% deeper 20% deeper 70% deeper

Excess Algae Days in Lower bay 40 60 60 40
Change in Excess Algae Days 50% fewer 25% fewer 25% fewer 50% fewer

Added Cost to Household for 10 Years 25 100 200 100



Table A-4
Version 4 Choice Sets

Question 13 Question 14
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 58000 58000 58000
Change in Wetlands current current current current

PCBs - Years Until Safe 100+ 100+ 20 100+
Percent Increase in Facilities at Existing Parks 10 0 0 0

Acres in New Parks 0 0 0 0
Change in Acres in Parks current current current current

Inches of Average Water Clarity 20 34 20 20
Change in Water Clarity current 70% deeper current current

Excess Algae Days in Lower bay 80 40 80 80
Change in Excess Algae Days current 50% fewer current current

Added Cost to Household for 10 Years 25 25 200 0

Question 15 Question 16
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 60900 63800 69600
Change in Wetlands current 5% more 10% more 20 % more

PCBs - Years Until Safe 70 100+ 20 70
Percent Increase in Facilities at Existing Parks 10 0 0 0

Acres in New Parks 8600 4300 4300 8600
Change in Acres in Parks 10% more 5% more 5% more 10% more

Inches of Average Water Clarity 34 24 34 24
Change in Water Clarity 70% deeper 20% deeper 70% deeper 20% deeper

Excess Algae Days in Lower bay 40 60 40 60
Change in Excess Algae Days 50% fewer 25% fewer 50% fewer 25% fewer

Added Cost to Household for 10 Years 50 200 200 25

Question 17 Question 18
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 69600 60900 60900 69600
Change in Wetlands 20 % more 5% more 5% more 20 % more

PCBs - Years Until Safe 70 40 70 70
Percent Increase in Facilities at Existing Parks 0 10 10 10

Acres in New Parks 8600 8600 0 0
Change in Acres in Parks 10% more 10% more current current

Inches of Average Water Clarity 20 20 34 24
Change in Water Clarity current current 70% deeper 20% deeper

Excess Algae Days in Lower bay 80 80 40 60
Change in Excess Algae Days current current 50% fewer 25% fewer

Added Cost to Household for 10 Years 200 50 50 50



Table A-5
Version 5 Choice Sets

Question 13 Question 14
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 58000 58000 58000
Change in Wetlands current current current current

PCBs - Years Until Safe 100+ 100+ 40 100+
Percent Increase in Facilities at Existing Parks 0 0 0 0

Acres in New Parks 8600 0 0 0
Change in Acres in Parks 10% more current current current

Inches of Average Water Clarity 20 24 20 20
Change in Water Clarity current 20% deeper current current

Excess Algae Days in Lower bay 80 60 80 80
Change in Excess Algae Days current 25% fewer current current

Added Cost to Household for 10 Years 25 25 50 0

Question 15 Question 16
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 58000 60900 58000
Change in Wetlands current current 5% more current

PCBs - Years Until Safe 40 20 70 40
Percent Increase in Facilities at Existing Parks 10 0 0 0

Acres in New Parks 0 0 8600 0
Change in Acres in Parks current current 10% more current

Inches of Average Water Clarity 20 20 24 24
Change in Water Clarity current current 20% deeper 20% deeper

Excess Algae Days in Lower bay 80 80 60 60
Change in Excess Algae Days current current 25% fewer 25% fewer

Added Cost to Household for 10 Years 50 50 100 25

Question 17 Question 18
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 63800 60900 63800 58000
Change in Wetlands 10% more 5% more 10% more current

PCBs - Years Until Safe 70 70 70 20
Percent Increase in Facilities at Existing Parks 0 10 10 0

Acres in New Parks 0 4300 0 0
Change in Acres in Parks current 5% more current current

Inches of Average Water Clarity 34 20 20 20
Change in Water Clarity 70% deeper current current current

Excess Algae Days in Lower bay 40 80 80 80
Change in Excess Algae Days 50% fewer current current current

Added Cost to Household for 10 Years 50 25 50 50



Table A-6
Version 6 Choice Sets

Question 13 Question 14
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 69600 58000 63800
Change in Wetlands current 20 % more current 10% more

PCBs - Years Until Safe 20 100+ 100+ 100+
Percent Increase in Facilities at Existing Parks 0 0 0 0

Acres in New Parks 0 0 0 0
Change in Acres in Parks current current current current

Inches of Average Water Clarity 20 20 20 20
Change in Water Clarity current current current current

Excess Algae Days in Lower bay 80 80 80 80
Change in Excess Algae Days current current current current

Added Cost to Household for 10 Years 50 50 0 25

Question 15 Question 16
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 69600 69600 69600 60900
Change in Wetlands 20 % more 20 % more 20 % more 5% more

PCBs - Years Until Safe 20 40 40 70
Percent Increase in Facilities at Existing Parks 10 0 10 10

Acres in New Parks 0 4300 0 8600
Change in Acres in Parks current 5% more current 10% more

Inches of Average Water Clarity 20 34 24 24
Change in Water Clarity current 70% deeper 20% deeper 20% deeper

Excess Algae Days in Lower bay 80 40 60 60
Change in Excess Algae Days current 50% fewer 25% fewer 25% fewer

Added Cost to Household for 10 Years 100 100 50 100

Question 17 Question 18
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 60900 63800 69600 58000
Change in Wetlands 5% more 10% more 20 % more current

PCBs - Years Until Safe 70 100+ 100+ 20
Percent Increase in Facilities at Existing Parks 10 0 10 0

Acres in New Parks 4300 0 8600 0
Change in Acres in Parks 5% more current 10% more current

Inches of Average Water Clarity 24 34 34 20
Change in Water Clarity 20% deeper 70% deeper 70% deeper current

Excess Algae Days in Lower bay 60 40 40 80
Change in Excess Algae Days 25% fewer 50% fewer 50% fewer current

Added Cost to Household for 10 Years 200 50 200 200



Table A-7
Version 7 Choice Sets

Question 13 Question 14
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 69600 58000 58000
Change in Wetlands current 20 % more current current

PCBs - Years Until Safe 100+ 100+ 100+ 100+
Percent Increase in Facilities at Existing Parks 0 0 0 10

Acres in New Parks 0 0 0 0
Change in Acres in Parks current current current current

Inches of Average Water Clarity 34 20 20 20
Change in Water Clarity 70% deeper current current current

Excess Algae Days in Lower bay 40 80 80 80
Change in Excess Algae Days 50% fewer current current current

Added Cost to Household for 10 Years 50 50 0 50

Question 15 Question 16
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 60900 69600 58000 58000
Change in Wetlands 5% more 20 % more current current

PCBs - Years Until Safe 40 20 70 40
Percent Increase in Facilities at Existing Parks 10 0 10 0

Acres in New Parks 4300 8600 4300 0
Change in Acres in Parks 5% more 10% more 5% more current

Inches of Average Water Clarity 20 20 20 20
Change in Water Clarity current current current current

Excess Algae Days in Lower bay 80 80 80 80
Change in Excess Algae Days current current current current

Added Cost to Household for 10 Years 50 100 25 25

Question 17 Question 18
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 63800 63800 69600 63800
Change in Wetlands 10% more 10% more 20 % more 10% more

PCBs - Years Until Safe 40 20 100+ 20
Percent Increase in Facilities at Existing Parks 0 10 10 10

Acres in New Parks 0 4300 8600 0
Change in Acres in Parks current 5% more 10% more current

Inches of Average Water Clarity 24 24 20 24
Change in Water Clarity 20% deeper 20% deeper current 20% deeper

Excess Algae Days in Lower bay 60 60 80 60
Change in Excess Algae Days 25% fewer 25% fewer current 25% fewer

Added Cost to Household for 10 Years 25 50 50 100



Table A-8
Version 8 Choice Sets

Question 13 Question 14
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 69600 58000 58000
Change in Wetlands current 20 % more current current

PCBs - Years Until Safe 40 100+ 100+ 100+
Percent Increase in Facilities at Existing Parks 0 0 0 0

Acres in New Parks 0 0 0 4300
Change in Acres in Parks current current current 5% more

Inches of Average Water Clarity 20 20 20 20
Change in Water Clarity current current current current

Excess Algae Days in Lower bay 80 80 80 80
Change in Excess Algae Days current current current current

Added Cost to Household for 10 Years 50 50 0 100

Question 15 Question 16
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 60900 58000 69600 60900
Change in Wetlands 5% more current 20 % more 5% more

PCBs - Years Until Safe 40 20 100+ 70
Percent Increase in Facilities at Existing Parks 10 0 0 0

Acres in New Parks 0 0 4300 0
Change in Acres in Parks current current 5% more current

Inches of Average Water Clarity 20 20 20 24
Change in Water Clarity current current current 20% deeper

Excess Algae Days in Lower bay 80 80 80 60
Change in Excess Algae Days current current current 25% fewer

Added Cost to Household for 10 Years 50 50 100 200

Question 17 Question 18
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 60900 69600 63800 58000
Change in Wetlands 5% more 20 % more 10% more current

PCBs - Years Until Safe 40 40 20 100+
Percent Increase in Facilities at Existing Parks 0 10 10 10

Acres in New Parks 8600 4300 8600 8600
Change in Acres in Parks 10% more 5% more 10% more 10% more

Inches of Average Water Clarity 20 34 34 20
Change in Water Clarity current 70% deeper 70% deeper current

Excess Algae Days in Lower bay 80 40 40 80
Change in Excess Algae Days current 50% fewer 50% fewer current

Added Cost to Household for 10 Years 25 200 100 50



Table A-9
Version 9 Choice Sets

Question 13 Question 14
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 58000 58000 58000
Change in Wetlands current current current current

PCBs - Years Until Safe 100+ 70 100+ 100+
Percent Increase in Facilities at Existing Parks 0 0 0 0

Acres in New Parks 0 0 0 8600
Change in Acres in Parks current current current 10% more

Inches of Average Water Clarity 24 20 20 20
Change in Water Clarity 20% deeper current current current

Excess Algae Days in Lower bay 60 80 80 80
Change in Excess Algae Days 25% fewer current current current

Added Cost to Household for 10 Years 25 25 0 50

Question 15 Question 16
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 58000 58000 58000
Change in Wetlands current current current current

PCBs - Years Until Safe 20 70 40 20
Percent Increase in Facilities at Existing Parks 0 0 10 0

Acres in New Parks 0 8600 0 0
Change in Acres in Parks current 10% more current current

Inches of Average Water Clarity 20 20 24 20
Change in Water Clarity current current 20% deeper current

Excess Algae Days in Lower bay 80 80 60 80
Change in Excess Algae Days current current 25% fewer current

Added Cost to Household for 10 Years 50 100 50 50

Question 17 Question 18
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 63800 60900 63800
Change in Wetlands current 10% more 5% more 10% more

PCBs - Years Until Safe 70 current 40 70
Percent Increase in Facilities at Existing Parks 0 0 0 0

Acres in New Parks 0 0 8600 8600
Change in Acres in Parks current current 10% more 10% more

Inches of Average Water Clarity 20 20 34 20
Change in Water Clarity current current 70% deeper current

Excess Algae Days in Lower bay 80 80 40 80
Change in Excess Algae Days current current 50% fewer current

Added Cost to Household for 10 Years 25 25 100 25



Table A-10
Version 10 Choice Sets

Question 13 Question 14
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 58000 58000 58000
Change in Wetlands current current current current

PCBs - Years Until Safe 40 100+ 100+ 100+
Percent Increase in Facilities at Existing Parks 0 0 0 0

Acres in New Parks 0 0 0 0
Change in Acres in Parks current current current current

Inches of Average Water Clarity 20 34 20 24
Change in Water Clarity current 70% deeper current 20% deeper

Excess Algae Days in Lower bay 80 40 80 60
Change in Excess Algae Days current 50% fewer current 25% fewer

Added Cost to Household for 10 Years 50 50 0 25

Question 15 Question 16
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 63800 63800 58000
Change in Wetlands current 10% more 10% more current

PCBs - Years Until Safe 40 100+ 40 40
Percent Increase in Facilities at Existing Parks 0 10 0 0

Acres in New Parks 0 8600 4300 8600
Change in Acres in Parks current 10% more 5% more 10% more

Inches of Average Water Clarity 24 34 24 24
Change in Water Clarity 20% deeper 70% deeper 20% deeper 20% deeper

Excess Algae Days in Lower bay 60 40 60 60
Change in Excess Algae Days 25% fewer 50% fewer 25% fewer 25% fewer

Added Cost to Household for 10 Years 100 100 50 100

Question 17 Question 18
Alternative A Alternative B Alternative A Alternative B

Wetlands - Acres 58000 58000 69600 60900
Change in Wetlands current current 20 % more 5% more

PCBs - Years Until Safe 20 70 70 20
Percent Increase in Facilities at Existing Parks 0 10 0 0

Acres in New Parks 0 0 8600 0
Change in Acres in Parks current current 10% more current

Inches of Average Water Clarity 20 20 34 20
Change in Water Clarity current current 70% deeper current

Excess Algae Days in Lower bay 80 80 40 80
Change in Excess Algae Days current current 50% fewer current

Added Cost to Household for 10 Years 50 50 25 100



Follow-up postcard

Hello,

A few days ago you should have received a questionnaire asking for your opinions about natural resources in Northeast
Wisconsin. If you have already completed and returned the questionnaire, accept our sincere thanks. You will soon
receive your $15 “Thank You” check.  If you have not completed and returned the questionnaire, we ask that you do so
today.

It is very important that we hear from you. Your response will help shape decisions being made on natural resource
priorities. We cannot survey all households in Northeast Wisconsin, so your responses will represent other households
like yours that were not selected for the study. If you need another copy of the questionnaire, please call us at 1-800-
935-4277 and we will mail another one.  As a thank you for returning the questionnaire with all questions completed,
we will send you a $15 “Thank You” check and a summary of the study results.  Please return the survey by September
30.   

Thank you for your help with this important study.

Pam Rathbun, Manager
Survey Research Center



Follow-up phone survey script

Hello, my name is ________________ and I am calling from the Hagler Bailly Survey Research
Center in Madison, Wisconsin. I am trying to reach [respondent name].

[IF RESPONDENT IS NOT AVAILABLE:]
Is there another adult head of household that I could speak to?

[If concerned about purpose of the call] This is not a marketing or sales call.  We are collecting
citizen input for government, industry, and citizen groups to consider when developing action plans
for natural resources in Northeast Wisconsin.  I want to assure you that your answers will be kept
confidential and your name will not be revealed to anyone.

[If asking about the study sponsor]  In order not to bias the responses to the survey, the sponsor is
confidential until the results are released to government, industry and the general public later this
fall.  You will be mailed a summary of the results at that time.

[Response to: “The response date passed”.]  Because receiving responses from every household in
our sample is important, we have extended the response date to October 16 (NOTE:  this will
change if calling goes into next week).  If we mail the survey again tomorrow, can you complete it
and return it in a week?

[Response to: “Why are you paying $15?”]
The survey is very important and we find we can get more citizen input for less money this way.
More people return the survey faster, so we don’t have to contact as many households, and contact
you as often, to get an accurate sample of the public’s input.

[If correct respondent is on the phone]

QA    Recently, we mailed you a questionnaire asking your opinions about the future of natural
resources in Northeast Wisconsin and offered to pay $15 for an adult head of your household
to complete the survey.  The survey had a map of northeast Wisconsin on the cover and some
color graphics inside.  Do you remember receiving that questionnaire?

1 YES
2 NO [SKIP TO QA2]



QA1     As of today, we have not received your completed questionnaire. Your household is part of
a small group of people we are asking for opinions, so your response is very important. We
are extending the deadline for completing the survey, and receiving $15 as a thank you for
your time and effort.  If we send you another survey, could you find the time to complete
the survey and return it to us within a week of receiving it?

1 YES – SEND NEW SURVEY [SKIP TO VERIFY]
2 YES – DO NOT NEED ANOTHER SURVEY [THANK AND TERMINATE]
3 SURVEY HAS ALREADY BEEN RETURNED [THANK AND TERMINATE]
4 NO  [SKIP TO QB]

QA2 We are collecting citizen input for government, industry, and citizen groups to consider
when developing actions plans for natural resources in Northeast Wisconsin. Your
household is part of a small group of people we are asking for opinions, so your response is
very important. If we send you another survey, could you return the survey to us within a
week after you receive it?  We will send you $15 as a thank you for your time and effort.

1 YES – SEND NEW SURVEY [SKIP TO VERIFY]
2 YES – DO NOT NEED ANOTHER SURVEY [THANK AND TERMINATE]
3 SURVEY HAS ALREADY BEEN RETURNED [THANK AND TERMINATE]
4 NO [SKIP TO QA2A]

QA2A Since we only sampled a small number of households, it is very important that we hear from
your household.  Your opinions will represent those of other households similar to you.  Is
there another adult head of household that would be interested in completing the survey for
$15?

1 YES, GETTING THEM TO THE PHONE [REPEAT QA2]
2 YES, BUT NOT AVAILABLE AT THIS TIME [SET CALLBACK]
3 NO [SKIP TO QB]

QB It is very important for our preliminary analysis that we understand how those who haven’t
returned the survey compare to those who did. This way we will not misinterpret the results.
Could I take about 5 minutes to ask you a few questions?  I’d like to remind you that all of
your answers are confidential and your name will not be revealed to anyone.

1 YES [SKIP TO Q1]
2 NO [ASK FOR A MORE CONVENIENT TIME, OTHERWISE, THANK AND

TERMINATE]

VERIFY (If new survey needs to be sent) I would like to verify some information that I have.



I have your name as…

NAME____________________________________________________
STREET ADDRESS_________________________________________
CITY__________________________STATE _______ ZIP__________
PHONE___________________________________________________

Q1 In the last 12 months, have you fished in Green Bay or in rivers or streams near where they
enter Green Bay?

1 YES [SKIP TO Q1A]
2 NO [SKIP TO Q1B]

8 DON’T KNOW [SKIP TO Q1B]
9 REFUSED [SKIP TO Q1B]

Q1A In the last 12 months, how often did you fish in the Bay of Green Bay or rivers or streams
that enter into the Bay of Green Bay? Would it be…

1 LESS THAN 5 DAYS,
2 5 TO 10 DAYS, OR
3 MORE THAN 10 DAYS?

8 DON’T KNOW
9 REFUSED

Q1B In the last 12 months, have OTHER household members fished Green Bay or rivers or
streams near where they enter Green Bay?

1 YES
2 NO

8 DON’T KNOW
9 REFUSED



Q2 How often do you participate in each of the following 3 activities in the waters or on the
shorelines of the Bay of Green Bay and the rivers or streams near to where they feed into
Green Bay.  For each activity, tell me if you participate in the activity just around the Bay of
Green Bay once a year or less often, about 1 to 5 times a year, or more than 5 times a year.

Q2a Wildlife viewing or enjoying the scenery
Q2b Camping or picnicking
Q2c Biking, hiking, walking, or jogging

1 ONCE A YEAR OR LESS
2 1 TO 5 TIMES A YEAR
3 MORE THAN 5 TIMES A YEAR

8 DON’T KNOW
9 REFUSED

Q3 Next, I am going to read you a list of 4 actions that may be taken to enhance natural
resources in Northeast Wisconsin. After I read the list, we will go back through them one by
one and I will want you to rate the importance to you of the action on a 1 to 5 scale, where 1
equals not at all important, 3 is somewhat important, and 5 is very important.

1. increase wetland and other habitat around the Bay of Green Bay to support increased
populations of birds, fish and other wildlife.

2. remove PCBs in the Lower Fox River and the Bay of Green Bay so that consumption
advisories on fish and waterfowl can be removed.

3. remove PCBs in the Lower Fox River and the Bay of Green Bay to reduce risks to birds,
fish and other wildlife.

4. add new facilities at existing state and county parks throughout a 10 county Northeast
Wisconsin area  (new facilities may include boat launches, picnic areas, hiking and
biking trails, and the like.)



Q3a OK, let’s take them one at a time. On a 1 to 5 scale, where 1 is not at all important, 3 is
somewhat important, and 5 is very important, how important is it to you to…

Increase wetland and other habitats around the Bay of Green Bay to support increased
populations of birds, fishing and other wildlife?

1 NOT AT ALL IMPORTANT
2 
3 SOMEWHAT IMPORTANT
4 
5 VERY IMPORTANT

8 DON’T KNOW
9 REFUSED

Q3b How important is it to you to remove PCBs in the Lower Fox River and the Bay of Green
Bay so that consumption advisories on fish and waterfowl can be removed?

1 NOT AT ALL IMPORTANT
2 
3 SOMEWHAT IMPORTANT
4 
5 VERY IMPORTANT

8 DON’T KNOW
9 REFUSED

Q3c How important is it to you to remove PCBs in the Lower Fox River and the Bay of Green
Bay to reduce risks to birds, fish and other wildlife?

1 NOT AT ALL IMPORTANT
2 
3 SOMEWHAT IMPORTANT
4 
5 VERY IMPORTANT

8 DON’T KNOW
9 REFUSED



Q3d How important is it to add new facilities at existing state and county parks throughout a 10
county Northeast Wisconsin area?  (new facilities may include boat launches, picnic areas,
hiking and biking trails, and the like.)

1 NOT AT ALL IMPORTANT
2 
3 SOMEWHAT IMPORTANT
4 
5 VERY IMPORTANT

8 DON’T KNOW
9 REFUSED

(For recreation, if asked: the 10 county area is around the Bay of Green Bay from Winnebago,
Calumet and Manitowoc counties on the south to Marinette and Door counties on the north. Your
county is in this area).

I have just 3 more quick questions about you and your household to help us group your responses
with others.

Q5 What is your age?

____ YEARS OLD
999 REFUSED

Q6 How many people are there in your household, including yourself?

____ PEOPLE
99 REFUSED



Q7 What was your total household income before taxes in 1998? I’ll read off the categories, so
just stop me when I reach the category that includes your household’s total 1998 income.

1 LESS THAN $20,000
2 $20,000 TO $40,000
3 $40,000 TO $60,000
4 $60,000 TO $80,000
5 $80,000 TO $150,000
6 MORE THAN $150,000

8 DON’T KNOW
9 REFUSED

That’s all the questions I have for you.  Do you have any comments that you would like to add?

Thank you for your time.  We really appreciate your participation in this brief survey.
Thanks again, and have a good evening.

[TERMINATE INTERVIEW]

GENDER
Respondent gender:

1 MALE
2 FEMALE

8 DON’T KNOW

LANG      Language or other barrier:

1 YES, POSSIBLE LANGUAGE BARRIER
2 YES, DEFINITE LANGUAGE BARRIER
3 NO LANGUAGE, BUT OTHER TYPE OF BARRIER     [SPECIFY]
4 NO BARRIERS



Follow-up letters for those reached by phone

«CASEID»

Dear «FIRSTNAM» «LASTNAM»:

Enclosed is another copy of the questionnaire we discussed on the phone this week.  Thank you for
your willingness to complete and return this questionnaire.

Since we were only able to survey a small number of households in Northeast Wisconsin, your
response is very important. Informed decisions about natural resource issues can only be made if
decision-makers know how citizens like you think about natural resource issues in your area. We
want to remind you that the questionnaire does not require any special knowledge--we just ask that
you consider each question and respond with your own opinion.

You will be sent a summary of the results of this study later this year.  In addition, if you
postmark the questionnaire by October 18 and complete all the questions, we will send you a
$15 “Thank You” check.

All of your answers are confidential; your name will never be revealed to anyone. A code number
has been put on the questionnaire so we can send you the $15 check for completing and returning it.
If you have any questions, please call me toll-free at 1-800-935-4277.

Thank you for your help, and please remember to complete all questions.

Sincerely,

Pam Rathbun
Hagler Bailly Survey Manager



Follow-up letters for those not reached by phone

«ID»

Dear «FIRST_NAME» «LAST_NAME»,

A couple weeks ago, we sent you a questionnaire asking for your household’s opinions on natural
resource issues in Northeast Wisconsin. We are pleased that many households have returned their
questionnaire, but we still would like to hear from you.  If you recently mailed our questionnaire
back to us, please accept our thanks and disregard this letter.

Since we were only able to survey a small number of households in Northeast Wisconsin, your
response is very important.  Regardless of whether you are a full-time resident of Northeast
Wisconsin or a seasonal resident, your opinion counts.  Informed decisions about natural resource
issues can only be made if decision-makers know how citizens like you think about natural resource
issues in your area.  We want to remind you that the questionnaire does not require any special
knowledge--we just ask that you consider each question and respond with your own opinion.

In the event that your questionnaire has been misplaced, a replacement questionnaire and a postage
paid, self-addressed envelope are enclosed for your convenience. This questionnaire should be
answered by either the male or female head of your household.

You will be sent a summary of the results of this study later this year. Because receiving responses
from every household in our sample is important, we have extended the response date to October
25--if you postmark the questionnaire by Monday, October 25 and complete all the questions,
we will send you a $15 “Thank You” check.

If there is anything we can do to help you complete this questionnaire, please feel free to call me
toll-free at 1-800-935-4277.

Your cooperation in this study is greatly appreciated!

Sincerely,

Pam Rathbun
Hagler Bailly Survey Manager



Thank you letter

Dear Northeast Wisconsin Resident:

Thank you for responding to the survey about “Your Opinions about the Future of Natural
Resources in Northeast Wisconsin”.  Enclosed is a $15 check to thank you for your assistance with
this important study.  Around the end of this year, you will also be receiving a summary of the study
results.

Please call me at 608-232-2800 if you have any other questions.

Pam Rathbun, Manager
Survey Research Center



Appendix B — Modeling Consumer
Preferences for Green Bay Resource
Characteristics Using Stated
Preference Data
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B.1 Introduction

The purpose of this model is to estimate the parameters in a conditional indirect utility function
for natural resource program characteristics using stated preference (SP) data, which consist of
the answers to choice questions. Each sampled individual indicated his or her choice between a
pair of Green Bay alternatives (Green Bay under different conditions). For each sampled
individual, this comparison is repeated J times, where the characteristics of the Green Bay
alternatives in the pairs are varied over the J pairs.

Section B.2 develops the choice probabilities for the two Green Bay alternatives using the SP
data that indicate which Green Bay alternative is chosen. Section B.3 presents the likelihood
function for the model.

B.2 Choice Probabilities for SP Green Bay Pairs

Let utility for the Green Bay alternatives be given by:

,]2,1[;,...,1;,...,1, ∈==+′= ij
k
ij

k
iji

k
ij kJjmixU ijijij εβ (B-1)

where ijk
ijU  is the utility of the k-th alternative of pair j to individual i. That is, i indexes the m

respondents, j indexes the J pairs, and kij indicates which of the two alternatives within each pair
is chosen. The L H 1 vector ijk

ijx  contains the characteristics of the alternatives, and hence the

elements of the unknown L H 1 vector iβ  can be interpreted as marginal utilities.1 The first

element of ijk
ijx  is the difference between income for individual i and the cost of alternative kij,

and the model is restricted to one with a constant marginal utility of money, which is the first
element of iβ . This specification implies no income effects; that is, the probability of choosing

any alternative is independent of income. The term ijk
iji x′β  is the nonstochastic part of utility,

while ijk
ijε represents a stochastic component. It is assumed the ijk

ijε are independent (across i) and

identically distributed mean zero normal random variables, uncorrelated with ijk
ijx , with constant

unknown variance 2
εσ . For SP data, it is assumed that the individual does not know his stochastic

component before actually deciding on the particular alternative. That is, ijk
ijε  is assumed to be

the sum of factors unknown to both the individual and the investigator, although its distribution

                                                
1. The parameter vector β is subscripted by i to indicate the marginal utilities may vary over individuals as a
function of individual characteristics.
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is assumed to be known.2,3 That an individual does not know his preferences completely results
from the fact that preferences have a component that varies randomly over time. When the
individual answers stated-choice questions he does not know exactly what his preferences would
be if he were presented with these alternatives as an actual choice at some point in the future. We
assume the survey questions are answered probabilistically and reflect what he is likely to do if
he were repeatedly presented with the actual choice.

Let ]2,1[∈ijK be the Bernoulli random variable that is the choice for individual i on occasion j.

The individual is assumed to choose alternative kij with the probability4:

,)()( 3 ijijij k
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ij

k
ijijij UUPPkKP −>=== (B-2)

where kij is the observed value of Kij. That is, we may think of the individual’s choice as a
drawing from a Bernoulli distribution with the probability given by Equation B-2.

From Equations B-1 and B-2 and assumptions regarding the stochastic component, the
probability of choosing alternative kij is:

                                                
2. For revealed preference data, the usual discrete-choice model specification is that the disturbances are
known to the individual, and the behavioral assumption is utility maximization. The assumption is also
sometimes made for SP data, although the rationale is less clear. However, even under the assumption that
each unique pair of disturbances for each choice occasion is known to the individual a priori (and that the
individual would evaluate utility for the two scenarios under the assumption of utility maximization), the
identical likelihood function would be produced.

3. Manski (1999) assumes that stated choices made when it may be impractical for scenarios to contain all
information relevant to making some actual choice in the future (which is represented by the stochastic
component in equation B-1) do represent respondents’ “intentions.” According to Manski (p. 62), under this
assumption the individual “applies his or her subjective distribution of [the stochastic term] to form a
subjective choice probability,” and subsequently chooses between alternatives. This theory is adopted in our
specification. He provides a formal, theoretical proof that under standard economic and econometric
assumptions, the researcher can obtain consistent estimates of choice probabilities (that is, as the sample gets
large, the estimated sample probability approaches the true population probability; see p. 59). Choice questions
can be used not only to predict choice behavior for the scenarios presented, but also can be used to extrapolate
to other feasible scenarios using familiar statistical methods, including the binary probit model (Section 3 in
Manski).

4. In this notation, if the individual chooses alternative ]2or [ 1=ijK , then the alternative that was not chosen

is ]1or [ 23 =− ijK .
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where εσ2  is the standard deviation of ijij k

ij

k

ij εε −−3  and )(⋅Φ  is the univariate standard normal

cumulative distribution function. This probability will enter into the likelihood function in
Section B.3. The parameter vector iβ  is identified only up to the scale factor εσ2 , and εσ  is not

identified, since only the sign and not the scale of the dependent variable (the utility difference)
is observed.5 Nevertheless, we have chosen to list the parameters of the likelihood function

) ,( εσβ separately. Notice also the J observations for each respondent have simply been stacked

to produce a data set with Jm observations.

B.3 The Likelihood Function

The maximum likelihood parameter estimates are consistent. They are also asymptotically
efficient under the additional assumption that the ijk

ijε  are uncorrelated across j. The likelihood

function is a function of the probabilities of the preferred alternatives from the Green Bay pairs
(Section B.2). The likelihood function is:
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5. However, the scale factor can be allowed to vary across individuals or choice occasions as long as one scale
is fixed for identification. Individuals or choice questions with smaller scales will receive less weight in the
likelihood function in Section B-3, and will therefore have less influence on the estimation of parameters.



Appendix C —  Survey with Means
and Frequencies



WHAT ARE YOUR OPINIONS ABOUT THE
FUTURE OF NATURAL RESOURCES IN

NORTHEAST WISCONSIN?

Important Definition

In this survey $the Bay of Green Bay# means the waters of the
Bay of Green Bay and all tributaries up to the first dam or obstruction.



1

Introduction

Decision makers are examining options for natural resources in northeast Wisconsin.  Your
responses to this survey will help in making decisions about which options are best.

How often do you personally participate in each of the following activities in Wisconsin
on the waters and shorelines of the Bay of Green Bay? Circle the letter of your answer for each
activity.

N Less than
once a year

or never

1 to 5 times
a year

6 to 10
times a year

More than
10 times a

year
Missing

Fishing . . . . . . . . . . . . . . . 446 238 119 36 53 24

Boating (non-fishing) . . . . 431 250 132 29 20 39

Waterskiing or jetskiing . . 423 372 36 9 6 47

Canoeing or kayaking . . . . 423 363 42 13 5 47

Swimming . . . . . . . . . . . . . 433 249 113 36 35 37

Hunting . . . . . . . . . . . . . . . 432 312 59 22 39 39

Wildlife viewing . . . . . . . . 442 117 150 73 102 28

Enjoying outdoor scenery . 444 53 121 91 179 26

Camping or picnicking . . . 431 178 161 51 41 39

Biking . . . . . . . . . . . . . . . . 420 264 87 31 38 38

Hiking, walking, or jogging 438 145 116 66 111 32

This survey addresses four natural resource topics.  The information provided reflects the
most recent scientific reports about these topics.

< Wetlands

< PCBs

< Outdoor recreation

< Runoff



 2

Wetlands

Within 5 miles of the Bay of Green Bay there are about 58,000 acres of wetlands in Wisconsin
(see map on the facing page), and another 86,000 acres in Michigan.  These nearby wetlands
are very important to the fish and wildlife of the Bay of Green Bay.

< Farming, cutting forests, and developing residential and urban areas have reduced
wetlands in this area by more than half in the past 100 years.

< Current regulations are designed to prevent further loss of wetlands in this area.

< Programs have been proposed to restore wetlands in this area.  Any wetlands
restoration would take about 10 years.

Wetlands around the Bay of Green Bay provide spawning and nursery habitats for a
majority of the fish species in the Bay, including yellow perch, bluegill, largemouth bass,
northern pike,  and over 35 other species.  These wetlands also provide necessary habitat and
food for many bird species in the Bay area, including terns, many species of ducks and geese,
shorebirds, bald eagles, several species of hawks, coots, and others.  Other wildlife such as
deer, muskrat, and mink also use wetlands for habitat.

Increases in wetlands would support nearly proportional increases in the populations of those
bird and fish species that depend on wetlands.  For example, increasing wetland acres by 10%
would increase the numbers of those birds and fish that rely on wetlands by about 10%.

How important to you, if at all, is it to increase wetland acreage near to the Bay of Green Bay
to support birds, fish, and other wildlife? Circle the number of your answer.

Not at all
important

Somewhat
important

Very
important

Don t
know

N
Missing

N Mean Std. Dev.

25 26 101 110 198 8 2 460 3.93 1.67
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Wisconsin Wetlands Within 5 Miles of the Bay of Green Bay

Which of the following options do you prefer for Wisconsin wetlands near to the Bay
of Green Bay? Circle the number of your answer.

Category Freq.

1 Do less and spend less to maintain wetlands, resulting in a loss of wetlands. 12

2 Do and spend about the same to maintain the current wetland acreage (about 58,000 acres). 192

3 Do more and spend more to restore wetlands.  Options to restore wetlands range from restoring 2,900
acres (5% more than now) to restoring 11,600 acres (20% more than now).

257

Missing 9

Total 470
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PCBs
PCBs are substances that were used by industry until the mid-1970s, when they were banned.

< PCBs released into the Lower Fox River have accumulated in the sediments at the
bottom of the Lower Fox River and Green Bay.

< PCBs get into fish, birds, and other wildlife through the food chain.

Because of PCBs, consumption advisories have been issued for all sport-caught fish in
Green Bay (including all tributaries up to the first dam) and for some waterfowl in the area.
The fish consumption advisories tell how often a meal of fish may be safely eaten (see table on
the facing page). Eating more fish than is recommended may increase a woman s risk of
bearing children with learning disabilities and slow development, and for everyone may
increase the risk of cancer.

Programs have been proposed to remove PCBs in this area. How important to you, if at all, is
it to remove PCBs so that it will be safe to eat fish and waterfowl? Circle the number of your
answer.

Not at all
important

Somewhat
important

Very
important

Don t
know

N
Missing

N Mean Std. Dev.

17 16 66 88 271 8 4 458 4.27 1.07

PCBs cause harm to wildlife in and near the Bay of Green Bay.

Birds Forster s terns and common terns in the area reproduce at rates that are about half of
the rate elsewhere in Wisconsin.  Both are listed as Wisconsin endangered species.

Bald eagles in the area also reproduce at about half the normal rate for Wisconsin.  PCBs
contribute to this problem.  Bald eagles are no longer listed as endangered.

A small percentage of cormorants experience deformities such as crossed bills.

Fish  About 25% of walleye have abnormalities that can become cancerous liver tumors.

 Other Wildlife Some sensitive fish-eating wildlife, like mink, may be harmed.

Even though PCBs harm wildlife, it is unclear whether the total numbers of terns, eagles,
cormorants, walleye, mink and other species in the area are less than if there were no PCBs.
This is because wildlife migrates into and out of the area, because there is limited habitat in
the area for some species, and because other factors influence wildlife populations.

How important to you, if at all, is it to remove PCBs in the Bay of Green Bay area to reduce
harm to birds, fish, and other wildlife? Circle the number of your answer.

Not at all
important

Somewhat
important

Very
important

Don t
know

N
Missing

N Mean Std. Dev.

13 17 69 93 270 6 2 462 4.28 1.03
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Wisconsin Department of Natural Resources
 Fish Consumption Advisories for PCBs

Wisconsin waters of Green Bay, including all tributaries up to the first dam
(PCB advisories in the Lower Fox River are the same or more restrictive)

Species
Eat no more than
One meal/week

or 52 meals/year

Eat no more than
One meal/month
 or 12 meals/year

Eat no more than
One meal every
two months or
six meals/year

Do not eat

Northern Pike Less than 22" Larger than 22"

Walleye Less than 17" 17-26" Larger than 26"

Yellow Perch All sizes

Carp, White Bass,
Sturgeon

All sizes

Smallmouth Bass, White
Sucker, Rainbow Trout

All sizes

Channel Catfish, White
Perch, Whitefish

All sizes

Chinook Salmon Less than 30" Larger than 30"

Brown Trout Less than 17" 17-28" Larger than 28"

PCB removal would take about 10 years.  Any PCB removal would use the best
available technology to minimize stirring up PCBs, and the PCBs that are removed would be
disposed of in a manner that would prevent future risks to humans and wildlife.

Not all PCBs can be removed. The PCBs that are not removed may continue to harm some
fish and wildlife.  For example, with extensive PCB removal, fish consumption advisories for
yellow perch and some impacts to wildlife would be eliminated shortly after PCB removal, but
it would be 20 years total (10 years for removal plus 10 more years for nature to recover)
before PCBs are at safe levels.  By safe levels we mean there are no consumption advisories
for, and no harm to, nearly all fish and wildlife.

Which of the following options do you prefer for PCBs in the Green Bay area of Wisconsin?
Circle the number of your answer.

Category Freq.

1 No further PCB investigations or removal. With no further removal it will be 100 years or more until
PCBs are at safe levels.

77

2 Do more and spend more to remove PCBs. Depending on how many PCBs are removed, the time
until PCBs are at safe levels would range from 20 years up to 70 years.

382

Missing 11

Total 470
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Outdoor Recreation

In 10 Wisconsin counties around the Bay of Green Bay, there are over 120 state parks,
natural areas, and county parks covering more than 86,000 acres (see map on the facing
page).

< These parks include a variety of facilities such as picnic grounds, beaches, scenic sites,
piers, boat ramps, biking and hiking trails, and interpretive centers.

< To meet the current and future needs of area residents, programs have been proposed
to add facilities at existing parks and to open new parks.

Adding facilities at existing parks can improve recreational opportunities in these
parks.  For example, 10% more facilities would mean that most parks would see
improvements.  Some parks would add hiking or biking trails, some parks would add picnic
areas, some parks would add a boat ramp, some parks would add adjacent land, and so forth.

How important to you, if at all, is adding facilities at existing parks throughout the area to
enhance recreational opportunities? Circle the number of your answer.

Not at all
important

Somewhat
important

Very
important

Don t
know

N
Missing

N Mean Std. Dev.

22 43 168 103 131 3 0 467 3.60 1.13

New parks can be opened throughout the area to increase recreational opportunities. 
How important to you, if at all, is opening new parks to enhance outdoor recreational
opportunities? Circle the number of your answer.

Not at all
important

Somewhat
important

Very
important

Don t
know

N
Missing

N Mean Std. Dev.

41 76 156 90 103 4 0 466 3.30 1.23
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State and County Recreation Areas

Any new facilities at existing parks, and any new parks, would be located throughout
the area to best meet the needs of residents and would take up to 10 years to accomplish. 
Which of the following options do you prefer for state and county parks in northeast
Wisconsin? Circle the number of your answer.

Category Freq.

1 Do less and spend less to maintain existing outdoor recreation parks. 9

2 Do and spend about the same to maintain existing park conditions and facilities. 239

3 Do more and spend more to add facilities at existing parks and/or to open new parks. 220

Missing 2

Total 470
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Runoff
Runoff from farms, highways, construction sites, and residential and urban neighborhoods
carries plant nutrients and sediments into the Bay of Green Bay and its tributaries, causing
algae growth, muddy water, and changes in aquatic habitat (see figure on the facing page).

< Runoff pollution can be reduced by decreasing erosion; controlling farm, urban, and
residential wastes; fencing livestock away from streams; and other measures.

< Zebra mussels (small shellfish) have invaded Green Bay.  They filter the water, making
it clearer.  However, scientists say we cannot count on zebra mussels to improve water
clarity in the future.

< Runoff is not a significant source of the PCBs in the Lower Fox River and Green Bay
and does not affect the quality of your drinking water.

When too many plant nutrients are present, excess algae coats the surface of the water
with decaying plants and causes a foul odor.  The frequency of excess algae varies by location
in the Bay of Green Bay from seldom in the central and northern Bay to up to 80 days a
summer in the southern Bay.  Most excess algae occurs from mid-June to mid-September.

How important to you, if at all, is it to control runoff to reduce the number of days with excess
algae in Green Bay? Circle the number of your answer.

Not at all
important

Somewhat
important

Very
important

Don t
know

N
Missing

N Mean Std. Dev.

13 35 134 129 146 13 0 457 3.79 1.07

Because of sediments and algae, you can only see down into the water about 20 inches
on average in southern Green Bay, with clearer water to the north.  This not only makes the
water look less appealing but also reduces the light that reaches underwater plants and thus
reduces aquatic habitat.  Populations of desirable fish and birds are smaller and carp
populations are larger than they would be otherwise, but scientists cannot yet put numbers on
the vegetation and wildlife effects.

How important to you, if at all, is it to control runoff to improve water clarity? Circle the
number of your answer.

Not at all
important

Somewhat
important

Very
important

Don t
know

N
Missing

N Mean Std. Dev.

7 29 116 134 175 9 0 461 3.96 1.01
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Water Pollution from Runoff

Any actions to reduce runoff would take up to 10 years to reach their goals.  Which of
the following options do you prefer for controlling runoff around the Bay of Green Bay?
Circle the number of your answer.

Category Freq.

1 1 Do less and spend less, resulting in reduced water clarity, increased days of excess algae, and less
aquatic habitat in Green Bay and its tributaries.

7

2 Do and spend about the same.  In the southern parts of Green Bay, average summer water clarity
would remain about 20 inches, excess algae would occur up to 80 days a summer, and aquatic habitat
would remain the same.

157

3 Do more and spend more to control runoff. Options range up to a 50% reduction in runoff.  In the
southern parts of Green Bay, this would result in about 34 inches of water clarity, excess algae up to 40
days per year, and increased aquatic habitat. 

299

Missing 7

Total 470



What Alternatives Do You Prefer?

In each of the next questions there are two alternatives, labeled A and B (see Question 13).

< Each alternative describes a possible combination of options for natural resources in
and around the Bay of Green Bay and the additional costs to your household beyond
what you are now paying.

< Depending on the options, some costs will be paid by industry, farmers, and
conservation organizations. But taxpayers may have to pay something as well.  Assume
your household pays its share of any added costs through a combination of federal,
state, and local taxes each year for the next 10 years.

< Since we do not yet know how much each alternative will actually cost you or others,
we are asking about a range of costs.

< For each question, even if you do not view either Alternative A or B as ideal, still tell us
which of the two alternatives you would prefer.

< To help you get started, for Question 13 we have provided information on the right-
hand side indicating the differences, if any, between Alternatives A and B.

REMEMBER

1. The goal of wetlands restoration is to provide additional habitat for fish and wildlife.

2. For PCBs, the $years until safe# is the number of years until there are no consumption
advisories for, and no harm to, nearly all fish and wildlife. Many advisories and effects
will end sooner, but a few advisories and effects may last longer.

3. New recreation facilities at existing parks could include rest rooms, trails, boat ramps,
and picnicking and camping facilities. Any new facilities at existing parks and any new
parks would be located to best meet the needs of area residents.

4. Pollution from runoff creates excess algae, reduces water clarity, and causes the loss of
aquatic habitat, all of which occur most often in the southern Bay.



 13 If you had to choose, would you prefer Alternative A or Alternative B? Check one box
at the bottom.

Alternative A 
ï

Alternative B
ï

Wetlands
     Acres in Wisc. around Green Bay.
     (Currently 58,000)

PCBs
     Years until safe for nearly all
     fish and wildlife . . . . . . . . . . . . .
     (Currently 100 years or more)
Outdoor Recreation
    Facilities at existing parks . . . . . . .
   
Acres in new parks. . . . . . . . . . . . . . .
    (Currently 86,000 acres in state
    and county parks)

Runoff
    Average water clarity in southern
    Bay (Currently 20 inches) . . . . . . .

    Excess algae (Currently up to 80
    summer days in the southern Bay)

Added cost to your household
     Each year for 10 years. . . . . . . . . .

Check (U) the box for

 the alternative you prefer Û
ñ

I Prefer
Alternative A

ñ
I Prefer

Alternative B

Q13 Version
1 2 3 4 5 6 7 8 9 10 Total

Alternative A 21 27 18 16 20 36 38 30 21 28 255
Alternative B 17 21 23 32 30 8 14 14 28 20 207
Neither A nor B 0 0 0 0 2 0 0 0 0 0 2
Don’t Know 0 0 0 0 0 1 0 0 0 0 1
Missing 0 0 1 0 1 0 1 1 0 1 5
Total 38 48 42 48 53 45 53 45 49 49 470
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If you had to choose, would you prefer Alternative A or Alternative B? Check one box
at the bottom.

Q14 Version
1 2 3 4 5 6 7 8 9 10 Total

Alternative A 15 27 17 27 34 25 33 35 28 21 262
Alternative B 23 21 25 20 17 20 19 10 21 28 204
Neither A nor B 0 0 0 0 1 0 0 0 0 0 1
Missing 0 0 0 1 1 0 1 0 0 0 3
Total 38 48 42 48 53 45 53 45 49 49 470

If you had to choose, would you prefer Alternative A or Alternative B? Check one box
at the bottom.

Q15 Version
1 2 3 4 5 6 7 8 9 10 Total

Alternative A 20 45 25 43 20 26 34 22 41 25 301
Alternative B 18 3 17 4 30 18 18 23 8 23 162
Neither A nor B 0 0 0 0 2 0 0 0 0 0 2
Don’t Know 0 0 0 0 0 1 0 0 0 0 1
Missing 0 0 0 1 1 0 1 0 0 1 4
Total 38 48 42 48 53 45 53 45 49 49 470

If you had to choose, would you prefer Alternative A or Alternative B? Check one box
at the bottom.

Q16 Version
1 2 3 4 5 6 7 8 9 10 Total

Alternative A 18 4 13 26 13 40 14 30 29 38 225
Alternative B 20 44 29 22 37 4 39 15 20 11 241
Neither A nor B 0 0 0 0 2 0 0 0 0 0 2
Don’t Know 0 0 0 0 0 1 0 0 0 0 1
Missing 0 0 0 0 1 0 0 0 0 0 1
Total 38 48 42 48 53 45 53 45 49 49 470

If you had to choose, would you prefer Alternative A or Alternative B? Check one box
at the bottom.

Q17 Version
1 2 3 4 5 6 7 8 9 10 Total

Alternative A 27 33 36 10 23 16 26 32 37 44 284
Alternative B 11 15 6 38 27 28 27 13 12 4 181
Neither A nor B 0 0 0 0 2 0 0 0 0 0 2
Don’t Know 0 0 0 0 0 1 0 0 0 0 1
Missing 0 0 0 0 1 0 0 0 0 1 2
Total 38 48 42 48 53 45 53 45 49 49 470

If you had to choose, would you prefer Alternative A or Alternative B? Check one box
at the bottom.

Q18 Version
1 2 3 4 5 6 7 8 9 10 Total

Alternative A 19 41 12 30 16 22 18 33 30 30 251
Alternative B 18 6 30 18 33 22 35 12 19 18 211
Neither A nor B 0 0 0 0 2 0 0 0 0 0 2
Don’t Know 0 0 0 0 0 1 0 0 0 0 1
Missing 1 1 0 0 2 0 0 0 0 1 5
Total 38 48 42 48 53 45 53 45 49 49 470
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When you were making your choices between alternatives A and B in Questions 13
through 18, how important were each of the following?  Circle the number of your
answer for each item.

Not at all
important

Average
importance

Very
important

N
Missing

N Mean Std.
Dev.

Acres of wetland 36 58 189 91 94 2 468 3.32 1.15

Years until safe levels of 
PCBs

17 37 123 110 181 2 468 3.86 1.13

Facilities at existing parks 43 78 173 113 57 6 464 3.14 1.12

Acres of new parks 68 107 154 87 50 4 466 2.88 1.19

Inches of water clarity 22 53 164 138 88 5 465 3.47 1.07

Days of excess algae each
summer.

32 66 170 113 86 3 467 3.33 1.13

Annual cost to your
household

15 49 135 99 168 4 466 3.76 1.14

Overall, how confident do you feel about your choices between the alternatives in
Questions 13 through 18? Circle the number of your answer.

Not at all
confident

Somewhat
confident

Very
confident

N
Missing

Don t
know

N Mean Std. Dev.

6 23 188 178 73 2 0 468 3.62 0.85

Questions 13 through 18 were asked to provide citizen input for decision makers to
consider along with other information from scientists and planners.  With this in mind,
how much should public officials consider your responses to Questions 13 through 18?
Circle the number of your answer.

Should not
consider my

responses at all

Should somewhat
consider my

responses

Should completely
consider my
responses

Don t
know

N
Missing

N Mean Std.
Dev.

3 16 128 185 136 0 2 468 3.93 0.87

Prior to receiving this survey, how aware were you of each of the four natural resource
topics we addressed? Circle the number of your answer for each topic.

I was not
aware of
this topic

I was
somewhat
aware of
this topic

I was
very 

aware of
this topic

Don t
know

N
Missing

N Mean Std.
Dev.

Wetlands . . . . . . . . 41 46 172 116 94 0 1 469 3.38 1.17

PCBs . . . . . . . . . . . 20 12 102 137 191 0 8 462 4.01 1.06

Outdoor recreation . 30 59 165 119 91 0 6 464 3.39 1.13

Runoff . . . . . . . . . . 37 51 141 129 106 0 6 464 3.47 1.19
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About You and Your Household
This information is used to help group your responses with responses of other households. 
Your individual responses and your name will not be released.

In the last 12 months, have you fished in Green Bay or its tributaries up to the first
dam (see map on the cover)? Circle the number of your answer.

1   No 326.
1  No 281

2  Yes 22
3  Don t know/Uncertain 16

Missing 7

(If no) in the last 12 months, have other
household members fished in Green Bay

 or its tributaries up to the first dam?
Circle the number of your answer.

Total 326
2   Yes 143

(If yes) in the last 12 months, on about how many
days have you fished in Green Bay or its

tributaries up to the first dam?                 Days

N
Mean

Std. Dev
Median

143
10.50
13.67

7
Missing 1

Total 470

Frequencies for Question 23 Part 2 $ about how many days have you fished in Green Bay or
its tributaries up to the first dam?#

Days Frequency Cumulative Frequency Cumulative Percent

1 10 10 6.99

2 18 28 19.58

3 18 46 32.17

4 10 56 39.16

5 13 69 48.25

6 11 80 55.94

7 6 86 60.14

8 5 91 63.64

10 14 105 73.43

12 5 110 76.92

15 6 116 81.12

16 1 117 81.82

20 12 129 90.21

23 1 130 90.91

24 1 131 91.61

25 1 132 92.31

30 4 136 95.10

40 2 138 96.50

50 2 140 97.90

60 1 141 98.60

70 1 142 99.30

100 1 143 100.00
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Do you own or rent your residence?  Circle the number of your answer.

Own 395
Rent 73

Missing 2
Total 470

Do you have a vacation home or cabin in northeast Wisconsin?  Circle the number of
your answer.

1    Yes 85
(If yes) about how many miles is it from your vacation

home or cabin to the Bay of Green Bay?
_______ Miles to Green Bay

N
Mean

Std. Dev.
Median

84
63.91
35.43

65
2    No 377
Missing 8

Total 470

Frequencies for Question 25 -  Part 2 $(If yes) about how many miles is it from your vacation home or
cabin to the Bay of Green Bay? #

Miles Frequency Cumulative Frequency Cumulative Percent

1 5 5 5.88
6 1 6 7.06
8 1 7 8.24

10 3 10 11.76
15 2 12 14.12
29 1 13 15.29
30 2 15 17.65
35 1 16 18.82
36 1 17 20.00
40 7 24 28.24
45 4 28 32.94
50 6 34 40.00
60 6 40 47.06
64 1 41 48.24
65 5 46 54.12
69 1 47 55.29
70 5 52 61.18
75 4 56 65.88
80 7 63 74.12
90 2 65 76.47

100 12 77 90.59
110 2 79 92.94
125 2 81 95.29
130 1 82 96.47
135 1 83 97.65
140 1 84 98.82
150 1 85 100.00
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Your gender:

Female 135
Male 335

Missing 0
Total 470

Your age:                Years old

Mean 50.92
Std. Dev. 15.85

N 470
Missing 0

Frequencies or responses to Age Question

Age (Years) Frequency Cumulative Frequency Cumulative Percent

21 2 2 0.43

22 6 8 1.70

23 4 12 2.55

24 2 14 2.98

25 3 17 3.62

27 4 21 4.47

28 6 27 5.74

29 6 33 7.02

30 2 35 7.45

31 6 41 8.72

32 2 43 9.15

33 11 54 11.49

34 14 68 14.47

35 8 76 16.17

36 16 92 19.57

37 11 103 21.91

38 18 121 25.74

39 6 127 27.02

40 17 144 30.64

41 9 153 32.55

42 11 164 34.89

43 9 173 36.81

44 18 191 40.64

45 12 203 43.19

46 8 211 44.89

47 8 219 46.60

48 9 228 48.51

49 11 239 50.85

50 12 251 53.40

51 9 260 55.32



Age (Years) Frequency Cumulative Frequency Cumulative Percent

52 11 271 57.66

53 10 281 59.79

54 8 289 61.49

55 11 300 63.83

56 8 308 65.53

57 8 316 67.23

58 7 323 68.72

59 9 332 70.64

60 9 341 72.55

61 8 349 74.26

62 11 360 76.60

63 9 369 78.51

64 5 374 79.57

65 6 380 80.85

66 6 386 82.13

67 3 389 82.77

68 7 396 84.26

69 7 403 85.74

70 7 410 87.23

71 4 414 88.09

72 5 419 89.15

73 3 422 89.79

74 4 426 90.64

75 3 429 91.28

76 1 430 91.49

77 7 437 92.98

78 4 441 93.83

79 2 443 94.26

80 5 448 95.32

81 3 451 95.96

82 5 456 97.02

83 3 459 97.66

84 1 460 97.87

85 1 461 98.09

86 3 464 98.72

87 2 466 99.15

89 1 467 99.36

91 1 468 99.57

96 1 469 99.79

99 1 470 100.00
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How many people are there in your household, including yourself?

N 468
Mean 2.68

Std. Dev. 1.34
Missing 2

How many children do you have, whether living with you or not?

N 467
Mean 2.28

Std. Dev. 1.78
Missing 3

How many grandchildren do you have, whether living with you or not?  

N 464
Mean 1.99

Std. Dev. 3.82
Missing 6

How many listed telephone numbers does your household have?

