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Executive Summary 
The Critical Coastal Areas (CCA) Program is a non-regulatory state program created to 
accelerate the implementation of management measures (MMs) designed to reduce 
diffuse, or non-point source (NPS) pollution and to implement the recommendations of 
several state and federal initiatives (e.g., California Ocean Initiative, U.S. Commission on 
Ocean Policy, and the Pew Oceans Commission) to address the detrimental impacts of 
onshore activities on coast and ocean resources.  A 319(h) grant was awarded to the San 
Francisco Estuary Institute (SFEI) to perform a preliminary assessment and analysis of 
the implementation of MMs and how they are contributing to the improvement of water 
quality and beneficial use protection in three pilot CCAs: Fitzgerald Marine Reserve (San 
Mateo County), Sonoma Creek (Sonoma County), and Watsonville Sloughs (Santa Cruz 
County).   We used the following approach: (1) compiled existing information to assess 
water quality and beneficial use impairment (2) identified the geographic extent and 
current mix of MMs to establish a “baseline” against which environmental improvements 
from more extensive application of MMs can be tracked; (3) estimated the impervious 
area in each watershed and evaluated its utility as indicator of watershed health; and (4) 
evaluated suitable models and data requirements for estimating pollutant load reductions 
based on current and expanded MM implementation.  This preliminary assessment and 
analysis provided the necessary first step to help the project team and stakeholders to 
develop an Action Plan for each CCA in the next phase of this project (funded under a 
Proposition 50 grant). 
 
Key words: non-point source pollution, coastal watersheds, beneficial use restoration, 
management measures, impairment prevention 
 

1. Introduction 

1.1. Current policy and authorities 
Diffuse, or non-point source (NPS) pollution is responsible for the greatest amount of 
adverse impacts on water resources, both nationwide and in California (EPA 2006a, 
SWRCB 1998). The original plan for NPS Management was adopted by the State Water 
Resources Control Board (SWRCB) in 1988, but the passage of the Coastal Zone Act 
Reauthorization Amendments (CZARA) in 1990 was the first recognition of the link 
between coastal water quality and land-based NPS pollution.  The amendments to the 
Coastal Zone Act were also the impetus for the publication of the Nonpoint Source 
Program Strategy and Implementation Plan (NPS Plan; SWRCB and CCC 2000).  The 
NPS Plan lays out a strategy for addressing NPS issues throughout the state and identifies 
61 management measures (MMs) to be considered for implementation to ensure 
“protection and restoration of the State’s water quality, existing and potential beneficial 
uses, critical coastal areas (CCAs), and pristine areas” (SWRCB and CCC 2000).  MMs 
are broad categories of practices that attempt to prevent or reduce nonpoint source 
pollution from reaching waterbodies.  Within each MM category, there is a variety of 
more specific practices, commonly called best management practices (BMPs) that, if 
implemented correctly, can help to achieve water quality goals.  For example, under the 
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erosion and sediment control MM, landowners are encouraged to implement BMPs such 
as filter strips, sediment traps, and grassed waterways.  The Natural Resources 
Conservation Service (NRCS) and local Resource Conservation Districts (RCDs) provide 
technical assistance to landowners for installing these BMPs and many others.  The NPS 
Plan is jointly managed and overseen in the state by the SWRCB, its nine regional boards 
(RWQCBs) and the California Coastal Commission (CCC) and implemented through 
existing regulatory and incentive programs.  There is also some federal oversight by the 
Environmental Protection Agency (EPA) and the National Oceanic and Atmospheric 
Administration (NOAA), which also provide funding for water quality and coastal 
management (SWRCB and CCC 2000).    
 
The focus of this project is the Critical Coastal Areas (CCAs).  A multi-agency statewide 
Committee convened in 2000 to develop a strategy for protecting specific areas of the 
coast from diffuse sources of pollution. The committee built on a previous list of CCAs 
developed in 1995, and added new areas that show degraded water quality, and flow to 
specially designated areas such as  State Water Quality Protection Areas (SWQPAs), 
(formerly known as Areas of Special Biological Significance), or are of special interest to 
the state, as identified in other plans and programs.  The committee produced a list of 101 
areas along the coast in need of accelerated implementation of appropriate NPS MMs to 
prevent further degradation or restore already impacted resources. In addition to 
implementation of MMs to reduce NPS pollution, the CCA program begins to implement 
the recommendations of several state and federal initiatives (e.g., California Ocean 
Initiative, U.S. Commission on Ocean Policy, and the Pew Oceans Commission) to 
address the detrimental impacts of onshore activities on coast and ocean resources.  