N 465
Mean 1.13

Std. Dev. 0.44
Missing 5

Frequencies for Question 28 - Number of People in Household
Number Frequency Cumulative Frequency Cumulative Percent

0 2 2 0.43
1 79 81 17.31
2 186 267 57.05
3 67 334 71.37
4 85 419 89.53
5 34 453 96.79
6 13 466 99.57
7 2 468 100.00

Frequencies for Question 29 - Number of Children
Number Frequency Cumulative Frequency Cumulative Percent

0 79 79 16.92
1 71 150 32.12
2 140 290 62.10
3 87 377 80.73
4 49 426 91.22
5 19 445 95.29
6 10 455 97.43
7 5 460 98.50
8 3 463 99.14
9 2 465 99.57

10 1 466 99.79
13 1 467 100.00
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Frequencies for Question 30 - Number of Grandchildren

Number Frequency Cumulative Frequency Cumulative Percent

0 286 286 61.64

1 36 322 69.40

2 28 350 75.43

3 20 370 79.74

4 15 385 82.97

5 18 403 86.85

6 11 414 89.22

7 9 423 91.16

8 7 430 92.67

9 6 436 93.97

10 5 441 95.04

11 5 446 96.12

12 4 450 96.98

13 1 451 97.20

14 4 455 98.06

15 3 458 98.71

16 2 460 99.14

17 2 462 99.57

18 1 463 99.78

33 1 464 100.00

Frequencies for Question 31 - Number of Listed Telephones in Household

Number Frequency Cumulative Frequency Cumulative Percent

0 4 4 0.86

1 407 411 88.39

2 44 455 97.85

3 8 463 99.57

4 2 465 100.00

 What is the highest level of schooling you have completed? Circle the number of your
answer.

Frequency
Did not complete high school 24
High school diploma or equivalent 179
Some college, two year college degree (AS) or technical school 149
Four year college graduate (BA, BS) 58
Some graduate work but did not receive a graduate degree 20
Graduate degree (MA, MS, MBA, PhD, JD, MD, etc.) 36
Missing 4

Total 470
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What is you present employment status? Circle the number of your answer.

Frequency
Employed full time 460
Employed part time 1
Retired 1
Homemaker 2
Student 4
Unemployed 0
Missing 2

Total 470

Which of the following categories best describes your racial or ethnic background?
Circle the number of your answer.

Frequency
White or Caucasian 460
Black or African American 1
Hispanic or Mexican American 1
Asian or Pacific Islander 2
Native American Indian 4
Other:                     0
Missing 2

Total 470

What was your household income (before taxes) in 1998? Circle the number of your
answer.

Frequency

less than $10,000 20
$10,000 to $19,999 53
$20,000 to $29,999 58
$30,000 to $39,999 70
$40,000 to $49,999 65
$50,000 to $59,999 48
$60,000 to $79,999 74
$80,000 to $99,999 28
$100,000 to $149,999 17
$150,000 or more 15
Missing 22

Total 470

Is there anything we have overlooked?  Please use this space for any additional
comments you would like to make.

Frequency
No comment 344
Made a comment 126
Total 470



County of respondent

County Frequency
Brown 214
Calumet 13
Door 20
Kewaunee 17
Manitowoc 25
Marinette 33
Oconto 32
Outagamie 52
Shawano 13
Winnebago 51

Total 470

MAIL_RET - Dates of survey return

Date Code Frequency Cumulative Frequency Cumulative Percent
1-Nov-99 2 2 0.43
1-Oct-99 7 9 1.91
3-Nov-99 2 11 2.34
3-Oct-99 1 12 2.55
4-Oct-99 4 16 3.4
5-Oct-99 2 18 3.83
7-Oct-99 1 19 4.04
8-Oct-99 7 26 5.53

13-Oct-99 13 39 8.3
14-Oct-99 20 59 12.55
14-Sep-99 65 124 26.38
15-Sep-99 30 154 32.77
16-Sep-99 53 207 44.04
17-Oct-99 16 223 47.45
17-Sep-99 30 253 53.83
18-Oct-99 16 269 57.23
19-Oct-99 11 280 59.57
20-Oct-99 9 289 61.49
20-Sep-99 73 362 77.02
21-Oct-99 2 364 77.45
21-Sep-99 24 388 82.55
22-Oct-99 1 389 82.77
22-Sep-99 23 412 87.66
23-Sep-99 6 418 88.94
24-Sep-99 16 434 92.34
25-Oct-99 2 436 92.77
26-Oct-99 1 437 92.98
27-Oct-99 1 438 93.19
27-Sep-99 18 456 97.02
28-Oct-99 2 458 97.45
28-Sep-99 2 460 97.87
29-Oct-99 1 461 98.09
29-Sep-99 5 466 99.15
30-Sep-99 4 470 100



Your Participation Is Greatly Appreciated!

Please return the survey in the enclosed envelope to:

Hagler Bailly Services
University Research Park

455 Science Drive
Madison, Wisconsin 53711
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Several studies have been conducted in the Great Lakes basin, and for Green Bay in particular,
addressing the importance and value of environmental resources to the general public. While
none of this literature is exactly applicable to the objective of selecting and scaling restoration
options and/or valuing all of the specific injuries in this case, the literature shows considerable
consistency in that residents are aware of, concerned about, and place a high priority and value
on cleaning up contaminated water resources.

Breffle et al. (1999). In a related study to this one, Breffle et al. (1999) estimate damages to
current Green Bay recreational anglers from the presence of fish consumption advisories by
combining stated preference (SP) choice-pair data on different Green Bay alternatives with SP
and revealed preference frequency data on current use and use under various conditions. Using
variation on a probit model, it is estimated that anglers would be willing to pay $9.75 more per
Green Bay fishing day if FCAs were removed, and $4.17 per existing fishing day to all sites for
the option of choosing a Green Bay without FCAs. The study also estimates values for improved
catch rates, and how anglers would trade off catch rates for FCAs. Aggregate recreational fishing
damages for all Wisconsin and Michigan waters of Green Bay from 1980 until FCAs are
removed range from $106 million with intensive remediation (FCAs totally removed by 2020) to
$148 million with no remediation (all FCAs in place for over 100 years).1 These damages do not
include damages to non-anglers who would fish in the absence of injuries, or to other individuals
who do or do not participate in other types of recreation.

Stoll (2000a and 2000b). Stoll (2000a,b) reports results from a 1997 repeat mail survey of the
general population conducted to estimate benefits of contaminated sediment remediation in the
Fox-Wolf River basin, which contains the Fox River and the entire Green Bay watershed and
Area of Concern (21 square miles of lower Green Bay). As reported in an earlier presentation of
survey results, the survey was administered to a stratified random sample of 1,500 individuals,
55% in contiguous counties and the rest in other Wisconsin counties (Stoll, 1997). The
proportion of respondents reporting that they are “somewhat” or “very” worried about human
health concerns from fish consumption is 60%.

Using a double-bounded referendum contingent valuation method (CVM), Stoll estimates total
active and passive use benefits from the improvement of water quality within the Area of
Concern in congruence with programs envisioned in the 1988 Lower Green Bay Remedial
Action Plan (RAP). The basic goals of the Green Bay RAP, based on its Key Action Items,
include (Baba et al., 1991; Stoll, 2000b):

                                                
1. Breffle et al. (1999) summarize other relevant fishing studies, which generally provide comparable findings
that FCAs are significantly adverse to recreational fishing.
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} impose greater pollution controls on industry
} provide more public education about water quality issues
} do more to protect wetlands and marshes
} conduct more basic research on water quality
} make sure that harbor dredging does not make the water quality worse
} encourage farmers to use better soil conservation practices
} require much more treatment of municipal wastes
} remove toxins from bottom sediments
} restore swimming and an edible fishery
} provide suitable habitat for enhancing and sustaining a diversity of wildlife
} establish a self-sustaining, balance, and diversified, edible fish community
} improve the water quality and trophic state of the area to relieve ecological stresses
} achieve and maintain water quality that protects the ecosystem from toxic substances
} ensure sustainability of a restored and healthy environment through pollution prevention.

The results show that 70% of households would be willing to pay $10 every year for the removal
of contaminated sediments, and 21% would pay at least $1,500 each year (Stoll, 1997). The
adjusted mean value of remediation benefits for 100% actualization of RAP projects is $222 per
household per year every year (in 1997 dollars), using a logistic function with a truncation at
$300 (Stoll, 2000b). Most values fall generally in the range of $100 to $300. This survey
addresses environmental problems much broader than the PCB contamination addressed in this
study (e.g., the study also addresses dissolved oxygen and temperature), and the study area is
much bigger than the Green Bay NRDA assessment area. It is not possible to scale Stoll’s values
to values that would be just for PCB restoration with the current information, although a
significant portion of the value would be expected to be attributable to PCBs, based on the
expressed concerns about FCAs in his work (and in the preference for PCB removal in this TVE
study).

Another approach to making remediation decisions by considering costs relative to benefits was
also presented by Stoll (2000a). Based upon an estimate of $700 million for remediation
activities, if remediation costs were borne entirely by Fox River Basin counties, the estimated per
household cost would be $167 per year for 30 years. This amount is commensurate with (or less
than, considering the finite time frame for incurring costs) remediation benefits estimates
typically ranging from $100 to $300 annually indefinitely into the future, with a mean of $222,
as reported in Stoll (2000b).

Johnsen et al. (1992). An earlier study also examined public perceptions and attitudes toward
environmental rehabilitation of the lower Green Bay watershed and the same Green Bay RAP.
Johnsen et al. (1992) is the published article based on the initial report, Baba et al. (1991). The
two documents contain different information. Johnsen et al. (1992) report wide public support
for items in the RAP. In 1990, over 700 members of Brown County households (which contains
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the lower Fox River and its mouth), plus a small sample of recreationists to augment the original
sample, were interviewed by telephone and asked 71 questions about recreational use,
perceptions about water quality and water quality requirements for recreation, and willingness to
pay to implement the RAP. Two-thirds of the sample had used the Area of Concern for
recreational purposes in the previous year. On a 1-to-10 scale (from worst possible water quality
to best), the mean perception of water quality in the lower bay near the mouth of the Fox River
was 3.95, and the perceptions of water quality were far below what was considered appropriate
for recreation (e.g., 8.05 was the rating associated with “game fish could live in it”). Each of the
RAP goals was supported by at least 72% of respondents, and considered important by at least
75% of respondents.

The study also reports a lower-bound mean willingness to pay for implementation of the RAP of
$34.08 per household per year every year (in 1990 dollars), although respondents felt that
industries polluting the water, as well as recreationists, should help pay to improve water quality
(Johnsen et al., 1992). WTP did not differ significantly between recreational users and nonusers.
WTP estimates for lower resource quality than the RAP projects would yield (e.g., swimmable
water with edible fish) were somewhat lower, ranging from $20.32 to $21.80 (Baba et al., 1991).
The primary motivations to pay for resource improvements were for recreational opportunities
and a cleaner environment.

Several study design features may be causing WTP values to be considerably lower in this study
than the values reported by Stoll (1997 and 2000b). First, this study used a telephone survey
format and presented very limited information on the injuries and benefits from remediation;
Stoll’s mail survey presented more comprehensive and detailed information, making it easier to
assess the benefits of the RAP program. Second, this study was conducted seven years earlier
than the Stoll study; only 21.8% of respondents had heard of the RAP prior to the survey.
Finally, the range of presented values in the iterative referendum format may have been
improperly truncated in this study (see Rowe et al., 1996): the highest value was $200, whereas
values in the Stoll survey went up to $3,000. Stoll (2000b) reports the mean value for the RAP is
higher than the highest value presented in this study ($222). Note that neither of these studies
estimate how individuals would be willing to tradeoff different resource improvements.

St. Norbert College Survey Center (1999). An October 1999 news article (Campbell, 1999),
based on a 1999 Fox River public opinion survey (St. Norbert College Survey Center, 1999),
sums up the current attitudes about health concerns in the Fox River of nearby Brown County
residents. The majority of individuals are displeased with the water quality in the Fox River;
38% rate the water quality as “poor,” and 34% rate it as “not too good.” Almost two-thirds report
that they are “somewhat” or “very” concerned with the health effects of the Fox River, and that
the paper mills should pay for the cleanup of the Fox River rather than the government. This
survey was conducted only with individuals living in Brown County. Other studies confirm that



Stratus Consulting Appendix D (Final, 10/25/00)

Page D-5

individuals living farther away are also concerned about water quality in the Fox River basin and
Green Bay (Breffle et al., 1999; Stoll, 2000b).

Other Studies. Other studies focus on Great Lakes areas outside of the NRDA assessment area.
Katz and Schuler (1995) survey public knowledge and opinions about Great Lakes issues in
general. Generally, respondents report that water quality is only fair overall. They also report
wanting more to be done to reduce pollution harmful to people (93%) and to reduce pollution
harmful to fish and wildlife (91%). There is significant concern even by respondents who live at
distances over 100 miles from the site, and by individuals living outside of the Great Lakes
basin.

Finally, a study was done to learn about environmental awareness and attitudes about Lake Erie
and the Ashtabula River by surveying random samples of Ashtabula County voters in Ohio
(Lichtkoppler and Blaine, 1999). Part of the contamination in Lake Erie is due to PCBs from the
Ashtabula River. The survey and WTP question in particular note that three other rivers
(Cuyahoga, Black, and Maumee) are sources of contamination to Lake Erie. While findings from
this study are not directly applicable to the Green Bay assessment, the two sites are roughly
comparable, and similar attitudes might be expected of Green Bay area residents as reported in
the Lichtkoppler and Blaine (1999) study.

In general, respondents attach high levels of importance to improving water quality, and they are
moderately aware of pollution problems. Out of 15 environmental issues related to Lake Erie and
the Ashtabula River, the three most important were improving water quality in the lake, reducing
contaminants in the river, and improving water quality in the river and harbor area. On a 1-to-6
scale (from not important to very important), each of these on average rated higher than 5.5. A
higher awareness of contamination issues was significantly correlated with higher importance
ratings as well, and higher WTP.

An iterative referendum CVM question for the dredging and disposal of contaminated sediment
in the Ashtabula River and Harbor was asked to assess monetary value. In the WTP question, it
is stated that the dredging will address the following five issues caused by contamination in the
lower Ashtabula River and Harbor areas:

} restrictions on consuming fish from the Ashtabula River and Harbor
} degraded fish and wildlife populations and habitat
} restrictions on dredging that jeopardize commercial and recreational boating
} fish with tumors and other deformities
} diminished quality of bottom habitat in the river.
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The lower bound mean estimate of WTP is $32.50 per household per year for 30 years (in 1996
dollars),2 and value was significantly correlated with resource awareness and recreational use
(and other individual characteristics), suggesting that those individual characteristics may be
important determinants of preferences in the current study. Note the WTP question describes the
benefits of dredging associated with the river only; it does not discuss any water quality
improvements to Lake Erie. Also, the range of values presented in the referenda may again be
truncated: the highest listed value is $200, although the respondent could report “more than
$200” and write in a value.

                                                
2. For comparison with results of other studies, the present value of 30 years of payments of $32.50/year, at a
3% discount rate, is approximately $650.
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The State and. Regional Boards 

Responsibility for the protection of water quality in 
California rests with the State Water Resources 
Control Board (hereinafter referred to as the State 
Board) and nine Regional Water Quality Control 
Boards. The State Board sets statewide policies 
and develops regulations for the implementation of 
water quality control programs mandated by state 
and federal water quality statutes and regulations. 
Regional Water Quality Control Boards develop and 
implement Water Quality Control Plans (Basin 
Plans) that consider regional beneficial uses, water 
quality characteristics, and water quality problems. 

The California Regional Water Quality Control 
Board, Los Angeles Region (hereinafter referred to 
as the Los Angeles Regional Board or Regional 
Board) has jurisdiction over the coastal drainages 
between Rincon Point (on the coast of western 
Ventura County) and the eastern Los Angeles 
County line (Figure 1-1). The Regional Board is 
governed by nine members, all of whom are 
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appointed by the Governor and confirmed by the 
State Senate. Regional Board members represent 
certain categories related to the control of water 
quality and must reside in, or have a principal place 
of business within, the Region. Members of the 
Regional Board hold regular meetings at different 
sites throughout the Region. The staff at the 
Regional Board implement Regional Board policies 
under the direction of the Executive Officer who is 
appointed by the Regional Board. The public may 
address the Regional Board regarding any matter 
within the Regional Board's jurisdiction during the 
public forum period at any regular Regional Board 
meeting. Copies of the Regional Board meeting 
agendas are available for examination at the office 
of the Regional Board during regular working hours. 

Function of the Basin Plan 

The Los Angeles Regional Board's Basin Plan is 
designed to preserve and enhance water quality and 
protect the beneficial uses of all regional waters. 
Specifically, the Basin Plan (i) designates beneficial 
uses for surface and ground waters, (ii) sets 
narrative and numerical objectives that must be 
attained or maintained to protect the designated 
beneficial uses and conform to the state's 
antidegradation policy, and (iii) describes 
implementation programs to protect all waters in the 
Region. In addition, the Basin Plan incorporates (by 
reference) all applicable State and Regional Board 
plans and policies and other periinent water quality 
policies and regulations. Major State and Regional 
Board plans and policies are summarized in Chapter 
5. Those of other agencies are referenced in 
appropriate sections throughout the Basin Plan. 

The Basin Plan is a resource for the Regional Board 
and others who use water and/or discharge 
wastewater in the Los Angeles Region. Other 
agencies and organizations involved in 
environmental permitting and resource management 
activities also use the Basin Plan. Finally, the Basin 
Plan provides valuable information to the public 
about local water quality issues. 

The Basin Plan is reviewed and updated as 
necessaly. Following adoption by the Regional 
Board, the Basin Plan and subsequent amendments 
are subject to approval by the State Board, the 
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Figure 1-1. Regional Map: Regional Water Quality Control Board, Los Angeles Region. 



State Office of Administrative Law (OAL), and the 
United States Environmental Protection Agency 
(USEPA). 

Legal Basis and Authority 

The Basin Plan implements a number of state and 
federal laws, the most important of which are the 
California Porter-Cologne Water Quality Control Act 
(California Water Code, Division 1. Chapter 2, 
Article 3, et seq., plus others) and the Clean Water 
Act (PL 92-500, as amended). Other pertinent state 
laws include: the Hazardous Substances Cleanup 
Bond Act of 1984 (Health & Safety Code, 525385 et 
seq.), the Toxic Pits Cleanup Act (Health & Safety 
Code, 525208 et seq.), and the Toxic Injection Well 
Control Act (Health & Safety Code, 
525159.10 et seq.). Pertinent federal laws include: 
the Safe Drinking Water Act (42 U.S.C.A., 5300F 
et seq.), the Toxic Substances Control Act 
(15 U.S.C.A., 52601 et seq.), the Resource 
Conservation and Rewvely Act (RCRA, 
42 U.S.C.A., 56 901 et seq.), and the Endangered 

Species Act ( I6  U.S.C.A., 51531 et seq.). 

The Porter-Cologne Water Quality Control Act 
(herein after referred to as California Water Code), 
enacted by the State of California in 1969 and 
effective January I,1970, is considered landmark 
water quality legislation and has sewed as a model 
for subsequent legislation by the federal government 
and other state governments. This legislation 
authorizes the State Board to adopt, review, and 
revise policies for all waters of the state (including 
both surface and ground waters) and directs the 
Regional Boards to develop regional Bash Plans. 
The California Water Code (513170) also authorizes 
the State Board to adopt water quality control plans 
on its own initiative. In the event of inconsistencies 
among various State and Regional Board plans, the 
more stringent provisions apply. 

-The Clean Water Act (CWA), enacted by the federal 
government in 1972, was designed to restore and 
maintain the chemical, physical, and biological 
integrity of the Nation's waters. One of the national 
goals states that wherever attainable water quality 
should provide for the protection and propagation of 
fish, shellfish, and wildlife, and provide for recreation 
in and on the water (i.e.. fishable, swimmable). The 
CWA (§303[cl) directs states to establish water 
quality standards for all "waters of the United 
States" and to review and update such standards on 
a triennial basis. Other provisions of the CWA 
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related to basin planning include Section 208, which 
authorizes the preparation of waste treatment 
management plans, and Section 319 (added by 
1987 amendments) which mandates specific actions 
for the control of pollution from nonpoint sources. 
The 1987 amendments to the CWA (§307[a]) also 
mandate that states adopt numerical standards for 
all priority pollutants. 

The USEPA has delegated responsibility for 
implementation of portions of the CWA to the State 
and Regional Boards, including water quality 
planning and control programs such as the National 
Pollutant Discharge Elimination System (NPDES). 
The Code of Federal Regulations (Title 40, CFR) 
and USEPA guidance documents provide direction 
for implementation of the CWA. 

Besides state and federal laws, several court 
decisions provide guidance for basin planning. For 
example, the 1983 Mono Lake Decision (National 
Audubon[19931) 
reaffirmed the public trust doctrine, holding that the 
public trust is "an affirmation of the duty of the state 
to protect the people's common heritage in streams, 
lakes, marshlands, and tidelands, surrendering that 
right of protection only in rare cases when the 
abandonment of that right is consistent with the 
purposes of the trust." Public trust encompasses 
uses of water for commerce, navigation, fisheries, 
and recreation. In California Trout. Inc. v. State 
Water Resources Control Board (1989), the courts 
found that the public trust doctrine also applies to 
activities that could harm the fisheries in a non- 
navigable water. 

History of Basin Planning in the 
Los Angeles Region 

The Dickey Act, enacted by the State of California in 
1949, established nine Regional Water Pollution 
Control Boards in California. Regional Water 
Pollution Control Boards were directed to establish 
water quality objectives in order to protect the 
quality of receiving waters from adverse impacts of 
wastewater discharges. During the first few years. 
the Los Angeles Regional Water Pollution Control 
Board only established narrative objectives for 
discharges. By 1952, the Los Angeles Regional 
Water Pollution Control Board began inciuding 
numerical limits in requirements for discharges and 
adopting water quality objectives for receiving 
waters. 



With the enactment of the Porter-Cologne Water 
Quality Act in 1968, the names of the Regional 
Water Pollution Control Boards were changed to 
Regional Water Quality Control Boards, and their 
authorities were broadened. At this time, the 
Regional Water Quality Control Boards initiated 
development of comprehensive regional Basin 
Plans. 

In 1971, the Los Angeles Regional Board adopted 
an Interim Water Quality Control Plan that compiled 
all of the existing objectives and policies into one 
document and rescinded all individually-adopted 
objectives and policies. A more comprehensive 
planning effort was undertaken when the State 
Board engaged Daniel, Mann, Johnson, and 
Mendenhall, Inc., and Koebig and Koebig, inc. to 
develop Basin Plans for the Santa Clara River Basin 
and the Los Angeles River Basin, respectively. This 
major planning effort culminated in 1975 with the 
Water Quality Control Plan for the Santa Clara 
River Basin (4A) and the Water Quality Control Plan 
for the Los Angeles River Basin (48). These two 
documents, which together comprised the Basin 
Plans for the Los.Angeles Region, were amended in 
1978, 1990, and 1991. These two Basin Plans and 
amendments are superseded by this single Basin 
Plan which, for planning purposes, divides the 
Region into major surface watersheds and 
groundwater basins. 

Since 1975, progress has been made toward the 
control of a number of water quality problems 
identified in the 1975 Basin Plans, including the 
control of point source discharges and the 
development of new programs to address nonpoint 
source pollution issues in the Region. At the same 
time, many new issues and areas of concern have 
arisen as health scientists have identified 
increasingly lower concentrations of toxic 
substances as health risks. Furthermore, advancing 
analytical technology enables detection of 
contaminants at increasingly lower concentratins. 
The State and Regional Board's Continuing 
Planning Process, based on the latest scientific 
information, addresses both "old" and "new" water 
quality issues. 

Continuing Planning Process 

As part of the State's Continuing Planning Process, 
components of the Basin Plan are reviewed as new 
data and information become available or as 
specific needs arise. Comprehensive updates of the 

Basin Plan occur in response to state and federal 
legislative requirements and as funding becomes 
available. State Board and other governmental 
entities' (federal, state and local) plans, that can 
affect water quality, are incorporated into the 
planning process. In addition, the Basin Plan 
provides consistent long-term standards and 
program guidance for the Region. 

Triennial Review Process 

The Califomia Water Code, (513240), directs the 
State and Regional Boards to periodically review 
and update Basin Plans. Furthermore, the CWA 
(5303 [c]) directs states to review water quality 
standards every three years (triennial review) and, 
as appropriate, modify and adopt new standards. 

In the Triennial Review Process, basin planning 
issues are formally identified and ranked during the 
public hearing process. These and other 
modifications to the Basin Plan are implemented 
through Basin Plan amendments as described 
below. In addition, the Regional Board can amend 
the Basin Plan as needed. Such amendments need 
not coincide with the Triennial Review Process. 

Basin Plan Amendments 

Amending the Basin Plan involves the preparation of 
an amendment, an environmental checklist, and a 
staff report. Public workshops can be held to inform 
the public about planning issues before formal 
action is scheduled on the amendments. Following 
a public review period of at least 30 days, the 
Regional Board responds to public comments. 
Subsequently, the Regional Board can take action 
on the draft amendments at a public hearing. 

The Califomia Environmental Quality Act (as 
codified in the California Public Resources Code, 
521080.5[d][2][i]) provides that the Secretary of 
Resources can exempt regulatory programs of state 
agencies from the requirements of preparing 
environmental impact reports, negative declarations. 
and initial studies should such programs be certified 
as "functionally equivalent." The Basin Planning 
process has been so certified. Accordingiy, this 
amendment for the Basin Plan update (and 
accompanying documentation) is functionally 
equivalent to an environmental impact report or 
negative declaration. 
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Following adoption by the Regional Board, Basin 
Plan amendments and supporting documents are 
submitted to the State Board for review and 
approval. All Basin Plan amendments approved by 
the State Board after June 1, 1992 must also be 
reviewed and approved by the State Office of 
Administrative Law (OAL). All amendments take 
effect upon approval by the OAL. In addition, the 
USEPA must review and approve those Basin Plan 
amendments that involve changes in state 
standards to ensure such changes do not conflict 
with federal regulations. 

The Region 

Regional Setting 

The Los Angeles Region (Figure 1-1) encompasses 
all coastal drainages flowing to the Pacific Ocean 
between Rincon Point (on the coast of western 
Ventura County) and the eastern Los Angeles 
County line, as well as the drainages of five coastal 
islands (Anacapa, San Nicolas, Santa Barbara. 
Santa Catalina, and San Clemente). In addition, the 
Region includes all coastal waters within three miles 
of the continental and island coastlines. 

For planning purposes, the Regional Board uses the 
classification system developed by the California 
Department of Water Resources, which divides 
surface waters into hydrologic units, areas, and 
subareas (Figure 1-2) and ground waters into major 
groundwater basins (see ground water section). 
Figures 1-3 and 1-4 illustrate the major streams and 
lakes within the Region. As the eastern boundary, 
formed by the Los Angeles County line, departs 
somewhat from the hydrologic divide, the Los 
Angeles and Santa Ana Regions share jurisdiction 
over watersheds along their common border. The 
Regional Board is moving towards the use of 
Watershed Management Areas. Surface water 
watershed boundaries are illustrated on Figure 1-5. 

Descriptions of the major hydrologic units follow: 

Pitas Point Hydrologic Unit, located in western 
Ventura County, extends from Rincon Point to 
the Ventura River. Numerous small canyons 
drain the southern slopes of the coastal hills in 
this area, which totals about 22 square miles. 
Limited supplies of ground water are present in 
alluvium along the bottoms of the canyons. 

Ventura River Hydrologic Unit includes parts of 
western Ventura County and a small part of 
eastern Santa Barbara County. The Ventura 
River drains the northern slopes of Sulphur 
Mountain and portions of the southern slopes of 
the Santa Ynez Mountains. The drainage area 
totals about 300 square miles and, except in 
coastal areas, land use is predominantly rural 
and open space. Small alluvial basins along the 
surface drainage system contain supplies of 
ground water. 

Santa Clara-Calleguas Hydrologic Unit covers 
most of Ventura County, part of northern Los 
Angeles County, and small parts of Santa 
Barbara and Kern Counties. With a drainage 
area of 1.760 square miles, it is the largest 
hydrologic unit in the Region. Most of the 
upland area is within the Angeles and Los 
Padres National Forests. While land use in the 
lower portion of the drainage area - in particular 
the Oxnard Plain - is predominantly agricultural, 
urban (primariiy residential) land uses are 
encroaching upon and rapidly replacing these 
agricultural lands. The Santa Clara River and 
Calleguas Creek are the major streams in this 
area, draining the San Gabriel Mountains, Santa 
Susana Mountains, Oak Ridge. South Mountain, 
Simi Hills, Sawmill, Liebre and Frazier 
Mountains. Large reserves of ground water 
exist in alluvial aquifers underlying the Oxnard 
Plain and along the valleys of the Santa Clara 
River and its tributaries. 

Malibu Hydrologic Unit drains the southern 
slopes of the Santa Monica Mountains in 
western Los Angeles County and a small area 
of southeastern Ventura County. The drainage 
area totals 242 square miles and, except for the 
coastal area where land use is residential and 
commercial, most of the area is open space. 
No one stream dominates this drainage area 
rather, it is comprised of several small streams, 
including Topanga Canyon Creek, Malibu Creek, 
Dume Creek (Zuma Canyon Creek) and Big 
Sycamore Canyon Creek, which flow southward 
into the Pacific Ocean. Ground water is present 
in limited amounts in alluvium along the bottom 
of canyons and valleys and in fractured volcanic 
rocks 

Los Angeles-San Gabriel Hydrologic Unit covers 
most of Los Angeles County and small areas of 
southeastern Ventura County. This drainage 
area totals 1,608 square miles. With most of 
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the population in the Region located in this 
hydrologic unit, land use is predominantly 
residential, commercial, and industrial; much of 
the area is covered with semi-permeable or non-
permeable material (i.e., paved). The Los 
Angeles River, San Gabriel River, and Ballona 
Creek, which are the major drainage systems in 
this area, drain the coastal watersheds of the 
Transverse Ranges. These surface waters also 
recharge large reserves of ground water that 
exist in alluvial aquifers underlying the San 
Fernando and San Gabriel Valleys and the Los 
Angeles Coastal Plain. 

San Pedro Channel Islands Hydrologic Unit 
includes Santa Barbara. Santa Catalina, San 
Clemente, San Nicolas, and Anacapa Islands 
and Begg Rock. Except for limited development 
on Santa Catalina Island, land use of the 
Channel Islands is predominantly open space. 
Surface runoff on Santa Barbara Island does not 
flow in well-defined drainages; rather, surface 
runoff flows in sheets to the surrounding 
coastlines. Surface runoff on the other islands 
drains into intermittently-flowing creeks in small 
valleys and canyons. Reserves of ground water 
are limited on all of the islands. 

Geology 

Most of the Los Angeles Region lies within the 
western portion of the Transverse Ranges 
Geomorphic Province. The San Andreas transform 
fault system, forming the boundary between the 
North American and Pacific tectonic plates, cuts 
these western Transverse Ranges. This fault 
system, which extends northwesterly for over 700 
miles from the Salton Sea in southern California to . 
Cape Mendocino in northern California, bends in an 
east-west direction through the Transverse Ranges. 
Known as the "Big Bend," this portion of the San 
Andreas fault system formed from complex 
movements of the Pacific Plate against the North 
American Plate. Compression generated by such 
forces resulted in uplift of the Transverse Ranges, 
which have a conspicuous east-west trend (unlike 
other major ranges in the continental United States, 
which typically have a roughly north-south trend). 

Major mountain ranges within the Los Angeles 
Region include: San Gabriel Mountains, Santa 
Monica Mountains, Santa Susana Mountains, Simi 
Hills, and Santa Ynez Mountains (Figure 1-6). The 
San Gabriel Mountains are the most prominent 
range in this group. The rock types exposed in the 

San Gabriel Mountains consist predominantly of 
Mesozoic granitic rocks (66 to 245 million years 
old), with minor exposures of Precambrian igneous 
and metamorphic rocks (prior to 570 miliion years 
old), and small stocks of Tertiary plutonic rocks (1.6 
to 66 million years old). Cenozoic sedimentary 

beds (younger than 66 million years) are exposed 
only at the margins of the San Gabriel Mountains. 
Reflecting the recent and continuing uplift from plate 
tectonic activity, the San Gabriels are rugged 
mountains with deeply dissected canyons. Eroded 
sediments from these mountains have formed and 
are continuing to form prominent alluvial fans in the 
valleys along the flanks of the range. 

During the Miocene Epoch (5 million to 23.5 million 
years ago), the sea advanced to the base of the 
San Gabriel Mountains, depositing fine-grained 
marine sediments. As the sea retreated, coarser-
grained sediments, eroded from the Transverse 
Ranges, were deposited as alluvial fans in low-lying 
areas such as the San Fernando Valley, San 
Gabriel Valley, Oxnard Plain, and the Los Angeles 
Coastal Piain (Norris and Webb, 1991). These low-
lying areas or basins are filled with layers of 
sediment. Many of these layers of sediment form 
aquifers that are important sources of ground water 
in the Region. 

Climate 

With prevailing winds from the west and northwest, 
moist air from the Pacific Ocean is carried inland in 
the Los Angeles Region until it is forced upward by 
the mountains. The resulting storms, common from 
November through March, are followed by dry 
periods during summer months. Differences in 
topography are responsible for large variations in 
temperature, humidity, precipitation, and cloud cover 
throughout the Region. The coastal plains and 
islands, with mild rainy winters and warm dry 
summers, are noted for their subtropical 
"mediterranean" climate. The inland slopes and 
basins of the Transverse Ranges, on the other 
hand, are characterized by more extreme 
temperatures and little precipitation. 

Precipitation in the Region generally occurs as 
rainfall, although snowfall can occur at high 
elevations. Most precipitation occurs during just a 
few major storms. Annual rainfall in Ventura County 
averages 15.2 inches, although highs of almost 40 
inches occur around Cobblestone Mountain and 
Pine Mountain, and lows of around 14 inches occur 
on the Oxnard Plain (Ventura County, 1993a). 
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Large variations also exist within Los Angeles 
County, as indicated by annual highs of around 42 
inches at Mount lslip (along the crest of the Angeles 
National Forest) and annual lows of around 10 
inches in the eastern Santa Clara River Valley. 
Whlle an overall average is not available for Los 
Angeles County, annual rainfall at the Duwmmun 
Street rain gauge in the City of Los Angeles 
averages 15.5 inches since measurements began in 
1872 (Los Angeles County, 1993). 

Land Use/Population 

Land use within the Region varies considerably 
(Figure 1-7). In Ventura County, land uses are 
changing from agriculture and open space to urban 
residential and commercial. In southern Los 
Angeles County, the predominant land uses include 
urban residential, commercial and industrial. In 
northern Los Angeles County, open space is rapidly 
being transformed into residential communities. 

The economy in Los Angeles County is primarily 
industrial, commercial, and service; while in Ventura 
County the economy is primarily agricultural, ser- 
vice, and commercial. 

About 10 million people currently live in the Region. 
From 1950 to 1990 the population in the Region 
more than doubled. Figure 1-8 shows the increases 
in population in the ~eg ion  since 1950, as well as 
projected population growth until the year 2015. 

Natural Resources 

Diversity in topography, soils, and microclimates of 
the Region supports a corresponding variety of plant 
and animal communities. Native vegetation in the 
Region can be categorized into several general 
plant communities: grasslands, sage-scrub. 
chaparral, oak woodland, riparian, pinyon-juniper, 
and timber-conifer. Wfthin these general groups, 
many mixed subgroups and locally distinct 
vegetation types can be distinguished: mixed 
chaparral, semi-desert, and chamise chaparral, are 
a few examples. 

Chaparral is the most common type of native 
vegetation in the Region. Large expanses of 
chaparral are found in the Santa Monica Mountains. 
Inland, coastal sagebrush occurs in the Simi Hills, 
Santa Susana Knolls, Verdugo Hills, and San 
Gabriel Mountains. Oak woodland, with the easily 
identifiable "Valley Oaks", sometimes reaching a 

height of 20 to 60 feet, is dominant in Thousand 
Oaks, Lake Casitas, Hidden Valley, Santa Clarita 
Valley, and elsewhere in the Transverse Mountain 
Ranges. Grasslands occur in Point Mugu State 
Park and on hillsides and valleys of northern Los 
Angeles County. 

Riparian vegetation, found along most of the rivers 
and creeks, consists of sycamores, willows, 
cottonwoods, and alders. Extensive riparian 
corridors occur along Piru, Sespe, Santa Paula, 
Malibu, and Las Virgenes Creeks. Santa Clara, 
Ventura Rivers, and San Gabriel Rivers, as well as 
other rivers and creeks of the Los Padres and 
Angeles National Forests. The riparian vegetation 
provides essential habitat and transportation 
corridors for wildlife, supporting a great abundance 
and diversity of species. 

The existence of "ecological islands" as a result of 
topography and climatic changes has led to the 
evolution of species, subspecies, and genetic strains 
of plants and animals in the Region. However, 
increasing urbanization and development have 
resulted in the loss of habitat and a decline in 
biological diversity. As a result, several native flora 
and fauna species have been listed as rare, 
endangered or threatened. Representative 
examples of endangered species include: California 
condor, American peregrine falcon. California least 
tern, tidewater goby, unarmored threespine 
stickleback, Mohave ground squirrel, conejo 
buckwheat, many-stemmed Dudleya, least Bell's 
vireo, and slender-horned spire flower. 

Locally Unique Habitats 

Habitats that support rare, threatened, endangered, 
or other sensitive plant or animal species are 
unique, not simply because they support these 
species, but because they are unique habitats in 
terms of their physical, geographical, and biological 
characteristics. Both Ventura and Los Angeles 
Counties have officially designated these unique 
areas as Significant Biological Resources or 
Significant Ecological Areas, respectively. These 
areas are described in detail in the counties' 
respective General Plans. The following two 
sections describe some of the more significant 
ecological areas recognized by Ventura and Los 
Angeles Counties as unique habitats. 
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Figure 1-8. Population Projections in Los Angeles and Ventura Counties. 
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Ventura County 

Many unique habitats, including coastal wetlands 
and lagoons, are found along the southern coast of 
Ventura County. These areas provide habitats for 
many fish, birds, invertebrates, sea lions, and for 
other marine and estuarine species. Mugu Lagoon 
is the most extensive wetland in the Region and 
supports a rich diversity of fish and wildlife (that 
once inhabited much of southern California's coastal 
areas). Other wetlands include McGrath Lake, 
Ormond Beach, and the estuaries at the mouths of 
the Ventura and Santa Ciara Rivers. The "Pothole" 
in the Devil's Potrero (on Agua Blanca Creek) is an 
inland freshwater marsh that supports 
several species of plants unique to freshwater 
marshes. 

One of the largest of Santa Clara River's tributaries, 
Sespe Creek, contains most of the Santa Ciara 
River's remnant, but restorable, run of the steelhead 
trout. Sespe Creek is designated as a "Wild Trout 
Stream" by the State of California and supports 
significant steelhead spawning and rearing habitat. 
The steelhead trout is an "anadromous" fish 
(migrat~ng from the ocean into fresh water for 
spawning). The federal Los Padres Wilderness Act 
(1992) permanently set aside portions of Sespe 
Creek for steelhead trout protection and designated 
Sespe Creek as a "Wild and Scenic River." Piru 
and Santa Paula Creeks, two other tributaries of the 
Santa Clara River, also support good habitats for 
steelhead. The Pacific lamprey, another 
anadromous fish, also uses Sespe Creek and the 
Santa Clara River for spawning. The Santa Clara 
River also has populations of unarmored three- 
spine sttckleback. in addition, the Santa Clara River 
serves as an important wildlife corridor. 

The Sespe Condor Sanctuary was dedicated in 
1947 and consists of 53,000 acres in northern 
Ventura County. Due to problems with the condor 
recovery efforts, condors are now being released in 
Santa Barbara County. 

Local populations of steelhead and rainbow trout 
have nearly been eliminated along the Ventura 
River. A limited resident population of rainbow trout 
occurs above Robles Diversion Dam, in San Antonio 
Creek, and in the lower Ventura River. Migratory 
steelhead ascend upstream in the Ventura River as 
far as Robles Diversion Dam and into San Antonio 
Creek. The California Department of Fish and 
Game and others, however, have recognized the 
potential for the restoration of the estuary and 
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enhancement cf steelhead populations in the 
Ventura River (Ventura County, 1991). 

Los Angeles County 

The County of Los Angeles has designated sixty 
Significant Ecological Areas (SEAs; Table 1-1) 
within the County in their general plan (Los Angeles 
County, 1976). Selected SEAs are described 
below. 

Malibu Lagoon supports two important plant 
communities, the coastal salt marsh and coastal 
strand, and is an important refuge for migrating 
birds (over 200 species of birds have been 
observed). As Malibu Canyon dissects the Santa 
Monica Mountains, species normally restricted to 
the drier interior valleys have extended their range 
down the canyon. Perennial streams in Maiibu 
Canyon support outstanding oak and riparian 
woodlands. Malibu Creek is also the southernmost 
watercourse in California where steelhead trout 
continue to spawn (for more information about the 
Malibu Creek watershed see Chapter 4, page 4-54. 

The Tujunga CanyonlHansen Dam area possesses 
several important features. The floodplain behind 
the dam supports some of the last examples of the 
open coastal sage-scrub vegetation in the Los 
Angeles area. A spreading ground (basin used for 
groundwater recharge) southwest of the dam has 
created several freshwater marsh areas that are 
used by migratory waterfowl and shore birds. The 
area is also valuable as a wildlife corridor. 

The San Gabriel River watershed, totalling more 
than 136,000 acres, has extensive areas of 
undisturbed riparian and woodland habitats. The 
United States Congress has set aside approximately 
36,215 acres of the West Fork San Gabriel River 
watershed as the "San Gabriel Wilderness Area." In 
addition, about 31,680 acres of the East .Fork San 
Gabriel River watershed have been set aside as the 
"Sheep Mountain Wilderness Area." This watershed 
is also valuable to sportsmen, hikers, and 
picnickers. 

San Francisquito Canyon, a tributary of the Santa 
Clara River, supports populations of Unarmored 
Three-spine Stickleback, an endangered fish 
species. 
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1 Table 1- 1. Slgnlflcant Ecological Areas (SEAS) in Los Angeles County.' 

1 Descriptions of these areas can be found in the Los Angeles County General Plan (1976) 
2 These are also designated as open spaces. 

Outside of the Los Angeles Region 
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Water ResourcesNVater Quality Issues 

Surface and ground waters within the Los Angeles 
Region have proven insufficient to support the 
rapidly growing population in the Los Angeles 
Region. Water imported from other areas now 
meets about 50% of fresh water demands in the 
Region. Restrictions on imported water as well as 
drought conditions have necessitated water 
conservation measures which, at present, are 
voluntary. These conservation measures have 
slightly lessened the use of potable water in many 
areas of the Region. In addition, the demand for 
water is being partially fulfilled by the increasing use 
of reclaimed water for non-potable purposes such 
as greenbelt irrigation and industrial processing and 
servicing. 

Surface Waters 

Major surface waters of the Los Angeles Region 
flow from head waters in pristine mountain areas 
(largely in two National Forests and the Santa 
Monica Mountains), through urbanized foothill and 
valley areas, high density residential and industrial 
coastal areas, and terminate at highly utilized 
recreational beaches and harbors. Uncontrolled 
pollutants from nonpoint sources are believed to be 
the greatest threats to rivers and streams within the 
Region. 

Ventura River Watershed: The Ventura River is 
the northern-most river system in southern 
California (south of Point Conception) that 
supports a large number of sensitive aquatic 
species, several of which are currently, or 
proposed to be, endangered or threatened. 
Water quality in the upper reaches is good but 
quality in the lower reaches is impacted by a 
combination of municipal water discharges and 
agricultural, urban and oil industry nonpoint 
sources. 

Santa Clara River Watershed: The Santa Clara 
River is the largest river system in southern 
California that remains in a relatively natural 
state. Extensive patches of high quality riparian 
habitat are present along the length of the river 
and its tributaries. Stream flows are diverted, 
usually during high flow, for "out-of-stream" 
beneficial uses. Threats to water quality include 
increasing development in floodplain areas, 
necessitating flood control measures such as 
channelization that results in increased flows, 
erosion, and loss of habitat. 

Calleguas Creek Watershed: Calleguas Creek 
drains a predominantly agricultural area on the 
Oxnard Plain and empties into Mugu Lagoon, 
one of southern California's few remaining large 
wetlands. While natural flows in the past were 
intermittent, discharges of municipal, 
agricultural, and urban wastewaters have 
increased surface flow in the watershed 
resulting in increased sedimentation in the 
lagoon. The general instability of the 
streambanks, continual destruction of riparian 
vegetation, and other land use practices have 
accelerated erosion in this watershed. Erosion 
problems are intensified in areas where 
residential development is occurring on steeply 
sloping upland areas. Should sedimentation 
continue at the present rate, the lagoon is 
projected to fill with sediment in about 50 years. 
Additional problems are produced by irrigation 
return-flows which add nutrients, pesticides, and 
other dissolved constituents to the creek and its 
tributaries. 

Malibu Creek Watershed: This watershed has 
changed rapidly in the last 20 years from a 
predominantly rural area to a steadily 
developing area that has doubled in population 
to nearly 80,000 residents. Increased flows 
(from imported waters needed to support the 
growing population base) and channelization of 
several tributaries to Malibu Creek have caused 
an imbalance in the natural flow regime in the 
watershed. Pollutants of concern, many of 
which are discharged from nonpoint sources, 
include excess nutrients, sediment, and 
bacteria. 

Ballona Creek Watershed: Pollutants from 
industrial and municipal effluent as well as 
urban runoff degrade the quality of Ballona 
Creek. Specific pollutants include high levels of 
dissolved solids (chlorides, sulfates, heavy 
metals) and bacteria. Untreated sewage 
ovemows discharged into Ballona Creek during 
the rainy season cause beach closures along 
Santa Monica Bay. In addition, high 
concentrations of DDT in sediments at the 
mouth of the creek and in Marina Del Rey 
provide evidence of past discharges that have 
resulted in long-term water quality problems. 

Los Angeles River Watershed: The Los 
Angeles River is highly modified, having been 
lined with concrete along most of its length by 
the U.S. Army Corps of Engineers from the 

BASIN PLAN -JUNE 13. 1994 INTRODUCTION 



1930s to the 1960s. One seven-mile reach in 
the narrows area (in the middle portion of the 
river system), where ground water rises into the 
streambed, is mostly unlined along the stream 
bottom and provides natural habitat for fish and 
other wildlife in an otherwise concrete 
conveyance. The upper reaches of the river 
carry urban runoff and flood flows from the San 
Fernando Valley. Below the Sepulveda Basin, 
flows are dominated by tertiary-treated effluent 
from several municipal wastewater treatment 
plants. Because the watershed is highly 
urbanized, urban runoff and illegal dumping are 
major contributors to impaired water quality in 
the Los Angeles River and tributaries. 

San Gabriel River Watershed: While the upper 
San Gabriel River and its tributaries remain in a 
relatively pristine state, intensive recreational 
use of this area for picnicking, off road vehicle 
use, fishing, and hiking threaten water quality 
and aquatic and riparian habitats. Further 
problems in the upper San Gabriel River occur 
as vast amounts of naturally eroding sediment 
from the rugged San Gabriel Mountains settle 
into reservoirs behind flood control dams. 
Improper sediment sluicing operations from 
these reservoirs can impact aquatic habitats and 
groundwater recharge areas. In the San Gabriel 
Valley, the middle reaches of the river have 
been extensively modified in order to control 
flood and debris flows and to recharge ground 
water. Extensive sand and gravel operations 
are found along these stretches of the river. 
The lower San Gabriel River (i.e., those 
stretches flowing through the Los Angeies 
Coastal Plain) also has been extensively 
modified and is lined with concrete from 
approximately Firestone Boulevard to the 
estuary. Flow in these lower reaches is 
dominated by effluent from several municipal 
wastewater treatment facilities and urban runoff. 
Beneficial uses have been impaired in these 
lower reaches of the San Gabriel River, as 
evidenced by ambient toxicity and 
bioaccumulation of metals in fish tissue. 

Other more generalized surface water problems in 
the Region include: 

Poor mineral quality in some areas due to a 
variety of reasons including geology, agricultural 
runoff, discharge of highly mineralized ground 
water, and poor quality of some imported waters 

Bioaccumulation of toxic compounds in fish and 
other aquatic life 

lmpacts from increased development and 
recreational uses 

In-stream toxicity from point and nonpoint 
sources 

Diversion of flows necessaty for the propagation 
of fish and wildlife populations 

Channelization, dredging, and other losses of 
habitat 

lmpacts from transient camps located along 
creeks and lagoons 

Illegal dumping 

Introduction of non-native plants which are of 
littie value to the biota and clog the streams 

lmpacts from sand and gravel mining operations 

Natural oil seeps 

* Eutrophication and the accumulation of toxic 
pollutants in lakes 

Ground Waters 

Ground water accounts for most of the Region's 
local (i.e., non-imported) supply of fresh water. 
Major groundwater basins in the Region are shown 
in Figure 1-9. 

The general quality of ground water in the Region 
has degraded substantially from background levels. 
Much of the degradation reflects land uses. For 
example, fertilizers and pesticides, typically used on 
agricultural lands, can degrade ground water when 
irrigation-return waters containing such substances 
seep into the subsurface. in areas that are 
unsewered, nitrogen and pathogenic bacteria from 
overloaded or improperly sited septic tanks can 
seep into ground water and result in health risks to 
those who rely on ground water for domestic supply. 
In areas with industrial or commercial activities, 
aboveground and underground storage tanks 
contain vast quantities of hazardous substances. 
Thousands of these tanks in the Region have 
leaked or are leaking, discharging petroleum fuels, 
solvents, and other hazardous substances into the 
subsurface. These leaks as well as otherdischarges 
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to the subsw-face that result from inadequate 
handling, storage, and disposal practices can seep 
into the subsurface and pollute ground water. 

Compared to surface water pollution, investigations 
and remediation of polluted ground waters are often 
difficult, costly, and extremely slow. 

Examples of specific groundwater quality problems 
include: 

San Gabriel Valley and San Fernando Valley 
Groundwater Basins: Volatile organic 
compounds from industry, and nitrates from 
subsurface sewage disposal and past 
agricultural activities, are the primary pollutants 
in much of the ground water throughout these 
basins. These deep alluvial basins do not have 
continuous effective confining layers above 
ground water and as a result pollutants have 
seeped through the upper sediments into the 
ground water. Approximately 20% of 
groundwater production capacity for municipal 
use in the San Gabriel Valiey has been shut 
down due to this pollution. 

In light of the widespread pollution in both the 
San Gabriel Valley and San Fernando Valley 
Groundwater Basins, the California Department 
of Toxic Substances Control has designated 
large areas of these basins as high priority 
Hazardous Substances Cleanup sites. 
Furthermore, the USEPA has designated these 
areas as Superfund sites. The Regional Board 
and USEPA are overseeing investigations to 
further define the extent of pollution, identify the 
responsible parties, and begin remediation in 
these areas. 

Central and West Coast Groundwater Basins 
(Los Angeles Coastal Plain): Seawater intrusion 
that has occurred in these basins is now under 
control in most areas through an artificial 
recharge system consisting of spreading basins 
and injection wells that form fresh water barriers 
along the coast. Ground water in the lower 
aquifers of these basins is generally of good 
quality, but large plumes of saline water have 
been trapped behind the barrier of injection 
wells in the West Coast Basin, degrading 
significant volumes of ground water with high 
concentrations of chloride. Furthermore, the 
quality of ground water in parts of the upper 
aquifers of both basins is degraded by both 
organic and inorganic pollutants from a variety 

of sources, such as leaking tanks, leaking sewer 
lines, and illegal discharges. As the aquifers 
and confining layers in these alluvial basins are 
typically interfingered, the quality of ground 
water in the deeper production aquifers is 
threatened by migration of pollutants from the 
upper aquifen. 

Ventura Central Groundwater Basins: Despite 
efforts to artificially recharge ground water and 
to control levels of pumping, ground water in 
several of the Ventura Central basins has been, 
and continues to be, overdrafted (particularly in 
the Oxnard Plain and Pleasant Valiey areas). 
Some of the aquifers in these basins are in 
hydraulic continuity with seawater; thus 
seawater is intruding further inland, degrading 
large volumes of ground water with high 
concentrations of chloride. In addition, nutrients 
and other dissolved constituents in irrigation 
return-flows are seeping into shallow aquifers 
and degrading ground water in these basins. 
Furthermore, degradation and cross-
contamination are occurring as degraded or 
contaminated ground water travels between 
aquifers through abandoned and improperly 
sealed wells and corroded active wells. 

Unsewered areas of Ventura County, such as 
the El Rio area (to the northwest of Oxnard), 
represent another source of pollution to ground 
water in the Ventura Central Basins. In many 
wells in the El Rio area, nitrate is present in 
levels exceeding maximum contaminant levels 
(MCLs) established by the state and federal 
government (Ventura County, 1994). 

Acton Valley Groundwater Basin: Ground water 
is the source of most potable water in this 
unsewered area. However, increasing 
concentrations of nitrate are degrading the 
quality of this water. Investigations are 
underway to confirm septic tanks as the source 
of high levels of nitrate in this area. 

Coastal Wafers 

Coastal waters in the Region include bays, harbors, 
estuaries, beaches, and open ocean. Santa Monica 
Bay dominates a large portion of the Region's open 
coastal waters. Deep-draft commercial harbors 
include the Los AngeleslLong Beach Harbor 
complex and Port Hueneme. Shallower, small craft 
harbors, such as Marina del Rey, King Harbor and 
Ventura Marina, occur at a number of locations. 
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Important estuaries are represented by coastal 
lagoons such as Mugu Lagoon and numerous small 
coastal wetlands such as Ballona Wetlands and Los 
Cerritos Wetlands. Recreational beaches occur 
along large stretches of the coastal waters. 

These coastal waters are impacted by a variety of 
activities which include: 

Municipal and industrial wastewater discharges 

Cooling water discharges 

Nonpoint source runoff (urban and agricultural 
runoff in particular), including leaking septic 
systems, construction, and recreational activities 

Oil spills Aqueduct 

Vessel wastes 

Dredging 

Increased development and loss of habitat 

Offshore operations 

Illegal dumping 

Natural oil seeps 

imported Waters 

Water from other areas has been imported into the 
Los Angeles Region since 1913, when the Los 
Angeles Aqueduct started delivering water from the 
Owens Valley. Since that time, southern California 
has developed complex systems of aqueducts to 
import water to support a rapidly growing population 
and economy. Water imported to the Region 
presently meets roughly half of the demand for 
potable water. 

The principal systems (Figure 1-9) for importing 
water are summarized below: 

The Los Angeles Aqueducts: The City of Los 
Angeles, Department of Water and Power, 
diverts water from the Mono and Owens River 
Basins and transports this water via the 338-
mile long Los Angeles Aqueducts to the City of 
Los Angeles. The original aqueduct was 
completed in 1913. A second aqueduct, which 
parallels the first, was completed in 1970. 
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Figure 1-10. Sources of Imported Water in  the 
Lob Angeles Region (after Los Angeles Department of 
Water and Power, 1991). 

Releases from the Haiwee ReSeNoir Complex, 
at the end of the Owens Valley Basin, supplied 
over 500,000 acre-feet per year to the City of 
Los Angeles during the first half of the 1980s. 
However, releases dropped to 127,012 acre-feet 
in 1990 as a result of the recent statewide 
drought, as well as legal restrictions on Mono 
Basin and Owens Valley water resources. 
Releases in 1992 totalled 173,945 acre-feet. 

The California Aqueduct (The State Water 
Project): The State of California, Department of 
Water Resources, transports about 2.4 million 
acre-feet per year of water, largely from the 
Feather and the Sacramento Rivers in northern 
California, to other parts of California via the 
California Aqueduct. In southern California, the 
aqueduct splits into east and west branches, 
terminating at Perris and Castaic ReseN~irs. 
respectively. Approximately 1.4 million acre-feet 
per year of this water is delivered to four 
contractors for use within the Los Angeles 
Region: The Metropolitan Water District of 
Southern California (MWD), County of Ventura, 
Castaic Lake Water Agency, and San Gabriel 
Valley Municipal Water District. 

The Colorado River Aqueduct: The MWD 
imports water from Lake Havasu on the 
Colorado River through the 242-mile long 
Colorado River Aqueduct. This water is 
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transported to Lake Mathews, MWD's terminal 
reservoir, in Riverside County. While MWD held 
water rights for over 1.2 million acre-feet per 
year in the 1930s, MWD's dependable supply of 
Colorado River water has now been reduced to 
450,000 acre-feet per year due to the exercise 
of water rights by other Colorado River water 
users. Afler blending with water delivered 
through the State Water Project, MWD delivers 
a portion of this water to its member agencies in 
the Los Angeles Region; the remaining water is 
delivered to other areas in southern California. 

Water imported from the Owens Valley through the 
Los Angeles Aqueduct is usually treated for 
turbidity. Water from the Colorado River typically is 
harder than local supplies and other imported 
waters. This hardness is the result of dissolved 
constituents from soils and rocks in the Colorado 
River watershed. Water from northern California, 
while not as hard as Colorado River water, 
accumulates organic materials as it flows through 
the fertile Sacramento-San Joaquin Delta. These 
organic materials when combined with chlorine 
during typical disinfection treatment processes can 
result in by-products such as trihalomethanes 
(THMs). As THMs are linked to cancer, a 100 parts 
per billion standard has been established that 
mitigates the occurrence of THMs in drinking water 
while still allowing for adequate chlorine disinfection. 

Water Supply and Drought Issues 

During the most recent period of drought, water 
supplies from northern California oflen had higher 
than normal concentrations of chlorides which, in 
turn, oflen resulted in waste discharges that 
exceeded chloride limitations. To provide a 
measure of relief to dischargers who were unable to 
meet chloride limitations due to the drought andlor 
water conservation measures, the Regional Board 
adopted Resolution No. 80-04, entitled Effects of 
Drought Induced Water Supply Changes and Water 
Conservation Measures on Compliance with Waste 
Discharge Requirements within the Los Angeles 
Region. This policy, which was adopted on March 
26. 1990, temporarily raised chloride limitations to 
match chloride increases in the water supply for a 
period of three years. Under this policy, chloride 
limitations were temporarily set at the lesser of (i) 
250 mglL or (ii) the supply concentration plus 85 
mglL. 

Although the drought ended in 1993, water supplies 
in storage still contained higher than normal levels 

of chlorides. Accordingly, on June 14, 1993 the 
Regional Board extended these temporary chloride 
limitations for 18 months. 

The Regional Board realizes that there may be a 
need for a longer term solution to these water 
supply issues, and will address these issues as patt 
of the next Triennial Review. 

Reclaimed Wastewaters 

The State and Regional Boards recognize the 
shortage of fresh water in the Region and the need 
to conserve water for beneficial uses. Accordingly, 
reclaimed wastewaters are an increasingly important 
local resource. The State Board's Policy with 
Respect to Water Reclamation in California (State 
Board Resolution No. 77-1) is summarized and 
reprinted in Chapter 5. The importance of water 
reclamation is also recognized in Porter-Cologne. 
Sections 13575 to 13577, which were added in 1991 
(during the fiflh year of the last drought), set 
reclamation goals of 700,000 acre-feet per year and 
1,000,000 acre-feet per year in the years 2000 and 
2010, respectively. 

The Regional Board supports reclamation projects 
(i.e., those projects that reuse treated wastewaters, 
thereby offsetting the use of fresh waters) through 
the Water Reclamation Requirements program. 
Under this program, discussed in detail in Chapter 
4, treated wastewaters are reused for groundwater 
recharge, recreational impoundments, industrial 
processing and supply, and landscape irrigation. 

In addition, the State and Regional Boards provide 
financial assistance to projects that are developing 
reclamation capabilities. 

The Basin Plan 

The following chapters designate beneficial uses of 
the Region's waters, water quality objectives for the 
protection of these beneficial uses, and a plan of 
implementation for enhancing or maintaining water 
quality. This information supersedes that in 
previously adopted Basin Plans and amendments. 

Three overlays are located in appendix two of this 
Plan (hydrologic units, major freeways and USGS 
Quad Boundaries). These can be placed over any 
of the standard regional maps throughout this plan 
for orientation. 
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lntroduction 

Beneficial uses form the cornerstone of water 
quality protection under the Basin Plan. Once 
beneficial uses are designated, appropriate water 
quality objectives can be established and programs 
that maintain or enhance water quality can be 
implemented to ensure the protection of beneficial 
uses. The designated beneficial uses, together with 
water quality objectives (referred to as criteria in 
federal regulations), form water quality standards. 
Such standards are mandated for all waterbodies 
within the state under the California Water Code. In 
addition, the federal Clean Water Act mandates 
standards for all surface waters, including wetlands. 

Twenty-four beneficial uses in the Region are 
identified in this Chapter. These beneficial uses 
and their definitions were developed by the State 
and Regional Boards for use in the Regional Board 
Basin Plans. Three beneficial uses were added 
since the original 1975 Basin Plans. These new 
beneficial uses are Aquaculture, Estuarine Habitat, 
and Wetlands Habitat. 

Beneficial uses can be designated for a waterbody 
in a number of ways. Those beneficial uses that 
have been attained for a waterbody on, or after, 
November 28, 1975, must be designated as 
"existing" in the Basin Plans. Other uses can be 
designated, whether or not they have been attained 
on a waterbody, in order to implement either federal 
or state mandates and goals (such as fishable and 
swimmable) for regional waters. Beneficial uses of 
streams that have intermittent flows, as is typical of 
many streams in southern California, are designated 
as intermittent. During dry periods, however, 
shallow around water or small pools of water can 

intermittent streams; accordingly, such beneficial 
uses (e.g., wildlife habitat) must be protected 
throughout the year and are designated "existing." 
In addition, beneficial uses can be designated as 
"potential" for several reasons, including: 

implementation of the State Board's policy 
entitled "Sources of Drinking Water Policy" 
(State Board Resolution No. 88-63, described in 
Chapter 5), 
plans to put the water to such future use, 
potential to put the water to such future use. 
designation of a use by the Regional Board as a 
regional water quality goal, or 
public desire to put the water to such future use. 

Beneficial Use Definitions 

Beneficial uses for waterbodies in the Los Angeles 
Region are listed and defined below. The uses are 
listed in no preferential order. 

Municipal and Domestic Supply (MUN) 
Uses of water for community, military, or individual 
water supply systems including, but not limited to, 
drinking water supply. 

Agricultural Supply (AGR) 
Uses of water for farming, horticulture, or ranching 
including, but not limited to, irrigation, stock 
watering, or support of vegetation for range grazing. 

Industrial Process Supply (PROC) 
Uses of water for industrial activities that depend 
primarily on water quality. 

Industrial Service Supply (IND) 
Uses of water for industrial activities that do not 
depend primarily on water quality including, but not 
limited to, mining, cooling water supply, hydraulic 
conveyance, gravel washing, fire protection, or oil 
well re-pressurization. 

Ground Water Recharge (GWR) 
Uses of water for natural or artificial recharge of 
ground water for purposes of future extraction, 
maintenance of water quality, or halting of saltwater 
intrusion into freshwater aquifers. 

support gome beneficial uses associated with 
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Freshwater Replenishment (FRSH) 
Uses of water for natural or artificial maintenance of 
surface water quantity or quality (e.g., salinity). 

Navigation (NAV) 
Uses of water for shipping, travel, or other 
transportation by private, militaty, or commercial 
vessels. 

Hydropower Generation (POW) 
Uses of water for hydropower generation. 

Water Contact Recreation (REC-1) 
Uses of water for recreational activities involving 
body contact with water, where ingestion of water is 
reasonably possible. These uses include, but are 
not limited to, swimming, wading, water-skiing, skin 
and scuba diving, surfing, white water activities, 
fishing, or use of natural hot springs. 

Non-contact Water Recreation (REC-2) 
Uses of water for recreational activities involving 
proximity to water, but not normally involving body 
contact with water, where ingestion of water is 
reasonably possible. These uses include, but are 
not limited to, picnicking, sunbathing, hiking, 
beachcombing, camping, boating, tidepool and 
marine life study, hunting, sightseeing, or aesthetic 
enjoyment in conjunction with the above activities. 

Commercial and Sport Fishing (COMM) 
Uses of water for commercial or recreational 
collection of fish, shellfish, or other organisms 
including, but not limited to, uses involving 
organisms intended for human consumption or bait 
purposes. 

Aquaculture (AQUA) 
Uses of water for aquaculture or mariculture 
operations including, but not limited to, propagation, 
cultivation, maintenance, or harvesting of aquatic 
plants and animals for human consumption or bait 
purposes. 

Warm Freshwater Habitat (WARM) 
Uses of water that support warm water ecosystems 
including, but not limited to, preservation or 
enhancement of aquatic habitats, vegetation, fish, or 
wildlife, including invertebrates. 

Cold Freshwater Habitat (COLD) 
Uses of water that support cold water ecosystems 
including, but not limited to, preservation or 
enhancement of aquatic habitats, vegetation, fish, or 
wildlife, including invertebrates. 

Inland Saline Water Habitat (SAL) 
Uses of water that support inland saline water 
ecosystems including, but not limited to, 
preservation or enhancement of aquatic saline 
habitats, vegetation, fish, or wildlife, including 
invertebrates. 

Estuarine Habitat (EST) 
Uses of water that support estuarine ecosystems 
including, but not limited to, preservation or 
enhancement of estuarine habitats, vegetation, fish, 
shellfish, or wildlife (e.g., estuarine mammals. 
waterfowl, shorebirds). 

Wetland Habitat (WET) 
Uses of water that support wetland ecosystems, 
including, but not limited to, preservation or 
enhancement of wetland habitats, vegetation, fish, 
shellfish, or wildlife, and other unique wetland 
functions which enhance water quality, such as 
providing flood and erosion control, stream bank 
stabilization, and filtration and purification of 
naturally occurring contaminants. 

Marine Habitat (MAR) 
Uses of water that support marine ecosystems 
including, but not limited to, preservation or 
enhancement of marine habitats, vegetation such as 
kelp, fish, shellfish, or wildlife (e.g., marine 
mammals, shorebirds). 

Wildlife Habitat (WILD) 
Uses of water that support terrestrial ecosystems 
including, but not limited to, preservation and 
enhancement of terrestrial habitats, vegetation, 
wildlife (e.g.. mammals, birds, reptiles, amphibians, 
invertebrates), or wildlife water and food sources. 

Preservation of Biological Habitats (BIOL) 
Uses of water that support designated areas or 
habitats, such as Areas of Special Biological 
Significance (ASBS), established refuges, parks. 
sanctuaries, ecological reserves, or other areas 
where the preservation or enhancement of natural 
resources requires special protection. 

The following coastal waters have been designated 
as ASBS in the Los Angeles Region. For detailed 
descriptions of their boundaries, see the Ocean Plan 
discussion in Chapter 5, Plans and Policies: 

San Nicoias lsland and Begg Rock 
Santa Barbara lsland and Anacapa lsland 
San Clemente lsland 
Mugu Lagoon to Latigo Point 
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Santa Catalina Island, Subarea One, Isthmus 
Cove to Catalina Head 
Santa Catalina Island, Subarea Two, North End 
of Little Harbor to Ben Weston Point 
Santa Catalina Island, Subarea Three. 
Farnsworth Bank Ecological Reserve 
Santa Catalina Island, Subarea Four, Binnacle 
Rock to Jewfish Point 

The following areas are designated Ecological 
Reserves or Refuges: 

Channel Islands National Marine Sanctuary 
Santa Barbara Island Ecological Reserve 
Anacapa Island Ecological Reserve 
Catalina Marine Science Center Marine Life 
Point Fermin Marine Life Refuge 
Farnsworth Bank Ecological Reserve 
Lowers Cove Reserve 
Abalone Cove Ecological Reserve 
Big Sycamore Canyon Ecological Reserve 

Rare, Threatened, or Endangered Species 
(RARE)
Uses of water that support habitats necessary, at 
least in part, for the survival and successful 
maintenance of plant or animal species established 
under state or federal law as rare, threatened, or 
endangered. 

Migration of Aquatic Organisms (MIGR) 
Uses of water that support habitats necessary for 
migration, acclimatization between fresh and salt 
water, or other temporary activities by aquatic 
organisms, such as anadromous fish. 

Spawning, Reproduction, andlor Early 
Development (SPWN) 
Uses of water that support high quality aquatic 
habitats suitable for reproduction and early 
development of fish. 

Shellflsh H a ~ e s t l n g(SHELL) 
Uses of water that support habitats suitable for the 
collection of filter-feeding shellfish (e.g., clams, 
oysters, and mussels) for human consumption, 
commercial, or sports purposes. 

.Beneficial Uses for Specific 
Waterbodies 

Tables 2-1 through 2-4 list the major regional 
waterbodies and their designated beneficial uses. 

These tables are organized by waterbody type: 
(i) inland surface waters (rivers, streams, lakes, and 
inland wetlands), (ii) ground water, (iii) coastal 
waters (bays, estuaries, lagoons, harbors, beaches, 
and ocean waters), and (iv) coastal wetlands. 
Within Table 2-1 waterbodies are organized by 
major watersheds. Hydrologic unit, area, and 
subarea numbers are noted in the surface water 
tables (2-1, 2-3, and 2-4) as a cross reference to 
the classification system developed by the California 
Department of Water Resources. For those surface 
waterbodies that cross into other hydrologic units, 
such waterbodies appear more than once in a table. 
Furthermore, certain coastal waterbodies are 
duplicated in more than one table for completeness 
(e.g., many lagoons are listed both in inland surface 
waters and in coastal features tables). Major 
groundwater basins are classified in Table 2-2 
according to the Department of Water Resources 
Bulletin No. 118 (1980). A series of maps (Figures 
2-1 to 2-22) iilustrates regional surface waters, 
ground waters, and major harbors. 

The Regional Board contracted with the California 
Department of Water Resources for a study of 
beneficial uses and objectives for the upper Santa 
Clara River (DWR, 1989) and for another study of 
the beneficial uses and objectives the Piru. Sespe, 
and Santa Paula Hydrologic areas of the Santa 
Clara River (DWR, 1993). In addition, the Regional 
Board contracted with Dr. Prem Saint of California 
State University at Fullerton to survey and research 
beneficial uses of all waterbodies throughout the 
Region (Saint, et at., 1993a and 1993b). 
Information from these studies was used to update 
this Basin Plan. 

State Board Resolution No. 88-63 (Sources of 
Drinking Water) followed by Regional Board 
Resolution No. 89-03 (Incorporation of Sources of 
Drinking Water Policy into the Water Quality Control 
Plans (Basin Plans)) states that " All surface and 
ground waters of the State are considered to be 
suitable, or potentially suitable, for municipal or 
domestic waters supply and should be so 
designated by the Regional Boards ... [with certain 
exceptions which must be adopted by the Regional 
Board]." In adherence with these policies, all inland 
surface and ground waters have been designated 
as MUN - presuming at least a potential suitability 
for such a designation. 

These policies allow for Regional Boards to consider 
the allowance of certain exceptions according to 
criteria set forth in SB Resolution No. 88-63. While 
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supporting the protection of all waters that may be 
used as a municipal water supply in the future, the 
Regional Board realizes that there may be 
exceptions to this policy. 

In recognition of this fact, the Regional Board will 
soon implement a detailed review of criteria in the 
State Sources of Drinking Water policy and identify 
those waters in the Region that should be excepted 
from the MUN designation. Such exceptions will be 
proposed under a special Basin Plan Amendment 
and will apply exclusively to those waters 
designated as MUN under SB Res. No. 88-63 and 
RB Res. No. 89-03. 

In the interim, no new effluent limitations will be 
placed in Waste Discharge Requirements as a 
results of these designations until the Regional 
Board adopts this amendment. 

The following sections summarize general 
informatidn regarding beneficial uses designated for 
the various waterbody types. 

Inland Surface Waters 

Inland surface waters consist of rivers, streams, 
lakes, reservoirs, and inland wetlands. Beneficial 
uses of these inland surface waters and their 
tributaries (which are graphically represented on 
Figures 2-1 to 2-10) are designated on Table 2-1. 

Beneficial uses of inland surface waters generally 
include REC-1 (swimmable) and WARM, COLD, 
SAL, or COMM (fishable), reflecting the goals of the 
federal Clean Water Act. In addition, inland waters 
are usually designated as IND, PRO, REC-2, WILD. 
and are sometimes designated as BlOL and RARE. 
in a few cases, such as reservoirs used primarily for 
drinking water, REC-I uses can be restricted or 
prohibited by the entities that manage these waters. 
Many of these reservoirs, however, are designated 
as potential for REC-1, again reflecting federal 
goals. Furthermore, many regional streams are 
primary sources of replenishment for major 
groundwater basins that supply water for drinking 
and other uses, and as such must be protected as 
GWR. Inland surface waters that meet the criteria 
mandated by the Sources of Drinking Water Policy 
(which became effective when the State Board 
adopted Resolution No. 8863 in 1988) are 
designated MUN. (This policy is reprinted in 
Chapter 5, Plans and Policies). 

Under federal law, all surface waters must have 
water quality standards designated in the Basin 
Plans. Most of the inland surface waters in the 
Region have beneficial uses specifically designated 
for them. Those waters not specifically listed 
(generally smaller tributaries) are designated with 
the same beneficial uses as the streams, lakes, or 
reservoirs to which they are tributary. This is 
commonly referred to as the "tributary rule." 

Ground Waters 

Beneficial uses for regional groundwater basins 
(Figure 1-9) are designated on Table 2-2. For 
reference, Figures 2-11 to 2-18 show enlargements 
of all of the major basins and sub-basins referred to 
in the ground water beneficial use table (Table 2-2) 
and the water quality objective table (Table 3-8) in 
Chapter 3. 

Many groundwater basins are designated MUN, 
reflecting the importance of ground water as a 
source of drinking water in the Region and as 
required by the State Board's Sources of Drinking 
Water Policy. Other beneficial uses for ground 
water are generally IND. PROC, and AGR. 
Occasionally, ground water is used for other 
purposes (e.g.. ground water pumped for use in 
aquaculture operations at the Fillmore Fish 
Hatchery). 

Coastal Waters 

Coastal waters in the Region include bays, 
estuaries, lagoons, harbors, beaches, and ocean 
waters. Beneficial uses for these coastal waters 
provide habitat for marine life and are used 
extensively for recreation, boating, shipping, and 
commercial and sport fishing, and are accordingly 
designated in Table 2-3. Figures 2-19 to 2-22 show 
specific sub-areas of some of these coastal waters. 

Wetlands 

Wetlands include freshwater, estuarine, and 
saltwater marshes, swamps, mudfiats, and riparian 
areas. As the California Water Code (§13050[e]) 
defines "waters of the state" to be "any water, 
surface or underground, including saline waters, 
within the boundaries of the state," natural wetlands 
are therefore entitled to the same level of protection 
as other waters of the state. 
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Wetlands also are protected under the Clean Water 
Act, which was enacted to restore and maintain the 
physical, chemical, and biological integrity of the 
nation's waters, including wetlands. Regulations 
developed under the CWA specifically include 
wetlands "as waters of the United States" (40 CFR 
116.3) and defines them as "those areas that are 
inundated or saturated by surface or ground water 
at a frequency and duration sufficient to support, 
and that under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in 
saturated soil conditions." Although the definition of 
wetlands differs widely among federal agencies, 
both the USEPA and the U.S. Army Corps of 
Engineers use this definition in administrating the 
404 permit program. 

Recently, both state and federal wetlands policies 
have been developed to protect these valuable 
waters. Executive Order W-59-93 (signed by 
Governor Pete Wilson on August 23, 1993) 
established state policy guidelines for wetlands 
conservation. The primary goal of this policy is to 
ensure no overall net loss and to achieve a long- 
term net gain in the quantity, quality, and 
permanence of wetland acreage in California. The 
federal wetlands policy, representing a significant 
advance in wetlands protection, was unveiled by 
nine federal agencies on August 24, 1993. This 
policy represents an agreement that is sensitive to 
the needs of landowners, more efficient, and 
provides flexibility in the permit process. 

The USEPA has requested that states adopt water 
quality standards (beneficial uses and objectives) for 
wetlands as part of their overall effort to protect the 
nation's water resources. The 1975 Basin Plans 
identified a number of waters which are known to 
include wetlands; these wetlands, however, were 
not specifically identified as such. In this Basin 
Plan, a wetlands beneficial use category has been 
added to identify inland waters that support wetland 
habitat as well as a variety of other beneficial uses. 
The wetlands habitat definition recognizes the 
uniqueness of these areas and functions they serve 
in protecting water quality. Table 2-4 identies and 
designates beneficial uses for significant coastal 
wetlands in the Region. These waterbodies are 
also included on Tables 2-1 and 2-3. Beneficial 
uses of wetlands include many of the same uses 
designated for the rivers, lakes, and coastal waters 
to which they are adjacent, and include REC-1, 
REC-2, WARM, COLD, EST, MAR, WET, GWR, 
COMM, SHELL, MIGR, SPWN, WILD and often 
RARE or BIOL. 

As some wetlands can not be easily identified in 
southem California because of the hydrologic 
regime, the Regional Board identifies wetlands using 
indicators such as hydrology, presence of 
hydrophytic plants (plants adapted for growth in 
water), andlor hydric soils (soils saturated for a 
period of time during the growing season). The 
Regional Board contracted with Dr. Prem Saint, et 
al. (1993a and 1993b), to inventory and describe 
major regional wetlands. Information from this study 
was used to update this Basin Plan. 
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~ r l o r i ~ e d  aewatamoav. hynsulsiaryscijon would eguhs sdebaed ansipis ofme sma. o M a m a ~ o C t l M C h a n n e l l r ( a n d r a n d ~ ~ - a a s ~ 
MUN drrlgns6onr am 

& M a t e d  undn SB 8803and a ~ w ~ ~ m m ~ o r a e d i n c o s ~ ~ a a t u e r ~ a b b ( 2 - 3 ) o r i nwemndr 
RE as.03. srme derigoationsmey be Table (24). h a w  areas for one a- rpdss (i.s.. MRON). 
msldered for srempmnsata later d Llmited pub60 assass premder NU uUllszation. p H a M a f m  Clamer Rai. 

data. (see page. ~ J C  e One or mom ram vesiea "mu, an -an, eblurarler, and -.la1 wellandsfw q Wnenevsrlovmnmons am ~ Q b l n .  mr more mar). b ~ r ,  

1nrag.w andm nssnng. r Pubk -3% pmhwed by calkwar MWD. 
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OI 

use 4CO E: ~dsungb n ~ ~ r ~  FWOL~S am rmulafanl on an banera use t8blns. k pubrr -rr n rasrvolr diasunanam hpm~~iw 

P: Polemtialbenefidai use a wab-ms am i m d  mumpls ~ n e sirw nosshydrobgb area or nubarns boundaries Un Lor Angels3 ~apahn to fwa te rscd  Paver. 
I: Interminelbanardd use Beneficialuse SesignaUons apphlto a l  bibuIarNa 0 me hldicalrd wal*. InolTslad rapante!y I-' 
E. P.m d  8 $hsnba pmtaded mrrved b walsmodler designated =$WET m 4  MMMMS hhbllatttciated* miyhpodon of lhn w a t e ~ d v .  

m ~ c e s sp m h m d  by ~ o s m w e sc m  DPW in me cm-16 

~ e r n e dMUNd e r l g n s ~ snn, my mgllemrya h wv!d  muire a damlad snarrlr of me m a .  ChannelbW areas. 


eeslgnalea ss e e s j  and RB 8903. r c o a ~ w v r a n ~ o d i ~ s * ~ h ~ s h  F~+S (2-3) (2.4). a k r r  pmhwdedby L w h ~ ~ k s  M DPW.
are *u, ,bled ilc o r a ~ d  ~ s b k  or hl w e l l s n d r ~ a b ~  C 

same dmrignations maybe c a n ~ a r a d  a one or more rare v*s u b i l e  all ocean. bays. edvrams, and coaala1wclanasfamraping andlor nesung. I Rare applies only@ Agua Mwna Csrman6 SepulwdaCanyon areas. 

for axswtaos a ifladate. (sea f ~ q u a l cw g a d m  ulilire an b v ,  estuaries. bgoansand mssM revandr. to a ams*lextent, for spaming and sa* dsuelopmmt. rnSrwm -ed and mu. hlassSwa. 
page* 2-34 for more delails). ~ n l rmay newsmigration lnto areas w m h  are hesvuy intluancad byfreahmkr inputs. 



Los Angeles RegionalWater Quality Control Board 
Table 2-1. BeneficalUses of Inland SurfaceWaters (Continued). Tatk Page5 

WATERSHED* I :%;]YuNI IND IPRoc l  AGRI- IFRsHl  m v I - I R E c - I R E c z l - Y l m A I w m Y J c m D I s ~ L )  esTI-Imm)-(-ImR)-IsHO*IwEP( 

IMALIBu CREEKWAERSHED I 1 \ 1 1 I I 1 I I I I I I I I I I 1 1 1 1 1 1 1 1 

(WestlakelRes 

11,.&,..I.. niver 1 4 0 5 . 2 1 1 P ' I P I  I I E I  I I I E I E I  I I E I  I I I I E I  I I I I I E I  

a, 
0 E Existmgb e n s m  us. ~mbwtesaram o s ~ s r lmsl  bnwumuD*, k R b l C L m s I O R I M Y ~ I J l u m u l ( n ) ~ n t P a l ,  
M P ~otantala n c f d d  use a wan- r e  instso ~ p l rmcs d may uosa hydrmogc sna m ahan*&dams HI.* lr 0 an-~ . -- -~ 

I: InlermmBIDOnelkIalY s a  

E. P. and Ishallbe pmlecled as required 
* M e r l a d  MUN dslignalions ars 
ds4nated under SB 8 8 8 3  and RE 8903. 
sans designationsmaybe mnraered 
lor sremption~sts 1st- date. (See 
pages 2-3.4 lor mom delalr). 

aemmdure doaapnamna apphl lo a l  ~ u ( s h s 1 0me haulededmmcdy. 1nm b k dxpsdahl 
b wa(*bodlcsdcslpnano sr WETm q  ~ r smuanoa Mmla d l e d  .dmy p o r n  m ma *barbody 
arw Wa,.,ry.d(lon ro"l.3isq",,. .d.W.0 ."*MIS d hsale8 

c cobsGyilte&erl*hich are& IUWim coa& Festurs Tabla (2.3)or m wallands~sble(24). 
e one or mom m e  spesiss utlnas all owan, bsyr, sriarmes,and m&l wenandr r a r m g i q  andlanermg. 
1 AquaGc~mmbm"Urn an blp,estuaries, l m s a r dmasW wands, loa certslnatent, fo fosqmiqand early development. 

ruema, induds migrationnlo arsasvrhicham ~ s v w i m a n c s dbyfmahcer nplns. 

m A m n l  m e dby Loo Angabs C- OPW *IihF m e -
ShamePzed-L 

v Plbbualaapphnrservm ~ p m i m s p ~ ~ .  
u mesa m a r  rnm e e m d  dmmeb. ~lrdefannsr to w 

P M o  inReglond Bosdd-enlsae funcfiaV 
*"dent lo e M , ,  

5 Access DmhibRedWLor -s ColnNOPW. 



Los Angeles Regional Waler Quality Control Board 
Table 2-1. Benefical Uses of Inland Surface Waters (Continued). 

WATERSHED= 
Hydro. 
UnitNo NUN IND PRM: AGR GWR FRSH NAV WW RECl RECZ COMM AQUA WARM COW SAL EST MAR \MLD B1M RI\RE MGR SPWN SHnl 

LA RNER WATERSHED (CONllNUED) 

Lime Santa Ani 

W P. potentialbenwesl use a watahdies am tirted m u ~ p ~ m  IS hydrmogr area a rubarea~ n n ntititisiltmy 

I: lnlenninent benwcial USB esnefidause designations a p ~ b  kled -I*.
ld 

a# blilaner bme indlcaledr m d y .  ~ n m  

E, P, and I shall be pmtened as req*ed b WateMies designated eSWET may ham vraUands h a b l W a s S o ~ b dmVI cdy a pdbn ofma a-y.
- ~\s~otired my ~gl la toryac~onwovldwhsa w i l e d  anahasor ma m a .MUN designations are 
designated under se 8843 and RB 89-03, m Access prohwed b y ~ o swater covnty DPW h mncrentchananmdareas. 
Srmedesignationsmay be mnlaored " h " P m h m  

for exsmpfins at a ialer dale. (See 
pages 2-33for mom details). 



Los Angeles Regional Water Quality Control Board 

LOS Angeles Reservoir 

a 
CO 

E: EdrGng bmetidal urs Foolmter am cansirtenlon aR bsnerdd use tables. 
P: ~ o l e n u ~ l  a waterbodies a n  lined muapls ancr n t h q  oosa hpbmarea OT aberea baundnd*~bemrdd use 
I: hlmrmillent b e ~ l i d a l  urs ssnsrdal use designations apphm a l  bibutarmsto me hdlsatsd wwtay, if no1lkmd rep&*. 

E. P. snd 1 shalt be pmlsclrd as required b ~at~modie~deflgnalsd may haw relands habimtersaiamd whll mha pornonolmswalerbw.sr WET 


~ n n b e dMUN dsaignauwr a n  mmgulalwy s m o n m l d  requir~
a detailedsnshlgr erne m a .  

de~goatedunder SB 8863 and RE 89-03, k ~ l b r i  1s pmhlmw by LOSAngdea Dspa+tmnt olwaer w4 Pormr.access ~o mrewoksnd itr rurmundingwalerrh~ 
counbDPW hl conast%shannsrred areas. 


for siempthns st a later dale. (See u mir rererwirir mvered and mu% ha-ribls. 


p p r  2 . 3 ~lormore details). Y cunently hy a m  no plansbr wnoifiion. 


soms designations may be mridered m w e a s  pmhhitsd by ~ o r ~ n g d e s  



Los Angeles Regional Water Quality Control Board 
Table 2-1. Benefical Uses of Inland Surface Waters (Continued). 

WAERSHED' U2,"zdHUN WD PROC AGR 

-0s ANG!ELES RIVERWATERSHED(CO T) 

mR FRSH NAV POW RECl RECZ COMY AQUA W&RM COLD S N  EST MAR WILD BKlL W YKiR 

TaMe Page 8 

SPYYEl SHUL W E f  

~ - ~ ~-~ ~ - ~ 

an GabrielRiver: Whiltier N-Firestone 

some designation. may be -side,& e O"0 or mom m.p.der umz. a,, ossan, bey=. edurariol. and so.sbluofl."d.fa(ongi"g andlor nesUng. 

to, erempsonr at a fater date. (see f ~guaticorsanbmD u l u e  an bays. armades. lagoms and martalaeuandr. to a sehaln utenf for q m l n p  and earty development 
pager 2-3.0tor more details). This msy &ds mipraMn inlo areas "hidla n  heavily influencedby ta-br inputs. 

r P Y ~ ~ I ~ C  sunovnding ralennsd hpohibnee 4 ms ~ o s~ C W S Sm rsrsrvol ana ns ~ngskrshrpamentor water and P m r .  



Los A n g e k s  Regional Water Qua l~ lyControl Board 

a w a t e ~ s s  d p w  nmss utheyooss hydmlogk s m  ambsm bound*an, ~ a e d  
I: Inlmiltsnt benNoauw aenerda m e  derQna6mr apph a an tributaries lo me h a t e d  w a e m q ,  n mt lrwd rcpamsb 

O) E. P, a~ I rhan bs pro,- as wuhsd b wats~mdlssaesipnatsda* WET msynsvewaand~habltst asoatad vm mwa pcmn olmewatawbody. 
MUN designalmaare nm ragulstory mion murd r@ a d a a M  snahs~rd me w s .  

desbnatadunderSB 8883 ~8 8gm. m /\sssu pmhmed b~ LO$M g e I e ~C CW W~h mxr& channsrledareas. 

some designancm may ~s mnsidered r Ormer p m m b  m. 

mr axempaon=eta latwdate. (See I IUIOIISW on p&u* page. 

pwos 2-3.4 r m mdeans). 




Los Angeles Regioh-. tdater Quality Control Board 
Table 2-1. Benefical Uses oflnland Surface Waters (Continued). Table Page 10 

a, 
0 


E: ~drtingb e n m a l  urs FOOWS mansiamnton a~ benaml use tables. 

a, P: Palentis1 bemfidal ura a W a ~ m o d l s ~ a r a ~ ~ l e d r m ~ ~ ~ ~ ~ s m r r ~ ~ ~ k i s ~ ~ ~ r ~ ~ b b b b ~ ~ ~ .  
I: lnlermlnerd bematidl III Banencia1u s daslgnaml .pmm an blbut8rbrm hshdhamd Mte8boq.  unotrmmdsepmlsh,. 

b ~ d ~ ~ o d l a r d a a ~ n a l a d ~ ~ ~ ~ ~ m a y ~ ~ ~ h a ~ ~ e ~ ~ ~ ~ ~ ~ o r t h s ~ ~ . 

kteri lsd MUN delignalons are my~su ld f iwaamrnwld rewmsdeamdanahur n h s  area. 
4 E. P.and I shall be pmmmd ar required 

dcdgnakd undsr 58 8883 and RB 8 ~ 3 .  aa Hamlcdem C h m  l&nd Fox. 


some derignaU0nr m y  be mnYdtlred ab mbw s l e m  IS a l s  m Region 8 (801.2q. 


(or ensmpmnsat a la la  dab. (See 
p:lger 2-3.4 lor more details). 

http:(801.2q


Table 2-2.Beneficial Uses of Ground 

m 
Bain N:.~ wN NUN IND 

Los Angeles Regional Water Quality Control Board 

m 
Braln N:~PRM: -INAGR AQUA MUN MD PRM: 

Tam Page 1 

AGR A9UA 

PITAS POINT AREA ae E E P E VENTURA CENTRAL (CONT) 

1 4-3 IMNTURA RNER VALLEY I I I I I I I I G h e s  Canm Rd. and Emadway area 

N Loeelarea we51ol PtA 


0)  

E: Existirqb e n e m l  ure FOOb7ODS am mndslent lor an knsMsl u s lables. 
w t i d e m m e  mai0rhshs wed on mi. 1.9 have not be- d m cP: p o t e mbenefidal use ac ~enerdaluser for m u n d r ~ e r r  tatde and ouuhsd in ~ig. spdrra~v6-d. nrmever,gmundw a t ~ s a ~ d a  

see pagers?to 2-3rorderuiptimr mabt besins am. in many Y Y S .  siaiaikant LOLLS ofrofter. FuvIhsrmwe.gmund wlam m d e  Df IM) major basim rn e8hrpoftntidddxti%ng sourns D f w ~ ~ f o r ~ m f f l s n t  

orbenslisl "=a. 



Los Angeles Regio,,al Water Quality Control Board 
Table 2-2.BeneficialUses of GroundWaters (Continued). TablePage2 

DWRBssln No. 8ASIN IMUM IN0 PROC AGR AQUA 

4-11 ILOSANGELES COASTAL PMIN I I 

I I N a r m  area (below confluence ofverdugo I I / 1 I I 

I I Santa Anita area 

I / Western area a i  

I I I I I I 
E Eliding benefidal use ~ootmlerare m n r i r ~ mfwall benerkial use tables 
P: Palentiat benekial "re ac Benerhial uses f a  mound waters oulride of me major basins listed on this table and outlined inFig.1-9 ha- not k e n  rpmacy lisled. Hwever. gound wafers outside of the majw baains are, in many 

See pager 2-1 to 2 3  fa uses. signmunf smrce. of waler Funhermore. ground waters ovtoae of the majw barins are eiLherpalentiala sxislmg r o w u s  orwaler for domgradfm barinr, and as rudl, benddal l n e s  in me 

dencrlplionr of downgradienl bar& shall appv la there areas. 
ad Basins are numberedacmrd'mg lo  DWR Bunelin No. I l S m(om.  1980).

banercial user. ag me cetewfor  me FoMhili Wellr area in me old Baain Plan inmrectv w p e d  ground water inthe Fmthill sna with gmund waRr hIha Sunland-Tujunga area. Acmdwly. me new cstegaries. Fwhilt ares 
and SunlaM-Tujungs area, replace me Foomiu Welb area. 

ah NIne polMian inihe gmowvhater Mthe Sunland-Tuiunga area olrrmly d u d e s  d i w  MUM uses. Sinselhe ground water in this area canbe treated w blended ( a  both). 3 relains Ihe MUM designation. 
a i  rn of the groundwater inthe ah san G&I %asina -d byihcerww s  sm GS+&I area and -tern CM m~ s r hd ~ a i n  ~ s r i n s a s ~ r n  ruea w a h ~  8ig m m  washand ~ m l e  

reparale h e  eastem area hwn #he western area (see dashed line on Fig.2-17). h y  gmnd  water upgradient of mere areas is rutiectto domgradient MMtidal usas and objemer. as explainedin ~rmnoteac 
The border be- Regman 4 and8 -s IhaUpper SsSIa haVa Iey  Ground Water Be$h. 

ak Gmmdratw inthe Conejo-Tiena Rejade Volcanic Area occurs pinarily hbac(uednyanb mcks in ihewestern Santa Monica Momlains and twoM o M i n  are-. h e r e  areas h mnot 1hemdslinrrned on F ~ .  
at W* Ihs exceplm of ground water hMatibu Valley ( O W  Basin No. 4-22). ground wallerr a m  the southern slope3 ol iheSsnta Mmlca Mmtahs  am nnsanraered IO mmphse a maim basil and aaoraiylv 

have not been d e r m t e d  a basin number by WVR or wllinad an Fig. 1-9. 
am DWR has not designated barinr for ground waters on iheSan ~ e d r oChannel Islands. 



Los Angeles Regional Water Quality Control Board 

E d i i  Cana Estuary 
Channel Islands Harbor 

N 
0)  

I I I 
E: hiEting Denahcia1 ula Fmtmhs are conripten(br an benewd use lebler. 
P: polantiat ensk kid use s wabrbodbsare nsW mlliple 6mer ifmeyuoaa hydd@carea mrubsrea boundafiea. Burticia1 use designan- ap@yto an mbuwrr  
I: ~n~armiwntbsnerrial use bme indttahd walakmdy, n nolnrledsparstew 
E. P, and Ishall be pmhcled as w u i e d  b w a t e w i a r  d s s @ W  as WET may havswetlams mbitrt arsasiabd win onbs poffion of merwlerbody. my regulatoryaction-Id require a demsd e ~ l y r i r  orme m a .  
r ~eanhore1s d m e d  as me zone c c o a s h l w a t e ~ i e suhkhare slro listed 1" blandsurrase wales ~ab l s  (2-1) or h w e t l a n ~Tam (24). 

boundedby me r or el ins and a Une d L'inibd wblicaumrs p m e s  MIubKzffion. 
rwoket tmm me shorelns ame e One or mme rare rpedesvllnrsallosean. bays. esbratiei and man* Wnands for foragingandlor nesting. 
3o-fool depm contours, whlcnever is f ~ q u s ~ corganisms uUlm a l  bays, eabaier. lagoons and c o a r l  welsnda. lo a certain exlent, for spming and esdy development. This may indum m lg ra~n  
fumrftwnmshwe lns. LangShws inlosrsasrmWare hears7h r w w  by f r e S M e ,  m. 
sdsnt la fmm ~ h c o ncmek b n m a  +scvnennyumer mnmorme NNW mhming is prmibiled. 
ma San ~sbriel~ i i e r~mary. o ~ a t i n a~abi lalror me Channel ldands and ~ u g u  ~ a g mssrvsas pinnlpsd haul-oul areas for one or more species (1.e.. sea lions). 

p Habitstof me Clapper Rd. 
an Areas dSpec4al BiologW SlgMmnce (along maslfmm La690 Prrlnt b L w n a  Point) and Big Sysanore Canyan and Wfone Cove EmW-1 Renrver 

and Point Femh Msrhs LKs Rehge. 
ao water conlasl reweawn aslviho mpmhibtsdby me s d e m  caliiomia ~disonco. 
ap Walrr conlaslmnesmal sc(Mneram m i k d  lo me beam area af the harbor by Matim ~ m o d i e r .  
as Water mnlaclmaearmnsl &Ires are limited by cnyaf omrdlo within me eaaemsnt area of each home. 
sr Areas erhibimg large shew& p o p ~ a m sindude Malbu, Poinl Oume. ~ d n l~ermln.w t e  point and zuma ~each. 



Los Angeles Regional Wae,  Quality Control Board 

Table 2-3. Benefical Uses of Coastal Features Continued). Table Page 2 


II Rogers State Beah 

U 
D 

I 1 

E: Ex '~ngMnemsl use FOO~OI~Oan mnsslan~forst benefdcl u ~ t s b k a .  . . -.-....-, -..-....-, wawmdksaelisted n w J m  mmmnhe, mshMrmrmoiiarea or rubareabaundarias-. o-b.-.:-, - - o ~ - : ~  a . ."0-

I ~ntcrmaltdn~ use ~ecerdaluse .magr~~n. mtmtady. 1no1rswsrpsmteiyapph IO an m$lmirs fo me 
E, P, and I ommncd as req3ed b wdtsmoa!rs aeripnam-d as VVET may h m  r c m a s  h a b m  aslooama urn on*. ponbon Q mrafcmoq 

MV IBOLI~~OWacxm-la renuare0 awlsd n a l v n s  Q M ana 

bncava~ 

, - . 
c ComAwdertad*a vm'ch am~160 Walam Table (2-1) or In Weltands Table (2.4)listedin l n l a n d s ~ c s  
e one a more ram s p e c k  ~t lma1ocsan. b ~ . &anor amor nsrlulmgsrturanss. a d  ma*# lo, l a a ~ n g  
I i\(lrakolgan ~ b l z ca l  b w ,  rsbmler. lagoons and msstal musndr. lo a c r ~ i ndmt. for -:ng and eany aauslopmnr 

nabmrv on*<. marabon nto areas mcharm neavohnhlsncsd 4 k s h l u  nod-. 
ar h a s  exhibiang large shclruh lnpvleti~ns P ~ I  zuma Beachhwds  Mamu. ~oinlnurna. ~srmkl.WMla ~olnland 
es MOII grunion v m m g  ka-.h~q~enth/med omsrbrachesw be "seaasmn. 
w mese anas a n  engineem channels /U nfnsmer to ~ ida  ~ o a dprisms ~n ~rgirnal documentsan, run~awquivalanl toes~uade, 



LOSAngeles Regional Water Quality Control Board 
Table 2-3.Benefical Uses of Coastal Features (Continued). Table Page 3 


COASTALF U N R E  UnaNo. HUN PRocl w.v Pow RECXI REczI C O ~ M I  w m l  CMD EST w wLDl  BloL l  RARE1 mGRl smwl s n d d 
I 1 I I I I 	 1 I IW. 

E: Eiir6ng benefidaluse 
P: Potem1 benerdclal use 
I: lnlenniiten~benerrial use 
E. P, and Ishall be pmlecledas required-	 ASloriied MUN designations are 

dsugnsled under SB 88-83 and RBQ3 
S m  de3i ia lMS mBy be mtidBTBT6 
mr exemptions st a later date (see 
P'4-I 2 4  and 2 4  lor mors details). 

+ Neanhora is defined as me zonerD bounded by me rhoreline and a line 
l o w  1eetfmm me morefineor the 
30-f001dspm mnlom. whichever is 
rumarkomme rhon line. 

FDOblOter are d s t e n t  bra11 benefdal use lab(==. 
a Wsteaodies are listed mulr'ple times if t h y  -5 hydrhyd~ogkareaor subarea bmdares. 

BenancleIurs designations spplym an Uibvlarier lo ma Malealed vatnbody, ir not k ted seperakly. 
b Wstmbcdisr designated as WET may have wuandd hhbPIassdaed wNI only a pomn  of msab rbady  

~ n yngublory acuon would require s dslailsd a m w a  of ms area. 
c COBslal Walemi- Which ache a!? IiIW in InlandSuflaceWalen Tabls (2-1) or inWetla& Table (24). 
F O m s  m m ~ ~ = a 8 0 m a a a  mr tomgiig andrat nesting.bays,ayrphlphllilis,and ~(~(~(~~Iwe i landnd 
1 Aquaiir: o v i r m r  arm all b w ,  e*tirr, Isgoonsan6 coaslal wrlams, lo a certain exlent, tor apming  and eadydevelop"On1. 

mir mwincbde migram inlo areas Which a n  hsavlly h m n m d  bymUmakr  inpm. 
o Marine Hamtabofme channel ldsnds and ~ u g u  sea ilons).a ago on serve ar finniped ham-out anar faone a m a s  speties (1.s.. 
w mess anaa are engineeed channels. An refencer lo Tidal Pdms in Rsglonal B w d  d-menb a n  hmc6ona4yequivalantlom enuaw*. 
as ~ o s lhequentb used grunion spawning beaches. Omer beaches may be used ar well. 
at ~ n a r  Sign~cancao(Special ~ l d o g i a l  or amlogical nservsr. 

0 
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Venura River Estuaryc 

ms !onmay no1 bc all ncwslrs MOCO FO-a s n  mnda(sdlw s l  bcntuau u  taws 
arc+$ may bc addco sronfarnabon a wo~elbodcsam haled mubpb lmes 1hey munyambgr; sss or w b a n a  bovnoansr 
becamrs rvoaablc ~ene6aalLS. oessnshonnamh lo i(nauf-a.. . lo m1ndral.d wafnbo* 1not iwed sepladdv. . 

E: ~x i r l ingbeneficial ure b Wate~bodierdesignatedar WET may havewellends hab i i l  arurialed *rim onhl a parwn mthe weie*ody 
F ~ r l r n tan brnerc a1 6%. nm r cgua tq  acbon *o,lo r q r  rr a oelsd.d enat@. o( n e  srss 
I intermmsnn benclr sl use 

:' E P and I%hallbe plOlWlcO 8%WQLIIeO 
c 
d 

coarlal wmbod~esnf~lcnale also #sledn bttano S.n-
Lamledoublc mcsr3 01cc4udes lrllvllRafoon 

wslrls rams 12 11  of m coaslal ~ e a ~ r s 5labfe12 3) 

e one or ;on rare ipeiies ~ 6 1 1 2 . ~ l  -an, bays. enurartes, and coasls~ Wllands tamraging anmr  nesting 
I rtquslkammirms utiiize an bays. as(uarics. l a m w a n d  coaslal welland*, lo a csrtsin eneni, for spaming and aady development 

This may includemigraUon hlo areas which are hesvilynlluancad by tsshwabr inpm. 
n / ~ e aIS curmn(w underurnlro~01me N ~ V Y :  m m m h ~.IS prohimlea.. 
o ~ a r i n en a b i ~ l rof me channel lslsndr snd h4vgu Lagoon 
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REACH BOUNDARIES 
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SANTA CLARA RIVER 
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3. WATER QUALITY OBJECTIVES 
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The Clean Water Act (5303) requires states to 
develop water quality standards for all waters and to 
submit to the USEPA for approval all new or revised 
water quality standards which are established for 
inland surface and ocean waters. Water quality 
standards consist of a combination of beneficial 

uses (designated in Chapter 2) and water quality 
objectives (contained in this Chapter). 

In addition to the federal mandate, the California 
Water Code (513241) specifies that each Regional 
Water Quality Control Board shall establish water 
quality objectives. The Water Code defines water 
quality objectives as "the allowable limits or levels of 
water quality constituents or characteristics which 
are established for the reasonable protection of 
beneficial uses of water or the prevention of 
nuisance within a specific area." Thus, water quality 
objectives are intended (i) to protect the public 
health and welfare and (ii) to maintain or enhance 
water quality in relation to the designated existing 
and potential beneficial uses of the water. Water 
quality objectives are achieved through Waste 
Discharge Requirements and other programs 
outlined in Chapter 4, Strategic Planning and 
Implementation. These objectives, when compared 
with future water quality data, also provide the basis 
for identifying trends toward degradation or 
enhancement of regional waters. 

These water quality objectives supersede those 
contained in all previous Basin Plans and 
amendments adopted by the Los Angeles Regional 
Board. As new information becomes available, the 
Regional Board will review the objectives contained 
herein and develop new objectives as necessary. In 
addition, this Plan will be reviewed every three 
years (triennial review) to determine the need for 
modification. 

Stafement of Policy with Respect 
to Maintaining High Quality of 
Waters in California 

A key element of California's water quality standards 
is the state's Antidegradation Policy. This policy, 
formally referred to as the Statement of Policy with 
Respect to Maintaining High Quality Waters in 
California (State Board Resolution No.68-16), 
restricts degradation of surface or ground waters. 
In particular, this policy protects waterbodies where 
existing quality is higher than is necessary for the 
protection of beneficial uses. 
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STATE WATER RESOURCES CONTROL BOARD 

RESOLUTION NO. 68-16 


STATEMENT OF POLICY WITH RESPECT TO 

MAlNTAlNlNGHlGH QUALITY OF WATERS IN CALIFORNIA 


WHEREAS the Caliimla Legislature has declared that R is the policy of the State that the granting of permits and licenses for 
unappropriated water and the disposal of wastes inlo the Waters of the State shall be so regulated as to achieve highest water quality 
consistent wnh maximum benefit to the people of the State and shall be controlled so as to promote the peace, heabh, safety and welfare 
of the people of the State; and 

WHEREAS water quality control policies have been and are being adopted for waters of the State; and 

WHEREAS the quaiity of some waters of the State is higher than that established by the adopted policies and it is the intent and purpose 
of this Board that such higher quaiity shall be maintained to the maximum extent possible consistent with the declaration of the 
Legislature; 

NOW, THEREFORE, BE ITRESOLVED: 

1. 	 Whenever the existing quality of water is better than the qualiw established in policies as of the date on which such policies become 
effectwe, such existing high quality wiil be maintained until R has been demonstrated to the State that any change will be consistent 
with maximum benefN to the people of the State, will not unreasonably affect Present and anticipated beneficial use of such water and 
will not result In water quality less than that prescribed in the policies. 

2. 	 Any activity which produces or may produce a waste or increased volume or concantration of waste and which discharges or 
proposes to discharge to existing high quality waters will be required to meet waste discharge requirements which will result in the 
best practicable treatment or control of the discharge necessary to assure that (a) a pollution or nuisance will not occur and (b) the 
highest water quality consistent with maximum benelit to the people of the State wiil be maintained. 

3. 	 In implementing this policy, the Secretary Of the lnterior wiil be kept advised and will be provided with such information as he wiil 
need to discharge his responsibiliiies under the Federal Water Pollution Controi Act. 

BE IT FURTHER RESOLVED that a copy of this resolution be folwarded to the Secretary of the Interior as part of California's water 
quality control policy submission. 

CERTIFICATION 

The undersigned, Executive Officer of the State Water Resources Controi Board, does hereby certify that the foregoing is a full, true, and 
correct copy of a resolution duly and regulally adopted at a meeting of the State Water Resources Controi Board held on October 24, 
1968. 

Dated: October 28. 1968 
Original signed by 

Kerry W. Mulligan. Executive Officer 
State Water Resources Control Board 
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Under the Antidegradation Policy, any actions that 
can adversely affect water quality in all surface and 
ground waters (i) must be consistent with the 
maximum benefit to the people of the state, 
(ii) must not unreasonably affect present and 
anticipated beneficial use of such water, and 
(iii) must not result in water quality less than that 
prescribed in water quality plans and policies. 
Furthermore, any actions that can adversely affect 
surface waters are also subject to the federal 
Antidegradation Policy (40 CFR 131.12), developed 
under the CWA. The USEPA, Region IX, has also 
issued detailed guidance for the implementation of 
federal antidegradation regulations for surface 
waters within its jurisdiction (USEPA, 1987). 

Regional Objectives for Inland 
Surface Wafers 

Narrative or numerical water quality objectives have 
been developed for the following parameters (listed 
alphabetically) and apply to all inland surface waters 
and enclosed bays and estuaries (including 
wetlands) in the Region. Water quality objectives 
are in italics. 

Ammonia 

The neutral, un-ionized ammonia species (NH,) is 
highly toxic to fish and other aquatic life. The ratio 
of toxic NH, to total ammonia (NH,'+ NH,) is 
primarily a function of pH, but is also affected by 
temperature and other factors. Additional impacts 
can also occur as the oxidation of ammonia lowers 
the dissolved oxygen content of the water, further 
stressing aquatic organisms. Ammonia also 
combines with chlorine (often both are present) to 
form chloramines - persistent toxic compounds that 
extend the effects of ammonia and chlorine 
downstream. 

Oxidation of ammonia to nitrate may lead to 
groundwater impacts in areas of recharge. 

In order to protect aquatic life, ammonia 
concentrations in receiving waters shall not exceed 
the values listed for the corresponding instream 
conditions in Tables 3-1 to 3-4. 

Timing of compliance with this objective will be 
determined on a case-by-case basis. Discharges 
will have up to 8 years following the adoption of this 
plan by the Regional Board to (i) make the 
necessary adjustmentshmprovements to meet these 
objectives or (ii)to conduct studies leading to an 
approved site-specific objective for ammonia. If it is 
determined that there is an immediate threat or 
impairment of beneficial uses due to ammonia, the 
objectives in Tables 3-1 to 3-4 shall apply. 

In order to protect underlying groundwater basins, 
ammonia shall not be present at levels that when 
oxidized to nitrate, pose a threat to groundwater. 

Bacteria, Coliform 

Total and fecal coliform bacteria are used to 
indicate the likelihood of pathogenic bacteria in 
surface waters. Water quality objectives for total 
and fecal coliform vary with the beneficial uses of 
the waterbody and are described below: 

In waters designated for water contact recreation 
(REC-I), the fecal coliform concentration shall not 
exceed a log mean of 200/100 ml  (based on a 
minimum of not less than four samples for any 30- 
day period), nor shall more than 10 percent of total 
samples during any 30-day period exceed 
400/100 ml. 

In waters designated for non-water contact 
recreation (REC-2) and not designated for water 
contact recreation (REC-I), the fecal coliform 
concentration shaN not exceed a log mean of 
2000/100 ml (based on a minimum of not less than 
four samples for any 30-day period), nor shall more 
than 10 percent of samples collected during any 30- 
day period exceed 4000/100 ml. 

In all waters where shellfish can be harvested for 
human consumption (SHELL), the median total 
coliform concentration throughout the water column 
for any 30-day period shall not exceed 70/100 ml, 
nor shaN more than ten percent of the samples 
collected during any 30-day period exceed 230/100 
ml for a five-tube decimal dilution test or 330/100 ml 
when a three-tube decimal dilution test is used. 
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Table 3-1. One-hour Average Concentration for Ammonia'.' for Waters Designated as COLD 
(Salmonids or Other Sensitive Coldwater Species Present). 

1 TOconvert these values to mglliter N, multiply by 0.822 


2 Source: USEPA. 1986 
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Table 3-2. One-hour Average Concentratioil for Arnrn~nia'.~for Waters Designated as WARM 
(Salmonlds or Other Sensitive Coldwater Species Absent). 

1 TO convert these values to rnglliter N. multiply by 0.822 


2 Source: USEPA, 1986 
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Table 3-3. Four-day Average Concentration for Ammoniaiv2 for Waters Designzted as COLD 
(Salmonids or Other Sensitive Coldwater Species Present). 

Un-Ionized ammonia (mgnlter NH,) 

1 To convert these values to mgniter N. multiply by 0.822. 


2 Source: USEPA. 1992 
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Table 3-4. Fourday Average Concentration for Ammoniainz for Waters Designated as WARM 
(Salmonids or Other Sensitive Coldwater Species Absent). 

1 To convert these values to mgfliter N. multiply by 0.822. 


2 Source: USEPA, 1992 


BASIN PLAN -JUNE 13, 1994 WATER QUALIPI OBJECTIVES 




Bioaccurnulation 

Many pollutants can bioaccumulate in fish and other 
aquatic organisms at levels which are harmful for 
both the organisms as well as organisms that prey 
upon these species (including humans). 

Toxic pollutants shall not be present at levels that 
will bioaccumulate in aquatic life to levels which are 
harmful to aquatic life or human health. 

Biochemical Oxygen Demand (BOD3 

The 5-dav BOD test indirectly measures the amount 
of readi~yde~radabieorganic material in water by 
measurino the residual dissolved oxvaen after a 

Water designated for use as Domestic or Municipal 
Supply (MUN) shall not contain concentrations of 
chemical constituents in excess of the limits 
specified in the following provisions of Title 22 of 
the California Code of Regulations which are 
incorporated by reference into this plan: Table 
64431-A of Section 64431 (Inorganic Chemicals), 
Table 64431-8 of Section 64431 (Fluoride), and 
Table 64444-4 of Section 64444 (Organic 
Chemicals). This incorporation by reference Is 
prospective including future changes to the 
incorporated provisions as the changes take effect, 
(See Tables 3-5, 3-6, and 3-7.) 

period ofincubation (usually 5 daysat 20 'C), and is Table 3-5. The Maximum Contaminant 
primarily used as an indicator of the efficiency of Levels: inorganic Chemicals (for MUN 
wastewater treatment processes. beneficial use) specified in Table 64431-A 

ofSection 64431 of Title 22 of the 
Waters shall be free of substances that result in California Code of Regulations as of 
increases in the BOD which adversely affect 9-8-94. 
beneficial uses. 