 
The state agencies participating in the CCA program identified five pilot project areas 
throughout the state where state agency staff will work with local stakeholders to 
demonstrate the benefits of developing watershed-based plans and implementing 
appropriate MMs to protect coastal resources. The pilots were selected based on existing 
water quality conditions, value and sensitivity of coastal resources (e.g. a watershed 
drains to a National Wildlife Refuge), new or expanding threats to beneficial uses (e.g. 
changing land use), and degree of local support. Two of the five pilot project areas that 
include SWQPAs, Kelp Beds at Trinidad Head and the group of CCAs around Newport 
Bay, received grant funding that will help support development of CCA watershed-based 
Action Plans. This project focuses on the remaining three pilot CCAs: San Francisco Bay 
Area - James Fitzgerald Marine Reserve and Sonoma Creek; and Central Coast - 
Watsonville Sloughs (Figure 1).  The San Francisco Estuary Institute (SFEI) received a 
grant through EPA’s NPS Management Program (319(h)) to provide technical support 
and guidance to local stakeholders in the three pilot areas for development of watershed 
assessments and other tools.  
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Figure 1. The five pilot Critical Coastal Areas (CCAs).   This report focuses on the three central 
CCAs: Sonoma Creek, James V. Fitzgerald Marine Reserve, and Watsonville Sloughs  
 

1.2. Statement of Purpose 
The project had four major goals for each of the three pilot areas: 

1) Identify land use types and major pollutants that contribute to non-point 
source pollution; 
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2) Identify BMPs and Management Measures currently in place and 
organizations working to implement additional steps toward preventing, 
reducing, and mitigating pollution, and monitoring their outcomes;   

3) Evaluate methods for estimating effective impervious surface area and current 
efforts to calculate impervious coverage. 

4) Estimate load reductions with current level of MM implementation and 
potential future load reductions with more widespread MM implementation; 
and 

Each of these goals had several distinct products associated with them, as well as data 
management and administrative tasks.  The full descriptions and summaries of work 
performed for all tasks are detailed in the rest of this report. 

1.3. Scope of the Project 
This report focuses on the work completed in Phase I, and will introduce the work that 
will be completed in Phase II. The outcomes completed for the first phase conducted 
under the 319(h) grant were: 

1) A compilation and initial analysis of available information necessary to 
comprehensively assess each of the watersheds and near-shore areas affected by 
polluted runoff 

2) Contribution of relevant information to stakeholder processes in each CCA that 
can lead to the development of Action Plans 

3) Identification of high-priority information needs and decision-support required to 
facilitate additional implementation steps for NPS pollution reduction and 
protection and restoration of valued resources 

 
The SWRCB and CCC have also set three longer-term goals for what would come out of 
the effort by SFEI and its partners (the “technical team”) at the end of the second phase 
of this work, funded under a Prop 50 grant starting April 1, 2007:    

1) Provide local stakeholders with recommendations on how to develop action 
plans  

2) Provide state agencies with a template to identify and develop watershed 
planning and management tools in other coastal watersheds and  

3) Provide federal and state agencies a basis to estimate the ability of the state to 
fully implement the CA NPS Program Plan 

 
Eventually, the agencies will be able to quantify the level of effort required to reduce 
NPS pollution so that it can be easily replicated in the rest of the state’s CCAs. 