Biostimulatory Substances 

Biostimulatory substances include excess nutrients 
(nitrogen, phosphorus) and other compounds that 
stimulate aquatic growth. In addition to being 
aesthetical unpleasant (causing taste, odor, or color 
problems), this excessive growth can also cause 
other water quality problems. 

Waters shall not contain biostimulato~ysubstances 
in concentrations that promote aquatic growth to 
the extent that such growth causes nuisance or 
adversely affects beneficial uses. 

Chemical Constituents 

Chemical constituents in excessive amounts in 
drinking water are harmful to human health. 
Maximum levels of chemical constituents in drinking 
waters are listed in the California Code of 
Regulations and the relevant limits are described 
below. 

Surface waters shall not contain concentrations of 
chemical constituents in amounts that adversely 
affect any designated beneficial use. 

MFL = million fibers per liter; MCL for fibers 
exceeding 10 prn in ienght 
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Table 3-6. The Limiting and Optimum Concentrations for Fluoride (for MUN beneficlal use) specified in  
Table 64431-8 of Section 64431 of Title 22 of the California Code of Regulations as of 9-8-94. 

Chlorine, Total Residual 

Disinfection of wastewaters with chlorine produces a 
chlorine residual. Chlorine and its reaction products 
are toxic to aquatic life. 

Chlorine residual shall not be present in surface 
water discharges at concentrations that exceed 
0.1 mg/L and shall not persist in receiving waters at 
any concentration that causes impairment of 
beneficial uses. 

Color 

Color in water can result from natural conditions 
(e.g., from plant material or minerals) or can be 
introduced from commercial or industrial sources. 
Color is primarily an aesthetic consideration, 
although extremely dark colored water can limit light 
penetration and cause additional water quality 
problems. Furthermore, color can impact domestic 
and industrial uses by discoloring clothing or foods. 
The secondary drinking water standard is 15 color 
units (DHS, 1992). 

Waters shall be free of coloration that causes 
nuisance or adversely affects beneficial uses. 

Exotic Vegetation 

Exotic (non-native) vegetation introduced in and 
around stream courses is often of little value as 
habitat (food and cover) for aquatic-dependent 
biota. Exotic plants can quickly out-compete native 
vegetation and cause other water quality 
impairments. 

Exotic vegetation shall not be introduced around 
stream courses to the extent that such growth 
causes nuisance or adversely affects beneficial 
uses. 

Floating Material 

Floating materials can be an aesthetic nuisance as 
well as provide substrate for undesirable bacterial 
and algal growth and insect vectors. 

Waters shall not contain floating materials, including 
solids, liquids, foams, .and scum, in concentrations 
that cause nuisance or adversely affect beneficial 
uses. 

BASIN PLAN - JUNE 13,1994 WATER QUALlN OBJECTIVES 



Table 3-7. The Maximum Contaminant Leveis: Organic Chemicals (for MUN beneficial use) 
specified in Table 64444-A of Section 64444 of Title 22 of the California Code of Regulations 
as of 9-8-94. 

ConstituentConstituent 
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Methylene Blue Activared Substances 
(MBAS) 

The MBAS procedure tests for the presence of 
anionic surfactants (detergents) in water. Positive 
results can indicate the presence of domesfic 
wastewater. This test can be used to indicate 
impacts from septic systems. Surfactants disturb 
the surface tension which affects insects and can 
affect gills in aquatic life. The secondary drinking 
water standard for MBAS is 0.5 mglL (DHS, 1992). 

Waters shall not have MBAS concentrations greater 
than 0.5 mg/L in waters designated MUN. 

Mineral Quality 

Mineral quality in natural waters is largely 
determined by the mineral assemblage of soils and 
rocks and faults near the land surface. Point and 
nonpoint source discharges of poor quality water 
can degrade the mineral content of natural waters. 
High levels of dissolved solids renders waters 
useless for many beneficial uses. Elevated levels of 
boron affect agricultural use (especially citrus). 

Numerical mineral quality objectives for individual 
inland sufface waters are contained in Table 3-8. 

Nitrogen (Nitrate, Nitrite) 

High nitrate levels in drinking water can cause 
health problems in humans. Infants are particularly 
sensitive and can develop methemoglobinemia 
(blue-baby syndrome). Excess nitrogen in surface 
waters also leads to excess aquatic growth and can 
contribute to elevated levels of NOs in ground water 
as well. The primaly drinking water standard for 
nitrate (as NO,) is 45 mglL (DHS, 1992). 

Waters shall not exceed 10 mgR nitrogen as 
nitrate-nitrogen plus nitrite-nitrogen (NO,N + 
NOTNJ, 45 mg5 as nitrate (NOJ, 10 mgR as 
nitrate-nitrogen ((NO,-N),of 1 mg/L as nitrite-
nitrogen (NO,-N) or as otherwise designated in 
Table 3-8. 
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Oil and Grease 

Oil and grease are not readily soluble in water and 
form a film on the water surface. Oily films can coat 
birds and aquatic organisms, impacting respiration 
and thermal regulation, and causing death. Oil and 
grease can also cause nuisance conditions (odon 
and taste), are aesthetically unpleasant, and can 
restrict a wide variety of beneficial uses. 

Waters shall not contain oils, greases, waxes or 
other materials in concentrations that result in a 
visible film or coating on the surface of the water or 
on objects in the water, that cause nuisance, or that 
othenvise adversely affect beneficial uses. 

Oxygen, Dissolved (DO) 

Adequate dissolved oxygen levels are required to 
support aquatic life. Depression of dissolved 
oxygen can lead to anaerobic conditions resulting in 
odon or, in extreme cases, in fish kills. Dissolved 
oxygen requirements are dependent on the 
beneficial uses of the waterbody. 

At a minimum (see specifics below), the mean 
annual dissolved oxygen concentration of al l  waters 
shall be greater than 7 mg/L, and no single 
determination shall be less than 5.0 mg/L, except 
when natural conditions cause lesser 
concentrations. 

The dissolved oxygen content of all surface waters 
designated as WARM shall not be depressed below 
5mg4 as a resulf o f  wasfe discharges. 

The dissolved oxygen content of all surface waters 
designated as COLD shall not be depressed below 
6 mg5 as a result of waste discharges. 

The dissolved oxygen content of all surface waters 
designated as both COLD and SPWN shall not be 
depressed below 7 mg/L as a result of waste 
discharges. 

For that area known as the Outer Harbor area of 
Los Angeles-Long Beach Harbors, the mean annual 
dissolved oxygen concentrations shall be 6.0 mg/L 
or greater, provided that no single determination 
shall be less than 5.0 mg/L. 
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Table 3-8. Water Quality Objectives for Selected Constituents in Inland Surface Waters.. 

Reaches are in upstream to downstream order. 

Street, Fillmore 

Diversion "Dam" near Saticoy 

Saticoy and Highway 101 Bridge 

Works Dlverslon Dam 
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Table 3-8. Water Quality Objectives for Selected Constituents in Inland Surface Waters' (cont.) 

Reaches are In upatream to downstream order. 

Los Angeles Rlver Watershed: 

All other minor San Gabriel Mountain streams 
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Table 3-8. Water Quallty Objectives for Selected Constituents in Inland Surface Waters' (cont.) 

Reaches are in upstream to  downstream order. 

Other Watercourses: 

San Antonio Creek1 

a. As part of the State's continuing planning process, data will continue to be collected to suppon tne development of numerical water 
quality obiectives for waterbodies and constituents where suficlent information is presently unavailable Any new. . .  
recommendations for water quality objectives will be brought before the Regional Board i n  the future 

b. All references to watersheds, streams and reaches include all tributaries. Water quality objectives are applied to ail waters 
tributary to those specifically listed in the table. See Figures 2-1 to 2-10 for locations. 

c. Where naturally occurring boron results in concentrations higher than the stated objective, a site-specfc objective may be 
determined on a case-by-case basis. 

d. Nitrate-nitrogen plus nitrite-nitrogen (N03-N + N02-N). The lack of adequate nitrogen data for all streams precluded the 
establishment of numerical objectives for all streams. 

e. Sodium adsorption ratii (SAR) p r e d b  the degree to which irrigation water tends to enter into cation-exchange reactions in soil 

SAR = Na+l((Ca++ + Mg++)R)lR 

f. Site-speciflc objectives have not been determined for these reaches at this time. These areas are oflen impaired (by high levels of 
minerals) and there Is not sufficient historic data to designate objectives based on natural background conditions. The following 
table illustrales the mineral or nutrient quality necessary to protect d i i ren t  categories of beneficial uses and will be used as a 
guideline for establishing effluent limits in these cases. Protection of the most sensitive beneficial use@)would be the determining 
criteria for the selection of effiuent limits. 

I Beneficial Use Categories11 Recommended 
objective 
(mglL) 

TDS 

Chlor~de 

Sulfate 

References: 1) USEPA CFR 9 141 et seq., 2) McKee and Wolf. 1963, 3) Ayeffi and Westcot, 1985,4) USEPA, 1988, 5) Wate, 
Pollution Control Federation. 1989. 6) USEPA. 1973. 7) USEPA 1980, 8) Ayeffi, 1977. 

Aquatk life includes a variity of Benefcial Uses inckuding WARM. COLD. SFWN, MlGR and RARE. 

I 

Boron 

Nitrogen 

g. Agricultural supply is not a beneficial use of the surface water in the specified reach 

MUN (Drinking Water 
Standards) ' 

secondary MCL) 

250 (USEPA 
secondary MCL) 

400-500 (USEPA 

h. Rio Hondo spreading grounds are located above the Santa Ana Freeway 

proposed MCL) 

10 (USEPA MCL) 

i. The stated ob'pctlves appiy to all other surface streams originating wilh'm the San Gabriel Mountains and extend from their 
headwaters to the canyon mouth. 

500 (USEPA 1 50-1500 '.',' 1 450-2000 1 1 Limits based on 

PROC 

20-1000 ',@ 

20300 

0.54.0 ".' 

j. These watercourses are primarily located in the Santa Ana Region. The water quality objectives for these streams have been 
established by Santa Ana Region. Dashed lines indicate that numerical objectives have not been established, however, narrative 
objectives shall apply. Refer to the Santa Ana Region Basin Plan for more details. 
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Pesticides 

Pesticides are used ubiquitously for a variety of 
purposes; however, their release into the 
environment presents a hazard to aquatic organisms 
and plants not targeted for their use. The extent of 
risk to aquatic life depends on many factors 
including the physical and chemical properties of the 
pesticide. Those of greatest concern are those that 
persist for long periods and accumulate in aquatic 
life and sediments. 

No individual pesticide or combination of pesticides 
shall be present in concentrations that adversely 
affect beneficial uses. There shall be no increase in 
pesticide concentrations found in bottom sediments 
or aquatic life. 

Waters designated for use as domestic or municipal 
supply (MUN) shall not contain concentrations of 
pesticides in excess of the limiting concentrations 
specified in Table 64444-A of Section 64444 
(Organic Chemicals) of Title 22 of the California 
Code of Regulations which is incorporated by 
reference into this plan. This incorporation by 
reference is prospective including future changes to 
the incorporated provisions as the changes take 
effect. (See Table 3-7.) 

The hydrogen ion activity of water (pH) is measured 
on a logarithmic scale, ranging from 0 to 14. While 
the pH of "pure" water at 25 'C is 7.0, the pH of 
natural waters is usually slightly basic due to the 
solubility of carbon dioxide from the atmosphere. 
Minor changes from natural conditions can harm 
aquatic life. 

The pH of inland surface waters shall not be 
depressed below 6.5 or raised above 8.5 as a result 
of waste discharges. Ambient pH levels shall not 
be changed more than 0.5 units from natural 
conditions as a result of waste discharge. 

The pH of bays or estuaries shall not be depressed 
below 6.5 or raised above 8.5 as a result of waste 
discharges. Ambient pH levels shall not be 
changed more than 0.2 units from natural 
conditions as a result of waste discharge. 

Polychlorinated Biphenyls (PCBs) 

Polychlorinated biphenyls (PCBs) are a highly toxic 
and persistent group of organic chemicals that have 
been historically released into the environment. 
Many historic discharges still exist as sources in the 
environment. 

The purposeful discharge of PCBs (the sum of 
chlorinated biphenyls whose analytical 
characteristics resemble those of Aroclor-1016, 
Aroclor-1221. Aroclor-1232, Aroclor-1242, 
Aroclor-1248, Aroclor-1254, and Aroclor-1260) to 
waters of the Region, or at locations where the 
waste can subsequently reach waters of the 
Region, is prohibited. 

Pass-through or uncontrollable discharges to waters 
of the Region, or at locations where the waste can 
subsequently reach water of the Region, are limited 
to 70 pg/L (30 day average) for protection of human 
health and 14 ng/L and 30 ng/L (daily average) to 
protect aquatic life in inland fresh waters and 
estuarine waters respectively. 

Radioactive Substances 

Radioactive substances are generally present in 

natural waters in extremely low concentrations. 

Mining or industrial activities increase the amount of 

radioactive substances in waters to levels that are 

harmful to aquatic life, wildlife or humans. 


Radionuclides shall not be present in 

concentrations that are deleterious to human, plant, 

animal, or aquatic life or that result in the 

accumulation of radionuclides in the food web to an 

extent that presents a hazard to human, plant, 

animal, or aquatic life. 


Waters designated for use as domestic or municipal 

supply (MUN) shall not contain concentrations of 

radionuclides in excess of the limits specified in 

Table 4 of Section 64443 (Radioactivity) of Title 22 

of the California Code of Regulations which is 

incorporated by reference into this plan. This 

incorporation by reference is prospective including 

future changes to the incorporated provisions as 

the changes take effect. (See Table 3-9.) 
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Table 3-9.The Maximum Contaminant Levels: 
Radioactivity (for MUN beneficial use) specified 
in Table 4 of Section 64443 of Title 22 of the 
California Code of Regulations as of 12-22-88. 

MCL Radloactivlty 

(pCVL = plwcurles = curies x 10.'') 

Solid, Suspended, or Settleable 

Materials 


Surface waters carry various amounts of suspended 
and settleable materials from both natural and 
human sources. Suspended sediments limit the 
passage of sunlight into waters, which in turn 
inhibits the growth of aquatic plants. Excessive 
deposition of sediments can destroy spawning 
habitat, blanket benthic (bottom dwelling) 
organisms, and abrade the gills of l a ~ a l  fish. 

Waters shall not contain suspended or settleable 

material in concentrations that cause nuisance or 

adversely affect beneficial uses. 


Taste and Odor 

Undesirable tastes and odors in water are an 
aesthetic nuisance, can impact recreational and 
other uses, and can indicate the presence of other 
pollutants. 

Waters shall not contain taste or odor-producing 

substances in concentrations that impart 

undesirable tastes or odors to fish flesh or other 

edible aquatic resources, cause nuisance, or 

adversely affect beneficial uses. 


Discharges of wastewaters can cause unnatural 
andlor rapid changes in the temperature of receiving 
waters which can adversely affect aquatic life. 

The natural receiving water temperature of all 
regional waters shall not be altered unless it' can be 
demonstrated to the satisfaction of the Regional 
Board that such alteration in temperature does not 
adversely affect beneficial uses. Alterations that 
are allowed must meet the requirements below. 

For waters designated WARM, water temperature 
shall not be altered by more than 5 'F above the 
natural temperature. At no time shall these WARM- 
designated waters be raised above 80 'F as a 
result of waste discharges. 

For waters designated COLD, water temperature 
shall not be altered by more than 5 'F above the 
natural temperature. 

Temperature objectives for enclosed bays and 
estuaries are specified in the "Water Quality Control 
Plan for Control of Temperature in the Coastal and 
Interstate Waters and Enclosed Bays of California" 
(Thermal Plan), including any revisions thereto. 
See Chapter 5 for a description of the Thermal 
Plan. 

Toxicity 

Toxicity is the adverse response of organisms to 
chemical or physical agents. When the adverse 
response is mortality, the result is termed acute 
toxicity. When the adverse response is not mortality 
but instead reduced growth in larval organisms or 
reduced reproduction in adult organisms (or other 
appropriate measurements), a critical life stage 
effect (chronic toxicity) has occurred. The use of 
aquatic bioassays (toxicity tests) is widely accepted 
as a valid approach to evaluating toxicity of waste 
and receiving waters. 

All waters shall be maintained free of toxic 
substances in concentrations that are toxic to, or 
that produce detrimental physiological responses in, 
human, plant, animal, or aquatic life. Compliance 
with this objective will be determined by use of 
indicator organisms, analyses of species diversity, 
population density, growth anomalies, bioassays of 
appropriate duration or other appropriate methods 
as specified by the State or Regional Board. 
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The survival of aquatic life in surface waters, 
subjected to a waste discharge or other controllable 
water quality factors, shall not be less than that for 
the same waterbody in areas unaffected by the 
waste discharge or, when necessary, other control 
water. 

There shall be no acute toxicity in ambient waters, 
including mixing zones. The acute toxicity objective 
for discharges dictates that the average survival in 
undiluted effluent for any three consecutive 96-hour 
static or continuous flow bioassay tests shall be at 
least 90%, with no single test having less than 70% 
survival when using an established USEPA, State 
Board, or other protocol authorized by the Regional 
Board. 

There shall be no chronic toxicity in ambient waters 
outside mixing zones. To determine compliance 
with this objective, critical life stage tests for at least 
three species with approved testing protocols shall 
be used to screen for the most sensitive species. 
The test species used for screening shall include a 
vertebrate, an invertebrate, and an aquatic plant. 
The most sensitive species shall then be used for 
routine monitoring. Typical endpoints for chronic 
toxicity tests include hatchability, gross 
morphological abnormalities, survival, growth, and 
reproduction. 

Effluent limits for specific toxicants can be 
established by the Regional Board to control toxicity 
identified under Toxicity Identification Evaluations 
(TIES). 

Turbidity 

Turbidity is an expression of the optical property 
that causes light to be scattered in water due to 
particulate matter such as clay, silt, organic matter, 
and microscopic organisms. Turbidity can result in 
a variety of water quality impairments. The 
secondaly drinking water standard for turbidity is 5 
NTU (nephelometric turbidity units). 

Waters shall be free of changes in turbidity that 
cause nuisance or adversely affect beneficial uses. 
Increases in natural turbidity attributable to 
controliable water quality factors shall not exceed 
the following limits: 

Where natural turbidity is between 0and 50 NTU, 
increases shall not exceed 20%. 

Where natural turbidity is greater than 50 NTU, 
increases shall not exceed fO%. 

Allowable zones of dilution within which higher 
concentrations may be tolerated may be defined for 
each discharge in specific Waste Discharge 
Requirements. 

Regional Narrative Objectives for 
Wetlands 

In  addition to the regional objectives for inland 
surface waters (including wetlands),the following 
narrative objectives apply for the protection of 
wetlands in the Region. 

Hydrology 

Natural hydrologic conditions necessary to support 
the physical, chemical, and biological 
characteristics present in wetlands shall be 
protected to prevent significant adverse effects on: 

natural temperature, pH, dissolved oxygen, 
and other natural physical/chemical 
conditions, 
movement of aquatic fauna, 
survival and reproduction of aquatic flora and 
fauna, and 
water levels. 

Habitat 

Existing habitats and associated populations of 
wetlands fauna and flora shall be maintained by: 

maintaining substrate characteristics 
necessary to support flora and fauna which 
would be present naturally, 
protecting food supplies for fish and wildlife, 
protecting reproductive and nursery areas, 
and 
protecting wildlife corridors. 

Regional Objectives for Ground 
Waters 

The following objectives apply to all ground waters 
of the Region: 
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Bacteria 

Total and fecal coliform bacteria are used to 
indicate the likelihood of pathogenic bacteria in 
waters. 

In ground waters used for domestic or municipal 
supply (MUN) the concentration of collfonn 
organisms over any seven day period shall be less 
than 1.1/100 ml. 

Chemical Constituents and Radioactivity 

Chemical constituents in excessive amounts in 
drinking water are harmful to human health. 
Maximum levels of chemical constituents in drinking 
waters are listed in the California Code of 
Regulations and the relevant limits are described 
below. 

Ground waters designated' for use as domestic or 
municipal supply (MUN) shall not contain 
concentrations of chemical constltuents and 
radionuclides in excess of the limits specified in the 
following provisions of ntle 22 of the California 
Code of Regulations which are incorporated by 
reference into this plan: Table 64431-A of section 
64431 (lnorganic chemicals), Tabla 64431-8 of 
Section 64431 (Fluoride), Table 64444-A of Section 
64444 (Organic Chemicals), and Table 4 of Section 
64443 (Radioactivity). This incorporation by 
reference is prospective including future changes to 
the incorporated provislons as the changes take 
effect. (See Tables 3-5, 3-6, 3-7,and 3-9.) 

Ground waters shall not contain concentrations of 
chemical constltuents in amounts that adversely 
affect any designated beneficial use. 

Mineral Quality 

Inorganic constituents in ground waters are largely 
influenced by thermodynamic reactions that occur 
as ground water comes into contact with various 
rock and soil types. For example, ground water that 
flows through beds of gypsum (CaS0,.2H20) 
typically has relatively high levels of calcium cations 
and sulfate anions. Ground water fiowing through 
limestone (CaCO,) also has relatively high levels of 
calcium cations, but coupled with bicarbonate 
anions instead of sulfate. Ground waters with these 
ions at levels greater than 120 mglL (expressed as 
CaCO,) are considered hard waters (Hem, 1989). 
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Human activities and land use practices can 
influence inorganic constituents in ground waters. 
Surface waters carrying abnormally high levels of 
salts (e.g., irrigation return flows) can degrade the 
ground waters that they recharge. Abnormally high 
levels of inorganic constituents can impair and 
preclude beneficial uses. For example, high levels 
of boron preclude agricultural use (especially for 
citrus crops) of ground waters. Hard waters 
present nuisance problems and may require 
softening prior to industrial use. 

Numerical mineral quality objectives for Individual 
groundwater basins are contained in Table 3-10. 

Nitrogen (Nitrate, Nitrite) 

High nitrate levels in drinking water can cause 
health problems in humans. Infants are particularly 
sensitive and can develop methemoglobinemia 
(blue-baby syndrome). The primary drinking water 
standard for nitrate (as NO,) is 45 mglL (DHS, 
1992). 

Human activities and land use practices can also 
influence nitrogen concentration in ground waters. 
For example, effluents from wastewater treatment 
plants, septic tanks and confined animal facilities 
can add high levels of nitrogen compounds to the 
ground water that they recharge. Irrigation water 
containing fertilizers can add high levels of nitrogen 
to ground water. 

Ground waters shall not exceed 10 mg/L nitrogen 
as nitrate-nitrogen plus nitrite-nitrogen (NO,-N + 
NO2-N), 45 mg/L as nitrate (NOJ, 10 mgL as 
nitrate-nitrogen (NO,-N), or Img/L as nitrite- 
nitrogen (NO2-N). 

Taste and Odor 

Undesirable tastes and odors in water are an 
aesthetic nuisance and can indicate the presence of 
other pollutants. 

Ground waters shaN not contain taste or odor- 
producing substances in concentrations that cause 
nuisance or adversely affect beneficial uses. 
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Table 3-10. Water Quality Objectives for Selected Constituents in Regional Ground Waters'. 

DWR 
Basln 
NO? 

4 4  

4-2 

4-3 

4 4  

4-6 

4-7 

4-8 

4-5 

BASIN 

Pitas Point Area 

Ojai Valley 
Upper Ojai Valley 
west of SuUur Mountain Road 
Central area 
Sisar area 

Lower Ojal Valley 
West of San Antonio-Senior Canyon Creeks 
East of San Antonio-Senior Canyon Creeks 

Ventura River Valley 
Upper Ventura 
San Antonlo Creek area 
Lower Ventura 

Ventura Central 

Santa Clara-Piru Creek area 
Upper area (above Lake Piru) 
Lower area east of Piru Creek 
Lower area west of Piru Creek 

Santa ClaraSespe Creek area 
Topa Tope (upper Sespe) area 
Fillmore area 

Pole Creek Fan area 

South side of Santa Clara River 

Remaining Fillmore area 


Santa Clara-Santa Paula area 
East of Peck Road 
West of Peck Road 

Oxnard Plain 
Oxnard Forebay 
Confined aquifers 
Unconfined and perched aquifers 

Pleasant Valley 
Confined aquifers 
Unconfined and perched aquifers 

Arroyo Santa Rosa 

Las Posas Valley 
South Las Posas area 

NW of Grimes Cyn Rd 8 LA Ave 8 Somis Rd 
E of Grimes Cyn Rd and Hitch Blvd 
S of LA Ave between Somis Rd 8 Hitch Bivd 
Grimes Canyon Rd & Broadway area 

North Las Posas area 

Upper Santa Clara 
Acton Valley 
Sierra Pelona Valley (Agua Dulce) 
Upper Mint Canyon 
Upper Bouquet Canyon 
Green Valley 
Lake Elhabeth-Lake Hughes area 

OBJECTIMS (mg/L) 

TDS Sulfate . Chloride Boron 

None specffied 

1,000 

700 

700 


1,000 

700 


800 
1,000 
1,500 

1,100 
2.500 
1.200 

900 

2,000 
1,500 
1,000 

1.200 
2,000 

1,200 
1,200 
3.000 

700 
.-

900 

700 
2.500 
1.500 

250 
500 

550 
600 
700 
400 
400 
500 

300 
50 

250 

300 
200 

300 
300 
500 

400 
1.200 

600 

350 

800 
800 
400 

600 
800 

600 
600 

1.000 

300-
300 

300 
1,200 

700 
30 

250 

150 
100 
150 
50 
50 

100 

ZOO 
100 
100 

200 
50 

100 
100 
300 

200 
200 
100 

30 

100 
100 
50 

100 
110 

150 
150 
500 

150 -. 

150 

100 
400 
250 
30 

150 

100 
100 
100 
30 
25 
50 

I.O 
1 .0 
0.5 

0.5 
0.5 

0.5 
1.O 
1.5 

2.0 
1.5 
1.5 

2.0 

1.O 
1.1 
0.7 

1.O 
1.O 

1.O 
1.O-

1.O 
-

1.O 

0.5 
3.0 
1.O 
0.2 
1.O 

1.O 
0.5 
0.5 
0.5 
-

0.5 
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Table 3-10. Water Quality Objectives for Selected Constituents in Regional Ground Waters' (cont.) 

BASIN 

uquet 8 San Frandsquito Canyons 

Area encompassing RT-Tujunga-Efwin- 
N. Hollywood-WhlthalCLANerdugo-Crystal Springs- 

Monk Hill sub-basin 

Santa Anlta area 

Pasadena area 


Main San Gabriel Basin 
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Table 3-10. Water Quality Objactlves for Selected Constituents in Regional Ground Waters' (cont.) 

Camarilla area 

Point Dume area 


2.000 500 500 2.0 
Topanga Canyon area 2.000 500 500 2.0 

San Pedro Channel Islands ' - - -
-San Nicolas lsiand 1,100 150 350 

Santa Catelina Island 1,000 100 250 1.O 
San Clemsnte Island -- - - -Santa Barbara Island 

a. 	 Objectives for ground waters outside of the major basins listed on this table and outlined in Figure 1-9 have not been specifically 
listed. However, ground waters outsMe of the major basins are, in many cases, significant sources of water. Furthermore, ground 
waters outside of the major basins are either potential or existing sources of water for downgradient basins and, as such, objectlves 
In the downgradient basins shall apply to these areas. 

b. 	 Basins are numbered according to Bulletin 118-80 (Department of Water Resources, 1980) 

c. 	 Ground wagrs in the Pitas Point area (oehveen tne lower Ventura River and Rincon Point) are not considered to comprise a major 
basin, end accordingly have not been designated a Basin number by the California Department of Water Resources (DWR) or 
outlined on Figure c-9. 

d. 	 The Santa Clara River Valley (4-4, Pleasant Valley (4-6), Arroyo Santa Rosa Valley (4-7) and Las Posas Valley (4-8) Ground Water 
Basins have been wmblned and designated as the Ventura Central Basin (DWR, 1980). 

e. 	 The category for the Foothill Weiis area in previous Basin Plan inwrrectty groups ground water in the Foothill area with ground water 
in the Sunland-Tujunga area. Accordingly, the new categories. Foothill area and Sunland-Tujunga area, replace the old Foothill Wells 
area. 

f. 	 Ail of the ground water in the Main San Gabriel Basin is covered by the objectives listed under Main San Gabriel Basin - Eastern 

area and Western area. Walnut Creek, Big Daiion Wash, and Little Dalton Wash separate the Eastern area from the Western area 

(see dashed line on Flgure 2-17). Any ground water upgradient of these areas is subject to downgradient beneficial uses and 

objectlves, as explained In Footnote a. 


g. 	 The border between Regions 4 and 8 crosses the Upper Santa Ana Valley Ground Water Basin. 

h. 	 Ground water in the Conejo-Tierra Rejada Volcanic Area occurs primarily in fractured volcanic rocks in the western Santa Monica 
Mountains and Conejo Mountain areas. These areas have not been delineated on Flgure 1-9. 

I. 	With the exception of ground water in Malibu Valley (DWR Basin No. 4-22), ground waters along the southern slopes of the Santa 

Monica Mountains are not considered to comprise a major basin and accordingly have not been designated a basin number by the 

Califomla Department of Water Resources (DWR) or outlined on Figure 1-9. 


j. 	 DWR has not designated basins for ground waters on the San Pedro Channel Jsiands 
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Statewide Objectives for Ocean 
Waters 

The State Board's Water Quality Control Plan for 
Ocean Waters of California (Ocean Plan) and the 
Water Quality Control Plan for Control of 
Temperature in the Coastal and Interstate Waters 
and Enclosed Bays and Estuaries of California 
(Thermal Plan) and any revision thereto, shall also 
apply to all ocean waters of the Region. These 
plans are described in Chapter 5, Plans and 
Policies. Copies of these plans can be obtained at 
the Office of Legislative and Public Affairs (OLPA) in 
Sacramento or at the Regional Board office. 

Site Specific Objectives 

While many pollutants are regulated under federal, 
state or regionally applied water quality standards, 
the Regional Board supports the idea of developing 
site-specific objectives (SSOs) in appropriate 
circumstances. Site-specific, or reach-specific, 
objectives are already in place for some parameters 
(i.e., mineral quality). These were established to 
protect a specific beneficial use or were based on 
antidegradation policies. The development of site-
specific objectives requires complex and resource 
intensive studies; resources will limit the number of 
studies that will be performed in any given year. in 
addition, a Use Attainability Analysis (UAA) study 
will be necessary if the attainment of designated 
aquatic life or recreational beneficial uses is in 
question. UAAs include waterbody surveys and 
assessments which define existing Uses, determine 
appropriatenessof the existing and designated 
uses, and project potential uses by examining the 
waterbody's physical, chemical, and biological 
characteristics. Under certain conditions, a 
designated use may be changed if attaining that use 
would result in substantial and widespread 
economic and social impacts. Uses that have been 
attained can not be removed under a UAA analysis. 
If a UAA study is necessary, that study must be 
completed before a SSO can be determined. Early 
planning and coordination with Regional Board staff 
will be critical to the development of a successful 
plan for developing SSOs. 

Site-specific objectives must be based on sound 
scientific data in order to assure protection of 
beneficial uses. There may be several acceptable 
methods for developing site-specific objectives. A 

detailed workplan will be developed with Regional 
Board staff and other agencies (if appropriate) 
based on the specific pollutant and site involved. 
State Board staff and the USEPA will participate in 
the development of the studies so that there is 
agreement on the process from the beginning of the 
study. 

Although each study will be unique, there are 
several elements that should be addressed in order 
to justify the need for a site-specific objective. 
These may include, but are not limited to: 

Demonstration that the site in question has 
diierent beneficial uses (e.g., more or less 
sensitive species) as demonstrated in a UAA or 
that the site has physical or chemical 
characteristics that may alter the biological 
availability or toxicity of the chemical. 

Provide a thorough review of current technology 
and technology-based limits which can be 
achieved at the facility(ies) on the study reach. 

Provide a thorough review of historical limits and 
compliance with these limits at all facilities in the 
study reach. 

Conduct a detailed economic analysis of 
compliance with existing, proposed objectives 

Conduct an analysis of compliance and 
consistency with all federal, state, and regional 
plans and policies. 

Once it is agreed that a site-specific objective is 
needed, the studies are performed, and an objective 
is developed, the following criteria must be 
addressed in the proposal for the new objective. 

Assurance that aquatic life and terrestrial 
predators are not currently threatened or impaired 
from bioaccumulation of the specific pollutant a& 
that the biota will not be threatened or impaired by 
the proposed site-specific level of this pollutant. 
Safe tissue concentrations will be determined from 
the literature and from consultation with the 
California Department of Fish and Game and the 
U.S. Fish and Wildlife Service. 

For terrestrial predators, the presence, absence, 
or threat of harmful bioaccumulated pollutants will 
be determined through consultation with the 
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California Department of Fish and Game and the 
U.S. Fish and Wildlife Service. 

Assurance that human consumers of fish and 
shellfish are currently protected from 
bioaccumulation of the study pollutant, and will not 
be affected from bioaccumulation of this pollutant 
under the proposed site-specific objective. 

Assurance that aquatic life is currently, and will be 
protected from chronic toxicity from the proposed 
site-specific objective. 

Assurance that the integrity of the aquatic 
ecosystem will be protected under the proposed 
site-specific objective. 

Assurance that no other beneficial uses will be 
threatened or impaired by the proposed site-
specific objective. 
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4. STRATEGIC PLANNING 
AND IMPLEMENTATION 
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lnfroducfion 
The Regional Board's mission is to achieve and 
maintain water quality objectives that are necessary 
to protect all beneficial uses of the waters in the 
Region. Depending on the nature of the water 
quality problem, several different strategies, as 
outlined below, are employed to accomplish this 
mission. 

Control o f  Point Source Pollutants: 
Pollutants from point sources are transported to 
waterbodies in controlled flows at well-defined 
locations. Examples of point sources include 
discharges from municipal and industrial 
wastewater treatment facilities. 

Programs that protect water quality from point 
source pollutants are primarily regulatory in 
nature. Permitting programs such as 
California's Waste Discharge Requirements 
(established in the 1950s) and the federal 
National Pollutant Discharge Elimination System 
(established in the 1970s) are examples of key 
regulatory programs. Significant progress 
toward the control of point source pollutants has 
been made through these permitting programs. 

Control of Nonpoint Source Pollutants: 
Pollutants from nonpoint sources are diffuse, 
both in terms of their origin and mode of 
transport to surface and ground waters. Unlike 
pollutants from point sources, pollutants from 
nonpoint sources often enter waters in sudden 
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pulses and large quantities as rain, irrigation. 
and other types of runoff that mobilize and 
transport contaminants into surface and ground 
waters. Nationwide, pollutants from nonpoint 
sources represent the greatest threat to water 
quality. Examples of nonpoint sources in 
southern California include lawn and garden 
chemicals that are transported by storm water 
or water from lawn sprinklers; household and 
automotive care products that are dumped or 
drained on streets and into storm drains; 
fertilizers and pesticides that are washed from 
agricultural fields by rain or irrigation waters; 
sediment that erodes from construction sites; 
and various pollutants deposited by atmospheric 
deposition. 

Nonpoint source pollutants are more difficult to 
control than point source pollutants, and 
different control strategies are required. For 

example, traditional permitting programs are 
neither a practical nor effective means of 
protecting water quality from lawn and garden 
chemicals. Accordingly, the Regional Board is 
integrating non-regulatory programs with 
regulatory programs in order to control 
pollutants from nonpoint sources. Emphasis is 
placed on pollution prevention through careful 
management of resources, as opposed to 
"cleaning up" the waterbody after the fact. 
Through public outreach -an example of a non- 
regulatory program -residents are informed of 
threats to the quality of the waters in their 
communities and are encouraged to voluntarily 
implement Best Management Practices (BMPs) 
that will eliminate or reduce nonpoint sources of 
pollution. When necessary, local governments 
are encouraged to develop and implement 
ordinances that supplement the Regional 
Board's public outreach efforts. This fiexible 

Table 4-1. "Threat to Water Quality" and "Complexity" Definitions. 

Category "a''or Category 'b'as described above. 

NPDES Major or Minor 
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approach can be an effective means of 
controlling pollutants from many nonpoint 
sources. 

Remediation of Pollution: The Regional 
Board oversees remediation of both ground and 
surface waters through the investigation of 
polluted ground water and enforcement of 
corrective actions needed to restore water 
quality. These activities are managed through 
eight programs, namely: Underground Storage 
Tanks; Well Investigations; Spills, Leaks, 
Investigations and Cleanups (SLIC); 
Aboveground Petroleum Storage Tanks; U.S. 
Department of Defense (DOD) and Department 
of Energy (DOE) Sites; Resource Conservation 
and Recovery Act (RCRA); Toxic Pits Cleanup 
Act; and Bay Protection and Toxic Cleanup. 

These programs are designed to return polluted 
sites to 'productive use by identifying and eliminating 
the sources of pollutants, preventing the spread of 
pollution, and restoring water quality. 

Confrol of Poinf Source 
Pollutants 

Introduction - General Information 
about Regional Board Permitting 
Programs 

All wastewater discharges in the Region -whether 
to surface or ground waters - are subject to Waste 
Discharge Requirements (WDRs). Likewise, all 
reuses of treated wastewaters are subject to Water 
Reclamation Requirements (WRRs). In addition, 
because the USEPA has delegated responsibility to 
the State and Regional Boards for implementation of 
the federal National Pollutant Discharge Elimination 
System (NPDES) program, WDRs for discharges to 
surface waters also serve as NPDES permits. 
These programs are the legal means to regulate 
controllable discharges. It is illegal to discharge 
wastes into any waters of the State and to reuse 
treated wastewaters without obtaining appropriate 
WDRs, WRRs, or NPDES permits (all of which are 
hereinafter referred to as Requirements). 

Any facility or person who discharges, or proposes 
to discharge, wastes or makes a material change to 
the character, location, or volume of waste 
discharges to waters in the Los Angeles Region 

(other than into a community sewer system) must 
describe the quantity and nature of the proposed 
discharge in a report of waste discharge (ROWD) or 
an NPDES application. Upon review of the ROWD 
or NPDES application and all other pertinent 
information (including comments received at a 
public hearing), the Regional Board will consider the 
issuance of Requirements that incorporate 
appropriate measures and limitations to protect 
public health and water quality. The basic 
components of the Requirements include: 

discharge limitations (including, if required, 
effluent and receiving water limits); 

standard requirements and provisions outlining 
the discharger's general discharge requirements 
and monitoring and reporting responsibilities; 
and 

a monitoring program in which the discharger is 
required to collect and analyze samples and 
submit monitoring reports to the Regional Board 
on a prescribed schedule. 

Discharges are categorized according to their threat 
to water quality and operational complexity (Table 
4-1). In addition, discharges to surface waters are 
categorized as major or minor discharges. Filing 
and annual fees are based on these categories. 
WDRs or WRRs usually do not have an expiration 
date but are reviewed periodically on a schedule 
based on the level of threat to water quality. 
NPDES permits are adopted for a five-year period. 

Most Requirements are tailored to specific waste 
discharges. In some cases, however, discharges 
can be regulated under general Requirements 
(Table 4-2), which simplify the permit process for 
certain types of discharges. These general 
Requirements are issued administratively to the 
discharger after a completed ROWD or NPDES 
application has been filed and the Executive Officer 
has determined that the discharge meets the 
conditions specified in the general Requirements. 

Point source discharges include wastewaters from 
municipal sewage treatment plants, industrial and 
manufacturing facilities, shipyards and power 
generation stations (see examples in Table 4-3). 
The Regional Board currently administers 
approximately 1,200 Requirements for these 
discharges, including 37 sewage treatment facilities 
with design flows of over 100,000 gallons per day 
(Table 4-4; Figure 4-1). Major or significant 
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Table 4-2. Summary of General WDRs' and NPDES Permits Issued by the State Board and the Regional 
Board. 

General WDRs can be issued by the Executive Officer without formal Board Action .'State Board Order. 

dischargers of the~egion, as of Februaty 1994, fall WDRs usuallv do not have an exoiration date (with 
into thecategories shown in Table 4-5. . the exception of dredging WDRs >nd some chapter 

15 WDRs). 

Waste Discharge Requirements Land and groundwater-related WDRs (i.e., "Non- 
(WDRs) NPDES" WDRs) are described in this section. 

WDRs for discharges to surface waters, that also 
All discharges, whether to land or water, are subject serve as NPDES permits, are described in the 
to the California Water Code (513263) and will be National Pollutant Discharge Elimination System 
issued WDRs by the Regional Board. Furthermore, Program section. In general, "Non-NPDES" WDRs 
discharges to land are also subject to Title 23, regulate discharges of privately or publicly treated 
California Code of Regulations, either under Chapter domestic wastewater, cooling tower bleed off, 
15 (e.g., mining operations and landfills) or under process and wash-down wastewater, and oil field 
other chapters (e.g., wastewater treatment, erosion brines. These WDRs usually protect the beneficial 
control projects, and certain septic systems). uses of groundwater basins but some WDRs are 
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Table 4-4. Sewage Treatment Facilites with Design Flow Greater than 100,000 Gallons per Day (continued). 
f 

? z 
L 
C 

Facility Name 1993 
Average 
flow~Peak 
flow-MGD 

Design 
flow 19931 
Projected 
2000-MGD 

Receiving 
waterbody 

Reclamation1 
percolation ponds 

Treabnent 
level 

Future plans 

2 

4 

Las Vlrgenes Municipal Water District 
Water Reclamation Facility 

Tapia 81 
13 

161 
same 

Malibu Creek 

I from June-Sepl.) 

Plans increased saks of 
redaimed water 
(Current 90% of effluent 

Tertiary 

I benefcial &use -

Anaerobic sludge diiestjon. 
cenhifuge dewatering, in-
vessel compostina and 

Los Angeles. CR of. Department of Public 
Works: Donald C. Tillman Water Reclamation 

751 
100 

-- 

801 
same 

Los Angeks River 

I 
I Balboa. Irrigation. 

Future groundwater 
rechame. 

Japanese garden. 
Wildlife Lake. Lake 

I - ~ 

Tertiary 

I I 

Possible increase in capadty 

Los Angeles. City of. Department of Public 
Works: Hyperion Treahnent Plant 

3501 
476 

4201 
450 

Sanla Monica Bay 

I 70 MGD by 1995 at new 
facility. Other reuse. 

West Basin Municipal 
District plans to reclaim 

I -

Primary1 
secondaw 

I 
.- . 

stage an;eiobic digestion 

Upgrade (1998) to full 
secondan, pure oxvaen. two 

I 

5 

Los Angeles. City of. Department of Public 
Works: Los Angeles-Glendale Water 
Reclamation Planl 

Y Los Angeles. City of, Department of Recreation 
and Parks: LA Zoo Wastewater Treatment 

( Los Angeles. City of. Department of Public 
Works: Terminal Island Treatment Plant 

181 
26 (dry) 
40 (wet) 

II Plant I 
Los Angeles. County of, Department of Public 0.1751 
Works: Malibu Mesa Wastewater Treatment 0.20 

4.01 
0.5 

I 
I 

0.201 
same 

301 
same 

2.51 
8.0 

Los Angeles River 

I CW sanitaw sewer , -
Winter and Marie 
Canyons 

Los Angeks Harbor 

Los Angeles River 
(over Row) otherwise 

I 

I 

I 

I 

Plans to increase 
reclaimed water sales. 
Industrial use. 

Landscape spray 
irrigation 

Plans for reclaimed use 
(5 MGD) in 1996 

NIA 

Tertiary 

I 

Sewndary 

I 

Primarylchlori 
naled 

Tertiary 

Plan expansion projed 

I 

I 

I 

Full effluent filtration 

New facility under 
wnstrudion 

I 

No changes anticipated 

11 

I 

E 
Z 

11 Los 
Angeles. County of, Department of Public 

Works: Trancas Sewage Treahnent Plant 11 Los Angeks. County of, Mech Dept.: Adon 
Rehabilitation Center 

)( Ojai Valley Sanitary District: Ojai Valley 

0.0581 
0.15 

0.0261 
? 

2.261 
3.24 

I 

0.121 
same 

0.151 

I 
3 01 
same 

I 

NIA 

NIA 

I 
Ventura R ie r  

I 

Leaching fields 

I 

NIA 

I 
Plans for reclaimed 
water 

Tertiary 

Sewndary 

I 

/ 
No changes anlicipated 

No changes anticipated 11 

37.11 Pacific Ocean Plans for reclaimed 

-. 4 

3Q I S i i  Valley County Sanitatiin DM& 
Valley Water Quality Control Plant 

Simi 

15.0 

9.01 
22.5 

12.51 
same 

Santa Clara River 
Tidal Prism 

Arroyo Simi 

water 

Plan to increase use of 
reclaimed water 

Tertiary 

Tertiary 

i Plan to update electrical 
systems. 

Depends on outcome of  
study 

II 



Table 64. Sewage Treatment Facilites with Design Flow GI 

~~~~ ~~~ ~ ~-~ -~~~~ 

US Navy: NALF San Ckmente Island 1 0.0151 1 0.0301 

? z 
c 
C -
0 

I I 

Ventura. County of. Water Works District: 1.921 
Moorpark Wastewater Treatment Plant 

Ventura. County of, Water Works Diitrid: 0.1071 0.221 

Thousand Oaks. City of. Utility Deparbnent: 
O h n  Road Water Redamation Plant 

I I 

Ventura. County of, Water Works District: Piru 0.121 0.201 
0.147 same 

iz 
Facility Name 

Thousand Oaks. City of, UtiMy Deparbnent 
Hill Canyon Wastewater Treabnent Pbnt 

Venlura Regional Sanitation Distrkt and 1.21 1.51 
Camrosa CWD: CammsaWastewater 1.4 same 
Treatment Plant 

Ventura Regional Santatiin District: City of 1.01 1.31 

0.1751 
0.225 

Fillmore wastewater Treabnent Plant 1.3 1.6 

Ventura Regional Sanitation District Liquid 0.041 0.151 
Waste Treatment Fac. #I, sludue treatment 0.06 same 

1993 
Average 
RowlPeak 
flow-MGD 

8.61 
18.0 

0.79 
same-

- I I 

Ventura Regional Sanitation District Montalvo 0.251 0.361 
Treatment Plant 0.35 same 

Design 
flow 19931 
Pmjected 
ZOOOMGD 

10.81 
14.0 

< 11 Ventura Regional Sanitation District: Santa 1 2.041 1 2.51 

lter than 100.000 Gallons oer Dav lcontinuedh. 

Z 
o 

00 u 

. ~ ~ ~~ ~~ .------~ 
Receiving Reclamation1 Treabnent ~ u h l r eplans 
waterbody percolation ponds level 

I I 

Armyo Conejo Future .nipatinn plans Teriiary Advanced beahnent using 
n i t r i b t i n n M e n ~ t i n n  

Paula wastewater Treatment Plant 

Ventura Regional Sanfiation District: Saticoy 
Sanitation District 

I -
Arroyo Conejo Future irrigation plans Semndary Tertiary treabnent by 

fikathn I
I I 

. 
Pacific Ocean I Plan to use redaimed I Secondary I Additional flow equaruation 

2.6 

0.121 
0.32 

water for dust mntml 

. I 

same 

0.301 
same 

I capacity, increased drying 
bed, change to new 
chemical treatment and

I aeration 

Revolon Shugh 

Santa Clara River 

I I I 
NIA NO Primary No changes anticipated I 

no 

Percolation ponds 

I
I 

I 

Calleguas Creek 

I I I 
Santa Clara River 1 Groundwater recharge Tertiary I No changes anticipated 

Redaimed use and 
oermlation oonds 

Tertiary1 
Semnda~  

Secondary 

Semndary 

Calleguas Creek 

Santa Clara River 

I I I 

New tertiary facility. Plans to 
consbud a reclaimed 
dishbutin system 

Conversion of STEP system 
to a gravity mlkction system 

No changes anticipated 

Reclamalion reservoir 
and irrigatwn 

Semndary 

YPerwlaliin ponds Secondary 

NIA 

4 
-

'Partial 1993 data (first 4 to 6 months).. 

lb "The actual Row is not expected to exceed 0.3 MGDm 

Plans to upgrade plant 

Currently under expansion 

Permlation Ponds 

II I I 
NIA 

Secondary No changes anticipated 

Permlation ponds Primary No changes anticipated 
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Table 4-5. Major or Significant NPDES and WDR 
Discharge Categories, Numbers of Permits and 
Total Deslgn Flog. 

* Numbers as of February 1994 
Total desIgn f\ow numbers includes secondary discharges 
(other categories) from some facilities. The Requirements 
listed Include multiole Dermits for some maior discharaers, 
particularly municipal sewage treatment plants. 

-
All landfills are permltled for "no discharge;" not including 
storm runoff. The 1.0 MGD shown on table is for a sludge 
farm. 

" includes powerplanb.
" These numbers indicate some process or other wastes. 
-' Includes refineries, shipyards, aquaculture, and others. 

Landfills 

There are over 700 landfills in the Los Angeles 
Region, of which approximately 30 are active; the 
remainder are inactive or closed. The Regional 
Board issues WDRs to landfills that accept at least 
one of the following types of waste (Table 4-7): 
hazardous waste (Class I), designated waste 
(Class II), non-hazardous solid waste (Class Ill) and 
inert solid waste (Unclassified). One significant 
issue in the regulation of solid waste disposal is the 
definition of designated wastes. Many wastes which 
are classified as non-hazardous contain constituents 
of water quality concern that could become soluble 
in a non-hazardous solid waste landfill. Because of 
the need for greater containment requirements for 
this type of designated waste, disposal in a Class Ill 
landfill can pose a threat to the beneficial uses of 

State waters and therefore a more secure site 
(Class II) is necessary. 

Landfill applicants must demonstrate to the 
Regional Board that the proposed disposal will be in 
a manner and setting such that wastes will not 
adversely affect any waters. Criteria for evaluating 
waste disposal sites include: 

Geologic features of site area 

Liners 

Leachate collection and removal systems 

Subsurface barriers 

WDRs for active landfills include mandatory 
detection and evaluation monitoring programs and 
prescribed corrective actions for leakages. Landfills 
that close must be monitored for 30 years (40 CFR 
Parts 257 and 258) or longer if wastes pose a 
threat to water quality (Title 23. California Code of 
Regulations, Chapter 15, 52580). 

The Regional Board has regulated landfills since 
the 1950s. Many of the small older sites have been 
closed and waste is now being handled at large 
regional landfills (see Table 4-8 for status of all 
landfills with ongoing groundwater monitoring 
programs; Figure 4-2 for locations). The Regional 
Board reviews and revises WDRs for active Class 
Ill sites (there are no active Class I or Class II sites 
in the Region) to ensure consistency with revised 
State requirements (Title 23, California Code of 
Regulations, Chapter 15), requires upgrading of 
groundwater monitoring systems in order to identify 
water quality degradation, and reviews and 
oversees the development and implementation of 
proper closure plans. Article 5 of Chapter 15, 
adopted in 1991, specifies new guidelines for the 
siting of groundwater monitoring wells around all 
active landfills. In addition, USEPA promulgated 
regulations (40 CFR Parts 257 and 258, "Subtitle D" 
[Solid Waste Disposal Facility Criteria]) in 1991, that 
uniformly apply additional requirements to 
dischargers of municipal solid waste. The Regional 
Board adopted Order No. 93-062 (September 27, 
1993) which requires that all applicable regional 
landfills comply with these federal regulations. 

Class Ill landfills in the Los Angeles Region are 
listed in Table 4-9. Former active Class I landfills 
include Calabasas, BKK, Palos Verdes, and Simi 
Valley. There are approximately 15 active inert 
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Table 4-3. Examples of Industrial and Municipal Point Source Discharges to Surface Waters. 

These examples are posslble pollutants. Actual presence in ail discharges is not implied 
"BTEX is benzene-toluene-ethylbenzene-xylene 

Ground water from remediation or from 
construction de-watering 

Manufacturing (processhash) waste 
water 

Aquaculture wastewater 

Shipyard, boatyard wastes 

issued to protect surface waters in areas where Dredging 
ground water is known to exfiltrate from 
groundwater basins to surface waters. Oil field brines 

Types of waste discharge that require WDRs under 
these laws and regulations include: 

Land Disposal 

The Regional Board issues WDRs for wastewaters
On-site disposal systems (septic systems) originating from landfills, surface impoundments, 

waste piles and land treatment units, mines, and
Hoidinglequalization tanks confined animal feedlots. These WDRs can be 

issued in cooperation with other state agencies
Evaporation ponds' (Table 4-6). The Regional Board also administers 

the Solid Waste Assessment Test (SWAT) Program
Percolation ponds and leachfields to identify any landfills that have "leaked" wastes. 

TDS, chloride, sulfate, VOG's, (BTEX), 
and other petroleum hydrocarbons 

Temperature, residual chlorine 

Suspended solids and nutrients 

Oil and grease, metals (Pb, Cr), 
suspended solids, settleable solids, TBT. 
temperature, chemical addhives 

Landfills 

Land treatment units (bioremediation) 

Region-wide 

Most inland riven and streams 

Pachic Ocean 

Long Beach Harbor. Los Angeles 
Harbor, Pachic Ocean 

The Regional Board can also direct responsible 
parties to abate any condition of nuisance or 
pollution from closed, illegal, or abandoned disposal 
sites. 
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-- 

-- 

-- 

-- 

-- 

-- 

rable 44. Sewage Treatment Facilites with Des--
igr1 Flow Greater than 100,000 Gallons per Day. 

Facilitv Nama 1 	 1993 
Average 
f l W e a k  
flow-MGD 

Facility 

I 
Burbank. City of: 
Plant 

Burbank Water Redamation 7.371 
16 on- .. 

Camarilla Sanilation DISIIU: Water 3.91 
Reclamation Plant- .  7.0 

I 

County Sanitation D I S M ~ ~  	 3401of LOS Angeks 
County. Joint Water pollullon Control Plant 460 ' 

1200 

I 

Counb Sanitation D h M d  of Los Angebs 0.1241 
County: La Canada Walar Racl~maUonPlan1 NA

~ I 

County Sanitation ~ h t r l d o fLo8 Angeles 17.31 
County Long Beach Wattit hedamaUon Plant 24.9 ' 

Design Receiving 	 Reclamation1 
percolation ponds 

Projected 
ZOOOMGD 

Padfic Ocean 

-- Channel for irrigation 

385 Pachic Ocean 	 NIA 
advanced 
primary 

(200 

secondan91.
. 

-- same 	 I 

0.21 none lnigation 

same 


I 
251 Coyote Creek Plans to increase 
same reclaimed use by ground 

water iniection and other 
by 1995 

37.51 San Gabriel River 	 Reclaimed use 

--same 

151 San Jose Creek Induslrial, agriwlturdal 

--same and irrigation useI 

1001 Gmundwaler recharge 
same and San Jose Creek and irrigation 

--	 I I 
5.61 I Sanla Clara River I Plans for reclaimed use 

--	 I 
7.51 Santa Clara River Plans for redaimed use 

-- 13.5 	
I 

15.01 San Gabriel River 	 Groundwater recharge 
same 	 and Rio Hondo and obns for other 

reuse* 	 I 

Treabnent I Future phm 
level I 
Semndary 	 Plant expansion plan (1994) 

with biological secondary 

Tertiary 	 Pbnt expansion plan (1994-
19961 

2004 w'W possble filtration 

primary1 
secondary 

Joint OuaM 

Tertiary 	 Plan to expand capacity by 

Tertiary ( Ftan for increased volume 

I 
Tertiary 	 Plan for increasedvolume 

Tertiary Plan for expansion 

Tertiary 





Table 4-4. Sewage Treatment Facilitc 	i with Desi! n Flow Greater than 100,000 Gallons per Day (conti~ued). 
z 

Fac i l i i  Name 1993 Design Receiving Reclamatiolll Treatment? Average now 19931 waterbody percolation ponds level 
Z now~Peak Projected 

flow-MGD 2000-MGD 

161 Malibu Creek Plans increased sales of Tertiary Anaerobic sludge digestion. 11. -
same reclaimed water centrifuge dewatering, h-

(Current 90% of effluent vessel cornposting and 11I hom June-Sept.) 	 benefidal reuse 

Los Angeles. City of. Department of Public 801 Los Angeles River 	 Japanese garden, Tertiary 
Worms: Donald C. Tithan Water RedamHaon same 	 WiMli i  Lake. Lake 


Balboa. ~rrigation. 

Future groundwater I
recharoe.
-
I I I 


Los Angeles. City of, Department of Public 4201 Santa Monica Bay West Basin Mun~ctpal Primary1 

Works: Hyperion Trealrnent Plant 450 District plans to reclaim secondary secondary pure oxygen, two 


70 MGD by 1995 at new 	 stage anaerobic digestbn 
facility. Other reuse. I 	 I 

Los Angeles. City of. Department of Public 201 201 Los Angeles River Plans to increase Tertiary Plan expansion project 

Works: Los Angeles-Glendale Water 27 50 reclaimed water sales. I
Reclamation Plant Industrial use. 


+ Los Angeles. City of, Department of Public 181 301 Los Angeles Harbor Plans for reclaimed use Secondary Full effluent fiitralion 
Works: Terminal Island Treatment Plant 	 26 (dry) same (5 MGD) in 1996 


40 (wet) 
 1 

Los Angeles. City of, Department of Recreation 4.01 2.51 Los Angeks River NIA Primarylchlori New facility under 
and Parks: LA Zoo Wastewater Treatment 0.5 8.0 (over flow) otherwise nated iconst~dion 
Plant CiR sanitaw sewer 

~~~- --

~ o s ~ n g e l e s ,County of, Department of Public 1 0.1751 1 0.201 IWinter and Marie Landscape spray Terliary No changes anticipated 

Works: Mafbu Mesa Wastewater Treatment 0.20 same canyons Iirrigation Il
rn 

Los Angeks. County of, Department of Public 0.0581 0.121 NIA Leaching fields Tertiary No changes anticipated 
Works: Trancas Sewage Treatment Plant 0.15 same II 
Los Angeles. County of. Mech Ded.: Acton 0.0261 0.151 NIA 	 NIA Secondary No chanaes anticipated ' 11 

~~~-

D 
z"1

~~ 

I I I I I I 
Ojai Valley Sanilary District: Ojai Valky 2.261 3.01 Ventura River Plans for reclaimed Sewndary New facility plan (1996) for 
Wastewater Treatment Plant 3.24 same water 	 Tertiary treatment -


W 

4 3 
I1 


I I I 	 I I I 

Oxnard. City of, Department of Public Works: 181 37.11 PacW Ocean Plans for reclaimed Secondary Plan for tetiiry treatment 

VI- 2 11 a n  Buenaventura, City o t  Ventura Water 7.61 141 Sank Clara River Plan to increase use of Tertiary Plan to update ekctrical 
id Reclamation Plant 15.0 16 T i a l  Prism reclaimed water svstems. 

I I I 	 I 1 -
12.51 Arroyo Simi 7 	 Tertiary Depends on outwme of 

22.5 same 	 study 

Oxnard Wastewater Trealrnent Plant 25 same 	 water 
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Table 4-5. Major or Significant NPDES and WDR 
Discharge Categories, N u m b e ~of Permits and 
Total Design Flow*. 

with industrial waste 

' Numbers as of February 1994. 
Total design flow numbers includes secondary discharges 
(other categories) from some facilities. The Requirements 
listed include multple penniU for some major dischargers. 
particularly municipal sewage treatment Piants. 
All landfills are permitted for '"nodischarge;" not including 
storm runoff. The 1.0 MOD shown on table is for a sludge 
farm..' Includes powerplants.- These numbers indicate some process or other wastes. 

-' Includes refineries, shipyards, aquaculture, and others. 

There are over 700 landfills in the Los Angeles 
Region, of which approximately 30 are active; the 
remainder are inactive or closed. The Regional 
Board issues WDRs to landfills that accept at least 
one of the following types of waste (Table 4-7): 
hazardous waste (Class I), designated waste 
(Class II), non-hazardous solid waste (Class Ill) and 
inert solid waste (Unclassified). One significant 
issue in the regulation of solid waste disposal is the 
definition of designated wastes. Many wastes which 
are classified as non-hazardous contain constituents 
of water quality concern that could become soluble 
in a non-hazardous solid waste landfill. Because of 
the need for greater containment requirements for 
this type of designated waste, disposal in a Class Ill 
landfill can pose a threat to the beneficial uses of 

State waters and therefore a more secure site 
(Class 11) is necessary. 

Landfill applicants must demonstrate to the 
Regional Board that the proposed disposal will be in 
a manner and setting such that wastes will not 
adversely affect any waters. Criteria for evaluating 
waste disposal sites include: 

Geologic features of site area 

Liners 

Leachate collection and removal systems 

Subsurface barriers 

WDRs for active landfills include mandatory 
detection and evaluation monitoring programs and 
prescribed corrective actions for leakages. Landfills 
that close must be monitored for 30 years (40 CFR 
Parts 257 and 258) or longer if wastes pose a 
threat to water quality (Title 23. California Code of 
Regulations, Chapter 15, 52580). 

The Regional Board has regulated landfills since 
the 1950s. Many of the small older sites have been 
closed and waste is now being handled at large 
regional landfills (see Table 4-8 for status of all 
landfills with ongoing groundwater monitoring 
programs; Figure 4-2 for locations). The Regional 
Board reviews and revises WDRs for active Class 
Ill sites (there are no active Class I or Class II sites 
in the Region) to ensure consistency with revised 
State requirements (Title 23, California Code of 
Regulations, Chapter 15), requires upgrading of 
groundwater monitoring systems in order to identify 
water quality degradation, and reviews and 
oversees the development and implementation of 
proper closure plans. Article 5 of Chapter 15, 
adopted in 1991, specifies new guidelines for the 
siting of groundwater monitoring wells around all 
active landfills. In addition, USEPA promulgated 
regulations (40 CFR Parts 257 and 258, "Subtitle D 
[Solid Waste Disposal Facility Criteria]) in 2991, that 
uniformly apply additional requirements to 
dischargers of municipal solid waste. The Regional 
Board adopted Order No. 93-062 (September 27, 
7993) which requires that all applicable regional 
landfills comply with these federal regulations. 

Class Ill landfills in the Los Angeles Region are 
listed in Table 4-9. Former active Class I landfills 
include Calabasas, BKK, Palos Verdes, and Simi 
Valley. There are approximately 15 active inert 
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Table 4-6. Cooperating Agencies for the Land Disposal Programs. 

Waste Disposal Category 

Mining Waste (Article 7 of Chapter 15) 

Nonhazardous solid waste landfills (also regulated by the Federal 
Resource Conservation and Recovery Act [RCRAI, Subtitle D) 

Hazardous Wastes (also regulated by the Federal Resource 
Conservation and Recovery Act [RCRA]. Subtile C) 

Table 4-7. Landfill Classifications. 

Cooperating Agency 

California Division of Mines and Geology 

California Integrated Waste Management Board 

California Department of Toxic Substances Control 

DIspo~alS i b  omnnlaons or Wasu Types (California Coda or Repul.tims.nUa 21, Dirlsim 3. Chapwr 16. 
si...tns.uon S.SUM1. 2s21.t seq.1 

Claaa I - Harsrdoua 
Wsrte 

Cia118 Il- Designatad 
Wasle 

Ciaas ill- 
NOnhilLBrdoUs Solid 
Wsata 

Unclarrifisdlinen 

a) Harsrdws waste Is any male which, under Sedbn S6JW of T#le 22,is required lo be managed scmrding 
to Chsptw M of Wvision 4 of TLta 22. 

b) Harsrdou~ waste ihali be dischamad only at Class Iwaste managsmenl unita which -ply with lhs 
applicable pmvlsims unless waass qualliy for a variance under Sadion €6310 of Title 22. 

C) Waste which ham been deslQnaladas mrtricled wssles by Csl'llomiil Depanmed of Haaim Selvicer (DHS) 
pumuanl 10 Seclion €8W,of TNie 22 ihail not be disshamed lo wasla management unila anet the 
maaction dates established by Section €6805 of Title 23 unless: 
I )  lush dischaw iia formtrievsbie slomge, and 
2) DHS has dalsrminad lhal pmcessar to treaL or recycle rubstantially ell of me waste am no1 available, or 
3) DHS has graned a variance hom mruislion9 apainrl land disposal d lha warte under Seclion €8930 d 

Titie 22. 

a) Deaw~IedW-IBIs &fined a*: 
1) nonharamwr wasla whish sonslsta d or conlains pollutsnlr which, under ambient envimnmentsi 

candiiions al UW wa le  management unit, could be released at concentrations in excsrr d appi~cdbta 
water quality otiecl'ves, or which muid cause degradation ol w a n  of the State. 

2) harsrdms MSIBwhich has been granted a v a n w e  fnxn hazardous warls management requirements 
pumuant la Seaion 66310 d Titia 22. 

b) Wastes in lhir setwry  shall be dischamsd only st Class Iwarlem-gement unit* or st Class ii waals 
management mim which comply wilh ma hepkabie wviuons of Chapter 15 and havebeena ~ v e dfw 
containment of the psr(iculsr kind of waste to be dischamad. Damporable wastan m lhis calegory may 
be dlschamed 10 Class Ior iiland lmatment walle manapemen1 units. 

a) 	Nonharardous sdid waste marnr ail putrescibie and wnputmscibie solid, semisolid, and liquid waatss, 
inciudmg galbag% Ira*, refuse, paper. rubbllh, ashes, IndulUial wastes, demoiilim and sonstruct8on 
was!.., absndoned vehicles and pans thereof, di9carded home and industrial appllancer. manure, 
vegetable 01 animal lolid and remi.roiid wasles andomerdlscsrded solid or semi.ralid wasls: pmvidsd 
lhst such wast~s do not sonln wasler whish must be managed as hazardous wastes. or wart.. which 
contain soluble pollulanla incancanvations which sxcesd e b l a  weer quality otisctiver, w swM 
cause degradation ofwalsrs of me Slate lie., dsrignaled waste). 

b l  Except sr pmvidod in Subsection2520161 of Chapter 15. nonhazardmr soiid warte may be dirshargad a! 
any dassif4ed isndliii which is aahorired to accent such waste, pmvided thal: 
11 IhB dischsmer shell demonstrale that cadisporai ol nonharardoua soiid waste witholher waste shall 

not create condilions which wuld impair the integrity of cmlainment features and shall not render 
daaianated waria hazardous (an., by mobiiiZinQ hazardous constitueds); 

21 s penode0 ioad~hackmg ProBrsm approved by DHS and mglonai boards ahail be implemented to ensure 
thsl haZadOYI mBlefiBi6 8r8 no1 discharged at Class IllIanMllS. 

CI Dewalered sevege or water lraatment sludge may be dischamed a, a Clarr Iii landfill under the foliowing 
condilions. uniesd DHS datermines that iheweste must be managed as hazardous warte: 
11 The landfill is equipped wilh a ieaehate colledion and removal system: 
2) The sludge contalnr at ieasl20 percent solids by weight if primary sludge. oral  iesal I 5  percent soivds 

if recondsw sludge, mixture9 ofpnmsry and secondary sludges. or water treatment sludge: and 
31 A minimum sdidr-lo4iquid ratto of 5:l by weight shall M maimlned to ensure thatthe sodisposal wiii 

n l  exceed Ihs ioiliai moirlure-lwldng capacity of (ha nomaramour ~ o i i d  warte. me actual ratio 
required by the regionel board shall be based on rite-specific condilions. 

d) incinerstoi ash may be discharged at sClsrs Ill landfill unless DHS determiner thal the waste mvsi be 
managed as hazardous wale. 

81 Inert waste doss no1 soniam hazardous waste or soluble polluianlr at concentrat8ons in excess of 
applicable waler quality obiectiues. it does not contaln significant quantil8es of decompo9sbis waste. 

b l  inert wartel do not need lobs dlrcharged todassified managsmentunitt. 
51 	 Regional boards may prescribe lndividuai or general warls dischams requirements for discharger of inen 

WBStB8. 

Examples 

Materials thal wnisin high 
wncentralions of peslicidsr, 
cedm $olvenu, and PCBs 
am examples of m a d o u s  
wastaa. 

Maieblr with high 
cancentmtionnd BOD, 
hardnssr, or chloride. 
toomanic sails and heavy 
melair are 'msnageabis" 
ha ra rdo~~wastes. 

Ga*ege. ~aah,  mlure, 
paper, demolition end 
c a n s t ~ ~ ~ ~ i o nWBZLBS, manure. 
vegetabis or animal soiid and 
semisolid waster. 

Concrete, mck, plaster, brick. 
un~ontammated soil*. 
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Table 4-8. Status of Landfills (Active and Inactive) in Region that have Ongolng Groundwater 
Monitoring Programs. 

Landflll 

Azusa Landfill (Azusa Land 
Reclamation Co., Inc.) 

Bailard Landfill (Ventura Regional 

Sanitation District) 


BKK Landfill West Covina. (BKK 

Corporation) 


Bradley Landfill (Valley Reclamation 
CO.) 

Brand Park Disposal Site (City of 

Constituents detected in 
monitoring wells 

Volatile organic compounds 
o/oCs) 

Vinyl chloride 

Class I area: VOCs, heavy 
metals, semi-VOCs, general 
minerals 
Class Ill area: no detectable 
contaminants 

VOCs 

No detected contamination 

Current activities 

Ongoing continuous detection monitoring includes gas 
control. 

Increased gas extraction wells as well as groundwater 
extraction wells at Ballard and one well at a coastal 
site are reducing vinyl chloride exceedances. 

The groundwater monitoring system surrounding the 
landfill consists of over 200 wells. Offsite well clusters 
are currently being installed to determine the extent of 
the contaminant plume from the landfill. Corrective 
action program ongoing. 

Site undergoing evaluation monitoring. 

Inert landfill. Site undergoing detection monitoring. 
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Table 4-8. Status of Landfills (Active and Inactive) in Region that have Ongoing Groundwater 
Monltorlng Programs (continued). 

Angeies portion (Browning-Ferris Protection Standard 
Industries. Inc.) [closed] 

* Former Ciass I landfill that is now an operating Class Ill landfill and has an ongoing ground water monitoring program 
" Former Class I landfill that is now closed and has an ongoing ground water monRoring program. 

Former Ciass II landfill that is now closed but has an ongoing ground water monitoring program. 
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landfills; see Table 4-10 for Regional Board 
procedures for siting inert landfills. In addition,

Table 4-9. Actlve Regional Class Ill Landfills. there are several hundred inactive landfills in the 
Region, for which information about the nature of 
wastes and possible impacts to ground water are 
unknown at this time. 

The Regional Board also administers the Solid 
Waste Water Quality Assessment Test (SWAT) 
Program in the Region, pursuant to the California 
Water Code (513273). Section 13273, added in 
1985, requires owners of active or inactive non-
hazardous landfills to evaluate the possible 
migration of hazardous wastes or leachate from 
their landfill. 

Landfills 

Bailard 
Toland Road 

Simi Valley 

Azusa 

Sunshine Canyon 

BKK-West Covina 

Stough Park 

Chqulta Canyon 

Lopez Canyon 

Calabasas 
Puente Hills 
Scholl Canyon 
Spadra 

Bradley 

Savage Canyon 

Pebbly Beach 

Two Harbors 

County 

Ventura 
County 

Los Angeles 
County In addition to requiring site evaluations, the SWAT 

Program also: 

AgencylOwner 

Ventura 
Regional 
Sanhation 
Dlstrict 

Waste 
Management 
Disposal 
Services of 
California, Inc. 

Azusa Land 
ReclamationBFI 

BFI 

BKK 

City of Burbank 

Laidlaw Waste 
System 

City of Los 
Angeles 
Department of 
Public Works 

Sanilation 
Dlstrlcts of Los 
Angeles County 

Valley 
Reclamation 
CompanyMlaste 
Management 
Disposal 
Services of 
California. Inc. 

City of Whmier 

Consolidated 
Disposal 

Doug Bombard 
Enterprises 

provides deadlines for implementation of water 
quality monitoring systems at active solid waste 
disposal sites; 

requires water quality monitoring systems at 
many closed solid waste disposal sites which 
previously had none; and 

requires identification of leaking solid waste 
disposal sites for verification monitoring andlor 
remedial actions to be taken under the Chapter 
15 Program. 

In 1986, the Regional Board began to require that 
landfill operatorlowners prepare SWAT proposals to 
show how they would meet the requirements of 
Section 13273. Upon approval of proposals by the 
Regional Board, the operators must collect 
groundwater monitoring data during four consecutive 
quarters and submit the combined data in a SWAT 
report. To date, the Regional Board has received 
approximately 75 reports. Several of the landfills 
that detected problems underwent, or are 
undergoing, verification monitoring. SWAT reports 
submitted by ownerloperators must include an 
analysis of the surface and ground water on, under, 
and within one mile of the solid waste disposal site 
in order to ~r0videa reliable indication of whether 

continue to opirate as a class IIIlandfiil pursuant to affected if the solid waste disposal site is leaking 
Regional Board Order WQ 86-59 and State Board and compare that area to geol0gically similar areas 
Order 91-01. near the solid waste disposal site which have not 

been affected by the leakage of waste. 

The Azusa Landfill Reclamation site is currently accepting 

BASIN PLAN - JUNE 13, 1994 

there is any leakage of hazardous waste. Reports 

4-15 STRATEGIC PLANNING AND IMPLEMENTATION 

8761 

inert wastes. A ruling from State Board will determine must also contain a chemical characterization of the 
whether the orialnai 80-acre portion of the sne will soil-pore liquid of those areas which are likely to be 



Sludge Use and Disposal 

Table 4-10. Procedures for Sltlng Inert 
Landfills. 

Reglonal Board procedures for siting inert 
landfills 

A monitoring program approved by the Executive 
Offlcer must be In place and operating prior to 
disposal of any inert waste. This wlli include ground 
water monitoring and wasle disposal reporting. in 
the event that possible leakage from the landfill is 
observed during routine detection monitoring, an 
evaluation monitoring, and if necessary, a corrective 
action program similar to those included in Chapter 
15 will be Implemented. 

Disposal must be restricted to inert wastes. Organic 
material is allowed only in insignficant quantities. 
wilh lhe exception of a maximum of 5% by volume 
of organic material from debris basins. Friable 
asbestos, asphaltic material', and rubber tires are 
speciflcaily prohibited unless allowed by Waste 
Discharge Requirements from the Regional Water 
Quality Control Board. 

A waste load checking program similar to those 
approved for Class IIi landfills must be carried out. 

Installation of precipitation and drainage controls is 
required to accommodate runon and runoff. 

Inspection of facllhy by Regional Board staff should 
be conducted at least once per year. 

Submiltal of a closure plan is required for review 
and approval by the Executive Offcer. Such pian to 
include ground water monitoring for a minimum 
period of rive years. 

Asphaltic material that contains less than 50% solids 
is not allowed (i.e.. asphalt). Azphaltic concrete (as 
defined by the Joint Cooperative Commmee of the 
Southern California Chapter, American Public Works 
Association, and Southern Calilornia Districts, and 
Associated General contractors: Slandard 
Specffications for Public Woks Conslruclion) is 
allowed. 

Under Public Resources Code Section 45700, the 
State Board is required to rank all solid waste 
facilities throughout the State based on the threat to 
water quality. Other State Board reports prepared 
under this section detail the extent of hazardous 
waste at each solid waste disposal site, the potential 
effects these hazardous wastes can have upon the 
quality of waters of the State, and recommended 
actions needed to protect the quality of water. 

Biosollds, or sludge, are residual byproducts of 
sewage treatment, water treatment, and certain 
industrial processes. Heavy metals and volatile 
organic chemicals tend to codcentrate in sludge. 
For this reason, USEPA and the Regional Board do 
not allow the direct discharge of sludge to the ocean 
or any other surface waters. Discharge to land 
must be carefully controlled because of potential 
impacts on ground and surface water quality. If 
sludge is disposed at a landfill, It must be non-
hazardous, and meet the moisture and liquid-solid 
ratio requirements of the receiving landfill. 

Under the NPDES program, sludge disposal Is 
regulated (40 CFR Part 503) as a self-implementing 
program enforced by USEPA; the state does not 
have delegated authority for implementing the 
sludge program. Sludge reporting requirements 
(i.e.. haulage information) for sewage treatment 
plants are included in their NPDES permits and 
WDRs. 

The Regional Board encourages the use of sludge 
or by-products thereof. Some ways that sludge can 
be disposed include the following: 

dehydrated sludge as fuel in gas boilers to 
generate electricity (ash can be recovered for 
use as a fluxing agent in copper smelting or in 
cement production); 

sludge digester methane gas as fuel in gas 
boilers to generate electricity; 

chemically fixated sludge as landfill daily cover: 
adding chemical additives which fix heavy 
metals, reduce pathogens, and reduce free water 
to form a ciay-like soil for use as daily landfill 
cover; 

sludge as a soll amendment: composting 
dewatered sludge (pathogens are killed at 
composting temperatures); 

sludge as a nutrient source for non-edible crops: 
direct application to agricultural crops not meant 
for direct human consumption (mixing, tilling, or 
injecting sludge into soll); 

sludge disposal directly in certain landfills; and 

sludge disposal in-situ 
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Sol1and Hazardous Waste Disposal 

Contaminated soil and other material must be 
treated or properly disposed in order to minimize 
threat to the quality of surface or ground waters. 
Dischargers are required to submit an initial analysis 
of the material by a State-certified laboratory. If the 
material is deemed hazardous, the discharger is 
referred to the California Department of Toxic 
Substances Control. For non-hazardous materials, 
general WDRs can be issued on a case-by-case 
basis. All permitted treatment or disposal includes 
monitoring and reporting requirements. 

General WDRs (Table 4-2) for discharge of non-
hazardous contaminated soils or other wastes (good 
for 90 days) are issued for disposal of up to 100,000 
cubic yards of contaminated material. If the 
material contains acceptable levels of total 
petroleum hydrocarbons (TPH) or other 
contaminants, then it can be disposed in a Class Ill 
landfill at the discretion of the site operator. For 
discharges over 100,000 cubic yards, individual 
WDRs are required. 

General WDRs (Table 4-2) for in-situ treatment are 
issued for materials that meet guidelines for land 
treatment of petroleum hydrocarbon-contaminated 
soils. Up to 100,000 cubic yards of contaminated 
soil can be remediated, by land treatment, to 
acceptable levels usually not exceeding 1000 mglkg 
total petroleum hydrocarbons, within one year. For 
discharges over 100,000 cubic yards, individual 
WDRs are necessary. 

Remediation treatment includes biodegradation (by 
a land treatment process) for hydrocarbon 
contaminated soil found on site and a fixation 
process for metals contaminated soils. In-situ 
disposal (without treatment) can be allowed, on a 
case-by-case basis, for material that is not 
considered to be a threat to surface or ground 
water. 

Dredging Requirements 

The Regional Board issues WDRs for dredging 
projects to control potential water quality impacts 
associated with removal and disposal of bottom 
sediments. In the Los Angeies Region, most 
dredging activities take place within the Ports of Los 
Angeles and Long Beach to maintain navigation 
channels at the proper depth or to accommodate 
new development. Dredging projects periodically 
occur in other partially or fully enclosed water 

bodies (e.g., marinas and lagoons), ocean waters, 
and inland lakes and reservoirs. Applicants must 
demonstrate that dredging activities will not cause 
adverse water quality impacts and that disposal will 
be managed such that beneficial uses will not be 
affected. Dredging requirements usually have an 
expiration date. 

Septic Systems 

The California Water Code. Chapter 4, Article 5, 
sets forth criteria for regulating individual disposal 
systems (i.e.. residential septic tanks). In the past, 
the Regional Board placed certain types of septic 
tank systems under individual WDRs. The Regional 
Board has delegated local health or public works 
departments jurisdiction to permit and regulate most 
single-family dwellings septic tank disposal systems. 
However, the Regional Board retains jurisdiction 
over multiple-dwelling units, some non-domestic 
septic tank systems, and large developments in 
certain problem areas, as well as in any situation 
where septic systems are creating or have the 
potential to create a water quality problem. 

The Regional Board has adopted general WDRs 
(Table 4-2) for certain prlvate residential subsurface 
sewage disposal systems in areas where ground 
water is an important source of drinking water. 
These general WDRs apply to areas greater than 1 
acre and less than five acres in size and in general 
require either a hydrogeologic study or mitigation 
measures. WDRs are not issued for lots less than 1 
acre in size and are not required for lot sizes 
greater than five acres. 

Waivers from WDRs 

The Regional Board can waive WDRs pursuant to 
the California Water Code (513269) provided that 
such action is not against the public interest. 
Discharges eligible for such waivers (see Table 4-11 
for examples) must comply with all applicable Water 
Quality Control Plans, and: 

have minimal adverse water quality impact; 

be adequately regulated by another State or local 
agency; or 

be a category of discharge covered by State or 
Regional Board regulations, guidelines, or Best 
Management Practices where the Regional 
Board has obtained voluntary compliance. 
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Table 4-11. Waiver Conditions from WDRs. 

Regional Board waiver6 

Single family dwelling subsurface sewage disposal 
systems which are installed and operated in compliance 
with local ordinances (as modified by General Permil 
Order No. 91-94). 

Single family dwelling swimming pool waste disposal 
installations whlch are constructed and operated in 
compliance wRh local ordinances 
(Resolution No. 53-5). 

The on-site disposal of uncontaminated and unpolluted 
rotary mud resulting from the drilling of one oil well in 
such a manner that it will not be dumped or allowed to 
drain into any waters of the State. 

State Board Walvers 

Temporaly construction dewatering discharge when end-
of-pipe treatment is not feasible and the quality of the 
discharge is acceptable. 

Discharges from private and public recreational 
Impoundments caused by: 

a) continuous addition of domestic water and no 
additives are used to maintain the lake quality 

b) wet weather conditions and herbicides are used on 
seasonal basis for maintenance of the aestheticI( condHions in the impoundment 

C) water sp lied from an Impoundment through the 
addition of new water, wind action, or rainfall, or 
over a spillway. 

Waivers of WDRs are conditional and can be 
terminated at any time by the Regional Board 
NPDES permits, described below, can not be 
waived. 

Water Reclamation Requirements 
(WRRs) 
The State and Regional Board adopted the Policy 
With Respect to Water Reclamation in California. 
This policy, summarized and reprinted in Chapter 5,  
directs the Regional Boards to encourage 
reclamation of wastewaters and to promote water 
reclamation projects that preserve, restore, or 
enhance in-stream beneficial uses. The Regional 
Board waives fees for WRRs. 

Projects that reuse treated wastewaters and thereby 
lessen the demand for higher quality fresh waters 
are subject to Water Reclamation Requirements 
(WRRs). Title 22, California Code of Regulations, 
Division 4, Chapter 3, describes the applicable 
reclamation criteria (Table 4-12). Requirements 
from the California Department of Health Services 
are incorporated into WRRs. Treated wastewaters 
subject to WRRs in the Los Angeles Region are 
used for landscape irrigation, recreational 
impoundments, and to recharge ground water. 
WRRs are not needed for process waters that are 
completely recycled during plant operations. 

National Pollutant Discharge 
Elimination System Program 
(NPDES) 

The CWA authorized the USEPA to regulate point 
source pollutants to the waters of the United States 
under the NPDES permitting program. The goal of 
this program was to eliminate all discharges of 
pollutants to surface waters by 1985. In 1974, 
California became a "delegated state" for issuing 
NPDES permits. As noted above, the state issues 
NPDES permits as WDRs in accordance with a 
Memorandum of Agreement (MOA) between the 
USEPA and the State Board, and as codified in the 
California Water Code, Chapter 5. 

A standard NPDES permit generally includes the 
following components: 

Findings: official description of the facility, 
processes, type and quantity of wastes, existing 
requirements, enforcement actions, public notice 
and applicable Water Quality Control Plans. 

Effluentlimitations: narrative and numerical limits 
for effluent; discharge prohibitions. 

Receiving water limitations: narrative and 
numerical objectives for the receiving waters. 

Provisions: standard provisions required by the 
Regional Board and by Federal law; expiration 
date of permit. 

Complianceltask schedules: time schedules and 
interim reporting deadlines for compliance. 

Pretreatment requirements: standard 
pretreatment requirements for municipal facilities 
(see below). 
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Table 4-12. Reclaimed Water: Uses and California Title 22 Health Requirements. 

Permllted use of reclaimed water 

Spray irrigation of food crops 

Surface irrigation of food crops 

Irrigation of fodder, fiber and seed 
crops 

irrigation of pasture for milking animals 

Landscape lrrigation of golf courses, 
cemeteries, freeway landscapes and 
similar areas 

Summaly of Title 22 ( Sections 60303 el. seq.) Health Requirements 

Reclaimed water used for spray irrigation of food crops shall be at all times 
adequately disinfected, oxidbed, coagulated, clarified, filtered wastewater. The 
wastewater shall be considered 'adequately disinfected if at some location in the 
treatment process, the median number of coliform organisms does not exceed 
2.2 per 100 mi and the number of wliform organisms does not exceed 23 per 100 mi 
in more than one sample within any 30day period. The median value shall be 
determined from the bacteriological results of the last 7 days for which analyses 
have been completed. 

Reclaimed water used for surface irrigation of food crops shall be at ail times an 
adequately disinfected, oxidbed wastewater. The wastewater shall be considered 
adequately disinfected Rat some location in the treatment process, the median 
number of coliform organisms does not exceed 2.2 per 100 ml as determined from 
the bacteriological results of the last 7 days for which anaiyses have been completed. 
Orchards and vineyards may be surface irrigated with reciaimed water that has the 
quality at least equivaient to that of primary effluent provided that no fruit is 
harvested that has come in contact with the irrigating water or the ground. 
Exceptions to the quality requirements for reciaimed water used for irrigation of food 
crops may be considered by the State Department of Heailh on an individual basis 
where the reclaimed water is to be used to inigate a food crop which must undergo 
extensive commercial, physical or chemical processing sufficient to destroy 
pathogenic agents before it is suitable for human consumption. 

Reclaimed water used for the surface or spray irrigation of fodder, fiber, and seed 
crops shall have a level of qual i i  no less than that of primary effluent. 

Reclaimed water used for the irrigation of pasture to which milking cows or goats 
have access shall be at ail times an adequately disinfected, oxidized wastewater. 
The wastewater shall be considered adequately disinfected if at some location in 
the treatment process the median number of coliform organisms does not exceed 
23 per 100 ml, as determined from the bacterioiogical resuits of the last 7 days 
for which analyses have been wmpieted. 

Reclaimed water used for the irrigation of golf courses, cemeteries, freeway 
landscapes, and landscapes in other areas where the public has similar access 
or exposure shall be at all times an adequately disinfected oxidbed wastewater. 
The wastewater shall be considered adequately disinfected if the median number 
of coliform organisms in the effluent does not exceed 23 per 100 mi as determined 
from the bacterioiogical resuits of the last 7 days for which anaiyses have been 
completed, and the number of wliform organisms does not exceed 240 per 100 ml 
in any two wnsecutive samples. 
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Table 4-12. Reclaimed Water: 

Permitted use of reclaimed water 

Irrigation of parks, playgrounds. 

schoolyards and similar areas 


Nonrestricted recreational 

Impoundment (no iimAallons are 

imposed on body-contact sport 

activities) 


Restricted recreation impoundment 
(recreation is limited to fishing, boating, 
and other non-body-contact water 
recreation activhies) 

Landscape impoundment (aesthetic 
enjoyment or other function but no 
body-wntact is allowed) 

Groundwater recharge of domestic 
water supply aquifers 

Other uses (toilet flush, industrial 
cooling water, process water, seawater 
intrusion barrier) 
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Uses and California Title 22 Health Requirements (continued). 

Summay of Title 22 ( Sections 60303 et. seq.) Health Requirements 

Reclaimed water used for the irrigation of parks, playgrounds, schoolyards, and 

other areas where the public has similar access or exposure shall be at all times an 

adequately disinfected, oxidied, coagulated, clarified, filtered wastewater or a 

wastewater treated by sequence of unil processes that will assure an equivalent 

degree of treatment and reliability. The wastewater shall be considered adequately 

disinfected it the medium number of wliform organisms in the effluent does not 

exceed 2.2 per 100 ml. as determined from the bacteriological resuns of the last 

7 days for which analyses have been completed, and the number of coliform 

organisms does not exceed 23 per 100 ml in any sample. 


Reclaimed water used as a source of supply in a nonrestricted recreational 

impoundment shall be at all times adequately disinfected, oxidized, coagulated, 

ciarihd, Rltered wastewater. The wastewater shall be considered adequately 

disinfected if at some location in the treatment process, the median number of 

coliform organisms does not exceed 2.2.per 100 mi and the number of coliform 

organisms does not exceed 23 per 106 ml in more than one sample whhin any 

30-day period. The median value shall be determined from the bacterioiogical 

resuils of the last 7 days for which analyses have been completed. 


-

Reclaimed water used as a source of supply in a restricted recreational impoundment 
shall be at all times an adequateiy disinfected, oxidized wastewater. The wastewater 
shall be considered adequately disinfected if at some location in the treatment process 
the median number of wlilorm organisms does not exceed 2.2 per 100 ml. as determined 
from the bacterioiogical results of the last 7 days for which analyses have been completed. 

Reclaimed water used as a source of supply in a landscape impoundment shall be 
at all times an adequately disinfected, oxidized wastewater. The wastewater shall be 
considered adequately disinfected i fat some location in the treatment process the 
median number of wlform organisms does not exceed 23 per 100 ml, as determined 
from the bacteriological results of the last 7 days for which analyses have been completed. 

Recharge water requirements are made on a case-by-case basis to ensure that the water 
is of such quality that fully protects public health at all times. Factors considered Include 
treatment provided, effluent quality and quantity, spreading operations, soil characteristics, 
hydrogeoiogy, residence time, receiving water quality and distance to withdrawal. 

User must demonstrate that methods of treatment and reliability features will assure an 
equal degree of treatment and reliability. 
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Sludge requirements: sludge monitoring and 
control requirements, i f  necessary and not 
regulated under separate WDRs. 

Monitoring program: specific locations of 
monitoring stations and sampling frequency for 
all parameters limited in permit, including flow. 

Pretreatment 

The 1972 amendments to the CWA established a 
separate regulatory program, called the National 
Pretreatment Program, that requires removal of 
toxic and other non-conventional pollutants at their 
sources before the wastewater enters publicly-
owned treatment works (POTWs). The USEPA has 
developed pretreatment regulations for certain 
industries. 

In addition, agencies operating one or more POTWs 
with a total design flow greater than five-million 
gallons per day are required to implement 
pretreatment programs. Smaller POTWs that have 
significant industrial influent, treatment process 
problems, or violations of effluent limitations, also 
can be required to pretreat influent. The 
pretreatment programs are designed to reduce 

pollutants that: interfere with biological treatment 
processes, contaminate sludge, and violate water 
quality objectives of receiving waters. POTWs are 
responsible for implementing and enforcing their 
own pretreatment programs, but are subject to 
USEPA and Regional Board approval and oversight. 

Storm water Permits 

Storm water runoff is runoff from land surfaces that 
flows into storm drains or directly into natural 
waterbodies during rainfall. Storm water discharges 
include flow through pipes and channels or sheet 
flow over a surface. Storm water runoff was not 
regulated by the NPDES program until after the 
1987 amendments to the CWA. Historically, many 
large manufacturers or industrial operators collected 
runoff (non-process wastewater) within their 
properties and discharged it to storm drains or sent 
it to a sewage treatment plant. However, most 
small industries and construction sites did not 
collect or monitor their runoff. The NPDES program 
now requires that this runoff be eliminated or 
regulated under a storm water permit. For more 
information about storm water, see the Urban 
Runoff in the Nonpoint Source section of this 
Chapter. 

Table 4-13. Storm Water General NPDES Categories (General Permit Major Categories are Italic). 

lndustdal Facility Categories 

i. Facilities subject to storm water effluent limitations guidelines, new source performance standards, or toxic pollutant effluent 
standards (40 CFR subchapter N) 

ii. Certain manufacturing facilities 

iii. Oil and Gasmining facilities 

iv. Hazardous waste treatment, storage, or disposal facility 

v. Landfills, land application sites, and open dumps that receive or have received any industrial wastes from facilities listed herein 

vi. Recycling faciiities, including metal scrap yards, battery reciaimen, sakage yards, and automobile junkyards 

vii. Steam electric power generating facilities 

viii. Transportation faciiities which have vehicle maintenance shops, equipment cleaning operations, or airport deicing operations 

ix. Sewage or Wastewater treatment facilnies with design flows greater than 1.0 mgd or planls required to have pretreatment program 

xi. Other manufacturing facilities where materials, machinery, or products are exposed to storm water 

Conshuction Activities of five acres or more, including clearing, grading and excavation. Construction which results in soil 
disturbances of less than 5 acres requires a permit if the construction activity is part of a larger common plan of development. 
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In November 1990, USEPA published initial permit 
application requirements for certain categories of 
storm water discharges associated with industrial 
activity and for discharges from separate municipal 
storm sewer systems located in municipalities with 
populations of 100,000 or more (55 FR 47990). 
These NPDES storm water discharge permits 
provide a mechanism for monitoring the discharge 
of pollutants to "waters of the United States" and for 
establishing appropriate controls to the maximum 
extent practicable. 

In cases where there are existing NPDES permits 
for wastewater discharges, the Regional Board 
incorporates storm water discharge provisions into 
the same permit. Currently two types of NPDES 
storm water permits have been promulgated by the 
State and Regional Boards: 

Municipal permits for separate storm sewer 
systems located in urban areas with populations 
of 100,000 or more. 

Statewide general permits (Table 4-2): 

(i) for industrial activities, excluding 
construction. This permit covers 20 of the 
11 industrial classifications described in the 
federal storm water regulations (Table 4-13); 
and 

(ii) for all construction projects impacting five 
acres or more, or smaller areas that are part 
of a larger common plan, including 
excavation, demolition, grading and clearing. 
(USEPA is considering making this permit 
applicable to all construction sites as part of 
Phase 2 of the storm water program). 

Municipal storm water runoff is covered under 
municipal permits for a single city, county, or groups 
of cities and counties. The County of Los Angeles 
requested and received an "early" permit in 1990, 
prior to the promulgation of the USEPA storm water 
regulations. This permit covers the drainage basins 
contained within Los Angeles County with cities 
being brought into compliance under the program in 
three phases (Table 4-14; Figure 4-3). The 
Regional Board is currently developing a similar 
municipal permit that will cover most of Ventura 
County (Table 4-15), including the cities of Oxnard. 
Simi Valley and Thousand Oaks which have 
populations of greater than 100,000. The City of 
Thousand Oaks will be issued a separate storm 
water NPDES permit for drainage areas tributary to 
Santa Monica Bay. Each phase of the storm water 

Table 4-14. Drainage Areas and Associated 
Co-pennittees of Los Angeles County 
Municipal Storm Water NPDES Permit 

Phase or Drainage Area 1: Santa Monica Bay 
Dralnage Basin 

Agoura Hills, Beverly Hills. Calabasas. Caltrans, Culver 
C i i ,  El Segundo, Henosa Beach, Inglewood, Los 
Angeks (City and County), Malibu, Manhattan Beach, 
Palos Verdes Estates. Rancho Palos Verdes. Redondo 
Beach. Rolling H I ,Rolling HWk Estates, Santa 
Monica. Torrance, Ventura County (portions of Ventura 
County are included within the Los Angeles permit 
area), West Hollywood. Westlake Ullage 

Phase or Drainage Area 2: Upper Los Angeles 
River and 
Upper San Gabriel River Dralnage Basins 

Alhambra, Arcadia, Azusa, Baldwin Park. Bradbury. 
Burbank. Calabasas, Caitrans, Claremont, Covina, 
Diamond Bar, Duarte, El Monte, Glendale. Glendora. 
Hidden Hills, Industry. Irwindale, La Caflada Flintridge, 
La Habra Heights. La Puente. La Verne, Los Angeles 
(C$and County), Monrovia. Montebello. Monterey 
Park. Pasadena. Pomona. Rosemead, San Dimas, San 
Fernando, San Gabriel, San Marino. Sierra Madre. 
Soulil El Monte. South Pasadena, Temple City, Walnut. 
West Covina 

Phase or Dralnage Area 3: Lower Loo Angeles 
River, Lower San Gabriel Rlver and Santa Clara 
River Dralnage Basins 

Alhambra, Artesia. Beli, BelMower, Beli Gardens, 
Caltrans. Carson. Cerrltos, Commerce, Compton. 
Cudahy. Downey. El Segundo, Gardena, Glendale. 
Hawaiian Gardens, Hawthorne, Huntington Park, 
Inglewood, La Caflada Flintridge. La Habra Heights. 
Lakewood, La Mlrada, Lawndale, LomRa, Long Beach, 
Los Angeles (City and County), Lynwood, Maywood. 
Montebello, Norwaik. Palos Verdes Estates, Paramount. 
Pasadena. Pico Rivera, Rancho Palos Verdes. 
Redondo Beach. Rolling Hills. Rolling Hills Estates, 
Santa Clarita, Santa Fe Springs, S~gnalHill. South 

program in Los Angeles County is being 
implemented over three years: 

Year I: compilation of existing data on the 
storm drain system and identification of existing 
Best Management Practices. 

Year II: implementation of early action Best 
Management Practices for cities, and regional 
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Figure 4 3 .  Drainage basins and phases of the Los Angeles County Municipal storm water NPDES permit 

BASIN PLAN - JUNE 13, 1994 STRATEGIC PLANNING AND IMPLEMENTATION 

8769 



monitoring programs for nonpoint source 
pollutants. 

Year Ill: implementation of additional Best 
Management Practices that are city-specific 
based on existing land use patterns and local 
concerns. 

Industrial general storm water NPDES permits 
require that any ownerloperator of a site that falls 
into one of the regulated categories and that 
discharges storm water to waters of the United 
States file a Notice of Intent (NOI) with the State 
Board. As detailed in the general permit, these 
dischargers are required to eliminate most non-
storm water discharges, including illicit connections, 
to storm water drainage systems. 

An industrial ownerloperator must prepare a Storm 
Water Pollution Prevention Plan and a Monitoring 
and Reporting Program if storm water leaves, or 
has the potential to leave, an industrial site. 
lndustries can monitor individually, or apply for a 
"group monitoring" program for like industries. 
Group monitoring is based on the assumption that 

Table 4-15. Drainage Areas and Co-
permittee Cities and Agencies of the 
Ventura County Munlcipal Storm Water 
NPDES Permlt. 

similar industries have similar types of discharges. 
lndustries under this program must sample a 
minimum of 20% or a minimum number of four, 
whichever is higher, of the facilities covered under 
an approved group program. 

The Regional Board's permitting strategy for 
industrial facilities is based on four-tiers of priorities: 
baseline permitting, watershed permitting, industry-
specific permitting and facility-specific permitting 
(Table 4-16). General permits for industrial facilities 
will not be less stringent than individual permits. 
Rather, the use of general permits is intended to 
alleviate the administrative burden of issuing storm 
water permits to all industrial facilities. All permits, 
whether general or individual, will also require 
compliance with all local agency requirements. In 
addition, industrial facilities must eliminate all non-
storm water discharges from storm drain systems 
unless they are authorized by an NPDES permit or 
determined not to be a source of pollutants and thus 
do not need an NPDES permit for discharge. 
General permits for other classes of non-storm 
water discharges will be considered as the need 
arises. Other industrial facilities not regulated at 
this time are expected to identify "hot areas" at their 
facilities where runoff can contact pollutants or 
activities can release pollutants to runoff. Examples 
of potential "hot areas" are storage areas for raw 
materials, sites used for the storage and 
maintenance of equipment, and shipping and 
receiving areas. In addition, industrial facilities are 
expected to segregate storm water discharges from 
these "hot areas;" and identify and implement 
control measures in these and other areas at the 
facility consistent with local agency comprehensive 
storm water control programs. 

Dischargers are required to control pollutant 
discharges through use of best available technology 
economically achievable (BAT) and best 
conventional pollutant control technology (BCT) to 
reduce pollutants and to use more stringent 
controls, if necessary, to meet water quality 
standards. To date, the USEPA has established 
technology-based numerical effluent limitations for 
storm water discharges from ten industrial activities 
(40 CFR Subchapter N, examples in Table 4-17). 

For construction activities, landowners are required 
to develop and implement a Storm Water Pollution 
Prevention Plan and assess the effectiveness of 
their pollution prevention measures (control 
practices). The NPDES permit establishes 
requirements for the Notice of Intent (NOI) and the 
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Table 4-16. Four-tier Priority Strategy for 

Permitting Industrial Storm Water 

Dischargers. 


Tier I - Basellne Permitting: 

The State Board issued a generai permit in November 
1991for storm water discharges associated with 
industrial activities. The majorii of storm water 
discharges associated with industriai activities in the 
Region will be allowed coverage under this State 
Board general permit. Requirements for the 
Notificatiin of Intent to be covered under the general 
permit and the schedule for submittal and compliance 
are established in the permit. 

Tier iI- Watetshed Permiltlng: 

Facilities within watersheds determined to be affected 
by industrial storm water discharges will be targetad 
for individual or watershed-specific general permks. 
The Regional Board will consider watershed-specMc 
permits, on an as needed basis, for high resource or 
water-quality impaired watersheds in the Region. 

Tier 111 - Industry-Spclflc Pennllting: 

Specific industrial categories will be targeted for 
individual or industry-specific general permits. Storm 
water discharges from primary-metal industries, 
automobile salvage yards, boat yards. U.S. 
Department of Defense facilities in the Region may be 
significant sources of poliutanls, and as such. the 
Regional Board will consider issuing general permit(s) 
or Individual permit(s) specfic to these facilities. 

Tier iV - FacilitySpeclfic PermltUng: 

The targeting of individuai facilities for facility-specific 
permming will be dependent on several factors 
including special characteristics, complexity of 
operations, pollution threat, and others. Such facilities 
will also include those that have been found to be 
unsuitable for the other three tiers of permitting. In 
general, facility-specsc permits are intended to be 

schedule for submittal and compliance. Discharges 
addressed by the permit include (i) pollutant 
discharges that occur during construction activities, 
(ii) discharges of construction waste material, and 
(iii) pollutant discharges in runoff after construction 
is completed. Permit conditions must be consistent 
with local agency ordinances and regulatory 
programs; the intent of the permit is not to 
supersede local programs, but rather to complement 
them. Under the municipal permits described 
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above, local agencies are required to effectively 
address const~uction activities through their ea;ly 
planning and CEQA processes, as well as 
implement and develop control measures as part of 
their comprehensive control programs. 

Criteria for WDRs, WRRs, and 

NPDES Permit Limit and 

Provisions 


The Regional Board refers to several guidance 
documents or policies in developing effluent limits, 
including: USEPA's Quality Criteria for Water 
(USEPA, 1986) and a series of industry-specific 
USEPA Effluent Guideline Volumes (Development 
Documents for Effluent Limitations Guidelines and 
Standards). Site-specific effluent and receiving 
water limits are developed to comply with narrative 
and numerical objectives in the California Ocean 
Plan (1990), the California Thermal Plan (1975), 
the objectives and beneficial uses in this Regional 
Water Quality Control Plan, and other State and 
Regional Board plans and policies. Other nearby 
waste discharges, and the need to prevent 
nuisance, are also considered. In addition, all 
discharges must comply with Federal and State anti- 
degradation (see Chapters 3 and 5) and anti- 
backsliding (CWA 5404) policies. 

Municipal Effluent Limits (NPDES) 

Effluent limitations for municipal NPDES permits 
require (i) at least secondary treatment. (ii) non- 
ocean disposal or recycling of sludge, (iii) 
compliance with health standards for coliform and 
fecal bacteria, and (iv) conformance with water 
contact or fish habitat standards, if necessary. 
Since 1977, all ocean dischargers have been 
required by USEPA to have secondary treatment. 
Some dischargers are not yet fully in compliance 
with this requirement; however, USEPA has denied 
all applications from POTWs in the Los Angeles 
Region for federal 301(h) waivers which would allow 
modified water quality criteria for ocean discharges. 
Those POTWs that submitted applications are now 
in the process of constructing secondary treatment 
facilities. 

Specific Criteria for Site-specific 

Determination of Effluent Limits 


The Regional Board prescribes effluent limits after 
assessing the nature of the waste, treatment level, 
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Table 4-17. Selected Point Source Categories Subject to Storm Water Effluent Limitation Guidelines 
(see 40 CFR 411443). 

BAT b B u t  AwX.bh Tr ) lm lwy  EconmlE~IIYAshhvabb. 
B P T b  Besf P n r U e a M  CMW T e h n o l w  CumnUy Anlhbh.  
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Table 4-17. Selected Point Source Categories Subject to Storm Water Effluent Limitation Guidelines 
(see 40 CFR 411-443) (continued). 

a] contaminated runoff that is 
commingled or treated with process 
wastewater or 
b] wastewater consisting solely of 
contaminated runoff which exceeds 15 
mglL oil and grease or 110 mg1L TOC 
and is not commingled or treated with 
any other type of wastewater) 

Multiply the now of contaminated runoff 
(as deteimined by the permit writer/ by 
the concentrations listed. 

Hexavalent chromium 

(Runoff from coal piles) 

wastewater and employ HF flotation) 
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Table 4-17. Selected Point Source Categories Subject to Storm Water Effluent Limitation Guidelines 
(see 40 CFR 411443) (continued). 

Categoy 

Mineral Mining (Industrial sand: Mine 
dewatering discharges) 

Mineral Mining (Gypsum, asphaltic 
mineral, asbestos and wollastonite, 
borax, potash, sodium sulfate, frasch 
sulfur, magneslte, diatomite, jade. 
novaculite, barite, fluorspar, salines 
from brine lakes, bentonite, and tripoli) 

Ore mining and dressing (iron ore: 
runoff from the drainage area of facility) 

Ore Mining and Dressing (Copper, lead. 
zinc, gold, sliver, and molybdenum ores: 
runoff from the dralnage area of facility) 

Ore Mining and Dressing (Gold placer 
mine: surface runoff which has 
commingled with mine dralnage or. 
waters resulting from the beneficiation 
process) 

Ore Mining and Dressing (Titanium ore: 
surface water Incorporated into mine 
drainage) 

Concentration 

Legal Design (mgh  unless noted) 
ParameterStandard storm Max for any 1 30-day 

1day I avenge 

BPT 10 yr. TSS 45 II 25 
24 hr. 

PH 6.0-9.0-

BPT 	 10 yr. No discharge 
24 hr. 

BPT 10 yr. TSS 30 1 20 
24 hr. Iron (dissolved) 2.0 1.O 

pH 
6.0-9.0 

BPT 	 10 yr. TSS 30 II 20 
24 hr. 	 Copper 0.30 1 0.15 

Zinc 1.5 ' 0.75 
Lead 0.6 I, 0.3 
Mercury 0.002 1 0.001 
pH 

6.0-9.0 

BAT 	 10 yr. Copper 0.30 1 0.15 
24 hr. 	 Zinc 1.5 1 0.75 

Lead 0.6 1 0.3 
Mercury 0.002 1 0.001 
Cadmium 0.10 1 0.05 

BPT 	 10 yr. Settleable solids 0.2 mVL (instantaneous max) 
24 hr. 

BPT 	 10 yr. All mine drainages: I 
I

24 hr. 	 TSS 2030 1Iron 	 2.0 . I 1.O 
pH I 

6.0-9.0 

IDischarges from Mills: 
TSS 	 30 II 20 
Zinc 	 1.0 1 0.5 
Nickel 	 0.2 1 0.1 

PH 	 6.0-9.0 
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Table 4-17. Selected Point Source Categories Subject to Storm Water Effluent Limitation Guidelines 
(see 40 CFR 411-443) (continued). 

Category 

Ore Mining and Dressing (Tuttgsten. 
Nickel and Vanadium ores: surface 
runoff incorporated into mine drainage) 

Paving and Roofing Materials (Asphait 
emulsion) 

Paving and Roofmg Materials" (Asphalt 
concrete) 

Paving and Roofing Materials'' (Asphalt 
roofing) 

Concentration 

Legal Design (mglL unless noted) 
Parameter

Standard storm Max for any I 30day 
1 day I average 

BPT 10 yr. 	 Mines producing ~ 5 0 0 0  0I 
24 hr. 	 metric tons: I 

TSS 30 ! 20 
Cadmium 0.10 1 0.05 
Copper 0.3 1 0.15 
Zinc 1.0 1 0.5 
Lead 0.6 1 0.3 
Arsenic 1.0 / 0.5 

I 

PH 	 6.0-9.0 

Milis producing~5000metric II 
tons: I 

TSS 30 II 20 
Cadmium 0.10 ' 0.05 
Copper 0.3 j 0.15 
Zinc 1.0 1 0.5 
Arsenic 1.0 1 0.5 

I 

PH 	 6.0-9.0 

Mines and Mills producing < I 
I 

5000 metric tons: I 

TSS 50 I
I 30 

PH 	 6.0-9.0 

BPT 	 Oil and grease 0.020 1 0.015 
I 

pH 
(kglm' of runoff) 6.0-9.0 

BAT 	 TSS 0.023 1 0.015 
oil and grease 0.015 1 0.010 

PH 6.0-9.0 
(kglm' of runoff) 

BPT 	 No discharge 

BPT 	 TSS 0.056 1 0.038 
I 

PH 	 6.0-9.0 
(kg11000kg of product) 

BAT 	 TSS 0.028 1 0.019 
I 

pH 
(kgIl000kg of product) 6.0-9.0 
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Table 4-17. Selected Point Source Categories Subject to Storm Water Effluent Limitation Guidelines 
(see 40 CFR 411-443) (continued). 

BAT IsBart Avallabh Techmlopy Economically Achhvabk. 
BPTb Best PncUsabls Conml Technology CvrnnUy Avalhble. 

not specified 

Any water which comes into direct contact with any raw material, intermediate product, by product, or product used in or resulting from 
production. 

Category 

Paving and Roofing Materials " 
(Linoleum and printed asphalt felt) 

'"or lower but not less than 5.0 ifwater quality standards authorize lower pH: and if discharge, unaltered by human activity, would have 
a pH lower than 6.0. 

Legal 
Standard 

BPT 

BAT 

dilution or mixing zone, other discharges in the 
area, beneficial uses and objectives for the 
receiving waters, and relevant State and Federal 
guidelines and regulations. 

Concentration 
(mglL unless noted) 

Max for any 3Oday 
'L day I average 

0.038 1 0.02 
I 5 

6.0-9.0 

0.019 1 0.013 

6.0-9.0 

Design 
storm 

On a case-by-case basis, the Regional Board can 
allow a mixing zone for compliance with receiving 
water objectives. In rivers and streams an approved 
mixing zone can not extend more than 250 feet from 
the point of discharge or be located less than 500 
feet from an adjacent mixing zone. Since many of 
the streams in the Region have minimal upstream 
flows, mixing zones are usually not appropriate. In 
lakes or reservoirs, it may not extend 25 feet in any 
direction from the discharge point, and the sum of 
mixing zones may not be more than 5% of the 
volume of the waterbody. As detailed in the States' 
Ocean Plan, ocean dilution zones are determined 
using standard models. 

Parameter 

TSS 

pH 
(kgllO0Okg of product) 

TSS 

pH 
(Kgl1000kg of product) 

Water quality-based effluent limitations for 
discharges to inland surface waters (SWRCB, 
1991a and SWRCB, 1991b) are developed in a 
number of ways including: 

assignment of a portion of the loading capacity 
of the receiving water to each of the sources of 
waste, point and nonpoint; 

determination of limitations based on a formula 
that considers the water quality objective and 
ambient background concentrations of each 
substance and allowed dilution ratio; 

determination of limitations using statistically-
based calculations and information about the 
effluent and receiving water, where sufficient 
information exists to adequately characterize 
effluent and receiving water; 

using discharge prohibitions to implement water 
quality objectives for a particular area; or 

for power plant discharges, determination of 
limitations based on a formula that incorporates 
cooling water flow and combined in-plant waste 
streams. 

Effluent limits for ocean discharges are based on 
objectives in the Ocean Plan. 
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Standard Provisions in WDRs and 
NPDES Permits 

Standard provisions are included in most Non-
Chapter 15 WDRs and in all NPDES permits and 
outline specific restrictions and requirements 
imposed by the Regional Board. Selected 
provisions which relate to prohibited discharges are 
listed below. A full copy of the standard provisions 
for either WDRs or NPDES permits can be obtained 
at the Regional Board office. NPDES standard 
provisions are different from WDRs standard 
provisions. 

Selected Standard Provisions Applicable to Non-
Chapter 15 Waste Discharge Requirements 

General Prohibltion: Neither the treatment nor the 
discharge of waste shall create pollution, 
contamination, or nuisance, as defined by Section 
13050 of the California Water Code. 

Hazardous Releases: Except for a discharge 
which is in compliance with waste discharge 
requirements, any person who, without regard to 
intent or negligence, causes or permits any 
hazardous substance or sewage to be discharged in 
or on any waters of the State, or discharged or 
deposited where it is, or probably will be, discharged 
in or on any waters of the State, shall, as soon as 
(i) that person has knowledge of the discharge, (ii) 
notification is possible, and (iii) notification can be 
provided without substantially impeding cleanup or 
other emergency measures, immediately notify the 
Office of Emergency Services of the discharge in 
accordance with the spill reporting provision of the 
State Toxic Disaster Contingency Plan adopted 
pursuant to Article 3.7 of Chapter 7 of Division 1 of 
Title 2 of the Government Code, and immediately 
notify the State Board or the appropriate Regional 
Board of the discharge. This provision does not 
require reporting of any discharge of less than a 
reportable quantity as provided for under 
Subdivisions (9 and (g) of Section 13271 of the 
Water Code unless the discharger is in violation of a 
prohibition in the applicable Water Quality Control 
Plan. 

Petroleum Releases: Except for a discharge which 
is in compliance with waste discharge requirements, 
any person who without regard to intent or 
negligence, causes or permits any oil or petroleum 
product to be discharged in or on any waters of the 

State, or discharged or deposited where it is, or 
probably will be, discharged in or on any waters of 
the State, shall, as soon as (i) such person has 
knowledge of the discharge, (ii) notification is 
possible, and (iii) notification can be provided 
without substantially impeding cleanup or other 
emergency measures, immediately notify the Office 
of Emergency Services of the discharge in 
accordance with the spill reporting provision of the 
State Oil Spill Contingency Plan adopted pursuant 
to Article 3.5 (commencing with Section 8574.1) of 
Chapter 7 of Division 1 of Title 2 of the Government 
Code. This provision does not require reporting of 
any discharge of less than 42 gallons unless the 
discharge is also required to be reported pursuant to 
Section 311 of the Clean Water Act or the discharge 
is in violation of a prohibition in the applicable Water 
Quality Control Plan. 

Selected General Requirements and Standard 
Provisions Applicable for NPDES Permits 

Neither the disposal nor any handling of wastes 
shall cause pollution or nuisance. 

Wastes discharged shall not contain any 
substances in concentrations toxic to human, 
animal, plant or aquatic life. 

Wastes discharged shall not contain visible oil 
or grease, and shall not cause the appearance 
of grease, oil or oily slick, or persistent foam in 
the receiving waters or on channel banks, wall. 
inverts or other structures. 

Wastes discharged shall not increase the 
natural turbidity of the receiving waters at the 
time of discharge. 

Wastes discharged shall not damage flood 
control structures or facilities. 

The temperature of wastes discharged shall not 
exceed 100 'F. 

The discharge of any radiological, chemical, or 
biological warFare agent or high level 
radiological waste is prohibited. 

Bypass (the intentional diversion of waste 
streams from any portion of a treatment facility) 
is prohibited (with certain exceptions). 
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Self Monitoring, Compliance 
Monitoring and Inspections 

Permits and requirements issued by the Regionai 
Board are generally self-monltored by each 
individual discharger, with oversight by the Regionai 
Board. The Regional Board conducts periodic 
inspections and compiiance monitoring and, as 
necessary, will take enforcement actions to ensure 
compliance. 

Self Monitoring Program: Dischargers are 
required to regularly collect samples of their waste 
stream@)and, in some cases, receiving waters and 
submit results to the Regional Board. If the 
discharger discovers that they are not in compliance 
with their Requirements, they are required to take 
measures, including change of operations, in order 
to come into compliance. The monitoring and 
reporting schedule is determined for each 
discharger on a case-by-case basis. 

Compliance Monltorlng and Inspections: 
Regional Board staff conduct unannounced 
inspections (including collection of samples) to 
determine the status of compliance with 
Requirements. All major dischargers are inspected 
at least once a year. 

Enforcement 

Regional Boards are authorized to implement a 
variety of enforcement actions to obtain compiiance 
with Requirements. Enforcement procedures can 
be informal, such as a letter informing the 
discharger of non-compliance and requesting the 
discharger to comply with terms of its 
Requirements, or they can be more formal, such as 