1.4. Pilot area Descriptions 
The scope of this project includes three pilot CCAs along the coast of north-central 
California: James V. Fitzgerald Marine Reserve, and Watsonville Sloughs; and within 
San Francisco Bay: Sonoma Creek.  The following is a brief description of each area and 
its location.   
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1.4.1. James V. Fitzgerald Marine Reserve 
The James V. Fitzgerald Marine Reserve (FMR) is located in San Mateo County 
approximately 7 miles north of Half Moon Bay and 15 miles south of San Francisco 
(Figure 2).  The reserve is part of the larger Monterey Bay National Marine Sanctuary 
(MBNMS) and a 5.5 mile-long SWQPA.  In 1969 the Reserve was officially designated.  
It includes a little over 3 miles of shoreline (extending south from Point Montara to Pillar 
Point), intertidal and marine habitat, coastal bluffs, and the Pillar Point Marsh.  The 
Reserve boasts rich biodiversity and is host to thousands of visitors each year who enjoy 
its unique tide pools and scenic bluffs.  Seven small sub-watersheds (from north to south: 
Martini, Montara. Dean/Sunshine Valley, San Vicente, Denniston, and Deer Creeks and 
Pillar Point Marsh) and associated shoreline areas drain to the reserve and, for the 
purposes of this project, make up the greater Fitzgerald Marine Reserve CCA.  Included 
in this 14.44-square mile area are the unincorporated communities of Moss Beach, 
Montara, and parts of El Granada; as well as agricultural fields, equestrian facilities, 
marinas, industrial areas, and over 4,000 acres of shrub/oak woodland managed in part by 
the Peninsula Open Space Trust (POST; Table 1).   
 

Figure 2. James V. Fitzgerald Marine Reserve CCA.  The yellow line denotes the boundary of the CCA, 
however it does not detail the individual sub-watersheds and shoreline areas of the study area 
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Table 1 Land Use of James V. Fitzgerald Marine Reserve CCA. 
 

Land Use Category Portion of Study Area (%)
Agriculture 4 
Commercial or Industrial 1 
Open Space or Forested 84 
Urban or Residential 11 
Total 100% 
Source: National Land Cover Dataset, 1999.   
 

The Fitzgerald Marine Reserve (FMR) study area has received the least attention in terms 
of characterizing impairment of natural resources, recreational uses, or watershed 
functions and processes that might affect key ecosystem support services. A combination 
of landowner, non-profit, local, regional, state and federal agency programs conduct 
monitoring and water quality programs for the area, however there are still many gaps in 
data because the study area has not been considered as one drainage before this project. 
We were able to identify several current issues of concern or issues deserving of 
additional investigation for various sections of the CCA study area include (with sources 
of impairment information in parentheses): 
 

� Fecal bacteria (indicators of human pathogens; Surfrider, San Mateo 
County Environmental Health, MBNMS Snapshot Day)  
� Hydromodification and flooding (San Mateo County drainage council; 
technical team reconnaissance) 
� Sediments (Coastside County Water District 2004) 
� Nutrients (San Mateo County Department of Parks et al. 2002) 
� Pesticides (San Mateo County Department of Parks et al. 2002) 
� Mercury (San Francisco Bay RWQCB) 
� 1,2,3-trichlorpropane (MWSD 2005) 
� Manganese (MWSD 2005) 
� MTBE (MWSD 2005) 

Additional issues that deserve follow up investigation were raised at the 2007 stakeholder 
workshop including: 
 

� Copper 
� Offshore water circulation 
� Effects of stormwater on creek integrity, including impervious surfaces,  

and strategies for managing increased volumes of runoff 
� Invasive species 
� Emerging pollutants (e.g. personal care products, pharmaceuticals) 
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Four areas of the CCA have beneficial uses that are impaired and appear on the Clean 
Water Act Section 303(d) list (2006)1:

� San Vicente Creek – Coliform bacteria  
� Pacific Ocean at Pillar Point Beach – Coliform bacteria  
� Pacific Ocean at Pillar Point-Mercury 
� Pacific Ocean at Fitzgerald Marine Reserve – Coliform bacteria 

 
Despite the appearance of these four areas on the 303(d) list, there are still several data 
gaps in the CCA that, when filled, will help us to better understand and evaluate the 
issues of concern.  The data gaps include (in no particular order of importance): 
 

� Nutrient data (San Vicente and Sunshine Valley Creeks) 
� Pesticide data (San Vicente and Sunshine Valley Creeks) 
� Source tracking for bacteria (entire study area) 
� Sediment data (entire study area) 
� Land use, hydrology, biota, and general water quality data (Deer Creek) 
� Groundwater data (Pillar Point Marsh)  
� Discharges from Pillar Point Air Force Station 
� Water quality impacts of various marina activities including abalone 

farming, fish processing, sewage pump-out, etc. (Pillar Point Harbor) 
� Discharge that may go directly into the Reserve from neighboring 

residential areas 
� Information regarding on-site sewage disposal system, sewer system, and 

other water and wastewater infrastructure upgrades, maintenance, and 
implications for water quality (entire study area) 

� Effect on water quality at Pillar Point Harbor (and possibly other sections 
of the ocean up the coast) from El Granada shoreline discharge. 