an order prescribing needed changes and a time 
schedule. Generally, instances of noncompliance 
are first addressed by discussions at the site, via 
telephone, or by letter with a request to correct the 
problem within a given period of time. 

The California Water Code (513267) authorizes the 
Regional Board to require any discharger to submit 
technical or monitoring reports. Failure to supply 
the required reports is a misdemeanor. Section 
13268 permits the Regional Board to levy 
administrative civil liabilities (e.g., fine) not 
exceeding five thousand dollars ($5.000) for each 
day that the discharger fails to comply with the 
Section 13267 request. Civil liability may aiso be 

imposed by the superior court in an amount that 
shall not exceed twenty-five thousand dollars 
($25,000) for each day in which the violation occurs. 
If warranted, the Executive Officer will issue a 
Notice of Violation that is sent to the discharger for 
failure to comply with a predetermined compliance 
actionlschedule. 

Under the California Water Code, the Regional 
Board has several enforcement options available to 
compel compliance with a Board order. The 
following is a brief overview of the enforcement 
actions available to the Regional Board (statutory 
references are to the California Water Code). 

Time Schedule Orders (513300): Dischargers 
operating under Regionai Board orders who are not 
able to meet requirements, or whose actions 
threaten to violate requirements prescribed by the 
Regional Board, can be administratively issued (by 
the Executive Officer) an order specifying a time 
schedule for the discharger to take specific actions 
which will correct or prevent the violation. The time 
schedule order may aiso include interim limits with 
which the discharger must comply during the time 
schedule until full compiiance is achieved. 

Cease and Desist Orders (§13301): The Regional 
Board may issue a Cease and Desist Order when a 
discharger: 

fails to comply with requirements or discharge 
prohibitions contained in an NPDES permit or in 
WDRslWRRs; 

fails to comply with a time schedule set by the 
Board in a time schedule order; or 

fails to take preventive or remediai action in the 
event of a threatened violation of a Board order. 

The order requires the discharger to comply with 
established requirements or prohibitions, to comply 
with a time schedule, or, if the violation is 
threatening, to take appropriate remediai or 
preventative action. The order may also restrict or 
prohibit the discharge of new sources of waste to a 
community sewer system. 

Cleanup and Abatement Orders (513304): The 
Regional Board may issue a cleanup and abatement 
order to any discharger who has discharged wastes 
without a valid Board order or who has caused, or 
threatens to cause, a condition of pollution. The 
order requires the discharger to clean up waste or 
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abate its effects or, in the case of a threatened 
pollution or discharge, take other necessary 
remedial or preventive actions. If the discharger 
fails to take action, the State Attorney General, at 
the request of the Board, may file a petition for 
issuance of an injunction requiring compliance. 
Alternatively, the Executive Officer is authorized to 
issue a Cleanup and Abatement Order 
administratively. 

Administrative Civil Liability: A Civil Liability (e.g., 
fine) may be administratively imposed by the 
Regional Board against dischargers who violate 
513350 or 513385 or any other Regional Board 
order. 

Assessments imposed for 513350 violations shall 
not exceed five thousand dollars ($5,000), but shall 
not be less than five hundred dollars ($500), for 
each day the discharger is deemed to be in 
violation. Section 13350 violations include: 

failure to comply with a Cleanup and Abatement 
Order or a Cease and Desist Order; 

violation of any Requirements which creates a 
nuisance or causes pollution; and 

deposition of oil or petroleum residue in or on 
any State waters. 

The Regional Board can impose sanctions up to ten 
thousand dollars ($10,000) for each day in which 
the discharger violates 513385. Section 13385 
violations include: 

failure to furnish a report, filing a false report of 
waste discharge or a false technical report, or 
failure to pay a fee when so requested; 

discharging warfare (radiological, chemical or 
biological) agents into State waters; 

violating dredge and fill material permits; and 

refusing to provide technical or monitoring 
reports as requested by the Regional Board. 

The Executive Officer is authorized to impose an 
Administrative Civil Liability administratively. If the 
discharger so requests, a hearing will be held by the 
Regional Board on the violation and the amount of 
the civil liability. Funds collected from civil penalties 
go directly to the State Water Pollution Cleanup and 
Abatement Account which is administered by the 
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State Board. In lieu of a civil liability payment, the 
Regional Board may require that the violator fund a 
cleanup or enhancement activity within the area of 
the discharge violation or for other environmentally 
beneficial projects in the Region. 

Judicial Civil Liability: The State Attorney General, 
upon a request from the Regional Board, may 
petition the superior court to seek penalties in 
excess of the fines that the Regional Board is 
authorized to impose. For 513350 violations (see 
criteria listed in Administrative Civil Liabilities section 
above), the court may impose civil liabilities up to 
fifteen thousand dollars ($15,000) for each day. For 
513385 violations, the court-imposed fines cannot 
exceed twenty-five thousand dollars ($25,000) for 
each day of violation. 

injunctive Relief: The State Attorney General or 
the appropriate county or District Attorney or City 
Attorney may, at the request of the Regional Board, 
petition the Superior Court for injunctive relief for 
any person not complying with submittal of required 
reports and fees (313360) or discharging wastes in 
violation of the California Water Code (§13386), or 
where there is evidence of irreparable damage 
(513361). 

Control of Nonpoint 
Source Pollutants 

lnfroduction 

Despite California's significant achievements in 
controlling point source discharges from municipal 
sewage treatment plants and industrial facilities, 
pollutants from nonpoint sources continue to 
degrade many of our water resources. 
Approximately two-thirds of California's waterbodies 
assessed in the State's Water Quality Assessment 
Report (1992) are threatened or impaired by 
nonpoint sources of pollution. 

Nonpoint source (NPS) pollution, as opposed to 
"~ointsource" ~ollutionla discharoe at a s~ecific-~-

kcation or pipe with the'exception of irrigaiion 
return flows), generally consists of diffuse runoff of 
pollutant-laden water from adjacent land. These 
pollutants are transported to waters by precipitation, 
irrigation, and atmospheric deposition. Nonpoint 
sources have been grouped by the USEPA into 
categories that include agriculture, urban runoff, 
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construction, hydromodification, resource extraction, 
silviculture, and land disposal. These categories, 
however, are not exclusive. For example, 
agricultural operations contain both point 
(concentrated animals) and nonpoint source 
(irrigation return flow) categories. 

Nonpoint source pollution has been studied for 
several decades. Many of the earller nonpoint 
source planning efforts generated excellent studies 
and reports; unfortunately, many of the 
recommendations have yet to be implemented. Due 
to new requirements mandated as a result of the 
1987 amendments to the CWA, a more focused, 
results-oriented approach is being implemented 
nationwide. 

Early Nonpoint Source Pollution 
Planning Efforts 

The CWA ($208) required State and local agencies 
to identify water quality problems from both point 
and nonpoint sources as part of their water quality 
planning efforts. From 1974 to 1981, federal grants 
under this program provided funds to states and 
local agencies for identification of nonpoint source 
problems and development of control strategies. 
Although many of these plans were never 
implemented, this early work helped establish the 
framework for existing state nonpoint source 
programs currently being implemented under the 
CWA (5319). 

Recognizing the need to assess the water quality 
effects of storm water runoff, the USEPA initiated 
the Nationwide Urban Runoff Program (NURP) in 
1978. This five-year program collected data on the 
quality of urban runoff and its impact on receiving 
waters. Objectives of NURP included the 
development of a national database and analytical 
methodologies to examine the quality characteristics 
of urban runoff, a determination of the extent to 
which urban runoff contributes to water quality 
problems, and an evaluation of best management 
practices to control pollutants from urban runoff. 
Data from 28 projects around the country confirmed 
that significant levels of pollutants such as nutrients, 
heavy metals, and bacteria result from urban runoff. 
These studies also showed that the most significant 
effects of urban storm water runoff on aquatic life 
were due to hydrologic changes related to 
urbanization and construction activities. 
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Development of the State 

Nonpoint Source Program 


The CWA (§101(a)(7)) states: 

"it is the national policy that programs for the 
control of nonpoint sources of pollution be 
developed and implemented in an expeditious 
manner so as to enable the goals of this Act to be 
met through the control of both point and nonpoint 
sources of pollution. " 

With the addition of specific nonpoint source 
language in the 1987 amendments to the CWA 
(particularly $319), new direction focusing on 
implementation of state nonpoint source 
management programs have been authorized. 

Section 319 requires that states complete two 
documents by August 4, 1988, in order to be eligible 
for federal nonpoint source funding: an Assessment 
Report describing the state's nonpoint source water 
quality problems and a Management Plan describing 
plans to address the state's nonpoint source 
problems. 

The State Board is responsible for implementing the 
requirements of 5319 and reporting to the USEPA. 
In addition to authority under the CWA, the State 
Board has independent authority to implement 
requirements of $319 by means of Division 7 of the 
California Water Code, commencing with $13000. 

The State Water Resources Control Board 
completed its Nonpoint Source Assessment Report 
and Nonpoint Source Management Plan in 1988. 
The Assessment Report summarites water quality 
impairments due to nonpoint source and describes 
regional, State, and Federal programs in California 
that addressed nonpoint source pollution. The 
Management Plan outlines the legal and institutional 
framework, objectives, and implementation plan for 
the State's program. 

The State's Nonpoint Source Management Plan 
describes a three-tiered management approach to 
address nonpoint source problems. Each Regional 
Board will decide which management option(s) will 
be required for individual situations. Generally, the 
least stringent option (in terms of regulation) that will 
protect or restore water quality will be employed, 
followed by more formal regulatory measures if 
timely improvements in water quality are not 
achieved. Regional Boards usually will not impose 
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effluent limits on nonpoint source dischargers who 
are implementing Best Management Practices in 
accordance with a State or Regional Board formal 
action. The three tiers (in order of increasing 
regulatory control) are outlined below: 

(i) Voluntary implementation of Best Management 
Practices 

Land managers or property owners 
voluntarily or cooperatively implement Best 
Management Practices. 

(ii) Regulatory-basedenforcement of Best 
Management Practices 

The Regional Board can encourage the use 
of Best Management Practices by waiving 
WDRs on the condition that the dischargers 
implement effective Best Management 
Practices . 
The Regional Board can enforce Best 
Management Practices indirectly by entering 
into Management Agency Agreements 
(MAAs) with other agencies that have the 
authority to enforce Best ~anagement 
Practices . 

(iii) Effluent limitations 
The Regional Board can adopt and enforce 
WDRs on any proposed or existing waste 
discharge, including discharges from 
nonpoint sources. 

Following the adoption of the Nonpoint Source 
Management Plan, the State and Regional Boards 
have focused on the following objectives in 
developing the program elements: 

lnitiate and institutionalize activities for the 
control of nonpoint source pollution from urban 
runoff, agriculture, silviculture, mining. 
construction, hydromodification, grazing, and 
septic tanks. 

Encourage, develop, and manage contracts for 
projects funded under CWA (5319) funding. 

Develop a program to implement the 
requirements of the 1990 re-authorization of the 
Coastal Zone Management Act (CZMA) which 
requires the State Board and the Coastal 
Commission to develop and implement an 
enforceable nonpoint source program in the 
coastal zone. 

Initiate pilot watershed programs across the 
State. 

Implement a public outreach and educational 
program. 

During the preparation of the California Nonpoint 
Source Management Plan, the State Board formed 
an Interagency Advisory Committee (IAC). IAC 
meetings are held quarterly and serve as a forum 
for discussion of Nonpoint Source Program 
development and direction, funding, and the 
exchange of new ideas in nonpoint source related 
activities implemented by the various agencies. 

The IAC consists of State and Regional Board staff, 
other State agencies, the California Association of 
Resource Conservation Districts, federal agencies, 
and other interested parties. Active member 
agencies of the IAC are listed below: 

State Agencies: 
Coastal Commission 
Department of Conservation 
Department of Fish and Game 
Department of Food and Agriculture 
Department of Pesticide Regulation 
Department of Transportation 
Department of Water Resources 
Association of Resource Conservation Districts 
Water Resources Control Board 
Regional Water Quality Control Boards 

Federal Agencies: 
Agricultural Stabilization and Conservation Service 
Army Corps of Engineers 
Bureau of Land Management 
Bureau of Reclamation 
Environmental Protection Agency 
Forest Service 
F~shand Wildlife Service 
Soil conservation Service 

The State Board has entered into agreements with 
other agencies (Table 4-18) which have the 
authority to implement, or require the 
implementation of, Best Management Practices 
under the State's Nonpoint Source Program. These 
agreements capitalize on the expertise and 
authorities of other agencies with responsibilities 
related directly or indirectly to water quality. 
Memorandums of Understanding (MOUs) and 
Management Agency Agreements (MAAs) are the 
two types of agreements used for this purpose. The 
format and end-result of both agreements are 

BASIN PLAN - JUNE 13, 1994 4-35 STRATEGIC PLANNINGAND IMPLEMENTATION 



Table 4-18. Nonpolnt Source-related 
Memorandums of Understanding (MOUs) 
and Management Agency Agreements 
(MAAs) between the State Water 
Resources Control Board and Other 
Agencies. 

Effective Title of Agreement 

Date 


May 26, 1981 	 Management Agency Agreement 
between the State Water Resources 
Control Board and the Forest 
Service, United States Department 
of Agriculture. 

February 3, 	 Management Agency Agreement 
1988 	 between the State Water Resources 

Control Board, the State Board of 
Forestry, and the State Department 
of Forestry and Fire Protectimn. 

July 30. 1990 	 Memorandumof Understanding 
between the State Water Resources 
Control Board, the Sol1 conservation 
Service, and U.S. Department of 
Agriculture for Planning and 
Technical Assistance Related to 
Water Quality Policies and Activliis. 

December 23. 	 Memorandumof Understanding 
1991 	 between the State Water Resources 

Control Board and the California 
Depaltment of Pesticide Regulation 
for the Protection of Water Quality 
(Surface and Ground Water) from 
Potentially Adverse Effects of 
Pesticides. 

February 3. 	 Memorandum of Understanding 
1993 	 between the California State Water 

Resources Control Board, the 
Bureau of Land Management, and 
U.S. Departmentof the Interior for 
Planning and Coordination of 
Nonpolnt Source Water Quality 
Policies and Activities. -

basically the same. These agreements outline the 
responsibilities of one agency, then the other, 
followed by the joint responsibilities of both 
agencies. 

Nonpoint Source Funding 

Because the Nonpoint Source Program is different 
from most other water quality programs, innovative 
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ways of financing and implementing nonpoint source 
projects have been developed. Prior to the CWA 
1987 amendments, states used 5106 and §205(j) 
monies (as described below) to fund limited 
nonpoint source activit~es. The primary federal 
funding for current nonpo~nt source program 
development and implementation includes 
§205(j)(5), §319(h), 5201(g)(l)(b), §603(c)(2), and 
5604(b) monies as described below. 

Section 2050)(5): Section 205(j)(5) established a 
set-aside of construction grant funds for the 
purposes of carrying out activities under Section 
319, including program development and the 
preparation of state Assessment Reports and 
Management Plans. These funds were used for 
assessment and development activities for 
California's program through fiscal year 1989. 

Section 319(h): Grant funds authorized by Section 
319(h) can be used for the implementation of 
nonpoint source management programs but cannot 
be used for assessment activities. States must 
have a USEPA-approved Assessment and 
Management Plan before qualifying for these 
monies. This grant program funds both State and 
Regional Board programs and provides competitive 
grants for other agencies to use in implementing 
nonpoint source measures around the State. These 
grants include a "non-federal" match of 40%, 
illustrating the intent of Congress and USEPA to 
encourage states to make a substantial financial 
commitment to implement nonpoint source 
programs. 

Section 201(g)(l)(b): The CWA 1987 amendments 
added subsection 210(g)(l)(b) that expanded the 
use of 201 funds to "...any purpose for which a 
grant can be made under Section 319(h) and (i)." 
These funds can be used for either nonpoint source 
development or implementation projects. The 
Regional Board has recently received funding under 
this program to provide resources to coordinate a 
multi-agency study in the Malibu Creek Watershed 
(see description in the Future Direction section for 
more detail). 

Section 603(c)(2): The CWA 1987 amendments 
added Title VI establishing a State Water Pollution 
Control Revolving Fund Program (SRF). This 
program provides funding in the form of loans, 
refinancing, and bond insurance which can be used 
for (i) construction of publicly owned treatment 
works, (ii) the implementation of state nonpoint 
source management programs, and (iii) the 
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development and implementation of state estuary 
conservation and management plans. The State 
and Regional Boards encourage local agencies to 
apply for these low-interest loans to implement 
nonpoint source demonstration projects and 
programs in the Region. 

Section 604(b): States must set aside one percent 
of their Title VI allotments or $100,000, whichever is 
greater, to carry out planning programs under 2050) 
and 303(e) of the CWA. These funds can be used 
under 205(j) planning for nonpoint source related 
activities. This can become an important source of 
funding for nonpoint source planning and 
assessment tasks since these types of activities 
cannot be carried out under Section 319. 

Nonpoint Source Categories 

The following sections describe the major sources of 
nonpoint pollution, the extent of the problem in the 
Region, and the main regulatory and non-regulatory 
approaches available to control runoff from these 
nonpoint sources of pollution. 

Agriculture 

Agriculture is a major industry in California and will 
continue to be important to the State's economy. 
Agricultural activities, however, can generate 
pollutants such as sediment, pesticides, nutrients, 
and oxygen-demanding organic matter. Upon 
discharge to a receiving water, these pollutants can 
degrade water quality and impair beneficial uses, as 
explained below. 

Sediment. Eroded soil materials, along with other 
chemicals (nutrients, pesticides, and other organic 
chemicals) that adsorb to the sediment particles, are 
transported from land surfaces into adjacent 
waterbodies. Excess sediment can interfere with 
photosynthesis by reducing light penetration. 
smother benthic organisms, destroy important 
spawning habitats, and fill in waterways hindering 
navigation or groundwater percolation and 
increasing flooding. 

Pesticides: Nationwide, pesticide use has changed 
in recent years. Although there is now a greater 
number of pesticides available for use, the current 
trend seems to be toward a decreased use of 
chemicals. There is also a dramatic decrease in the 
use of persistent (long-lived) pesticides, many of 

which were banned in the late 1970s. Many 
currently-used chemicals, however short-lived, can 
be highly toxic to fish and other aquatic life 
(especially at critical life stages), so that even very 
low levels of these pesticides in runoff can be a 
significant environmental concern. 

Nutrients: In general, runoff from agricultural lands 
has significantly higher nutrient concentrations than 
drainage waters from forested or other "covered 
lands. These increased nutrient levels result from 
fertilizer application and animal waste. 
Eutrophication of lakes, streams, and coastal 
waters, as well as groundwater degradation, are 
often attributed to runoff from agricultural lands. 
Nutrients are necessary for plant growth in a 
waterbody, but excess nutrients can lead to 
excessive algal growth, an imbalance in natural 
nutrient cycles, changes in water quality (such as 
demand for dissolved oxygen), and a decline in the 
number of fish species. 

Organic Material: Crop debris and animal wastes 
are major sources of organic matter which can be 
transported into streams from agricultural lands. As 
these materials decompose, they tend to deplete 
dissolved oxygen in receiving waters. Fish and 
other aquatic life cannot survive in waters with low 
levels of oxygen. 

Agriculture in the Los Angeies Region is 
concentrated in Ventura County, which has over 
95,000 acres under cultivation (Figure 4-4). 
Agriculture is Ventura County's largest industry and 
accounts for 11% of total employment in the county. 
Approximately 70% of the farms are between 40 
and 50 acres in size, and only about 5% of the 
farms are greater than 500 acres. Major crops in 
Ventura County include fruit, nuts, vegetables, 
nursery stock. Christmas trees, and sod (Ventura 
County, 1990). 

While rich soils and a mild climate have contributed 
to the success of Ventura County's agricultural 
industry, water supplies are limited. The agricultural 
community pumps over 270,000 acre-feet of ground 
water per year. This accounts for 86% of water 
consumption in the County (Ventura County, 1993). 
With groundwater pumping rates far exceeding 
recharge rates, some groundwater basins have 
been, and continue to be, overdrafted. These 
overdraft conditions accelerate the existing seawater 
intrusion problem, as discussed in the Seawater 
Intrusion Section below. 
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The State and Regional Boards have the authority 
to regulate any discharge, including agriculture. 
Such a regulatory program could supplement the 
Department of Pesticide Regulation's pesticide 
regulatory program. To date, however, the State 
and Regional Boards have not chosen to control 
pollutants from agricultural sources through 
regulations such as WDRs. Rather, the Boards 
expect that significant improvement to water quality 
can be achieved through voluntary implementation 
of management measures (i.e., Best Management 
Practices) that reduce or eliminate pollutants from 
agricultural sources. The U.S. Department of 
Agriculture, Soil Conservation Service and the 
Resource Conservation Districts provide information 
on, and assistance in, implementing these types of 
management measures. 

In addition to encouraging the implementation of 
Best Management Practices identified in the 
USEPA's Guidance Specifying Management 
Measures For Sources of Nonpoint Pollution in 
Coastal Waters (known as the (g) guidance), the 
Regional Board and USEPA have undertaken 
outreach programs. One such example is a 319(h) 
grant made to the Ventura County Resource 
Conservation District (RCD) in 1992 to fund a 
project that will demonstrate improved irrigation 
techniques to growers on the Oxnard Plain. These 
irrigation techniques will reduce runoff and deep 
percolation of pesticides, sediment, and nutrients, 
thereby improving water quality. Through the RCD's 
efforts, the Regional Board and USEPA hope to 
encourage other growers on the Oxnard Plain to 
switch to irrigation technologies and practices that 
will both improve water quality and conserve water. 

The Regional Board is also an active participant on 
the Mugu Lagoon Task Force, which is comprised of 
local, regional, and State agencies, as well as U.S. 
Navy (which occupies land surrounding Mugu 
Lagoon). The objective of this Task Force is to 
foster cooperation between agencies in developing 
a comprehensive plan that will improve water quality 
in Calleguas Creek, Revolon Slough, and Mugu 
Lagoon, which is one of the Region's few remaining 
wetlands. The Task Force is focusing, in particular. 
on ways in which to reduce sources of sediment 
and pesticides. 

Confined Animal Operations 

Confined animals are those that are raised or 
sheltered in high densities. Examples of confined 
animal operations include kennels, horse stables, 
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poultry ranches, dairies, stockyards, and feedlots. 
Wastes from such facilities can contain significant 
amounts of pathogens, oxygen-depleting organic 
matter, nitrogen compounds, and other suspended 
and dissolved solids. As a result, runoff of storm or 
wash waters from confined animal areas can 
degrade receiving surface waters. Furthermore, 
percolation of storm or wash waters into ground 
water can degrade the water quality. The risk of 
degradation increases during the rainy season when 
animal waste containment and treatment ponds are 
often overloaded. 

Minimum design and management standards for the 
protection of water quality from confined animals are 
promulgated in the Title 23, California Code of 
Regulations, Chapter 15, Article 6. These 
regulations prohibit the discharge of facility wash 
water, animal wastes, and storm water runoff from 
animal confinement areas, into the waters of the 
State, and specify minimum design and waste 
management standards such as: the collection of 
all wastewaters; the retention of wastewaters and 
storm waters in manured areas during a 25-year, 
24-hour storm; the use of paving or impermeable 
soils at manure storage areas; and the application 
of manures and wastewaters on land at reasonable 
rates for minimal percolation. The Regional Board 
has the authority to enforce these regulations 
through WDRs, described in the section of this 
chapter entitled Control of Point Source 
Contamination. In addition to the State's Title 23 
'regulations, many local agencies have enacted 
ordinances and zoning restrictions that require 
additional waste management practices. 

While large confined animal facilities (e.g., dairies 
and poultry farms) sometimes threaten water quality 
in other Regions of the State, large confined animal 
facilities do not constitute a widespread threat to 
water quality in the Los Angeles Region, since there 
are only a few of such facilities in the Region. 
However, localized threats can result from smaller 
facilities, such as horse stables where runoff from 
manured areas can degrade the quality of receiving 
waterbodies. In such cases, the Reoional Board - ~ ~ 

has the authority to protect water quality through 
WDRs. 

Urban Runoff 

Urbanization disturbs natural land cover, alters 
natural drainage patterns, and increases impervious 
areas (e.g., rooftops, streets, parking lots) where 
water can not infiltrate into the ground. While 
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concerns about urban runoff were focussed primarily 
on flood control in the past, urban runoff has now 
been proven to be a significant source of pollutants 
that degrade regional waters. Pollutants in urban 
runoff include urban debris, suspended solids, 
bacteria, viruses, heavy metals, pesticides. 
petroleum hydrocarbons, and other organic 
compounds. These pollutants threaten the quality 
of receiving waters in numerous and varied ways. 
Suspended solids (such as soil particles) can, upon 
settling, destroy spawning grounds and other 
habitats. Urban debris is unsightly and can present 
health risks such as cuts, punctures, and disease. 
High levels of bacteria occasionally necessitate 
beach closures. Heavy metals and organic 
compounds contaminate sediment near harbors and 
other recreational areas and can bioaccumulate in 
aquatic organisms. 

More than 1,000 miles of storm drains beneath the 
streets of Los Angeles collect runoff from city 
streets, eventually dumping this flow into streams 
and coastal waters. High concentrations of 
pollutants that have accumulated on streets and 
other impervious surfaces during southern 
California's long dry summers are flushed into the 
storm drains and into surface waters during major 
storms that typicaliy occur in winter. 

The Southern California Coastal Water Research 
Project (SCCWRP), the Santa Monica Bay 
Restoration Project (SMBRP), and the University of 
Southern California (USC) Institute for Ocean and 
Coastal Studies have evaluated the characteristics 
of urban runoff, including pollutant loads, impacts, 
and toxicity, to coastal waters. The pollutant load 
and toxicity of urban runoff in the Region were 
found to be comparable to that of sewage effluent. 
The USEPA performed a nationwide evaluation of 
the environmental hazards posed by priority 
pollutants in urban runoff and found that cadmium, 
copper, lead, and zinc exceeded freshwater acute 
aquatic criteria in up to 50% of the samples 
analyzed (USEPA, 1983). In addition, these 
pollutants, along with cyanide, mercury, and silver, 
exceeded freshwater chronic criteria in at least 10% 
of the samples. 

The Regional Board's urban runoff management 
program (through both the Storm Water and 
nonpoint source programs) continues to assess 
specific urban runoff problems and control strategies 
to remediate those problems. Program elements 
include: 

Supporting research by SCCWRP, SMBRP, USC, 
USEPA, and others to better define regional 
impacts of urban runoff discharges. 

Developing cooperative investigation and control 
strategies utilizing the expertise and resources of 
point source dischargers in receiving water 
segments. 

Organizing local ad hoc task forces for hydroiogic 
watershedslsub-watersheds with representation 
from point source discharges, local industries, 
local agencies, public interest groups, the 
Regional Board, and the USEPA to facilitate 
investigations and the development of control 
strategies. 

Participation on the State Board Coordinating 
Committee and Technical Advisory Committees 
formed to address urban runoff management 
measures developed under mandates of the 
Coastal Zone Management Act Re-authorization 
Amendments (CZARA) of 1990. 

Participating on the State Board Storm Water 
Quality Task Force in the development and 
implementation of statewide urban storm water 
management guidance and strategies. 

Working with other agencies such as the South 
Coast Air Quality Management District, Southern 
California Association of Governments, and the 
Metropolitan Transit Authority to ensure that 
transportation related strategies and plans will 
reduce the impact on receiving waters from 
transportation system runoff discharges. 

Progress to date in this program includes a survey 
of basic information from fiood control districts, 
Caltrans and local agencies which own or have 
maintenance responsibility for storm drain systems. 
The survey indicated that, with few exceptions, 
agencies have little information on the storm drain 
systems that they own or manage. Flow and water 
quality data describing discharges from storm drain 
systems are very limited. Few programs existed to 
control urban runoff from a water quality 
perspective. Existing maintenance programs include 
cleaning storm drainage inlets, catch basins, and 
storm drainage lines on an annual, or as-needed 
basis for flood control purposes only, not for water 
quality improvement. 

The USEPA promulgated regulations (40 CFR Parts 
122, 123, and 124) for storm water discharges in 
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November 1990. The regulations list the types of 
storm water discharges for which NPDES permits 
are required. These include discharges from 
separate municipal storm drain systems sewing 
populations of 100.000 or more, discharges 
associated with industrial activities, discharges from 
construction activities, and discharges that 
contribute to violations of water quality standards or 
are significant contributors of pollutants to the 
receiving waters. The regulations authorize the 
issuance of system-wide or jurisdiction-wide permits 
and effectively prohibit non-storm water discharges 
to storm drains. They also require designated 
municipalities to implement control measures to 
reduce pollutants to the maximum extent 
practicable. Industrial storm water discharges are 
subject to standards based on best available 
technology (BAT) which is economically achievable. 
The Regional Board can, where necessary, require 
storm water discharge permits for dischargers not 
specifically cited in the regulations but who are a 
significant contributor of pollutants to waters of the 
Region (See Point Source section above for more 
details about the Storm Water Regulatory Program). 

Local municipalities and the County of Los Angeles 
are working together to implement an Urban Runoff 
and Storm Water Management Program. The 
Regional Board issued a municipal storm water 
NPDES permit to Los Angeles County and co-
permittees (cities and agencies) in June 1990. The 
permit implements a program which includes the 
development, assignment, and implementation of 
control strategies to reduce pollutants in urban 
runoff discharges in Los Angeles County. Table 
4-19 lists the minimum required Best Management 
Practices (BMPs) to be implemented county-wide. 
The County of Ventura and local municipalities in 
Ventura County have joined together to develop and 
implement a Ventura County Storm Water 
Management Program, and the Regional Board is 
considering issuance of an NPDES storm water 
permit to Ventura County and associated cities. 
The County will then be required to implement a 
storm water management program that will include 
the development and implementation of urban runoff 
control strategies and county-wide storm water 
monitoring. The program will include the cities of 
Oxnard, Sirni Valley and Thousand Oaks which 
have populations greater than 100,000 and are 
federally mandated to implement strategies to 
control poliutants in urban runoff. The city of 
Thousand Oaks, for areas that drain into Los 
Angeles County, will be regulated under a separate 
storm water NPDES permit. 

The Regional Board conducts suweiliance activities 
and provides overall direction to oversee, verify, and 
ensure implementation of urban runoff control 
programs. Technical guidance for prevention 
activities, as well as the identification, assignment, 
and implementation of control measures, and 
monitoring will be developed. Numerical limitations 
for selected pollutants, or pollutant indicator 
parameters, for urban runoff discharges in high 
resource watersheds, or impaired stream segments, 
will be developed in consultation with the USEPA 
and the State Board. 

The Regional Board's continuing strategy for urban 
runoff management will include: (i) a 
comprehensive control program, (ii) a highway 
runoff control program, (iii) an industrial activity 
control program, and (iv) a construction activity 
control program. These programs are described 
below. 

Comprehensive Control Program 

All cities and counties in the Region are required to 
develop and implement comprehensive urban runoff 
control programs which focus on the prevention of 
future water quality problems and remediation of 
existing problems. The requirements of the 
municipal control program are intended to be 
consistent with NPDES regulations for municipal 
storm water discharges. In addition to baseline 
elements such as implementation of Best 
Management Practices (Table 4-19) and monitoring 
of runoff, these programs will include pilot projects 
or other investigations which will: 

implement measures to reduce pollutants in runoff 
to the maximum extent practicable from 
commercial, residential, industrial, and roadway 
areas; 

implement measures to identify and eliminate illicit 
connections and illegal dumping into storm drain 
systems; 

implement measures for operating and 
maintaining public highways to reduce pollutants 
in runoff; and 

implement measures to reduce pollutants in 
discharges associated with the application of 
pesticides, herbicides, and fertilizer. These will 
include, as appropriate, controls such as 
educational activities and other measures for 
commercial applicators and distributors, and 
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Table 4-19. Los Angeles County Municipal Storm Water Permit: Minimum Required Best Management 
Practices (BMPs) to be Implemented County-wide. 

- -

Establish or improve an area-wide catch basin stenciling program with a universal stencil to discourage dumping, discarding, and/or 
discharge of pollutants, carriers, andlor debris into storm drainage systems county-wide. 

Develop programs to promote, publicize and facilitate public reporting of illegal discharges and/or dumping. 

Adopt a runoff control ordinance requiring the use of BMPs during and after construction and at selected commercial and industrial 
establishments. 

Augment public education and outreach Programs with regard to catch basins and storm drainage systems and their intended 
purpose. 

Provide regular catch basin cleaning when and where needed. 

lncrease cleaning frequency of and number of roadside trash receptacles in areas where needed. 

Increase street sweeping in areas where needed. 

Discourage the improper disposal of lllter, lawnlgarden clippings, and pet feces into the street or area where runoff may carry these 
pollutants to the storm drainage system. 

Implement facility inspections of auto repair shops, auto body shops, auto parts and accessory shops, gasoline stations, and 
restaurants as the accumulation of pollutants, garbage, and /or debris tends to concentrate in these areas. 

Encourage owners and persons in WntrOl Of homes or businesses to remove dirt, rubbish, and debris from their sidewalks and alleys 
which may contribute pollutants to urban runoff. 

Encourage recycling of oll, glass, plastic, and other materials to prevent their improper disposal into the storm drainage system. 

Encourage the proper disposal of Household Hazardous Wastes to prevent the improper disposal of such materials to the storm 
drainage system. 

Encourage the proper use and conservation of water. 

controls for application in public right-of-ways and 
at municipal facilities. 

On an annual basis, each city or county is required 
to conduct an evaluation of the effectiveness of its 
Comprehensive Control Program. 

Hlghway Runoff Control Program 

An essential component of a municipal 
comprehensive control program is the 
implementation of practices for maintaining public 
highways that reduce impacts on receiving waters 
from highway runoff. However, cities and counties 
(permittees) do not have jurisdiction over public 
highways controlled by the California Department of 
Transportation (Caltrans). In order to ensure the 
effectiveness of the comprehensive control 
programs, Caltrans must either actively participate 
as an entity in the County Storm Water Program, or 

will be required to obtain a separate NPDES permit 
for storm water discharges for highways under its 
jurisdiction. Such a program for Caltrans shall 
include a Storm Water Management Plan which 
addresses the design, construction, and 
maintenance of highway facilities relative to 
reducing pollutants in highway discharges to the 
maximum extent practicable. The Plan shall 
include: 

a characterization of Caltrans highway systems, 
including pollutants, highway layout, and drainage 
control system in the area; 

a description of existing highway runoff control 
measures; 

a description of additional highway runoff control 
measures to enhance pollutant removal; and 
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. 	 a plan for monitoring the effectiveness of control 
measures and highway runoff water quality and 
pollutant loads. 

The Highway Runoff Management Plan shall 
specifically address litter control, proper 
pesticidelherbicide management, reduction of direct 
discharges, reduction of runoff velocity, landscape 
over-watering, use of grassed channels, curb 
elimination, catch basin maintenance, appropriate 
street cleaning, establishing and maintaining 
vegetation, infiltration practices, and 
detentioniretention practices. Caltrans shall 
coordinate its urban runoff program with local 
agencies and existing programs related to the 
reduction of pollutants in highway runoff. 

lndustrlal Activity Control Program 

The Regional Board will require, pursuant to NPDES 
storm water regulations, an NPDES permit for the 
discharge of storm water from specified facilities 
associated with industrial activities. The industrial 
activity control program applies to any discharge 
from specified conveyance or engineered surface 
which is used for concentrating, collecting, and 
conveying storm water and which is directly related 
to manufacturing, processing, or raw material 
storage areas at an industrial facility. The program 
applies to all facilities identified by 40 CFR Part 
122.26(b)(14) and include both privately and publicly 
(federal, state, and municipal) owned facilities (see 
Tables 4-13, 4-16 and 4-17). 

The ~ e ~ i o n a l  Board considers storm water 
discharges from automotive operations, including 
gas stations, auto repair shops, auto body shops, 
dealerships, battery shops, wrecking yards, radiator 
shops and mobile car washing businesses, 
significant sources of pollutants in the Region. It is 
intended that these discharges and simiiar 
discharges from commercial establishments be 
addressed initially at the local level through 
ordinances and industrial waste inspections as part 
of the municipal comprehensive control program. 
The Regional Board will assess the success of 
these local programs before including such 
discharges in the NPDES permit program. 

Construction Activity Control Program 

Major construction activities include the 
development, or redevelopment, of residential, 
commercial, and industrial areas, as well as 
transportation facilities. The major pollutant 
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associated with construction activities is sediment. 
Additional pollutants include fuel, oil, paints, glues, 
pesticides, fertilizers, metals, and sanitary and solid 
wastes. The impact of these pollutants is 
dependant on the activities on site, as well as the 
duration of construction, rainfall, topography, soil 
characteristics, distance to the receiving waterbody, 
and Best Management Practices used on the site. 

The Regional Board requires, pursuant to NPDES 
storm water regulations, an NPDES permit for the 
discharge of storm water from all construction 
activities, including demolition, clearing and 
excavation, and grading. The State Board issued a 
general permit (Table 4-2) in August 1992, for 
construction activity discharges. The majority of 
construction activity discharges in the Los Angeles 
Region will be covered under the State Board 
general permit. This program regulates construction 
sites that are five acres or more; USEPA, however. 
is considering making this program applicable to 
construction sites as part of phase two of the Storm 
Water Program. 

Hydrologic Modification 

In light of the extensive development that has 

occurred on many of the floodplains throughout the 

Region, flood control in the Los Angeles Region is 

accomplished primarily through hydrologic 

modification. 


Hydrologic modifications are activities that are 

designed to control natural streamflow. These 

include bank stabilization, channelization, in-stream 

construction, dredging, dams, levees, spillways, 

drop structures, weirs, and impoundments. 

Activities such as straightening, widening, 

deepening, or relocating existing stream channels, 

and clearing or snagging operations also fall into 

this category. Some specific examples of hydrologic 

modifications are described below. 


Channelization: Channelization usually involves the 

straightening of channels and hardening of banks 

(e.g, concrete and rip-rap) along waterways 

undertaken for the purpose of flood control, 

navigation, andlor drainage improvement. These 

hydrologic modifications can disturb vegetative 

cover, increase scour as a result of increased 

velocities, and increase water temperatures when 

overhanging or streamside vegetation is removed. 

Channel modification activities can also deprive 

wetlands and estuarine shorelines of enriching 
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sediments, change the ability of natural systems to 
both absorb hydraulic energy and filter pollutants 
from surface waters, and cause interruptions of 
critical life stages of aquatic organisms. Hardening 
of banks along waterways results in permanent 
elimination of habitat, decreased quantities of 
organic matter entering aquatic systems and 
increased movement of nonpoint source pollutants 
from the upper reaches of watersheds into coastal 
waters. Channel modification projects undertaken in 
streams or rivers usually require regularly-scheduled 
maintenance activities to preserve and maintain 
completed projects. These frequently result in a 
continual disturbance of in-stream and riparian 
habitats. 

Dredging: Dredging is the removal of sediment 
buildup from stream channels or other waterbodies. 
Dredging is often needed to remove excess silt and 
coarse sediments which diminish some recreational 
and other beneficial uses. This can result in 
improved circulation and long-term improvements; 
however, many short-term impacts occur during and 
after dredging occurs. Dredging destroys aquatic 
habitats and associated organisms. Dredging can 
also introduce pollutant loadings to the waterbody 
by disturbing sediments that have accumulated 
contaminants over an extended period of time. This 
disturbance often re-suspends and redissolves 
pollutants back into the aquatic environment. 

Impoundments and Reservoirs: lmpoundments 
range from small dams constructed for soil and 
water conservation purposes to large drinking water 
reservoirs with volumes in excess of several 
hundred thousand acre feet. lmpoundments cause 
problems during and after the construction phase. 
Some of the impacts during construction include 
high erosion rates, washings from the preparation of 
the dam structure, and clearing operations of the 
area to be inundated. Long-term problems due to 
the impoundment itself can affect habitats in the 
reservoir and impact downstream river quality by 
diverting waters needed in downstream areas to 
support the localized aquatic life. Periodic 
maintenance of sediment buildup in reservoirs 
(which involves draining, dredging, or sluicing), 
termed "cleanout," has the potential to degrade 
downstream water quality and limits groundwater 
recharge capabilities. Sediment removal in 
reservoirs must be carefully managed so as not to 
transport sediment loads downstream which can 
impair beneficial uses (i.e., sealing spreading 
grounds and smothering aquatic habitat and 
organisms). The Regional Board strongly opposes 
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sluicing of sediment from reservoirs for maintenance 
purposes when this activity has the potential to 
impair downstream uses. Cleanout is currently a 
controversial issue with respect to the reservoirs in 
the Upper San Gabriel River watershed. 

The Los Angeles County Department of Public 
Works maintains a series of debris basins in canyon 
mouths and upstream stabilization structures in 
selected watersheds to trap debris flows from 
canyons. There are currently 114 debris basins in 
the watershed of the Los Angeles and San Gabriel 
River systems. In addition, the County maintains 
225 stabilization structures in 47 major watersheds, 
which serve as erosion control structures. 

The Los Angeles County Department of Public 
Works also operates 14 dams as part of their Flood 
Control Program (refer to Figure 1-3 for the 
locations of major lakes and reservoirs). Table 4-20 
lists the major reservoirs in the Region, their 
function and capacity, and the agencies that operate 
and maintain them. 

401 Certification Program 

The most effective tool the State has for regulating 
hydrologic modification projects is the 401 
Certification Program. 

The CWA (§401(a)(l)) gives'states the authority to 
issue, deny, or waive water quality 401 certifications 
to applicants applying for federal permits or licenses 
for activities that can result in discharge to any 
water of the United States. The issuance of a 401 
certification ensures that the project will comply with 
the State's Water Quality Standards as designated 
in the Basin Plan. The 401 certification process is 
commonly used by the Regional Board when 
reviewing projects from applicants who are 
requesting a Section 404 permit from the U.S. Army 
Corps of Engineers. The State Board can provide 
401 certification upon the recommendation of the 
Regional Board and Executive Officer. 

The CWA (9404) establishes a permit program, 
administered by the Secretary of the Army, acting 
through the Corps of Engineers, to regulate the 
discharge of fill or dredged material into the 
watersof the United States. Section 404(c) gives 
the Administrator of the USEPA further authority to 
restrict or prohibit the discharge of any dredged or 
fill material that can cause an unacceptable adverse 
effect on municipal water supplies, shellfish beds, 
fisheries, wildlife, or recreational areas. 
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Table 4-20. Selected R e S e ~ o i n  in the Region: Ownership, Capacity and Function. 

CONS Conservation (domestic water supply) CAMWD Calleguas Municipal Water Districl 
DIV Diversion COE Uniled Slates Army Corps. of Engineen 
DS Debris Storage DWR Depamnenl of Water Resources (State of Caliiornia) 
FC Flood Control LACDPW Los Angeles Counly Department of Public Works 
REC Recreation MWD Mevo~ollan Water District of Southern Califomla 

USER unled States Bureau of Reclamation 
UWCD United Water Consewal~on District 
VCFCD Ventura County Flood Control District 

t 1994 Capacity 
' 1993 Capacity 
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Streambed Alteration Agreements 

In addition to the CWA (5401 and 5404), Sections 
1601-1605 of the Fish and Game Code (Chapter 6, 
Fish and Wildlife Protection and Conservation) apply 
to any governmental agency, state or local, or any 
public utility that proposes to divert, obstruct or 
change the natural flow or bed, channel or bank of 
any river, stream, or lake. It is unlawful for any 
person to engage in such a project or activity 
without first notifying the California Department of 
Fish and Game of such activity, and one can not 
commence such operations until the Department 
has found such operations will not substantially 
adversely affect existing fish or wildlife resources. 
Agencies must submit proposed plans to the 
Department of Fish and Game. The Department will 
then review the proposal, conduct field 
investigations, if warranted, and notify the Agency of 
any potentially adverse impacts to the existing fish 
and wildlife resource due to the proposed activity. 
The Department of Fish and Game can propose 
mitigation measures necessary to protect the fish 
and wildlife. 

Recreational Impacts 

Water contact and non-contact recreational activities 
range from swimming, surfing, and sunbathing at 
coastal beaches to hiking along some of the pristine 
stretches of streams in the canyons of the 
Transverse Mountain Ranges. With the intense 
residential, commercial, and industrial development 
throughout much of the Region, however, relatively 
few natural environments remain for the enjoyment 
of urban residents. Many of those environments 
that do remain are threatened by overuse as well as 
disregard for the sensitivity of natural ecosystems. 
Many of the streams and banks in the parks and 
campgrounds of the Region are littered with trash 
and debris. 

Water quality impacts from recreational use are not 
restricted to litter. Other ways in which water quality 
is affected include discharges from overloaded 
sewage containment and septic systems and 
erosion of dunes and stream banks from trampling 
and off-road vehicles. In addition to degrading 
riparian, estuarine, and coastal habitats, these 
impacts leave sites in unsightly and unhealthy 
conditions, limiting future recreational opportunities. 
Golf courses are kept green by applications of 
pesticides and fertilizers. Over watering allows 
these chemicals to runoff into surface waters. In 
some cases, the extra irrigation water itself causes 
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a disruption of the hydrologic balance of surface 
waters. 

The Regional Board encourages mitigation of 
recreational impacts through planning efforts at a 
local level. Planning efforts should address 
maintenance of parks, campgrounds, beaches, and 
other open spaces. Public outreach and education 
measures, while long term, are nonetheless 
considered to be the most effective way of 
controlling this type of pollution and maintaining 
these resources. 

Septic Systems 

Many areas in the Region rely on septic systems for 
disposal of domestic household waste. Septic 
systems "treat" household wastes by first removing 
organic solids through settling and decomposition in 
the tank portion of the system. Further treatment of 
organic chemicals, nutrients, and bacteria occurs as 
the effluent released from the tank percolates 
through the soil. Proper construction of septic 
systems is imperative. Poorly designed and 
constructed systems will not function properly and 
can result in pollution of surface andlor ground 
waters (Figure 4-5). Septic systems used in 
undersized lots or unsuitable soils are also subject 
to malfunction and can lead to untreated or poorly 
treated sewage seeping into yards, roadside 
ditches, streams, lagoons, or into ground water --
creating a public nuisance and health hazard. Even 
well-functioning septic systems can pollute ground 
water under adverse conditions (e.g., unsuitable 
sites.) 

Nitrogen compounds, which are typically present in 
effluent from septic systems, are highly soluble and 
stable in aqueous environments. When not 
denitrified by bacteria or assimilated into organic 
growth (plants) in the unsaturated zone, these 
nitrogen compounds are easily transported to 
ground water. Examples of this problem occur in 
developed areas along the coast and in rural areas 
undergoing rapid urbanization (such as Ventura 
County or northern Los Angeles County). 

Although there is controversy about the possible 
health effects of nitrate on adults, it has been shown 
that high levels of nitrate cause methemoglobinemia 
(blue-baby syndrome) in infants. The federal 
drinking water standard of 10 mglL nitrate plus 
nitrite (expressed as nitrogen) is based on this 
relationship. Furthermore, high levels of nitrates 
have economic impacts on supplies of potable 
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water, requiring well closure and relocation, well 
deepening, wellhead treatment, or blending. In 
addition, new developments may be restricted due 
to the presence of water supply with nitrogen 
concentrations that exceed drinking water 
standards. 

Figure 4-5. Septic System. In a properiy designed 
septic system, pollutants in the septic tank effluent are naturally 
dearaded in the leach field before reachinu the water table. This 
diagram, however, illustrates how poliutioi of ground water can 
result from a septic system that is not properiy located or 
maintained. 

The Regional Board discourages the prolonged use 
of septic systems, except in isolated areas where 
connection to a wastewater collection system is not 
feasible and there is no threat to groundwater 
quality. Septic systems are not acceptable in areas 
where there are unsuitable soils, inadequate lot 
sizes, or other factors that can lead to 
contamination of either surface or ground water. in 
assessing areas of concern, high priority is given to 
rapidly developing areas where local ground water 
is the sole or primary source of drinking water. One 
such area is the Aqua Dulce area of the Sierra 
Pelona Valley in northern Los Angeles County. 
Ground water is the primary source of drinking 
water for residents in this unsewered area. High 
concentrations of nitrate, however, have been found 
in some of the wells in the area. In response, the 
Regional Board has contracted with the University of 
California at Riverside to use isotope techniques to 
trace the source (or sources) of nitrogen in ground 
water in the area. 

In addition, in response to other concerns that 
ground water was not sufficiently protected from the 
effects of new developments that rely on septic 

systems, the Regional Board developed an lnterim 
Policy for septic systems in areas that rely on 
ground water for domestic purposes. Under this 
lnterim Policy, the Regional Board adopted General 
Waste Discharge Requirements for Residential 
Subsurface Sewage DispoSal Systems in Areas 
Where Ground Water is Used,For Domestic 
Purposes (Order No. 91-94. adopted July 22, 1991). 
These requirements are intended to simplify and 
expedite the application process and processing of 
requests for use of septic systems in residential 
areas while assuring the protection of water quality. 
As part of the requirements, the Regional Board 
requires either a hydrogeologic study or certain 
mitigation measures. 

Recommendationsfor future steps for control of 
problems from septic systems include: 

evaluate the adequacy of existing local 
regulations for installation and maintenance of 
septic systems; 

continue to discourage or limit the use of septic 
systems in new developments; 

encourage alternative waste treatment systems; 
and 

encourage and support funding for wastewater 
treatment plants in outlying areas where water 
quality problems andlor population density 
require wastewater collection and treatment. 

Seawater Intrusion 

Ground water supplied most of the water in the 
Region until the 1940s. By World War II, however, 
increasing demands for ground water escalated to 
such an extent that groundwater pumping far 
exceeded freshwater recharge (i.e.. replenishment) 
in many aquifers (Fossette, 1986). As a result, 
degradation of ground water occurred as seawater 
seeped inland to replace ground water in freshwater 
aquifers that had been overpumped. Referred to as 
seawater intrusion, this condition is accelerated 
when coastal aquifers are overdrafted (i.e., when 
groundwater pumping exceeds recharge). 

Seawater intrusion can be controlled through 
pumping restrictions and artificial recharge of 
aquifers. Artificial recharge is especially important 
in urban areas where paved surfaces and buildings 
have eliminated natural recharge areas and 
drastically reduced recharge rates. Figure 4-6 
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illustrates two forms of artificial recharge used to 
combat seawater intrusion: spreading basins and 
injection wells. Spreading basins are constructed in 
permeable zones where water can seep into the 
subsurface. Spreading basins in the Los Angeles 
Region typically were created by modifying existing 
terrain with dikes or low head dams within, or 
adjacent to, stream channels. Such devices divert 
excess supplies of surface waters into spreading 
basins, thus recharging aquifers and creating a 
seaward gradient that will help prevent seawater 
intrusion. Injection wells along coastal areas create 
a freshwater barrier that can halt seawater intrusion, 
recharge aquifers, and allow groundwater pumping 
from elevations below sea level. In addition, 
artificial recharge is often supplemented through in- 
lieu recharge programs, wherein excess supplies of 
surface water (when available) are discounted and 
sold to groundwater pumpers. In exchange for this 
discounted surface water, groundwater pumpers 
agree that they will not exercise pumping rights on 
an equivalent amount of ground water. 

Figure 4-6. Artificial recharge through spreading 
grounds and injection wells. UK of artificial recharge in 
this coastal aquffir helps to (I) maintain groundwater levels 
through use of spreading grounds and (li) prevent saltrraler 
Intrusion uslng injection wells. Arrows in flgure indicate direelion 
of groundwater flow. (Hatched lines indicate the water table.) 

On the Los Angeles Coastal Plain, three rows of 
injection wells (the Alamitos Barrier along the 
Central Basin, and the Dominguez Gap and West 
Coast Barriers along the West Coast Basin) protect 
aquifers from seawater intrusion. In addition, 
spreading grounds along the San Gabriel and Rio 
Hondo Rivers in the northern part of the Central 
Basin provide further recharge of the coastal 
aquifers under the Los Angeles Coastal Plain. 
These artificial recharge projects are supplemented 
by an aggressive in-lieu recharge program. Finally, 
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enforcement of adjudicated groundwater rights in 
these basins ensures that groundwater production 
will not exceed recharge. 

While groundwater overdraft and seawater intrusion 
are under control on the Los Angeles Coastal Plain, 
they continue to be serious problems within the 
Oxnard Plain portion of the Ventura Central 
Groundwater Basin. Aquifers underlying the Oxnard 
Plain are the primary source of agricultural supply 
water. Although spreading grounds along the lower 
Santa Clara River and an in-lieu recharge program 
have somewhat lessened overdraft conditions, 
groundwater pumping continues to greatly exceed 
freshwater recharge. 

Ground water in the San Gabriel and San Fernando 
Valley Basins is also artificially recharged through 
spreading basins. While these inland basins are not 
intruded by seawater, they have been overdrafted in 
the past. Recharge through spreading basins, 