1.4.2. Sonoma Creek 
Sonoma Creek drains the valley between the Sonoma and Mayacamas mountain ranges 
located in eastern Sonoma County, approximately 45 miles north of San Francisco 
(Figure 3).  It empties into San Pablo Bay after the valley fans out into lowlands that are a 
mix of restored tidal marsh, agricultural lands, and other tidally influenced areas.  The 
San Pablo Bay National Wildlife Refuge is located in this lower downstream area.  The 
largest in terms of land area of the three pilot areas, the Sonoma Creek watershed 
encompasses about 166 square miles. There is one incorporated community, the city of 
Sonoma (population 9,000), and several other small unincorporated communities 
including Glen Ellen, Agua Caliente, Kenwood and Temelec.  The watershed is largely 
privately owned, and is made up of vineyards, pasture, and forested lands.  Significant 
tracts of land make up four state parks in addition to several city and county parks (Table 
2).  It is also home to several federal- and state-listed threatened or endangered species.  

 
1 The 2006 303(d) list has not been fully approved by the EPA.  The 2002 list is different than this list; 
however all of the pollutants listed in the 2002 list are included in the list of “issues of concern” on this 
page.  
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Figure 3 Sonoma Creek CCA. The black line denotes the watershed boundary and red lines are highways 
that traverse the watershed. 
Source: Sonoma Ecology Center 

Table 2. Land Use in Sonoma Creek CCA. 
 
Land Use Category Portion of Study Area (%)

Agriculture 29 
Industrial 2 
Open Space 56 
Other 1 
Urban 12 
Total 100% 
Source: Sonoma Ecology Center.
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The Sonoma Creek watershed has benefited from an abundance of data collection, 
management plans, and projects that all have contributed to a better understanding of the 
status of impairment in the watershed.  To summarize briefly, three pollutants appear on 
the 303(d) list for Sonoma Creek: 
 

� Sediment 
� Nutrients 
� Pathogens 

 
In addition, there are several other issues of concern that require more data collection to 
assess the level of concern and to properly address and remediate their impacts (listed in 
no particular order): 
 

� Stream temperature 
� Instream flow 
� Pesticides 
� Flooding 
� Invasive species 
� Groundwater supply 
� Stream bank erosion (lack of riparian setbacks) 

 

1.4.3. Watsonville Sloughs 
The Watsonville Sloughs watershed is located near the city of Watsonville in Santa Cruz 
County about 18 miles south of the city of Santa Cruz and 28 miles north of Monterey 
(Figure 4).  The watershed encompasses approximately 20 square miles that drain into 
Watsonville Slough and its five tributaries, Gallighan, Hanson, Struve, West Struve, and 
Harkins Sloughs.  The watershed contains extensive freshwater marshes and a small 
portion of tidally-influenced brackish marsh in the lower portion of Watsonville Slough, 
which operates under muted tidal regime.  Watsonville Slough meets the Pajaro River at 
Sunset State Beach to discharge into Monterey Bay, part of the MBNMS and also known 
as the Pajaro estuary.  The entire study area used to be part of a larger estuarine and fresh 
water marsh complex that stretched to Elkhorn Slough; however it has been significantly 
dredged, channelized, and pumped to accommodate agriculture (which dominates the 
lower half of the watershed), and the growing city of Watsonville.  Despite this extensive 
hydromodification and changing land uses (Table 3), the sloughs remain an intact system 
and have attracted a number of wetland restoration and protection efforts.  As a result, the 
area is home to several federally-listed endangered species and important plant 
communities.  The city of Watsonville occupies the southeastern corner of the pilot area, 
though its growing population could potentially lead to annexation of neighboring 
unincorporated county lands in the steeper headwaters of the watershed and the City’s 
sphere of influence, known as Larkin Valley. 
 
Watsonville Sloughs, like Sonoma Creek, has benefited from several water quality 
monitoring programs to assess impairment status, as well as management plans to address 
the sources of pollution.   Several groups monitor the sloughs system for a range of water  
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quality parameters.  Currently, pesticides is the only pollutant that appears on the 2006 
303(d) list, however assessments have concluded that the sources are legacy pesticides 
 

Figure 4 Watsonville Sloughs CCA.  The yellow line marks the boundary of the CCA.  The red line 
represents the city of Watsonville’s sphere of influence, and the yellow polygons inside are proposed areas 
for annexation by the city.. 
 
Table 3. Land Use in Watsonville Sloughs CCA. 
 
Land Use Category Portion of Study Area (%)

Agriculture 49 
Commercial 8 
Industrial 2 
Rural Residential 20 
Urban Residential 10 
Undeveloped 11 
Total 100% 
Source: Central Coast RWQCB 2005a  
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that are no longer being released on a regular basis into the environment (Central Coast 
RWQCB 2005b).  Despite the lower priority, the pesticides TMDL is still being 
developed with a planned release of a draft report in late 2008.  A TMDL plan for 
pathogens was completed and approved by the EPA in 2006.  Sediment appeared on the 
2002 version of the 303(d) list, but has since been de-listed to a lower level of concern.  
In addition to these three pollutants that are, or have been on the 303(d) list, there are 
other issues of concern in the watershed, including (in no particular order):  
 

� Nutrients 
� Turbidity 
� Dissolved oxygen 

 
The slough system is unique in that it was once a tidally-influenced large estuarine 
complex.  Due to pumping, draining of former tidal and freshwater marshes (often 
referred to as “reclamation”) for agricultural and urban development, the system has been 
severely altered.  A hydrology study for the drainage area  is the major need that, if filled, 
could inform a great deal of future work regarding potential pollutant loading and 
recommendations for how to reduce that load and implement management measures to 
reduce the impact on the sloughs, fish, and wildlife.  
 

1.5. Information Management and Online Resources 
Information management proved to be an important task for this project due to the large 
volume of data, including water quality, spatial, and other technical data.  We 
continuously updated the library of GIS layers and other data stored on SFEI’s servers 
throughout the grant term. Some of these data are accessible to the technical team and 
subcontractors on an SFEI website (www.sfei.org/cca ).  In addition, ABAG spent 
considerable time updating the CCA information on their website 
(http://www.abag.ca.gov/cca ), and SFEI and ABAG worked with the Coastal 
Commission to ensure that their online content (http://www.coastal.ca.gov/nps/cca-nps )
was current.  Due to the overwhelming amount of documents and meetings that needed to 
be organized, we decided to add to our existing file management system by subscribing 
to the online project management tool, Basecamp.  Basecamp is an online project 
management tool that will hopefully make the organization of CCA a bit easier for all the 
people involved.  This would supplement the documents, maps and other data that are 
already stored on SFEI’s website and accessible to the public.  We started using the site 
in the last quarter of the project as needs for file storage and organization escalated due to 
the overlap of Phase I and II deliverables and the increasing amount of subcontractors 
projected for Phase II work.  The site is used by technical team staff and the Coastal 
Commission representatives to share draft deliverables and keep track of upcoming 
meetings and due dates.  We will continue to use this site for Phase II and invite 
subcontractors to use it with us, depending on comments by current users (e.g. if it is 
helpful, easy to use, etc.).  For more information on Basecamp, its capabilities, and how 
to access the site, please see the deliverable for Task 8.2 (Appendix 1). 
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1.6. Adaptive Management 
The nature of the project required a number of adjustments as opportunities for 
integration with other, related, efforts arose and as stakeholders identified needs that 
could not be anticipated.  For example, it became apparent after interviews with 
individual or small groups of stakeholders in each Pilot Area that half-to full-day 
workshops would be beneficial.  Though not a part of the original scope of work, these 
workshops provided a unique opportunity to introduce our project goals, obtain feedback 
on data sources, identify high-priority action items for which no existing mechanisms 
were yet in place to implement them, and to sketch out a roadmap for the second phase of 
the pilot project after additional funds were awarded under a Proposition 50 grant.  
Planning for and following up on the workshops required a significant amount of hours 
and resources from the project, and resulted in the delay of some deliverables.  Another 
example was the load reduction modeling work.  Initially we thought that we would be 
able to estimate the load reduction potential in all three CCAs given some basic 
information.  However, some of the most basic data were not available, notably 
streamflow.  This posed a significant setback to the original scope of the modeling task.  
We decided to narrow the scope to a sub-watershed as a case study instead, and identified 
the data needs for future, related efforts.  
 