coupled with court enforcement of adjudicated water 
rights, protects these inland basins from overdraft. 

The Regional Board supports artificial recharge 
projects through regulatory and financial assistance 
programs. Water Reclamation Requirements 
(WRRs) - in lieu of WDRs - regulate groundwater 
recharge with treated wastewaters. 

Resource Extraction 

Resource extraction includes mining, drilling, and 
pumping for mineral petroleum products. Impacts to 
water quality can be significant, even for small 
operations. Surface mining operations alter the 
natural landscape, resulting in accelerated erosion 
and sedimentation. In addition, high concentrations 
of chemicals that are leached from exposed soils, 
ores, and waste rocks can pollute ground or surface 
waters. Oil production activities also disturb 
surrounding lands; brines and drilling fluids from 
drilling operations have a potential for degrading the 
environment if spilled. Water quality impacts from 
resource extraction are not limited to operating 
mines and petroleum welis (Ventura County, 1990). 
Water quality can be threatened by abandoned 
mining operations (and associated tailings) and 
petroleum drilling sites if not properly reclaimed. 

Mines 

Most active mines in the Los Angeles Region are 
sand and gravel operations located along the San 
Gabriel and Santa Clara Rivers. Gypsum, borax, 

4 4 8  STRATEGIC PLANNING AND IMPLEMENTATION 



and titanium (and associated heavy minerals) mines 
operate in the area along with small-scale gold 
prospecting. In 1988-89, the number of mines in 
Los Angeles and Ventura Counties totaled 53, as 
shown below and as shown on Figure 4-7 (DMG, 
1990): 

Sand and gravel 
Clay 
Stone (including dimension, decorative) 
Tungsten 

41 
3 
8 
1 

There are three types of sand and gravel 
operations: in-stream, wet, and dry. Discharges of 
washwaters from all types of sand and gravel 
operations contain suspended sediments that can 
degrade downstream waters. In-stream operations 
divert the sand and gravel load of a stream, thereby 
altering natural rates of sedimentation in 
downstream areas. Modification of stream channels 
durina in-stream o~erations results in excessive 
scouhng and increased sedimentation during floods, 
possible loss of riparian vegetation due tdowering 
of the water table and potential loss of aquifer 
storage capacity. In addition, oil, grease, and 
turbidity from in-stream operations degrade the 
quality of surface waters; off channel diversion helps 
to minimize these problems. Wet operations, which 
occur below the seasonal high water table, can 
directly pollute ground water and otherwise degrade 
water quality by evaporative loss, and silting. 
Approximately 10% of the operations in the Region 
are wet. Dry sand and gravel operations, on the 
other hand. are conducted entirely above the water 
table and result in less severe impacts to water 
aualitv. Sus~ended sediments in runoff from dw 
dperaiions, however, can degrade water quality: 
especially during wet weather (Division of Oil, Gas & 
Geothermal Resources, 1989). 

Ore mining operations often generate acidic runoff 
(i.e., water with a pH below 6) and dissolved metals 
that are toxic to aquatic life in downstream surface 
waters. In addition, this contaminated runoff can 
seep into ground water. Contaminated runoff often 
can be neutralized with chemicals, or reduced to 
acceptable levels with Best Management Practices 
(BMPs). 

Surface mining and subsequent reclamation are 
governed by California's Surface Mining and 
Reclamation Act (SMARA) of 1975 and the federal 
Surface Minina Control and Reclamation Act 
(SMCRA) of 677which require operations to 
minimize erosion and sedimentation (some 
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operations are specifically exempted). In addition, 
any chemicals used in the operations must meet 
current discharge requirements from both their 
operations and stock piles. Federal mining law 
controls mining on Department of Defense lands, 
NativeAmerican lands, Bureau of Land 
Management lands and Forest Service lands. 

The Regional Board issues WDRs for mining 
operations on a case-by-case basis. Under the 
California Water Code (513263.1) the 
Regional Board must "determine that the proposed 
mining waste is consistent with a waste 
management strategy that prevents the pollution or 
contamination of the waters of the State, particularly 
after closure of any waste management unit for 
mining waste." California Code of Regulations, Title 
23, Chapter 15, Article 7 also applies to mining. 
wastes. In addition, industrial storm water runoff 
(NPDES) permits are required for each site. 

Ventura and Los Angeles Counties impose 
restrictions on mining operations that are consistent 
with Regional, State, and Federal laws. In Ventura 
County, stringent conditions are placed on mining 
operations in order to protect water quality and 
associated resources, preserve wildlife habitat, and 
enhance reclamation and aesthetics (Ventura 
County General Plan. 1990). In Los Angeles 
County, surface mining operators (including oil and 
gas production) are required to control slope 
excavations, erosion and sedimentation, runoff and 
flooding, etc. 

Oil and Gas Extraction 

Southern California has a large number of oil and 
gas fields (Figure 4-8). District 1 of the California 
Division of Oil, Gas & Geothermal Resources 
(DOGBG) includes Los Angeles, San Bernardino, 
Orange, Riverside, San Diego, and Imperial 
Counties; District 2 covers Ventura County. In 
1991, oil production in District 1 and District 2 
included 46.6 (48 active fields) and 15.8 (52 active 
fields) million barrels respectively. Gas production 
was 15.8 and 18.4 billion cubic feet, respectively. 
The primary method of enhanced oil recovery is 
waterflooding in which water is injected into oil 
reservoirs through injection wells: In both Districts, 
102 wells had active water disposal programs 
totalling 20.3 million barrels of produced water 
(DOG&G, 1991). 

While many of the discharges associated with oil 
and gas production (such as disposal of produced 
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water and cuttings) are considered point sources, 
pollutants from nonpoint sources are also significant 
threats to water quality. Such nonpoint sources can 
include seeping and overflowing reserve pits 
containing drilling fluids and production pits 
containing hydrocarbons and radium, polluted storm 
water runoff from drilling and production sites, and 
spills during transportation. Water associated with 
oil, gas, or geothermal resource extraction 
frequently contains high levels of sodium, calcium. 
chloride, sulfate, carbonate, boron, and iodine, as 
well as trace metals and hydrocarbons. There also 
are significant sources of pollutants from natural oil 
seeps in the Region, which often surface on the 
ocean floor, along streams such as Santa Paula, 
Tapo, and Sisar Creeks in Ventura County, and in 
the vicinity of the La Brea Tarpits in Los Angeles 
County. 

Oil production on federal lands, including National 
Forest lands, is regulated by the U.S. Bureau of 
Land Management. Offshore production within 
three miles of the coast is under state jurisdiction, 
while that beyond three miles is under federal 
jurisdiction. The California Division of Oil, Gas & 
Geothermal Resources conducts environmental 
inspections of active and inactive off shore and on 
shore wells, including injection wells for re-injection 
of produced water associated with oil wells. The 
Department of Toxic Substances Control regulates 
hazardous wastes stored, used, or generated on- 
site. As a result of a Memorandum of 
Understanding between the State Board and the 
Division of Oil, Gas & Geothermal Resources, the 
Regional Board no longer issues WDRs for brine 
injection wells but does issue WDRs for land 
disposal at oil and gas sites, including landfills and 
spreading operations. The USEPA issues permits 
for injection wells (40 CFR Chapter 1, Subchapter 
D); DOG&G regulates Class II brine injection wells. 

The Regional Board requires NPDES storm water 
permits for oil production facilities. 

Silviculture 

Silviculture is the process of managing trees in a 
forest and includes activities such as site 
preparation, cultivation, timber harvest, and 
transport. Such activities are significant sources of 
nonpoint pollutants unless properly managed. The 
major type of pollution associated with silvicultural 
operations is increased sedimentation from the 
erosion of harvest sites, log landings, logging and 
skid trails. Other pollutants include pesticides, 
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fertilizers, fire-retardant chemicals, organic matter, 
woody debris, and increased water temperature 
along streams where trees have been removed. 
Logging roads on forest lands, which normally 
provide access for timber management, recreation, 
fire protection and other activities, can impact 
wildlife habitat by increasing erosion and 
sedimentation in streams and thus destroying 
aquatic habitats. 

In 1897, the federal Organic Administration Act first 
addressed the management of National Forests. In 
1905, Congress transferred all forest reserves to the 
U.S. Department of Agriculture from the U.S. 
Department of Interior. This established the U.S. 
Forest Service as the land management agency in 
charge of National Forests. The National 
Environmental Policy Act (NEPA) of 1969 required 
evaluation of potential impacts on the environment 
before activities such as timber harvesting could 
occur on federal lands. 

In 1973, mounting concern over forest management 
and its impacts led to the Z'berg-Nejediey Forest 
Practice Act. This Act regulates forest practices on 
state, county, and private lands. It encourages 
timber production but requires consideration of fish. 
wildlife and other forest resources. Similar concerns 
for other federally-owned lands led to the National 
Forest Management Act of 1976, which outlines 
even more precise management guidelines requiring 
long-range planning process and encouraging public 
participation. 

Best Management Practices in Forest 
Management: The U.S. Forest Service water 
quality maintenance and improvement measures, or 
Best Management Practices (BMPs), were 
developed in compliance with CWA (s208). 
Practices developed by the Forest Service were 
certified by the State Water Resources Control 
Board and approved by the USEPA in 1979. The 
signing of the 1981 Management Agency 
Agreement (MAA) between the U.S. Forest Service 
and the State Board resulted in the formal 
designation of the Forest Service as a water quality 
management agency. BMPs are the measures both 
the State and Federal water quality regulatory 
agencies expect the Forest Service to implement in 
order to meet water quality objectives and to 
maintain and improve water quallty. There are 
currently 98 certified practices being implemented. 
These 98 practices have been identified under 8 
different resource categories (Table 4-21). Twenty- 
seven of the 98 practices are specifically related to 
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silvicultural activities. The most current reference 

Table 4-21. Best Management Practices In for BMPs is a Soil and Water Conservation 

Forest Management -Angeles and Los Handbook titled Water Quality Management for 

Padres National Forests. 
National Forest System Lands in California (USFS, 
1986). In addition to the 98 certified oractices. two 
additional practices are currently being reviewed 
prior to state and federal certification (USFS, 1987).Resource 

Category 

Timber 

Road and Building 
Site 
Construction 

Mining 

Recreation 

Vegetative 
Manipulation 

Fire Suppression 
8 Fuels 
Management 

Watershed 
Management 

Grazing 

Within the Region, water quality management is 
administered in both the Angeles National Forest 
and the Los Padres National Forest through the 
continued implementation of the BMPs and through 
the guidance of the 1981 Management Agency 
Agreement between the State Board and the U.S. 
Forest Service. In both the Angeles and the Los 
Padres National Forests, management activities are 
limited to a broad-based "selection management," 
where selective cutting leads to, or maintains, a 
small even-aged groups of trees similar to those 
that occur under natural conditions. 

Practice 

Protection of Unstable Areas 

Streamwurse Protection 

Erosion Control on Skd Trails 

Road Slope Stabilization 

Controlling in-channel 
excavation 

Water Source Development 
Consistent with Water Quality 
Protection 

Administering U.S. Mining Laws 

Documentation of Water Quality 
Data 

Protedion of Water Quali i  
within Developed and Dispersed 
Recreation Areas 

Pesticide Application Monitoring 
and Evaluation 

Untreated Buffer Strips for 
RiparianArea and Streamside 
Management 

Proteding of Water Quality fmrn 
Prescribed Burning Effects 

Repair or Stabilbation of fire 
Suppression Related Watershed 
Damage 

Watershed Restoration 

Water Quality Monitoring 

Controlling Livestock Numbers 
and Season of Use 

Rangeland Improvements -

Within the forest, wildfire poses one of the greatest 
threats to water quality. This is especially true of 
the Los Padres National Forest. Between 1912 and 
1985, wildfires burned 1,844,150 acres of the forest. 
making it one of the most fire-prone in the National 
Forest System. Wildfires in the Angeles National 
Forest bum an average of 18.500 acres annually. 
In addition to the ash and debris resulting from 
wildfires, destruction of vegetation results in 
elevated levels of erosion and sedimentation in 
streams and increased levels of nutrients in the 
aquatic systems. Removal of streamside cover 
results in increased water temperature and reduced 
dissolved oxygen levels. In addition, flooding 
results in stream bank erosion and loss of riparian 
habitat. 

Current vegetative management practices focus on 
fire prevention, suppression, and a program of fuel 
management. The U.S. Forest Service thins 
overstocked chaparral stands each year. This 
thinning is accomplished by hand or mechanical 
methods, use of silvicides, or by low-intensity 
prescribed burning. This greatly reduces the 
potential for wildfire by limiting exposure of residual 
stands to potential wildfires. 

This list is not complete, but illustrates examples for In the Angeles National forest, there are 
each of the 8 Resource Categories. approximately 240 miles of perennial rivers and 

streams, numerous miles of intermittent streams, 
Source: United States Department of Agricuiture. 1987 five natural lakes, and 14 reservoirs. The net yield
and 1991 in this forest is approximately 226,000 acre-feet of 

water. The Los Padres National Forest has 37 
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reservoirs and provides about 715,000 acre-feet net 
yield of water (USFS, 1987). 

The major water quality problem in the forest lands 
is sedimentation and its effect on aquatic habitat 
and reservoir storage life. As an example, about six 
million tons of sediment are estimated to be 
produced on the Los Padres Forest each year; 
roughly 50% of this sedimentation results from 
erosion and flooding after wildfires (USFS,2987). 

Coastal Nonpoint Source Pollution 
Program 

The Coastal Zone Act Re-authorization 
Amendments (CZARA) of 1990 include Section 
6217, "Protecting Coastal Waters," and requires 
states with approved coastal zone management 
programs to develop a Coastal Nonpoint Pollution 
Control Program (CNPCP). This program will be 
implemented through existing State coastal zone 
management programs (California Coastal 
Commission) and nonpoint source management 
programs (State Water Resources Control Board). 
At the federal level, the USEPA and the National 
Oceanic and Atmospheric Administration (NOAA) 
will jointly administer the new requirements. 

The Program Development and Approval Guidance 
was released by USEPA and NOAA in January, 
1993. States have 30 months (by July, 1995) to 
submit their Coastal Nonpoint Pollution Control 
Program for approval, Once the plan is approved, 
states have three years (until January, 2999) to 
implement the technology-based management 
measures. USEPA and NOAA will then have a two- 
year monitoring period (until January, 2001) to 
assess the effectiveness of the measures. States 
will then have an additional three years (until 
January, 2004) to implement any additional measure 
necessary to attain water quality standards. 

Future nonpoint source funding allocations are 
contingent upon the completion of an approvable 
program. If the state does not submit an 
approvable program, financial penalties will be 
assessed in the form of progressively decreasing 
Section 319 grants to the state. 

The Guidance Specifying Management Measures 
For Sources of Nonpoint Pollution in Coastal 
Waters (commonly called the (g) guidance) was 
released by the USEPA in January, 1993. This (g) 
Guidance contains management measures for five 
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major categories of nonpoint source pollution: 
agriculture, forestry, urban (including septic tanks). 
marinas and recreational boating, and 
hydromodification (Table 4-22). States will be 
expected to implement all of the measures specified 
in the (g) Guidance with some limited exceptions. 
These exceptions include (i) sources that are not 
present, nor reasonably anticipated in an area; or 
(ii) sources that do not individually or cumulatively 
present significant adverse effects to living 
resources or human health. States will also have 
some flexibility in adopting the exact measures 
specified in the (g) Guidance or alternative 
measures which are demonstrated to be as effective 
as USEPA measures in controlling nonpoint source 
pollution. 

The State Board and Coastal Commission have 
assembled a Coordinating Committee and several 
Technical Advisory Committees to review the (g) 
Guidance management measures and develop 
strategies to implement them in California. A key 
feature of this program is that the State must 
develop enforceable management measures. This 
differs from most of the State's existing nonpoint 
source efforts which for the most part are voluntary. 
There are also some components of the program 
that the Regional and State Boards do not usually 
regulate, such as issues relating to land use. 
Therefore, it will be critical to coordinate State and 
Regional Boards programs with those of the Coastal 
Commission and appropriate local agencies in order 
to develop a successful coastal nonpoint source 
program. This program will be closely integrated 
with the Regional Board's storm water permitting 
program and others, such as the Santa Monica Bay 
Restoration Project. 

Future Direction: Watershed- 

Based Water Quality Control 


The concept of comprehensive watershed level 
management of water resources is currently being 
incorporated into various elements of the State's 
Nonpoint Source Management Program. The 
watershed protection approach is an integrated 
strategy for more effectively protecting and restoring 
beneficial uses of State waters. By looking at an 
entire watershed, one can more clearly identify 
critical areas and practices which need to be 
targeted for pollution prevention and corrective 
actions. This approach not only addresses the 
waterbody itself, but the geographic area which 
drains to the watercourse. This strategy also 
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Table 4-22. Management Measures In the Guidance Specifying Management Measures For Sources of 
Nonpoint Pollution In Coastal Waters ["(g) Guidance']. 

Categories 

Agricukure 

Forestry 

Urban 

Marinas 

Hydromodification 

Wetlands 

Subcategories 

Erosion and sediment control 
Confined animal facilii control 
Nulrient management 
Pesticide management 
Livestock grazing 
Irrigation water management 

Pre-harvest planning 
Streamside management areas 
Road construdionlreconstruclion 
Road management 
Timber harvesting 
Site preparation and forest regeneration 
Fire managment 
Revegetation of dlslurbed areas 
Forest chemical managment 
Wetlands forest managment 

New development management 
Watenhed protectionlsite development 
Construction erosion and sediment control 
Construction site chemical control 
Existing development managment 
New and operating onsite disposal systems (septic tanks) managment 

Siting and design 
Marina flushing managment 
Water quality assessment 
Habitat assessment 
Shoreline stabilization management 
Storm water runoff management 
Fueling station design management 
Sewage facilii managment 

Marina and boat Operation and Maintenance 
Solid waste management 
Fish waste managment 
Liquid material managment 
Petroleum control managment 
Boat cleaning management 
Public education managment 
Maintenance of sewage facilities management 
Boat operalion management 

Channelization and channel modification 
Physical and chemical characteristics of surface waters 
lnstream and riparian habitat restoration management 

Dams 
Erosion and sediment control 
Chemical and pollutant control 
Protection of surface water quality and instream and riparian habitat 

Stream bank and shoreline erosion management 

Protection of wetlands and riparian areas 
Restoration of wetlands and riparian areas 
Vegetated treatment systems 
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integrates both surface and ground waters, inland 
and coastal waters, and point and nonpoint sources 
of pollution. Point sources have received most of 
the regulatory attention in the past, however, 
significant improvements in point sources, coupled 
with continued water quality impairments, have 
necessitated the water resources community to look 
at a more integrated approach which considers 
impacts from both point and nonpoint sources of 
pollutants. 

The Watershed Protection Approach is built on three 
main principles. First, targeted watersheds should 
be those where pollution poses the greatest risk to 
human health, ecological resources, other beneficial 
uses of the water, or combinations of these. 
Second, all parties with a stake in the specific local 
situation should participate in the analysis of the 
problems and the creation of solutions. Third, the 
actions undertaken should draw on the full range of 
methods and tools available, integrating them into a 
coordinated, multi-organizational effort to solve the 
identified problems. 

Many agencies and organizations concerned with 
water resources have come to recognize that this 
type of approach can be very effective in realistically 
assessing cumulative impacts and formulating 
workable mitigation strategies. The Coastal Zone 
Management Act Re-authorization Amendments, 
USEPA guidance, and various legislative proposals 
clearly state the need to consider the implications of 
land use on water quality. The USEPA and State 
Board encourage the Watershed Protection 
Approach at all levels of government. USEPA 
program managers are re-thinking their approach to 
the allocation of resources (especially within the 
Nonpoint Source Program) and will be primarily 
funding studies that are part of a watershed 
planning and implementation effort. Recently, the 
State Board has formed a work group to investigate 
options for watershed management in California. 
The Water Quality Task Force, created by the Los 
Angeles Regional Water Quality Control Board in 
December, 1992, included a watershed 
management issue in the list of recommended 
actions to be implemented at the regional level. 

The traditional approach to managing pollutant 
discharges into streams, lakes, and the ocean has 
evolved over time -often with separate programs to 
address various aspects of an overall water quality 
problem. Some of these programs can have 
different, overlapping, or conflicting priorities. A 
transition to watershed-based management can 
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require some programs to be reoriented and 
integrated. Other programs can not be amenable to 
the watershed approach. However, this new 
perspective, even with a i~mited application, could 
produce more benefits than a strict program-based 
approach and provide improved communication and 
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coordination among all levels of government, private 
organizations, and citizens. 

The Region has been divided into six watershed 
management areas (see Figure 1-5) for planning 
purposes. 

Projects in the Los Angeles Region which are 
already successfully utilizing the watershed 
approach include the Malibu Creek Watershed 
Study (see description on previous page) and the 
Santa Monica Bay Restoration Project. Regional 
Board staff are also participating on the Santa Clara 
River Project Steering Committee and the Los 
Angeles River Master Plan Environmental Quality 
Subcommittee, both of which are developing flood 
plain or watershed plans for these rivers. 

The Regional Board plans to implement more 
watershed-based projects in the future. These will 
increase the coordination of planning, monitoring, 
assessment, perrnitting,and enforcement elements 
of the various surface and groundwater programs 
with activitiesljurisdiction in each watershed. 

Remediation of Pollution 
The Regional Board allocates substantial resources 
to the investigation of polluted waters and 
enforcement of corrective actions needed to restore 
water quality. Specific remediation programs 
include: 

Underground Storage Tanks 

Well lnvestigations 

Spills, Leaks, lnvestigations and Cleanups 
(SLIC) 

Aboveground Petroleum Storage Tanks 

U.S. Department of Defense (DOD) and 
Department of Energy (DOE) Sites 

Resource Conservation and Recovery Act 
(RCRA) 

Toxic Pits Cleanup Act 

Bay Protection and Toxic Cleanup 
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The relatively recent discove~yof pollutants in 
ground water has jeopardized an important source 
of water for municipal, agricultural, industrial 
process, and industrial supply uses in the Los 
Angeles Region. As a result, reliance on imported 
supplies of water to this semiarid region has 
increased. 

The Regional Board sets cleanup goals based on 
the State's Antidegradation Policy as set forth in 
State Board Resolution No. 68-16. Under the 
Antidegradation Policy, whenever the existing 
quality of water is better than that needed to protect 
present and potential beneficial uses, such existing 
quality will be maintained (see Chapter 5, Plans and 
Policies). Accordingly, the Regional Board 
prescribes cleanup goals that are based upon 
background concentrations. For those cases 
wherein dischargers have demonstrated that 
cleanup goals based on background concentrations 
cannot be attained due to technological and 
economic limitations, State Board Resolution No. 
9249 sets forth policy for cleanup and abatement 
based on the protection of beneficial uses. Under 
this policy, the Regional Board can -on a case-by-
case basis - set cleanup levels as close to 
background as technologically and economically 
feasible. Such levels must, at a minimum, consider 
all beneficial uses of the waters. Furthermore, 
cleanup levels must be established in a manner 
consistent with California Code of Regulations, Title 
,23, Chapter 15, Article 5; cannot result in water 
quality less than that prescribed in the Basin Plans 
and policies adopted by the State and Regional 
Board; and must be consistent with maximum 
benefit to the people of the State. 

The amended State Board Resolution No. 9249 
has been adopted by the State Board. Upon 
approval from the Ofice of Administrative Law 
(OAL), the amended policy will become effective. 

Underground Storage Tanks 

Approximately 18,000 underground storage tanks 
have been identified in the Region, accounting for 
15% of the 120,000 underground storage tanks that 
have been identified throughout the State. Most of 
these tanks contain, or contained, gasoline and 
diesel fuel products. Over 4,500 sites in the Los 
Angeles Region are known to have leaking tanks. 
These leaks can result in pollution of soil, ground 
water, surface water, and air, and can also 
constitute fire or explosion hazards (Figure 4-9). 
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To protect ground and surface waters from 
petroleum hydrocarbons from leaking underground 
storage tanks, the State of California enacted 
legislation in 1983 (Health and Safety Code, 
Division 20, Chapter 6.7). Underground tank 
regulations promulgated under this legislation are 
designed to (i) ensure the integrity of all 
underground storage tanks, and (ii) detect any 
leaks. These regulations can be found in Title 23, 
California Code of Regulations, Division 3, 
Chapter 16. 

Unsaturated soil I 

Flgure 4-9. ~eak ing  underground storage tank. 
This diagram Illustrates how contamination of the vadose zone 
and pollution of ground water can resuii from leaks of gasoline 
from an underground storage tank (Adapted from Fetter, 1988). 

To ensure the integrity of all underground storage 
tanks, the State's regulations require all counties in 
California to implement an underground tank 
permitting program. The counties have the flexibility 
to shift responsibility to local governments (known 
as Local Implementing Agencies), provided that the 
Local Implementing Agencies (LIAs) adopted 
appropriate ordinances before July, 1990 for 
implementing underground tank permitting programs 
that are at least as stringent as the Chapter 16 
regulations. Under the permitting programs, a tank 
owner or operator must obtain an operating permit 
from the county or LIA in which the tank is located. 
Permit conditions include tank construction 
standards, monitoring requirements, unauthorized 

release reporting, initial abatement procedures, and 
closure requirements. Furthermore, permitting 
procedures undertaken by LlAs include initial 
assessments of sites where pollution can have 
occurred. LlAs within the Los Angeles Region 
include: the Counties of Ventura and Los Angeles, 
and the Cities of Burbank, Glendale, Long Beach, 
Los Angeles (including the City of San Fernando), 
Pasadena, Santa Monica, San Buenaventura, 
Torrance, and Vernon. 

Responsibility for overseeing investigations of 
groundwater pollution and corrective actions rests 
with the Regional Board. However, given the 
magnitude of the problems from leaking 
underground storage tanks in the Los Angeles 
Region, the Counties of Los Angeles and Ventura 
joined the State Board's Local Oversight Program 
(LOP), through which they share regulatory 
responsibility with the State. (Note that, in addition 
to their role in the LOP program, the Counties of 
Los Angeles and Ventura are also LIAs.) In order to 
provide practical guidance to regulatory agencies 
overseeing site investigations and corrective 
actions, the State Board has issued the Leaking 
Underground Fuel Tank (LUFT) Field Manual. This 
manual is not a policy or regulation; rather, it 
establishes procedures for verifying the occurrence 
of a leak from an underground fuel storage tank and 
for assessing the impact to soil and ground water. 

To expedite the permitting process for sites 
requiring groundwater remediation, the Regional 
Board has adopted a general permit for the 
discharge of treated ground water, Discharge of 
Ground Water f pm investigation and/or Cleanup of 
Petroleum Fuel Pollution to Surface Waters (Table 
4-2). This general permit regulates the discharge of 
treated ground water, from petroleum fuel 
contamination sites, to surface waters, provided that 
the discharge meets the limitations and conditions 
of the general permit and does not exceed water 
quality objectives or impair beneficial uses of the 
receiving waters. 

Leaks from underground storage tanks are not 
limited to petroleum fuels. Other hazardous 
substances, such as solvents, also leak and pollute 
ground and surface waters. Although remediation of 
such pollution is a high priority, limited funding is 
available for the investigation and cleanup of such 
sites. Accordingly, the current scope of the 
Underground Storage Tank Program is somewhat 
restricted to pollution from petroleum fuels. 
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Well Investigations surplus surface water supplies. The discovery of 
significant pollution in these basins, however, has 

By 1980, volatile organic compounds (VOCs) had significantly reduced groundwater production as well 

been discovered in a number of public water supply as the potential for conjunctive use, thereby 

wells in the San Gabriel Valley and San Fernando increasing dependence on imported supplies of 

Valley Groundwater Basins. These discoveries. water. 

along with the discovery of dibromochloropropane 
(DBCP) in several hundred wells in the San Joaquin 
Valley and in the Riverside-San Bemardino area, 
prompted passage of legislation (Assembly Bill 
1803) in 1983 which mandated statewide sampling 
for contamination in public water systems. This 
legislation is codified in the California Health and 
Safety Code, Section 4026.3. 

The California Department of Health Services and 
county Health Departments completed sampling of 
public wells in 1985. Organic pollution was detected 
in over 640 public water supply wells in the Los 
Angeles Region. The Regional Board, under 
authority of the California Water Code (513304) 
locates and abates the sources of pollutants 
affecting these wells and oversees the remediation 
of the pollution. These investigations, conducted 
through the Well Investigation Program (WIP), are 
designed to: 

identify and eliminate sources of pollutants in 
public water supply wells; 

identify dischargers, by establishing a cause-
and-effect relationship between the discharge of 
a pollutant and a polluted well. When 
necessary, take enforcement action against 
dischargers in order to force them to undertake 
site investigations and corrective actions; and 

oversee remediation of soils and ground waters. 

All WIP activities are directed to pollution of ground 
water in the San Gabriel Valley and San Fernando 
Valley Groundwater Basins. These valleys are 
synclinal basins at the base of the San Gabriel 
Mountains. The two basins, which are separated by 
the San Raphael Hills, are largely filled with alluvial 
sediments eroded from the surrounding mountains 
and hills. Large volumes of groundwater flow 
through these alluvial sediments, and both basins 
are important sources of water for more than one 
million people. In addition to meeting a large part of 
the demand for potable water, the San Gabriel and 
San Fernando Valley Groundwater Basins store 
large volumes of ground water that can be pumped 
during droughts and recharged d~ringyears of 
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Groundwater pollution can often be traced to historic 
and current land uses. Primary organic pollutants in 
public water supply wells in the San Gabriel and 
San Fernando Valley Basins include 
tetrachloroethylene (PCE) and trichloroethylene 
(TCE). These compounds, both of which are 
volatile organic compounds (VOCs), have been 
widely used as solvents in manufacturing and diy 
cleaning processes. Soil pollution and sibsequent 
groundwater pollution can result from inadequate 
handling, storage, and disposal practices of such 
substances at industrial facilities. In addition to 
volatile organic compounds, high concentrations of 
nitrates in the upper 160 feet of the San Fernando 
Valley Basin have polluted many wells. Nitrates 
often originate in agricultural areas where fertilizers 
have been excessively applied to crops, in 
stockyards and feedlots where nitrates from manure 
leaches into ground water, and in unsewered areas 
where nitrates from septic tank systems leach into 
ground water. Wtth few continuous confining layers 
of less permeable sediments, groundwater recharge 
- and the infiltration of pollutants -can occur 
throughout much of the San Gabriel and San 
Fernando Valleys. 

The Regional Board identifies sources of pollutants 
by inspecting facilities to check their chemical 
handling, storage, and disposal practices. 
Information from these inspections assists in 
identifying those responsible for releases of 
pollutants. Under the direction of the Regional 
Board, parties thus identified are required to 
conduct subsurface investigations of soil and ground 
water to confirm the presence or absence of 
pollutants, quantify the extent of pollution, and plan 
corrective actions. The Regional Board is 
committed to working closely with those responsible 
for releases of pollutants to find cost effective ways 
in which to investigate and remediate pollution in a 
timely manner. Whenever appropriate, the Regional 
Board promotes innovative remediation options and 
encourages phased, cooperative remediation plans 
involving multiple sites. 

Additionally, in order to minimize the spread of 
pollution caused by groundwater pumping and 
recharge activities, the Regional Board oversees a 
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comprehensive groundwater quantity and quality 
management program in the San Gabriel Valley. 
This management program, implemented by the 
Main San Gabriel Basin Watermaster and about 45 
private and municipal water purveyors, has the 
following objectives: 

Prevent public exposure to contamination. 
Maintain adequate water supply. 
Protect natural resources. 
Control the migration of pollutants. 
Remove polluted ground water. 

Oversight of this management program is authorized 
by Regional Board Resolution No. 91-6, entitled 
Amendment to the Water Quality Control Plan for 
the Los Angeles River Basin and Implementation 
Plan Concerning the Extraction of Ground Water 
Within the San Gabriel Valley Basin. In the San 
Fernando Valley Groundwater Basin, the 
Watermaster for the Upper Los Angeles River Area 
(i.e., the San Fernando Valley Groundwater Basin) 
cooperates with the Regional Board to achieve 
similar objectives (Upper Los Angeles River Area 
Watermaster, 1993~). 

In light of the extent of pollution in the San Gabriel 
Valley and San Fernando Valley Groundwater 
Basins (Figures 4-10 and 4-11) and the dependence 
on this important source of ground water, the State 
of California designated large areas of these basins 
as high priority Hazardous Substances Cleanup 
sites. The USEPA also designated these same 
areas as sites eligible for funding under the 
Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA) 
legislation (i.e., as Superfund sites). The USEPA, 
as lead agency for enforcement in these areas, is 
responsible for strategy, case development, 
determination of responsible parties, and settlement 
negotiations. The Regional Board, on behalf of the 
USEPA, identifies dischargers as described above. 

Spills, Leaks, Investigation and 
Cleanup (SLIC) 

Wtth a skilled work force, well-developed 
infrastructure and large-scale production capacity. 
the Los Angeles Region is an important industrial 
and manufacturing center. With 20 major refineries 
and hundreds of smaller facilities, the Region has 
the greatest concentration of petroleum production 
and storage facilities along the West Coast. 
Although these activities are an important part of the 

Region's economic base, they have oiten severely 
degraded the environment. 

Reports of unauthorized discharges, such as spills 
and leaks from above-ground storage tanks, are 
investigated through the Regional Board's Spills, 
Leaks, lnvestigation and Cleanup (SLIC) Program. 
This program is not restricted to particular pollutants 
or environments; rather, the program covers all 
types of pollutants (such as solvents, petroleum 
fuels, and heavy metals) and all environments 
(including surface and water, ground water, and the 
vadose zone). Upon confirming that an 
unauthorized discharge is polluting or threatens to 
pollute regional waterbodies, the Regional Board 
oversees site investigation and corrective action. 
Statutory authority for the program is derived from 
the California Water Code, Division 7, Section 
13304. Guidelines for site investigation and 
remediation are promulgated in State Board 
Resolution No. 92-49 entitled Policies and 
Procedures For lnvestigation and Cleanup and 
Abatement of Discharges Under Water Code 
Section 13304, described at the beginning this 
Chapter, in section entitled Remediation of Pollution. 
Pollutants in the SLIC Program are typically 
petroleum fuel products which, in addition to existing 
in liquid form as pure compounds (i.e., "free 
product"), can dissolve in water, adsorb to soils, and 
vaporize. Site investigations to delineate the extent 
of pollution caused by such substances are 
therefore very complex. Cases range from small 
leaks of fuel products stored in metal drums to large 
spills at tank farms and refineries, where tens of 
millions of galions of free product are floating on the 
surface of ground waters in important aquifers. 
Over 350 cases of pollution have been investigated 
since 1986. Approximately 50 of these sites have 
been remediated and closed. State of the art 
remediation techniques, such as bioremediation of 
soils, have successfully been employed to 
remediate pollution. Approximately 100 cases are 
presently undergoing investigation or corrective 
action. New cases of pollution are reported at a 
rate of about 2 to 3 per month. 

Department of Defense and 
Department of Energy 

Decades of defense and energy activities have 
degraded water quality on and around federally-
owned facilities. Working with other agencies, the 
Regional Board is involved with remedial 
investigation and clean up action on over 16 U.S. 
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Department of Defense (DOD) sites and one U.S. 
Department of Energy (DOE) site. Agreements with 
the DOD and DOE provide for accelerated cleanups 
at military bases and other Defense sites that are 
scheduled for closing. Site investigation and clean 
up procedures are consistent with State laws and 
regulations as well as applicable provisions of 
CERCLA. 

Aboveground Petroleum Storage 
Tanks 

In order to prevent unauthorized discharges from 
aboveground petroleum storage tanks, the State of 
California has enacted legislation designed to lower 
the risk of spills and leaks. The California Health & 
Safety Code ($25270 et seq.) requires owners or 
operators of above-ground petroleum storage tanks 
to file a storage statement with the State Board and 
implement spill prevention measures. Examples of 
such measures include daily visual inspections of 
any storage crude oil or its fractions, the installation 
of secondary containment for all tanks with sufficient 
capacity to hold the content of the largest tank at 
the facility plus sufficient volume for rainfall to avoid 
overflow, and development of a Spill Prevention 
Control and Countermeasure Plan. In the event of 
an unauthorized release, the owner or operator 
must notify State officials and undertake appropriate 
monitoring' and corrective action. In addition, annual 
fees are levied on tank owners. The Regional 
Board uses these fees to fund aboveground 
petroleum tank inspections and enforcement. There 
are over 10,000 aboveground petroleum storage 
tanks in the Los Angeles Region. 

Resource Conservation and 
Recovery Act 

The Resource Conservation and Recovery Act 
(RCRA) is federal legislation (42 U.S.C.A. 6901 et 
seq.) designed to ensure that hazardous substances 
are managed in an environmentally-sound manner. 
Regulations promulgated under this legislation are in 
40 CFR 264 and Title 22 of the California Code of 
Regulations and include comprehensive 
requirements for hazardous waste generators, 
transporters, and facilities that treat, store and 
dispose of hazardous wastes. 

The State of California Department of Toxic 
Substances Control (DTSC) administers the RCRA 
Program in California. When requested, the 

Regional Board reviews on water-quality issues 
related to RCRA sites. 

Toxic Pits Cleanup Act 

The State's Toxic Pits Cleanup Act of 1984 (TPCA) 
regulates impoundments containing liquid hazardous 
wastes. Regulations promulgated under the TPCA 
legislation are in the Health & Safety Code, Division 
20, Chapter 6.5, Article 9, and are administered by 
the State and Regional Boards. Major provisions in 
these regulations include: 

Requirements that all impoundments containing 
liquid hazardous wastes be retrofitted with liners 
and laced collection systems, and performance 
standards for these systems. 

Groundwater monitoring in accordance with the 
federal Resource Conservation and Recovery 
Act. 

A prohibition on the discharge of liquid 
hazardous wastes within 112 mile upgradient of 
a drinking water well. 

A Hydrogeologic Assessment Report. 

Seventeen known impoundments containing liquid 
hazardous waste were operating in the Los Angeles 
Region when TPCA legislation was enacted. The 
Regional Board has overseen closure of all of these 
impoundments. 

Bay Protection and Toxic Cleanup 
Program 

In 1989. State legislation added Sections 13390 
through 13396 to the California Water Code which 
established the Bay Protection and Toxic Cleanup 
Program (BPTCP). The program has four main 
goals: (i) to provide protection of existing and future 
beneficial uses of bays and estuarine waters. (ii) to 
identify and characterize toxic hot spots, (iii) to plan 
for the cleanup or other remedial or mitigating 
actions, and (iv) to contribute to the development of 
effective strategies to control toxic pollutants and 
prevent creation of new hot spots or the 
perpetuation of existing hot spots. 

The Water Code requires that each Regional Board 
complete a toxic hot spot cleanup plan and that the 
State Board prepare a consolidated cleanup plan for 
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submittal to the Legislature. Each cleanup plan 
must include a description of each toxic hot spot 
with its priority listing, an assessment of the most 
likely source(s) of pollutants, an estimate of the total 
costs to implement the cleanup plan, an estimate of 
costs which can be recoverable from responsible 
parties, a preliminary assessment of the actions 
required to remedy or restore a toxic hot spot, and a 
twoyear expenditure schedule identifying State 
funds needed to implement the plan. It is required 
that a State-wide consolidated cleanup plan will be 
completed by June 30, 1999. 

The Santa Monica Bay Restoration 
Project 

Introduction 

In recognition of the need to protect the Bay and 
associated watersheds, in May 1988, the State of 
California and the U.S. Environmental Protection 
Agency nominated and included Santa Monica Bay 
in the National Estuary Program (NEP). Established 
under the Water Quality Act of 1987 and managed 
by the U.S. EPA, the NEP currently includes 21 
significant estuaries and coastal water bodies 
nationwide. The NEP was created to pioneer a 
broader focus for coastal protection, and to 
demonstrate practical, innovative approaches for 
protecting coastal areas and their living resources. 

As an NEP, the Santa Monica Bay Restoration 
Project (SMBRP) is charged with assessing the 
Bay's pollution and degradation problems and 
producing a Bay Restoration Plan (BRP) to serve as 
a blueprint for the Bay's recovery. To fulfill its 
responsibility, the SMBRP convened a Management 
Conference. Organized into three groups (the 
Management, Technical Advisory, and Public 
Advisory Committees), the Management Conference 
is a unique and diverse coalition of government, 
environmentalists, scientists, industry, and the public 
committed to restoring the Bay. Over the last five 
years, this coalition has been successfully breaking 
many interagency barriers, and building consensus 
to solve problems. 

For the purposes of the NEP, the borders of Santa 
Monica Bay are defined as reaching from the 
Ventura County line to Point Fen in  on the south 
end of the Palos Verdes Peninsula. 
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Assessment of Problems in Santa 

Monica Bay 


Santa Monica Bay is an important natural resource 
which provides significant environmental, 
recreational and economic benefits for Southern 
California. However, the Bay's living resources, 
water quality, and natural beauty have been affected 
by years of development and other human uses. 

The creation of the SMBRP in 1988 has brought 
about much progress in understanding the problems 
facing the Bay. Above all, the SMBRP Management 
Conference has focused on assessing problems 
associated with four fundamental issues: swimming 
safety, seafood safety, fisheries and living resources 
protection, and ecosystem health. 

Environmental Issues 

Public concern about the safety of swimming in, and 
consuming seafood from Santa Monica Bay has 
been high for the past decade. Studies have shown 
that some local seafood species contain elevated 
concentrations of potentially toxic chemicals, 
primarily DDT and PCBs. As a result, responsible 
State agencies have published advisories to anglers 
regarding consumption of these species. With 
regard to the safety of swimming in Bay waters, 
some Santa Monica Bay beaches are occasionally 
closed due to storm water contaminated with 
minimally-treated sewage overflows. Studies have 
also found evidence of human fecal waste in dry- 
weather urban runoff. As a result, warning signs 
have been posted near outlets of flowing storm 
drains on beaches to discourage swimming near 
storm drains. 

Despite the relative abundance of aquatic and 
terrestrial life in and around Santa Monica Bay 
(including several endangered species), the Bay's 
habitats have been significantly altered and 
degraded. For example, only about 5% of the 
area's historical wetlands acreage still exists. 
Pollution of coastal waters has led to a decline in 
species and a commercial fishing ban on white 
croaker in certain areas. In addition, although the 
use of DDT was banned in 1971, residues of this 
pesticide still bio-accumulate in the tissues of 
invertebrates, fish, birds, and marine mammals. 

Pollutant loading has been identified as the most 
important contributor to the problems associated 
with beneficial use impairment in the Bay. The 
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SMBRP identified 19 pollutants of concern based on 
the serious impacts they have had or may have on 
the Bay. These 19 pollutants of concerns are: DDT, 
PCBs, PAHs, chlordane, TBT, cadmium, chromium, 
copper, lead, nickel, silver, zinc, pathogenic bacteria 
and viruses, total suspended solids, nutrients, trash 
and debris, chlorine, oxygen demands, and oil and 
grease. 

pollutants of concern reach Santa Monica Bay 
through a number of routes. Major pathways 
include wastewater carried by the region's sewage 
system and released into the Bay after treatment; 
urban runofflstorm water carried into the Bay 
through the region's storm drain system; treated 
wastewater directly discharged into the Bay from 
industrial facilities; oil and hazardous waste spilled 
directly into the Bay or into the storm drain system, 
and resuspension of contaminated sediments. 
Overall, sewer systems are the largest source of 
pollutant loading to the Bay. However, as the 
quality of sewage discharges from treatment plants 
has improved, the relative contribution of storm 
water and urban runoff to the total pollutant load to 
the Bay has increased. 

The condition of the Bay and its watershed, with an 
emphasis on the effects of pollution on human 
health and the marine environment is documented 
in detail in the Santa Monica Bay Characterization 
Report published by the SMBRP in April 1993. 

Management Issues 

The Santa Monica Bay "watershed" is bordered on 
the north by the Santa Monica Mountains divide, on 
the east by GriWth Park, on the south by Point 
Fermin, and on the west by the eastern portion of 
Ventura County. Hydrologically, the Bay watershed 
is divided into 28 drainage basins, each of which 
has unique topographical and land use 
characteristics. The northern portion of the Bay 
watershed has steep topography and contains large 
undeveloped areas. The central and southem 
portions have a mixture of residential and 
industriaNcommercial land use. The Palos Verdes 
Peninsula segment of the watershed contains 
residential development along with open space and 
a rocky shoreline. 

Management of water pollution and habitat 
protection in Santa Monica Bay is currently based 
on jurisdictional rather than hydrologic or watershed 
boundaries. There are more than 50 Federal, 
State, and local agencies or jurisdictions whose 

management decisions directly or indirectly affect 
water quality, natural resources, and recreational 
activities in the Santa Monica Bay watershed and 
the near-coastal area. To make planning, 
forecasting, and implementation of actions more 
cost effective and successful, they should be 
coordinated on a watershed basis. 

Historically, water quality management in the Santa 
Monica Bay area targeted the most visible pollution 
problems such as individual municipal and industrial 
"point" sources of pollution. This approach has 
solved the worst pollution problems, but it may have 
neglected the less obvious, but potentially more 
damaging impact of "nonpoint" pollution such as 
storm waterlurban runoff and atmospheric 
deposition. There is an urgent need to address all 
these pathwayslsources in a coordinated rather than 
a fragmented manner. 

Currently, most of these pollutants are primarily 
managed by applying concentration-based water 
quality standards. However, such an approach may 
not always be appropriate to protect against impacts 
that result from long-term accumulation of these 
pollutants in marine environments. A new mass 
emissions approach is being considered. Under this 
approach, an allowable "no impact" cumulative 
loading of a pollutant would be determined on a 
watershed basis, coupled with a set of useful "end 
points" by which to measure the adequacy of 
management actions. 

Recommended Actions 

Supported by extensive problem research and 
assessment, the Bay Restoration Plan sets forth 
actions that need to be taken to achieve a clean 
and healthy Bay. The BRP not only identifies 
actions, but also implementors, timelines, and 
potential funding sources. 

Described below are some of the high priority 
actions presented in the Draft BRP which the Los 
Angeies Regional Water Quality Control Board has 
been designated to serve as either the lead, 
regulatory lead, or as an important participant in 
their implementation. 

Improve management framework for water quality 
regulation and enforcement 

Specific actions to be led by the Regional Board 
include revising and incorporating new program 

BASIN PLAN -JUNE 13, 1994 4-65 STRATEGIC PLANNING AND IMPLEMENTATION 



elements into the NPDES permits, especially 
storm water NPDES permits, as needed; 
ensuring adequate staffing, resources, and legal 
support at the Regional Board for storm water 
NPDES permits, other NPDES permits, and 
pretreatment permit compliance and 
enforcement; and developing new, effective 
enforcement tools, if necessary. 

Led by EPA and the post-SMBRP organization. 
and with the involvement of the Regional Board, 
specific actions are also recommended to 
investigate the necessity for and feasibility of 
developing numeric effluent limits for storm water 
runoff. 

Coordinate Bay water pollution management on a 
watershed basis 

A key action under the leadership of the Regional 
Board is to develop tools for coordinating all 
components of the NPDES program (urban, 
municipal, industrial and cooling water 
discharges) with other permitting and regulatory 
functions on a watershedlsub-watershed basis. 
One recommended mechanism for management 
on a watershed basis is the adoption of a mass 
emissions approach, with the Regional Board 
serving as the lead in overseeing its development 
and implementation. 

In order to carry out the watershed management 
approach, the BRP prescribes a Malibu Creek 
Pilot Watershed Management Plan. It is 
recommended that the post-SMBRP organization, 
with participation of the Regional Board, use 
applicable elements of the Malibu Creek Pilot 
Plan to develop management plans for other 
priority watersheds. 

Implement control measures for pollutants 
associated with storm waterlurban runoff 

Specific actions include ensuring adequate staff 
and training in local municipalities and agencies 
for storm waterlurban runoff management; 
evaluating and developing effective processes to 
address small discharges of non-storm or 
contaminated storm runoff; developing and 
implementing land use tools for storm 
waterlurban runoff management; developing and 
enforcing land use ordinances; developing and 
implementing a five-year urban runoff education 
strategy; implementing a set of mandatory short-
term Best Management Practices (BMPs); 

conducting pilot projects for medium and long 
term BMP implementation; and promoting 
implementation of general good housekeeping 
practices by commercial and industrial facilities 
and construction activities. 

It is recommended that most actions in this 
category be implemented by co-permittees of the 
municipal storm water NPDES permit, led by the 
Los Angeles County Department of Public Works, 
and that the Regional Board act as regulatory 
lead. 

Upgrade all direct municipal discharges to Santa 
Monica bay to secondary treatment levels 

Two specific actions are included: (i) the City of 
Los Angeles should complete construction of full 
secondary facilities at the Hyperion treatment 
plant and remedy storm-related sewage overflow 
problems; (iij the County of Los Angeles should 
install full secondary treatment facilities at the 
Joint Water Pollution Control Plant. It is 
recommended that Regional Board act as 
regulatory lead for implementation of these 
actions. 

Control pathogens in surfzone to ensure the 
safety of swimmers 

Specific actions include developing and 
conducting a sanitary survey; conducting on-site 
inspections and repairing malfunctioning septic 
tanks; developing inspection systems; conducting 
focused inspection of illegal and illicit sewage 
connections to storm drains; inspecting and 
correcting leaks from sewer lines and sewage 
treatment plants; treating andlor diverting dry-
weather urban runoff if feasible 

Implementation of these actions will be carried 
out by various agencieslorganizations including 
Los Angeles County Department ~f Public Works, 
Los Angeles County Department of Health 
Services, POTWs, and local cities, as well as the 
SMBRP. The Regional Board is recommended 
to serve as regulatory lead for implementation of 
these actions. 

Assess health risks associated with swimming 
and revise water quality standards 

The key action is to conduct an epidemiological 
study to assess the possible health risks of 
recreational exposure to storm drain runoff in 
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Santa Monica Bay. It is recommended that this 
action be led by the State Water Resources 
Control Board with the participation of the 
Regional Board and other State and local health 
service agencies. 

Develop and implement comprehensive 
monitoring program 

It is recommended that NPDES permittees as 
well as the Regional Board participate in a 
"retooled" Santa Monica Bay and watershed 
monitoring program focusing on compliance 
monitoring aspects. As part of the monitoring 
program, a user-friendly SMB data management 
system would be designed and maintained by the 
post-SMBRP organization with the participation of 
the Regional Board. 

The Santa.Monica Bay Restoration Plan was 
presented to the public in April 28, 1994. Its 
implementation is slated to begin in January. 
1995. 
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Introduction 

The State Water Resources Control Board has 
adopted several statewide Water Quality Control 
Plans that are part of the Regional Board Basin 
Plans. In addition, both the State and Regional 
Boards have adopted policies, separate from the 
plans, that provide detailed direction on the 
implementation of certain plan provisions. In the 
event that inconsistencies exist among various plans 
and policies, the more stringent provisions apply. 

This update of the Los Angeles Region's Basin 
Plans has been prepared to be consistent with all 
State and Regional Board plans and policies 
adopted to date. Following are summaries of the 
most frequently referenced plans and policies 
affecting the Los Angeles Region. These plans and 
policies can be revised periodically. 

State Board Plans 

Ocean Plan 

The State Board adopted the Water Quality Control 
Plan for Ocean Waters of California (State Board 
Resolution No. 74-57) in 1974 and amended this 
plan in 1988 (State Board Resolution No. 88-111) 
and 1990 (State Board Resolution No. 90-27). This 
amended plan, which is referred to as the Ocean 
Plan, establishes beneficial uses and water quality 
objectives for waters of the Pacific Ocean adjacent 
to the California coast outside of enclosed bays, 
estuaries, and coastal lagoons. The Ocean Plan 
also prescribes effluent quality requirements and 
management principles for waste discharges and 
specifies certain waste discharge prohibitions. 
Prohibitions include discharges of specific 
hazardous substances and sludge, bypases of 
untreated waste, and discharges that impact Areas 
of Special Biological Significance (ASBS). 

The Ocean Plan authorizes the State Board to 
designate ASBS and requires that wastes be 
discharged a sufficient distance away from these 
areas to protect natural water quality conditions. 
Waste discharges to ASBS are prohibited unless the 
State Board finds that there would be no adverse 
impact to beneficial uses. The following areas have 
been designated as ASBS in this Region (Figures 
5-1 and 5-2): 

San Nicolas lsland and Begg Rock: Waters 
surrounding San Nicolas Island and Begg Rock 
to a distance of one nautical mile offshore or to 
the 300-foot isobath, whichever is greater. 

Santa Barbara lsland and Anacapa Island: 
Waters surrounding Santa Barbara lsland and 
Anacapa Islands to a distance of one nautical 
mile offshore or to the 300-foot isobath, 
whichever is greater. 

San Clemente Island: Waters surrounding San 
Clemente lsland to a distance of one nautical 
mile offshore or to the 300-foot isobath, 
whichever is greater. 

Mugu Lagoon to Latigo Point: Ocean water 
within a line originating from Laguna Point at 
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Figure 5-1. General Location of Areas of Special Biological Significance 
in Los Angeles Region. 
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34' 5' 40" north, 119' 6' 30" west, thence 
southeasterly following the mean high tide line 
to a point at Latigo Point defined by the 
intersection of the mean high tide line and a line 
extending due south of Bench Mark 24; thence 
due south to a distance of 1000 feet offshore or 
to the 100-foot isobath, whichever distance is 
greater; thence northwesterly following the 100-
foot isobath or maintaining a 1,000-foot distance 
from shore, whichever maintains the greater 
distance from shore, to a point lying due south 
of Laguna Point, thence due north to Laguna 
Point. 

Santa Catalina Island, Subarea One, Isthmus 
Cove to Catalina Head: From Point 1 
determined by the intersection of the mean high 
tide line and a line extending due west from 
USGS Triangulation Station "Channel" on Blue 
Cavern Point; thence due north to the 300-foot 
isobath or to one nautical mile offshore, 
whichever distance is greater; thence northerly 
and westerly, following the 300-foot isobath or 
maintaining a distance of one nautical mile 
offshore, whichever is the greater distance, 
around the northwestern tip of the island and 
then southerly and easterly, maintaining the 
distance offshore described above, to a point 
due south of USGS Triangulation Station "Cone" 
on Catalina Head; thence due north to the 
intersection of the mean high tide line and a line 
extending due south from USGS Triangulation 
Station "Cone", thence returning around the 
northwestern tip of the Island following the 
mean high tide line to Point 1. 

Santa Catalina Island, Subarea Two, North End 
of Little Harbor to Ben Weston Point: From 
Point 1determined by the intersection of the 
mean high tide line extending due south from 
USGS Triangulation Station 'White Bluff'; 
thence due west to the 300-foot isobath or to 
one nautical mile offshore, whichever distance is 
greater; thence southerly on a meander line 
following the 300-foot isobath or maintaining a 
distance of one nautical mile offshore, 
whichever distance offshore is greater, to a 
point due west of USGS Triangulation on 
Station "Slip" on Ben Weston Point; thence due 
east to the intersection of the mean high tide 
line and a line extending due west from USGS 
Triangulation Station "Slip"; thence northerly 
following the mean high tide line to Point 1. 

Santa Catalina Island, Subarea Three, 
Farnsworth Bank Ecological Reserve: Waters 
within the Farnsworth Bank Ecological Resewe, 
which are located 1.6 nautical miles southwest 
of Ben Weston Point, Catalina Island, on a 
bearing of 240' true. The Bank is composed of 
sheer rocky pinnacles rising from the sandy 
ocean floor 250 feet deep to within 50 feet of 
the surface. The Bank occupies an area 
approximately 575 yards long by 200 yards 
wide. 

Santa Catalina Island, Subarea Four, Binnacle 
Rock to Jewfish Point: From Point 1 determined 
by the intersection of the mean high tide line 
and a line extending due north from the highest 
point of Binnacle Rock; thence due south to a 
point one nautical mile offshore or to the 300-
foot isobath, whichever distance is greater; 
thence easterly and northerly, maintaining a 
distance of one nautical mile or to the 300-foot 
isobath, whichever distance is greater, to a point 
due east of the eastern-most extension of the 
mean high tide line at Jewfish Point; thence due 
west to the eastern-most extension of the mean 
high tide line at Jewfish Point; thence southerly 
and westerly following the mean high tide line to 
Point 1. 

The State Board shall periodically revise the Ocean 
Plan to reflect water quality objectives that are 
necessary to protect beneficial uses of ocean waters 
and to be consistent with current technology. 

Thermal Plan 

The State Board adopted the Water Quality Control 
Plan for the Control of Temperature in the Coastal 
and Interstate Waters and Enclosed Bays and 
Estuaries in California in May 1972, and amended 
this plan (State Board Resolution No. 75-89) in 
September 1975. This plan, which is referred to as 
the "Thermal Plan," was developed in order to 
minimize the effects of wastes on the temperature 
of receiving waters. The plan specifies temperature 
objectives, effluent limits, and discharge prohibitions 
related to thermal characteristics of interstate 
waters, enclosed bays, and estuaries. 

Nonpoint Source Management Plan 

The State Board adopted the Nonpoint Source 
Management Plan (State Board Resolution No. 
88-123) in November 1988, pursuant to Section 319 
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of the CWA. This plan outlines the state's Nonpoint 
Source Control Program objectives, framework, and 
implementation program. The plan emphasizes 
voluntary Best Management Practices (BMPs) and 
the need for cooperation with local governments and 
other agencies to implement the BMPs. 

State Board Policies 

Significant State Board policies that are applicable 
to the Los Angeles Region are summarized below. 

The State Policy for Water Quality 
Control 

The State Board adopted the State Policy for Water 
Quality Control in July 1972. This policy. which 
serves as a basis for subsequent water quality 
policies, sets forth general principles (outlined 
below) that are necessary for implementation of 
programs that protect the quality of the waters 
throughout the state: 

Water rights and water quality control decisions 
must ensure protection of available fresh water 
and marine resources for maximum beneficial 
use. 

Municipal, agricultural, industrial wastewaters 
must be considered as a potential integral part 
of the total fresh water resource. 

Coordinated management of water supplies and 
wastewaters on a regional basis must be 
promoted to achieve efficient utilization of water. 

Efficient wastewater management is dependent 
upon a balanced program of source control of 
environmentally hazardous substances, 
treatment of wastewaters, reuse of reclaimed 
water, and proper disposal of effluent and 
residuals. 

Substances not amenable to removal by 
treatment systems presently available or 
planned for the immediate future must be 
prevented from entering sewer systems in 
quantities which would be harmful to the aquatic 
environment, adversely affect beneficial uses of 
water, or affect treatment plant operation. 
Persons responsible for the management of 
waste collection, treatment, and d~sposai 
systems must actively pursue the 

implementation of their objective of source 
control for environmentally hazardous 
substances. Such substances must be 
disposed of such that environmental damage 
does not result. 

Wastewater treatment systems must provide 
sufficient removal of environmentally hazardous 
substances which cannot be controlled at the 
source to ensure against adverse effects on 
beneficial uses and aquatic communities. 

Wastewater collection and treatment facilities 
must be consolidated in all cases where feasible 
and desirable to implement sound water quality 
management programs based on long-range 
economic and water quality benefits to an entire 
basin. 

Institutional and financial programs for 
implementation of consolidated wastewater 
management systems must be tailored to serve 
each particular area in an equitable manner. 

Wastewater reclamation and reuse systems 
which ensure maximum benefit from available 
fresh water resources shall be encouraged. 
Reclamation systems must be an appropriate 
integral part of the long-range solution to the 
water resources needs of an area and 
incorporate provisions for salinity control and 
disposal of non-reclaimable residues. 

Wastewater management systems must be 
designed and operated to achieve maximum 
long-term benefit from the funds expended. 

Water quality control must be based upon the 
latest scientific findings. Criteria must be 
continually refined as additional knowledge 
becomes available. 

Monitoring programs must be provided to 
determine the effects of discharges on all 
beneficial water uses including effects on 
aquatic life and its diversity and seasonal 
fluctuations. 

Statement of Policy with Respect to 
Maintaining High Quality Water in 
California (Antidegradation Policy) 

The State Board adopted the Statement of Policy 
with Respect to Maintaining High Quality Water in 
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California (State Board Resolution No. 68-16) on municipal and industrial waste sludge and 
October 28, 1968. This policy, which is referred to untreated sludge digester supernatant, centrate, 
as the "Antidegradation Policy," protects surface or filtrate; 
and ground waters from degradatibn. In particular. 
this policy protects waterbodies where existing ~ b b i s hor refuse into surface waters or at any 
quality is higher than that necessary for the place where they would be eventually 
protection of beneficial uses. transported to enclosed bays and estuaries; 

Under California's Antidegradation Policy, any 
actions that can adversely affect water quality in all 
surface and ground waters must be consistent with 
the maximum benefit to the people of the state, 
must not unreasonably affect present and 
anticipated beneficial use of such water, and must 
not result in water quality less than that prescribed 
in water quality plans and policies. Furthermore, 
any actions that can adversely affect surface waters 
are also subject to the federal Antidegradation 
Policy (40 CFR 131.12), developed under the CWA. 
The USEPA, Region IX, has also issued detailed 
guidance for the implementation of federal 
antidegradation regulations for surface waters within 
its jurisdiction (USEPA, 1987). 

This resolution has been reprinted in Chapter 3. 

Water Quality Control Policy for the 
Enclosed Bays and Estuaries of 
California 

The State Board adopted the Water Quality Control 
Policy for the Enclosed Bays and Estuaries of 
California (State Board Resolution No. 74-43) in 
May 1974. This policy is designed to prevent water 
quality degradation and protect beneficial uses in 
enclosed bays and estuaries. In addition, the policy 
outlines water quality principles and guidelines to 
achieve these objectives. Decisions by the 
Regional Board must be consistent with the 
provisions designed to prevent water quality 
degradation. 

silt, sand, soil, clay, or other earthen materials 
from onshore operations including mining, 
construction, and lumbering in quantities which 
unreasonably affect or threaten to affect 
beneficial uses; 

materials of petroleum origin in sufficient 
quantities to be visible or in violation of waste 
discharge requirements (except for scientific 
purposes); 

radiological, chemical, or biological warfare 
agent or high-level radioactive waste; and 

discharge or by-pass of untreated waste. 

Water Quality Control Policy on the Use 
and Disposal of lnland Water Used for 
Powerplant Cooling 

The State Board adopted the Water Quality Control 
Policy on the Use and Disposal of lnland Water 
Used for Powerplant Cooling (State Board 
Resolution No. 75-58) in June 1975. This policy 
outlines the State Board's positions on powerplant 
cooling, specifying that fresh waters should be used 
for cooling only when other alternatives are not 
feasible. The Regional Boards are responsible for 
enforcement of this policy. 

Policy with Respect to Water 
Reclamation in California 

The State Board adopted the Policy with Respect to 
The policy lists principles of management that Water Reclamation in Califomia (State Board
include the State Board's desire to phase out all Resolution No. 77-1) on January 6, 1977. This 
discharges (exclusive of cooling waters) to enclosed resolution recognizes the shortage of water in many
bays and estuaries as soon as practicable. areas of the state and the need to conserve water
Discharge prohibitions are placed on: for beneficial uses. In addition, the ~olicvoutlines 

the State and Regional Boards' support ior and 
new dischargers of municipal wastewaters and encouragement of water reclamation while also
industrial process waters (exclusive of cooling acknowledging the need to protect public health. As 
water discharges) which are not consistently per this resolution, the State and Regional Boards
treated and discharged in a manner that would encourage reclamation projects for which:
enhance the quality of the receiving waters; 
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beneficial use will be made of wastewaters that 
would otherwise be discharged to marine or 
brackish receiving waters or evaporation ponds; 

reclaimed water will replace or supplement the 
use of fresh water or better quality water; or 

reclaimed water will be used to preserve. 
restore, or enhance instream beneficial uses 
which include, but are not limited to, fish, 
wildlife, recreation and aesthetics associated 
with any surface water or wetlands. 

This resolution has been reprinted at the end of this 
Chapter. 

Policy on the Disposal of Shredder 
Waste 

The State Board adopted the Policy on the Disposal 
of Shredder Waste (State Board Resolution No. 
87-22) on March 19, 1987. This policy permits the 
disposal of wastes produced by the mechanical 
destruction of car bodies, old appliances, and 
similar castoffs into certain landfills under specific 
conditions designated and enforced by the Regional 
Boards. 

Sources of Drinking Water Policy 

The State Board adopted the Sources of Drinking 
Wafer Policy (State Board Resolution No. 88-63) on 
May 19, 1988. This policy declares that all waters 
of the state, with certain exceptions, are to be 
protected as existing or potential sources of 
municipal and domestic supply. Exceptions include 
waters with existing high dissolved solids (i.e., 
waters with dissolved solids greater than 3,000 
mglL), low sustainable yield (less than 200 gallons 
per day for a single well), waters with contamination 
that cannot be treated for domestic use using best 
management practices or best economically 
achievable treatment practices, waters within 
particular municipal, industrial, and agricultural 
wastewater conveyance and holding facilities, and 
regulated geothermal ground waters. Where the 
Regional Water Board finds that one of these 
exceptions applies, it can remove the municipal and 
domestic supply beneficial use designation for the 
particular waterbody through a Basin Plan 
amendment. Basin Plan amendments are subject to 
approval by the State Board, the State Office of 
Administrative Law, and the USEPA. 

This resolution has been reprinted at the end of this 
Chapter. 

Policies and Procedures for 
investigation and Cleanup and 
Abatement of Discharges Under Water 
Code Section 13304 

State Board Resolution No. 92-49, entitled Policies 
and Procedures for Investigation and Cleanup and 
Abatement of Discharges under Water Code 
Section 13304 (the Policy) promotes attainment af 
the best quality of water that is reasonable. 

The amended Policy establishes cleanup and 
abatement policies and procedures for those cases 
of pollution wherein it is not reasonable to restore 
water quality to background levels. Under this 
Policy, case-by-case cleanup levels for the 
restoration of water quality must, at minimum: 

consider all beneficial uses of the waters; 

not result in water quality less than that 
prescribed by in the Basin Plan and policies 
adopted by the State and Regional Boards; 

be consistent with maximum benefit to the 
people of the state; and 

be established in a manner consistent with 
California Code of Regulations, Title 23, 
Chapter 15, Article 5 (Water Quality Monitoring 
and Response Programs for Waste 
Management Units). 

Regional Water Quality Advisory 
Task Force 

In December 1992, the Regional Board created a 
Water Quality Task Force. The eleven member 
task force included representatives of governmental 
agencies, businesses, and environmental groups 
and was co-chaired by Regional Board members: 
Michael Keston and Larry Zarian. The goals of the 
group included identification of ways to reduce the 
costs of complying with water quality regulations 
without compromising water quality and public 
health. 

Following two workshops, the Task Force developed 
2 series of 16 recommendations (Working Together 
for an Affordable Clean Water Environment, 
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September 30, 1993) to be submitted to the 
Regional Board, State Board, Cal-EPA and the 
State Legislature, seeking their support, as 
appropriate. Regional Board staff have begun 
implementing many of these recommendations, and 
the Regional Board will submit progress reports to 
the Task Force on a semi-annual basis. These 
recommendations for the Regional Board are briefly 
summarized below: 

Create a Technical Review Committee to serve 
as a public forum to discuss existing and 
proposed Regional Board programs, policies 
and procedures. 

Prepare a Site Assessment and Clean-up 
Guidebook. 

Provide "trigger language" to expedite insurance 
claims and loan requests. 

Establish a set of clear standards for site-
cleanup that are consistent across all Regional 
Board programs. 

Create a Business Assistance Unit, 

Review monitoring and reporting requirements 
and eliminate those that are unnecessary. 

Establish a "self-directed cleanup program 

* Adopt NPDES permit process improvements 
including establishing a surface water quality 
technical review committee, assign experienced 
staff to all major NPDES permits and their 
renewals, conduct more thorough reviews of 
annual reports, and provide more feedback to 
permittees. 

Consider setting performance-based numeric 
goals, where appropriate, for constituents for 
which permit limits are more stringent than 
statewide Water Quality Plans. 

Take into account the mineral content of an 
area's water supply when setting wastewater 
discharge limits. 

Facilitate development and adoption of site 
specific objectives based upon actual or 
reasonably foreseeable beneficial uses. 

0 Incorporatea watershed management approach 
into the Basin Plan. Coordinate key elements of 

the Coastal Zone Act Re-Authorization 
Amendments, the Storm Water Permit Program, 
and other related programs. 

Regional Board Resolutions 

The Los Angeles Regional Board has adopted many 
resolutions over the years. The following are 
summaries of the resolutions that are most 
important to the Regional Board's implementation of 
the Basin Plan and are herein incorporated by 
reference: 

Resolution No. 93-006. Adopted November 1. 1993. 
"Accepting the Final Reporl of the Water Quaw Advisory 
Task Force." 

Resolution No. 92-09. Adopted October 19, 1992 
"Designation of Regional Category "A" Waterbodies under 
Ule California inland Surface Weters Pian." 
The Regional Board chose not to adopt Category "A" 
waterbodies fur the Region. The need for site-speclc 
objectives will be determined on a case-by-case basis as 
each NPDES permn is renewed. 

Resolutbn No. 92-08. Adopted June 22, 1992 
"Amendment to the Water Qualify Contml Plans to prohibit 
New or LateralExpansion of Existing Nonhazardous Solid 
Waste Lanrnlis in Sand and Gravel Mining Pits within /he 
Los Angeles Region." 
This resolution was adopted by the Regional Board but not 
by the State Board. The State Board will consider this issue 
during the next Chapter 15 review and update. This 
resolution, thus, is not in effect. 

Resolution No. 92-06. Adopted March 9, 1992 
"Approval of Regional Water Quafify Assessment." 
Update to include the following previous excluded 
waterbodies: Upper Los Angeles River. Lower Los Angeles 
River, Lower San Gabriel River, Lower Santa Clara River 
Valley, Inner Lor Angeles Harbor, lnner Long Beach Harbor, 
Ventura Harbor. Santa Monica Bay, San Pedro Bay, Baliona 
Creek. 

Resolution No. 92- 05 .  Adopted January 27, 1992 
"Approval of Regional Water QuafiQ Assessment." 
Under this resolution the Regional Board partialy adopted 
the 1991 Water Qualilty Assessment Report of the Los 
Angeles Region. 

Resolution No. 91-06. Adopted June 3, 1991 
"Amendment to the Water Qualify Control Plan for the Los 
Angeles River Besln and Implementation Plan Concemhg 
the Extraction of Ground Water Within the San Gabriel 
Veliay Basin." 
under this amendment, the Regional Board oversees a 
comprehensive groundwater quantity and quality program in 
the San Gabriel~allev~roundwate;Basin. deshned-to~ ~~~ -
ensure that the extraction of ground water is conducted in,a 
manner that will meet water s u ~ ~ l vneeds and imDrove and. .  . 
protect water quality. 
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Resolution No. 90-1 1. Ado~ted October 22, 1990 

'MdopHon of Revised water Quality Objectives end 

Beneficial Uses for Piru. Sespe, and Senta Paula 

Hydrologic Areas - Santa Ciera River Basin (4A)." 


Resolution No. 90-10. Adopted August 20, 1990 
"Resolution of Recommandetion to State Water Resources 
Conhoi Board to Grant en Exception to the Oceen Plan 
Prohibition for Waste Discharge to en Area of Special 
Bloiogical Significance - Sen Nicoias Island." 

Resolution No. 90-08. Adopted May 21, 1990 
"Requesting the Stete Water Resources Contmi Board to 
Accaot Grant Funds fmm the U. S. Environmentel 
~ ro t i c t ion  Agency (USEPA) for the Senta Monlca Bey 
Restoration Project es Part of a Continuing Cooperatwe 
Agreement." 

Resolution No. 90-07. Adopted April 23, 1990 
"Requesting the Stete Water Resources Control Boam to 
Appiy for a Continuance of the Cooperative Agreement with 
the U. S. Environmental Pmtecticn Agency to Accelerate 
Source investigation Activities in the Sen Fernando Valiey." 

Resoiution NO. 90-06. Adopted April 23. 1990 
"Requesting the State Weter Resources Control Board to 
Appiy for e Continuance of the Cooperarive Agreement wlth 
the if. S. Environmental Protection Aoencv to Acceierete 
Source Investigation Activitres in the S i n  dabriel Valiey." 

Resolution No. 90-04. Adopted March 26, 1990 
"Effects of Drought Induced Water Supply Changes and 
Water Conservation Meesures on Complhnce With Waste 
Discharge Requirements Within the LOS Angeies Region." 
This policy temporarily raised chloride limitations in Waste 
Discharge Requirements to match chloride increases in the 
water supply for a period of 3 years. Specifically, chloride 
limitations were temporarily set at the lesser of ( i )  250 mg/L 
or (ii) the suppiy concentration plus 85 mglL. 

Resolution No. 90-02. Adopted February 26, 1990 
'Mcceptence of the Southem ~alifor;lia Association of 
Governments' Final Report on the State of Sente Monica 
Bay." 

Resolution No. 89-10. Adopted December 4. 1989 
'Mdoptfon of Regional Water Quality Assessment Report" 

Resolution No. 89-08, Adopted December 4. 1989 
'Requesting me Slate ~ e t e r  Resources Control Boam to 
Accept Grant Funds from the U S Environmental 
Protection Aoencv (USEPA) for the Santa Monica Bav 
Rastoration Project as ~ a r i  of a Continuing ~ooperaive 
Agreement and to Accept Action Plan Demonstration 
Project Funds for Early implementetion of Management 
Recommendations. " 

Resolution No. 89-03. Adopted March 27, 1989 
"Incorporation of Sources of Drinking Water Policy into the 
Water Queiity Controi Piens (Basin Plans) - Sante Clara 
River Basin (4A)Aos Angelas River Basin (4B)." 

Resolution No. 89-02. Adopted February 27. 1989 
"Regional Board Acceptance of Storm Runoff Report." 

Resolution No. 88-12. Adopted September 26, 1988 
"Suppotling Beneficial Use of Available Reclaimed Water in 
Lieu of Potable Water for the Same Purpose." 

Resolution No. 88-1 I. Adopted August 22, 1988 
"Directing Staff to Apply for a Cooperative Agreement With 
the U. S. Environmental Protection Agency to Accelerate 
Source investigation Activities in the Sen Gabriel Valley." 

Resoiution No. 88-10. Adopted July 25, 1988 
"Completion of the Trienniai Review Public Hearing and the 
1988 Triennial Review Process for the Water Quality 
Control Pians (Basin Plans) - Senta Ciera River Besin 
(4A)Los Angeies River Basin (48). " 

Resolution No. 85-09. Adopted November 25, 1985 
"Designation of Class 111 Lendflii Within the Los Angeles 
Region to Accept Shredder Wastes as Required by Senate 
Bill No. 976." 

Resolution No. 85-04. Adopted March 25, 1985 
"Regional Board Acceptance of Ocean Dumping Report." 

Resolution No. 85-03. Adopted March 25, 1985 
Rescinding Resolution No. 56-45, "Adopting en Operating 
Procedure for Simplifying Filing of Reports on Disposal of 
Rotary Mud Resulting from Oil Well Drilling Operations." 

Resolution No. 84-05. Adopted June 25. 1984 
"Triennial Review of Water Qualify Control Plans - Senta 
Clare River Basin (4A)Aos Angeies River Basin (4B)." 

Resolution No. 83-03. Adopted October 24, 1983 
"implementation of Those Elements of the Amendment to 
the Areawide Waste Treatment Management Plan 
Appropriate to its Jurisdiction." 

Resoiution No. 82-06. Adopted September 27, 1982 
"Lowering of Lake Shewood, Ventura County." 

Resolution No. 78-13. Adopted November 27, 1978 
"Revisions to Water Quality Control Pian for Los Angeles 
River Basin ( 4 4 "  

Resoiution No. 78-12. Adopted August 28, 1978 
'Regronat Board Considerahon 01 the 208 Areawioe Waste 
Treatment Management Pten for Ventura County AooDted 
by the Board of Dlrecrors of the Venture Reononat Counrv 

an it at ion District on June 22, 1978." 

Resolution No. 78-10. Adopted July 24; 1978 
"A Resolution Requesting the State Water Resources 
Control Board to Seek Exemption from U. S. Coast Guard 
Regulations for Aveion Bay Relative to Vessel Waste 
Discharges." 

Resoiution No. 78-09. Adopted July 24. 1978 
"A Resoiution Requesting the Stete Board to Seek 
Exemption from U. S. Coast Guard Regulations for 
Channel Islands Harbor Reletive to Vessel Waste 
Discharges." 

Resolution No. 78-07. Adopted June 26, 1978 
Resolution of intent Regarding Compliance Date for Trace 
Element Limits in the Oceen Plan." 
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Resolution No. 78-02. Adopted Manh 27, 1978 
"Revlsbns to Water Quality Control Plan for Santa Clara 
River Basin (4A)." 

Resolution No. 78-01. Adopted February 27, 1978 

"Supporting Adoption of the Clean Waler and Water 

Conservation Bond Law of 1978." 


Resolution No. 77-06. Adopted September 26, 1977 
"Guidance for Persons Wishing to Use Reclaimed 
Wastewater Dun'ng the Drought." 

Resolution No. 77-02. Adopted April 25, 1977 
"Urging Continued Irrigation of Stele Park Lands by Las 
Virgenes Municipal Water District.'" 

Resolution No. 76-06. Adopted April 26, 1976 
"Revisions to Water Quality Control Plan for Los Angeles 
River Basin (4B)." 

Resolution No. 76-05. Adopted April 26, 1976 
"Revisions to Water Quality Control Plan for Santa Clara 
River Basin (4Al." 

Resolution No. 75-1 1. Adopled March 10, 1975 
Water Quality Conlml Plan for Los Angeles River Basin 
(4Bj." 

Resolution No. 75-10. Adopted March 3. 1975 
Water Quality Control Plan for Ssnte Clara River Basin 
(4A)." 

Resolution No. 74-08. Adonled Auaust 19. 1974 
'Expressing Concern over Posilble Effects on Water 
Qua110, From Offshore Oil Drill~ng and Proauction.' 

Resolution No. 73-21. Adopted September 7, 1973 
"Actions Affaclinrr Water Qualib bv Local Aaency Formation - .  
Commrssions - &mments by this Agency on any Proposals 
wthh lhrs Reglon to Incorporate New Crtres or Form 
Special Drstncls that may Affect Water Qual~ty " 

Resolulbn No. 73-14. Adopted May 22, 1973 
"Statement of Policy on Water Supply and Wastewater 
Disposal in Newly Developing Areas Wilhin the Los Angeies 
Region." 

Resolution No. 724.  Adopted May 31, 1972 
"Policy Stalemenl Relative lo Sewage Disposal in the 
Mallbu Area." 

Resolution No. 71-10. Adopted October 27, 1971 
"ConsideraUon of Dredging Activities Los Angeles-Long 
Beach Harbors." 

Resolution No. 71-7. Adopted June 10, 1971 
'Interim Water Qualily Control Plan for Ssnta Clara River 
Basin and Los ~nga ias  River Basin - wilh Pmjecl List 77Ued 
Appendix A," 

Resolution No. 71-6. Adopted June 10, 1971 
"Interim Waler Quality Control Plan for Santa Clara River 
Basin and Los Angeies River Basin." 

Resolufion No. 70-68. Adopted November 18, 1970 
"Requiring Cities and Counties to Notify the Regional Board 
of the Filing of Development Proposals Which Involve a 
Major Waste Discharge. " 

Resolution No. 70-18. Adopted February 11, 1970 
"We1 Standards in Venlura County." 

Resolulion No. 70-17. Adopted February 11, 1970 
Well Standards h Central, Hollywood, Santa Monica and 
West Coast Basins, Los Angeles Counfy." 

Resolution No. 69-53. Adopted December 3. 1969 
'9 Resolution Urging Close Cooperation Between the 
Southern California Coastal Water Research Authority and 
lhe Regional Board." 

Resolution No. 69-33. Adopted July 30, 1969 
"Recommending Consideration of Reclamation of Waler 
from Sewage in the Malibu Area." 

Resolution No. 544. Adopted January 14, 1954 
Waiving Reporting of Sewage Discharges from Family 
Dwellings with the City of Ojai." 

Resolution No. 53-6. Adopted October 15, 1953 
Waiving Reporting of Sewage Discharges from Family 
Dwellings, City of South Pasadena." 

Resolution No. 53-5. Adopted October 15, 1953 
Waving Reporting Of Waste Water Discharges from Family 
Dwelling Swimming Pools." 

Resolution No. 524. Adopted on October 30, 1952 
Waiving Reporting of Sewage Discharges from Family 
Dwellings." 

Resolution No. 523. Adopted October 16, 1952 
"Prescribing Requirements for Subsurface Disposal of 
Sewage from Private Sewage Disposal Systems." 
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STATE WATER RESOURCES CONTROL BOARD 


RESOLUTION NO. 77-1 


POLICY WITH RESPECT TO WATER 

RECLAMATION IN CALIFORNIA 

WHEREAS: 

I. 	 The California Constiiution provides that the water resources of the State be put to beneficial use to the fullest exlent of which they 
are capable, and that waste or unreasonable use or unreasonable method of use of water be prevented, and that conservation of 
such waters is to be exercised with a view to the reasonable and beneficial use thereof in the interest of the people and for the public 
welfare; 

2. 	 The California Legislature has declared that the State Water Resources Control Board and each Regional Water Quality Control 
Board shail be the principal state agencies with primary responsibility for the coordination and control of water quality; 

3. 	 The Caiifornia Legislature has declared that the people of the State have a primary interest in the development of faciliies to reclaim 
water containing waste to supplement existing surface and underground water supplies: 

4. 	 The Caiifornia Legislature has declared that the State shall undertake all possible steps to encourage the development of water 
reclamation facilities so that reciaimed water may be made available to help meet the growing water requirements of the State: 

5. 	 The Board has reviewed the document entitled "Policy and Action Plan for Water Reclamation in California," dated December 1976. 
This document recommends a variety of actions to encourage the development of water reclamation facilities and the use of 
reciaimed water. Some of these actions require direct implementation by the Board; others require implementation by the Executive 
Omcer a i ~ d  the Regionai Boards. In addition, this document recognizes that action by many other slate, local, and federal agencies 
and the California State Legislature would also encourage construction of water reciamation facilities and the use of reclaimed water. 
Accordingly, the Board recommends for its consideration a number of actions intended to coordinate with the program of this Board: 

6. 	 The Board must concentrate its efforts to encourage and promote reclamation in water-short areas of the State where reclaimed 
water can supplement or replace other water supplies without interfering wRh water rights or instream beneficiai uses or placing an 
unreasonable burden on present Water supply Systems: and 

7. 	 in order to coordinate the development of reclamation potential in California, the Board must develop a data collection, research. 
planning, and implementation Program for water reclamation and reciaimed water uses. 

THEREFORE, BE IT RESOLVED: 

1. That the State Board adopt the following Principles: 

I. 	 The State Board and the Regional Boards shail encourage, and consider or recommend for funding, water reclamation projects 
which meet Condition 1. 2, or 3 below and which do not adversely impact vested water rights or unreasonably impair instream 
beneficial uses or place an unreasonable burden on present water supply systems; 

(1) 	 Beneficial use will be made of wastewaters that would otherwise be discharged to marine or brackish receiving waters or 
evaporation ponds. 

(2) 	 Reciaimed water will replace or supplement the use of fresh water or bener quality water, 

(3) 	 Reciaimed water will be used to preserve, restore, or enhance instream beneficiai uses which include, but are not limited to. 
fish, wildlife, recreation and esthetics associated with any surface water or wetlands. 

[I. The Slate Board and the Regionai Boards shall (1) encourage reclamation and reuse of water in water-short areas of the State, 
(2) encourage water conservation measures which fulther extend the water resources of the State, and (3) encourage other 
agencies, in particular the Department of Water Resources, to assist in implementing this policy. 

Ill. 	The State Board and the Regionai Boards recognize the need to protect the public heaRh including potential vector problems 
and the environment in the implementation of reclamation projects. 
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IV. 	 In implementing the foregoing Principles, the State Board or the Regional Boards, as the case may be, shall take appropriate 
actions, recommend legislation, and recommend actions by other agencies in the areas of (1) planning, (2) project funding, (3) 
water rights. (4) regulation and enforcement. (5) research and demonstration, and (6) public involvement and information. 

2. That, in order to impkment the foregoing Principles, the State Board: 

(a) 	 Approves Planning Program Guidance Memorandum No. 9. "PLANNING FOR WASTEWATER RECLAMATION," 

(b) 	 Adopts amendments and adtiinns to Title 23, California Administrative Code Sections 654.4, 761. 764.9, 783, 2101, 2102, 
2107, 2109. 2109.1. 2109.2. 2119, 2121, 2133(b)(2), and 2133(b)(3). 

(c) 	 Approves Grants Management Memorandum No. 9.01, 'WASTEWATER RECLAMATION." 

(d) 	 Approves the Division of Planning and Research, Procedures and Criteria for the Selection of Wastewater Reclamation 
Research and Demonstration Project. 

(e) 	 Approves "GUIDELINES FOR REGULATION OF WATER RECLAMATION." 

(0 	Approves the Plan of Action contained in Part ill of the document identified in Finding Five above, 

(g) 	 Directs the Executive Omcar to establish an lnteragency Water Reclamation Policy Advisory Commktee. Such Committee shail 
examine trends, analyze implementation problems, and report annually to the Board the results of the implementation of this 
policy, and 

(h) 	 Authorizes the Chairperson of the Board and directs the Executive ORcer to implement the foregoing Principles and the Piao of 
Action contained in Part IiI of the document identifed in Finding Five above, as appropriate. 

That not later than July 1, 1978, the Board snall revnew tnls poitcy and acttons taken to ~mpkment r along wltn the repon prepared 
by tne lnteragency Water Reciamatlon Pollcy Advisory Committee, to determine wnether mod~ficattons to thls pol~c) are appropriate to 
more effectively encourage water reclamation in California 

4. 	 That the Chairperson of the Board shail transmit to the California Legislature a complete wpy of the "Policy and Action Plan for 
Water Reciamatlon in California." 

The undersigned, Executive Officer of the State Water Resouroes Control Board, does hereby certify that the foregoing is a full, true, and 
correct copy of a resolution duly and regularly adopted at a special meeting of the State Water Resources Control Board held on January 
6, 1977. 

Original signed by 
Bill B. Dendy 

Executive Oficer 
State Water Resources Control Board 
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STATE WATER RESOURCES CONTROL BOARD 

RESOLUTION NO. 88-63 


ADOPTION OF POLICY ENTITLED "SOURCES OF DRINKING WATER 


WHEREAS: 

1. 	 California Water Code Section 13140 provides that the State Board shall formulate and adopt State Policy for Water Q u a l i  Control; 
and, 

2. 	 California Water Code Section 13240 provides that Water Quality Control Pians "shall conform" to any State Policy for Water Quality 
Control; and. 

3. 	 The Regional Boards can conform the Water Quality Control Plans to this policy by amending the plans to incorporate the policy; and, 

4.  	 The State Board must approve any conforming amendments pursuant to Water Code Section 13245; and, 

5. 	 "Sources of drinking watef shall be defined in Water Quality Control Pians as those water bod~es with beneficial uses designated as 
suitable, or potentially suitable, for municipal or domestic water supply (MUN); and. 

6. 	 The Water Quality Control Plans do not provide suficient detail in the description of water bodies designated MUN to judge clearly 
what is, or is not, a source of drinking water for various purposes. 

THEREFORE BE IT RESOLVED: 

Ail surface and ground waters of the state are considered to be suitable, or potentially suitable, for municipal or domestic water supply and 
should be so designated by the Regional Boards ' with the exception of: 

1. 	 Surface and qround waters where: 

a. 	 The total dissolved solids (TDS) exceed 3.000 mglL (5,000 uSIcm, electrical conductivity) and it is not reasonably expected by 
Regionai Boards to supply a public water system, or 

b. 	 There is contamination, elther by natural processes or by human activity (unrelated to a speciflc pollution incident), that cannot 
reasonably be treated for domestic use using either Best Management Practices or best economically achievable treatment 
practices, or 

c. 	 The water source does not provide suficient water to supply a single well capable of producing an average sustained yield of 
200 gallons per day. 

2. Surface waters where: 

a 	 Tne water 1s in systems des gned or moa~fied to collect or treat munlclpa or tndustrla wastewaters, process waters, mlning 
wastewaters, or storm water runoff, prov~ded that tne dlscharge from sucn systems IS rnonltored lo assure cornpl~ance wltn all 
relevant water quality objectives as required by the Regionai Boards; or, 

b. 	 The water is in systems designed or modified for the primary purpose of conveying or holding agricultural drainage waters, 
provided that the discharge from such systems is monitored to assure compliance with all relevant water qualiy objectives as 
required by the Regional Boards. 

3. 	 Ground water where: 

The aauifer is regulated as a aeothermal eneruv producing source or has been exemDted administrativelv oursuant to 40 Code of 
Feoeral ~ e ~ u l a t  prodxtlon of nyarocaroon ins, Sect~on 746 4 for tne purpose of unierground ,njecl on of flu ds associated w tn tn; 

or geotnerma energy provdeo that tnese flulds do not const lute a hazardo~s waste under 40 CFR Sect~on 261 3 




- - -  

4. Regional Board AuthorW to Amend Use Desionations: 

Any body of water which has a current speciflc designation previously assigned to if by a Regional Board in Water Quality Control 
Plans mav retain that designation at the Regional Board's discretion. Where a bodv of water is not currentiv desionated as MUN but. . 
in the opinion of a ~egional  Board, is presently or potentially subbte for MUN, thekegional Board shall inilude MUN in the 
beneficial use designation. 

The Regional Boards shall also assure that the beneficial uses of municipal and domestic supply are designated for protection 
wherever those uses are presently being attained, and assure that any changes in beneficial use designations for waters of the State 
are consistent with all applicable regulations adopted by the Environmental Protection Agency. 

The Regional Boards shall review and revise the Water Quality Control Plans to incorporate this policy. 

CERTlFiCATiON 

The undersigned. Administrative Assistant to the Board, does hereby certify that the foregoing is a full, true, and correct copy of a 
policy duly and regularly adopted at a meeting of the State Water Resources Control Board held on May 19. 1988. 

Original signed by 
Maureen Marche 

Administrative Assistant to the Board 

' This policy does not affect any determination of what is a potential source of drinking water for the limited purposes of maintaining a 
surface impoundment after June 30. 1988. pursuant to Section 25208.4 of the Heanh and Safety Code. 



6. MONITORING AND ASSESSMENT 
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acute, accumulative, andlor chronic threat to the 

Introduction 
environment. 

Provide information needed to relate receiving water 

Monitoring and assessment are essential to the quality to mass emissions of pollutants by waste 

success of the Region's water quality control 
dischargers. 


program. Monitoring is necessary to assess Provide data for determining discharger wmpliance with 


existing water quality conditions, examine long-term permit conditions. 


trends, and ensure the attainment and maintenance Measure waste loads discharged to receiving waters and 

of beneficial uses consistent with state and federal identify their effects in order to develop waste load 

standards. Monitoring is also necessary to assess allocations. 


the effectiveness of clean-up programs. This 

chapter contains a description of State and Regional 

Provide the documentation necessary to support the 

enforcement of permit conditions and waste discharge 

Board programs that have been developed to meet requirements. 
these monitoring objectives. 

Provide data needed for the continuing planning process. 

Measure the effects of water rights decisions on water 
The State's Monitoring Programs quality, and to guide the State Board in its responsibility to 

regulate unappropriated water for the control of quaiity. 

The Porter-Cologne Water Quality Control Act Provide a clearinghouse for water quality data gathered by 
(513163) established the State Board as the lead other agencies and private parties cooperating in the 
agency for monitoring and assessment of water program. 
quality in California. The State Board's monitoring 

Report on water quaiity wnditions as required by federal and assessment program is designed to meet the and state regulations or requested by others. 

obiectives in Table 6-1. In order to fully address 

thise objectives, the State Board developed a 

comorehensive Droaram in the mid-1970s. 


activities were coordinated with the ~ o n j t o r i n ~  Primary Monitoring Network 
California Department of Fish and Game (DFG), 
California Department of Water Resources (DWR), The State Board developed a primary water quality 
and California Department of Health Services monitoring network for California in April 1976.
(DHS), and the U.S. Bureau of Reclamation, U.S. Participants in the network include the California 
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Department of Health Services, Department of 
Water Resources, and Department of Fish and 
Game, and the U.S. Bureau of Reclamation, the 
U.S. Geological Survey, and U.S. Environmental 
Protection Agency. The goal of the primary network 
is to provide a consistent long-term assessment of 
water quality across the state. This network 
consists of stations on high priority streams, 
estuaries, coastal areas, and groundwater basins 
throughout the state (California Water Resources 
Control Board, 1975). 

The primary network for the Los Angeles Region 
originally consisted of eight freshwater sampling 
stations. These eight stations laid the foundation for 
a consistent surface water monitoring effort in the 
Region and were regularly monitored by the 
California Department of Water Resources (DWR). 
By 1978, DWR regularly monitored 36 stations in 
the Region. .Currently. DWR monitors 11 of these 
36 stations. 

The regional network for groundwater monitoring 
originally consisted of seven groundwater basins 
selected by the State Board. While this monitoring 
was never fully implemented, the Regional Board as 
well as other agencies have undertaken several 
localized groundwater investigations. For example, 
as part of this Basin Plan Update, the Regional 
Board contracted with the California State University 
at Fullerton for an assessment of regional ground 
waters. The results of this study were used to 
review and update the groundwater sections of this 
Basin Plan and will be used to plan for future 
program development. 

Discharger Self-Monitoring 

Dischargers regulated under Waste Discharge 
Requirements (WDRs) are required to "self- 
monitor," that is, to collect regular samples of their 
effluent and receiving waters according to a 
prescribed schedule to determine facility 
performance and compliance with their 
requirements. Over 5,500 monitoring reports are 
submitted to the Regional Board annually. The 
Regional Board uses these data to determine 
compliance with requirements, issue enforcement 
actions, and to perform water quality assessments. 

Compliance Monitoring 

In addition to self-monitoring by dischargers, the 
Regional Board makes unannounced inspections 
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and collects samples to determine compliance with 
discharge requirements and receiving water 
objectives and to provide data for enforcement 
actions. In the event of violations, the Regional 
Board undertakes appropriate enforcement actions 
as described in Chapter 4. The scope of the 
Regional Board's compliance monitoring depends 
on the number and complexity of discharges, the 
dischargers' history of compliance, and the Regional 
Board's resources. Over 550 inspections were 
scheduled for the fiscal year 1993-94. Major 
surface water dischargers are inspected at least 
once a year. 

Complaint Investigations 

The Regional Board responds to a variety of 
incidents, including accidental and illegal discharges 
of oil from offshore pipelines, oily waste discharges, 
and dumping in the storm drains. Complaints and 
reports of such incidents, that are received from 
citizens as well as other agencies, often require on- 
site inspections during which the Regional Board 
collects samples and obtains other evidence (e.g., 
photographs) to investigate and document the 
extent of the problem. In addition, such 
documentation provides a basis for enforcement of 
corrective action andlor assessments that are levied 
on responsible parties. 

Lake Surveillance 

The Lake Surveillance program stemmed from early 
requirements set forth in the CWA (§314), that 
required states to identify the trophic condition of all 
publicly-owned fresh water lakes. The State Board 
inventoried about 5,000 freshwater lakes in 
California and initiated a program to make an 
estimate of the lakes' trophic status. 

Several lakes in the Los Angeies Region are on the 
federal "314 list," which designates candidates for 
restoration funds. This information also is included 
in the State Board's Water Quality Assessment 
Report (see next page). While federal grants from 
the USEPA have been available in the past to 
conduct diagnostic or feasibility studies for lake 
restoration, continued funding is uncertain at this 
time. 

As part of this Basin Plan Update, the Regional 
Board contracted with the University of California at 
Riverside (Lund, 1993) for a comprehensive water 
quality assessment of 24 lakes in the Region. 
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Visual observations, aeriil photographs,water 
quality data, and analyses of fish tissues were used 
in the assessments, and observations from this 
study were used to update this Basin Plan. 

Bay Protection and Toxic Cleanup 
Program 

In 1989, state legislation added Sections 13390 
through 13396 to the California Water Code which 
established the Bay Protection and Toxic Cleanup 
Program (BPTCP). The program has four main 
goals: 

to provide protection of existing and future 
beneficial uses of bays and estuarine waters, 

to identify and characterize toxic hot spots, 

to plan for cleanup or other mitigating actions of 
toxic hot spots, and 

to develop effective strategies to control toxic 
pollutants, abate existing sources of toxicity, and 
prevent new sources of toxicity. 

identification and characterization of toxic hot spots 
involves the implementation of regional monitoring 
programs at each of the Regions along the coast. 
Sediment toxicity tests and chemical analyses are 
being used to classify each bay or estuarine 
waterbody according to its toxicity. Waterbodies are 
generally "pre-screened" for contamination, followed 
by intensive monitoring that confirms both the 
existence and spatial extent of contamination. 

Quality Assurance 

Federal regulations require that the State Board 
establish guidelines and standard methods for 
quality assurance (QA) and quality control (QC) as it 
relates to sample collection and analysis carried out 
by State and Regional Boards. To fulfill this 
requirement, the State Board prepared a Quality 
Assurance Program Plan (QAPP) which was 
approved by USEPA on April 20, 1990. This Plan 
was prepared in accordance with USEPA Guidelines 
and Specificafions for Preparing Quality Assurance 
Program Plans (1980) and Guidance for 
Preparation of Combined Work/Quality Assurance 
Project Plans for Environmental Monitoring (1985). 
The QAPP outlines procedures used by the State 
and Regional Boards for obtaining environmental 
data. The Regional Board follows these procedures 

when collecting, transporting, and analyzing water 
quality samples. Each Regional Board has a 
QAQC Officer who must approve all QAPPs 
prepared for outside studies funded under State and 
Regional Board Programs. 

Data Storage and Retrieval 

The monitoring programs implemented by the State 
and Regional Boards generate considerable data. 
Unless these data are incorporated into a "usable" 
form for storage and retrieval, their value is minimal. 
The State Board chose the USEPA STORET 
(Storage and Retrieval) database to store data 
generated under the various monitoring programs. 
The State Board also maintains separate databases 
for the Toxic Substances Monitoring and the State 
Mussel Watch Programs (described below). 

Biennial Water Quality Inventory/Water 
Quality Assessment Report 

The CWA (§305(b)) requires all states to prepare 
and submit a biennial Water Quality Inventory 
Report (commonly referred to as a 305(b) Report). 
In California, this report is used by the State Board 
and the USEPA to prioritize funding for water quality 
programs. As required by the CWA, the report must 
contain: 

a description of the water quality of the major 
navigable waterbodies in the state; 

an analysis of the extent to which significant 
navigable waters provide for the protection and 
propagation of a balanced population of 
shellfish, fish, and wildlife and allow recreational 
activities in and on the water; 

an analysis of the extent to which elimination of 
the discharge of pollu:ants has been achieved; 

an estimate of the environmental impact, the 
economic, and social costs necessary to 
achieve the objective of the CWA, the economic 
and social benefits of the achievement, and the 
date of such achievement; and 

a description of the nature and extent of 
nonpoint sources of poliutants and 
recommendations as to the programs which 
must be taken to control them, with estimates of 
cost. 
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Table 6-2. Constituents Analyzed under the State Mussel Watch and Toxic Substances 
Monitoring Programs. 

a) Metals Analyzed. 

Aluminum' 

Arsenic' 

Cadmlum' 

Chromiuma 

~ o p p e ?  

Lead' 

b) Synthetic Organic Compounds Analyzed. 

' 


Lead' 

Manganese' 

Merculy' 

Nicker 

silver' 

Zinc3 

These constituents only analyzed for in the State Mussel Watch program 

These constituents only analyzed for in the Toxic Substances Monitoring Program 

'These constituents analyzed for In both the moniioring programs 
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Each Regional Board prepares a biennial Water 
Quality Assessment (WQA) Report for its Region 
using data collected by regional planning, 
permitting, surveillance, and enforcement programs. 
The regional reports contain inventories of the major 
waterbodies in the region including rivers and 
streams, lakes, bays, estuaries, harbors, coastal 
waters, wetlands, and ground water. For each 
waterbody, the report classifies the water quality (as 
"good," "intermediate," "impaired," or "unknown") 
and describes general problems and sources of 
water quality impairment. In addition, the report 
notes those waterbodies that are included on the 
federal lists. These lists, which indicate specific 
types of water quality impairments, are organized by 
CWA section (§131.11, §303(d), §304(M), §304(S). 
§304(L), 5314, and 9319). 

After Regional Boards adopt their individual WQA 
Reports, they are compiled into a statewide report 
entitled California Water Quality Assessment 
Report. Upon adoption of this statewide report by 
the State Board, the information is converted to the 
305(b) Report format and submitted to the USEPA 
to satisfy the CWA requirements. The most recent 
California Water Quality Assessment Report was 
published in May 1992, and is available from the 
State Board office in Sacramento. 

Toxic Substances Monitoring and State 
Mussel Watch Programs 

Water column monitoring for toxic substances can 
be unreliable since toxic substances are often 
transported intermittently and can be missed with 
standard "grab" sampling of water. In addition. 
harmful levels of toxicants are often present in such 
low concentrations in water that make them difficult 
and expensive to detect. In some cases, a more 
realistic and cost-effective approach is to test the 
fiesh of fish and other aquatic organisms that 
bioaccumulate these compounds in their tissues and 
concentrate toxicant through the food web. 

In 1977, the State Board added two biomonitoring 
elements to the State Board's Monitoring Program: 
the Toxics Substances Monitoring (TSM) Program 
and the State Mussel Watch (SMW) Program. The 
Los Angeles Region has active Toxics Substances 
Monitoring and State Mussel Watch programs. 
These programs are implementedjointly by the 
State Board and the California Department of Fish 
and Game. The field sampling is performed by Fish 
and Game and Regional Board staff, while the 

laboratory analyses are performed by Fish and 
Game. The objectives of the Toxics Substances 
Monitoring and State Mussel Watch Program 
Programs are: 

to develop statewide baseline data and to 
demonstrate trends in the occurrence of toxic 
elements and organic substance in aquatic 
biota; 

to assess impacts of accumulated toxicant upon 
the usability of State waters by humans; 

to assess impacts of accumulated toxicant upon 
aquatic biota; and 

where problem concentrations of toxicant are 
detected, to attempt to identify sources of 
toxicant and to relate concentrations found in 
biota to concentrations found in water. 

Tissue samples collected under the Toxics 
Substances Monitoring program are usually fish, but 
can also include benthic invertebrates. Fish and 
invertebratetissues are analyzed for trace metals 
and synthetic organic chemicals, most of which are 
pesticides (Table 6-2). Toxics Substances 
Monitoring data have been collected in rivers and 
lakes throughout the Los Angeles Region since 
1978 (Table 6-3). This program primarily monitors 
inland fresh waters. 

The State Mussel Watch Program provides similar 
documentation of the quality of coastal marine and 
estuarine waters. Mussels, which are sessile 
(attached) bivalve invertebrates, serve as indicator 
organisms and provide a localized measurement of 
water quality, as they accumulate trace metals and 
synthetic organic chemicals in their tissues (Table 
6-2). Mussels transported from "clean areas" of the 
State are primarily used, although local mussels are 
sometimes used. Other types of shellfish can be 
used at times, and occasionally, sediments are also 
collected as part of the program. State Mussel 
Watch Program data have been collected in coastal 
waters throughout the Region since 1977 (Table 
6-4). 

After more than 15 years of monitoring, the State 
Board has accumulated a considerable amount of 
data from these two programs. These data have 
been useful in assessing regional waters as they 
provide a direct measure of beneficial use 
impairment. 
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Table 6-3. Toxlc Substances Monitoring Stations and Type of Samples Collected (LA Region). 

E =Trace Elements; 0 = Organic Chemicals; EO =Trace Elements 8Organic Chemicals; - = Not Sampled; 
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Table 64.  State Mussel Watch Sampling Stations and Type of Samples Collected (LA Region). 
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Table 64 .  State Mussel Watch Sampling Stations and Type of Samples Collected (LA Region) (cont.) 
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E = Trace Elements: 0 = Organic Chemicals; -= Not Sampled 

Regional Board Monitoring 
Programs 

The Regional Board conducts its own surface 
waters monitoring program that supplements the 
state monitoring programs described above (which 
are, for the most part, implemented by the Regional 
Boards). 

Regional Board Surface Water 
Monitoring Network 

Many of the State monitoring programs described 
above are no longer funded and thus many 
sampling stations have been dropped. Under these 
circumstances, it has been necessary for the 
Regional Board to develop and implement its own 
ambient surface water monitoring program to 

continue to meet state and regional monitoring and 
assessment objectives. This monitoring network 
currently consists of 60 primary stations on rivers 
and streams throughout the Region. Stations are 
placed to most effectively assess Regional waters 
and measure long term trends at certain historic 
stations developed by the Regional Board or other 
agencies. 

Currently, each station is sampled at least once a 
year. In addition to water quality sampling, 
observations are made of existing beneficial uses, 
surrounding land use(s), potential sources of 
pollutants, and other conditions. The monitoring 
network is flexible and stations are added, moved, 
or deleted as the need arises; the Regional Board, 
however, maintains a core network of monitoring 
stations to the extent that funding is available. 
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Intensive Surveys 

The Regional Board has started to perform Intensive 
surveys to obtain detailed information on the effects 
of pollutant loadings from point and nonpoint 
sources on particular waterbodies. These surveys 
often involve coordination with other governmental 
agencies and organizations. 

In addition to quantifying the effects of pollutant 
loadings, data from intensive surveys also augment 
the regional water quality database and are used for 
water quality assessments and basin planning 
updates. 

Coordination With Other Agencies 

Regional Board staff regularly coordinate with other 
agencies to share data, reduce overlap in sampling 
efforts, and use limited monitoring monies in the 
most efficient way possible. 

Biological Criteria 

Biological criteria are narrative (and sometimes 
numeric) expressions that describe the biological 
integrity of aquatic communities (EPA, 1991). 
Biological criteria supplement other water quality 
objectives (physical, chemical, toxicity) by providing 
a direct measure of aquatic communities at risk 
from human activities. These criteria can also 
provide evidence of streams with exceptional water 
quality. Baseline data must be collected from both 
reference and impacted streams in the Region. 
Regular monitoring of these areas can then provide 
a continual assessment of instream impacts. Over 
30 of the 50 states have developed, or are 
developing, biological criteria programs. Although 
there is not a current biological criteria program in 
the Region, Regional Board staff are planning to 
begin conducting baseline surveys in the coming 
years. 
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APPENDIX ONE 


Inventory of Major Surface Waters and Waters to 
which they are Tributary 





INVENTORY OF MAJOR SURFACE WATERS AND 
WATERS TO WHICH THEY ARE TRIBUTARY 

WATERBODY TRIBUTARY OF 

Agua Dulw Canyon Creek 

Arcadia Wash 

ubtream of Devils Gate Reaarvoir Devils Gate Reservoir 
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INVENTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH THEY ARE TRIBUTARY (cant.) 

WATERBODY TRIBUTARY OF 

Upstreamof BipTulunQaRssarvolr 
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INVENTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH THEY ARE TRIBUTARY (cont) 

WATERBODY TRIBUTARY OF 

iel River (downstream of 
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INVENTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH THEY ARE TRIBUTARY (cont) 

WATERBODY TRIBUTARY OF 
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INVENTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH THEY ARE TRIBUTARY (cont.) 

WATERBODY TRIBUTARY OF 

Encino Reservoir Distribution reservoir - not tributary 
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INVENTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH THEY ARE TRIBUTARY (conk) 

WATERBODY TRIBUTARY OF 

San Gabriel Riv 
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INVENTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH THEY ARE TRIBUTARY (conr) 

HYDROLOGIC 
TRIBUTARY OF 

Malibu Creek (downstream of Century Reservoir) 

Live Oak Wash Puddingstone Dam and Reservoir 
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INMNTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH THEY ARE TRIBUTARY (cont.) 

WATERBODY TRIBUTARY OF 

D ~ ~ n s l m a m  LO$Anpelas River EnualyO( SepuI~edaFlkd Cwltml Bath 

DownrVaamof Malibou Lake 
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INVENTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH THEY ARE TRIBUTARY (cont) 

WATERBODY TRIBUTARY OF 
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INVENTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH T H N  ARE TRIBUTARY (cont.) 

HYDROLOGIC 
WATERBODY TRIBUTARY OF 

of Santa Fa Flwd Conlml Basin D~~nllirearn Wmmier Narmw Flood Control Basin 
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INVENTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH THEY ARE TRIBUTARY (cont.) 

WATERBODY TRIBUTARY OF 

Monis Reservoir 

Senla Fe Flood Contml Basin 
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INVENTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH THEY ARE TRIBUTARY (cont.) 

WATERBODY TRIBUTARY OF 
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INVENTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH THW ARE TRIBUTARY (cont.) 

WATERBODY TRIBUTARY OF 

Lake Enchant0 
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INVENTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH THEY ARE TRIBUTARY (cont.) 

HYDROLOGIC 
WATERBODY TRIBUTARY OF 

Tujunga Reservoir) 

Upstreamof Co~swellReservoir C o g s ~ ~ l iReservoir 
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INVENTORY OF MAJOR SURFACE WATERS AND WATERS TO WHICH THEY ARE TRIBUTARY (cont.) 

HYDROLOGIC 
WATERBODY SUBAREA TRIBUTARY OF 

(HSA) 

Wilson Canyon Creek 405.22 Pacoirna Wash 

Winter Creek 405.33 Santa Anita Canyon Creek 

Wolfskill Canyon 405.44 San Dimas Canyon Creek 
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APPENDIX TWO 

Overlays 

1. Hydrologic Units 
2. Major Freeways, Highways 
3. USGS 7.5 Minute Quad Boundaries 





OVERLAY # 1 

HYDROLOGIC 
UNITS 

WITH AREAS 

AND SUBAREAS 


CALIFORNIA 


REGIONAL 


WATER OUALlTY 


CONTROL BOARD 


LOS ANGELES'REGION 


(4) 

HYDROLOGIC UNITS 

HYDROLOGIC AREAS 

:-.-....:
i i HYDROLOGIC SUB AREAS . . 
:.......: 


- COUNTY LINE 

-
Miles 


0 10 2G 






OVERLAY # 2 

MAJOR 

FREEWAYS, 
-HIGHWAYS 

AND SELECTED CITIES 

WITH COUNTY LINES 

CALIFORNIA 

REGIONAL 


WATER QUALITY 

CONTROL BOARD 


L O 8  ANGELES REGION 


(4)  

- REGIONAL BOUNDARY 

...... COUNTY LINE 

I' 
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Miles 
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OVERLAY # 3 

USGS 

7.5 MINUTE QUAD 
BOUNDARIES 

CALIFORNIA 
REGIONAL 

WATER QUALITY 
CONTROL BOARD 

LOS ANGELES'REGION 

(4) 

- RWQCB BOUNDARY 

USGS QUADS 
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