2. Methods 
Some general protocols were employed to maintain a high quality of work and 
documentation of analysis results.  They included:  

• Best Professional Judgment 
• Metadata for GIS layers (including maintenance of metadata) in order to 
provide reliable information on the sources of our data layers 
• Literature review to identify data from similar studies or climates, and 
methods for analysis 
• Interviews with local stakeholders and scientists familiar with the subject 
matter and local environment 

More specific methodologies for each task are described below. 

2.1. Impairment Assessment 
The technical team members compiled existing information related to issues of concern 
in each watershed by building on the preliminary assessment efforts that had begun prior 
to the commencement of the 319(h) contract through the efforts of CCC, Bay 
Conservation and Development Commission (BCDC), and RWQCB staff, as well as 
previous efforts conducted by local governments in each CCA. We consulted existing 
draft and final TMDL impairment assessment documents and supporting documentation 
(e.g. monitoring data and related studies that inform TMDL development) for pollutants 
that had been placed on the “impaired waters” list pursuant to Section 303(d) of the Clean 
Water Act. In addition, we evaluated other information, such as urban growth projections, 
expansion of impervious areas, and other anticipated and possible risks to valued natural 
and recreational resources, that falls into the six broad NPS pollution categories but is not 
covered by Section 303(d) of the Clean Water Act.  The purpose of the impairment 
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assessment was not to duplicate previous efforts but to provide the most recent 
information possible with regards to assessment and to provide context for other tasks. 

2.1.1. GIS and Analytical Model Analysis 
One of the main tools used to identify and analyze data and provide information to 
stakeholders was the use of Geographic Information System (GIS) mapping.  Map 
analysis was used throughout the project, including identifying the boundaries of the 
CCAs, land uses that may contribute to current and future NPS pollution, and assessing 
the natural and artificial drainage network.  Maps were also an important tool to 
communicate the issues and goals of the project to stakeholders, agencies, and other 
interested parties.  For example, we administered a survey to identify the level of interest 
and potential use of an online mapping tool that could assist decision-makers in 
evaluating, avoiding, or mitigating potential impacts from various land and water use 
decisions on valued resources.   
 
Another technique that has been very effective in other watersheds to predict pollutant 
loads is the use of predictive models.  SFEI staff reviewed eight models that have been 
used to assess pollutant load reduction scenarios under various levels of BMP 
implementation.  A report that summarizes the findings and recommendations was 
submitted as a separate deliverable (See Appendix 1, Tasks 5.1 and 5.2).  The 
recommended model, the BASINS suite, fits the CCA program well because it integrates 
GIS data, models multiple pollutants, and is supported by the EPA’s technical team for 
any issues that arise.  It will be used in Phase II. However, because of its data input and 
resource requirements, we did not use the BASINS suite for our initial estimates of 
possible load reductions during this first phase of work.  Instead we used the simpler 
STEPL spreadsheet model to identify, on a coarse scale, implementation scenarios of 
BMPs on various land uses and, what degree of uncertainty existed with a simple model. 

2.1.2. Stakeholder input and relationship-building 
We awarded three subcontracts for this first phase grant to: the Association of Bay Area 
Governments (ABAG, who awarded and managed a small subcontract to Greeninfo 
Network), Resource Conservation District of Santa Cruz County (SCCRCD), and the 
Sonoma Ecology Center (SEC).  These subcontractors helped with a variety of tasks for 
the project, including reviewing and contributing deliverables, attending and helping to 
organize stakeholder and steering committee meetings and workshops, and sharing data. 
 
The subcontractors also played a major role in helping us to build relationships with 
stakeholders.  We contacted stakeholders through phone interviews, steering committee 
meetings, and pilot area workshops held in January and February 2007. This approach 
helped us to find data, assess NPS pollution issues and begin to recommend management 
measures and practices to improve water quality and protect beneficial uses. These 
forums gave the project staff the opportunity to vet information and compile additional 
information from many disparate sources to better achieve a comprehensive view of each 
pilot area.  The workshops for each pilot area were a particularly effective way of 
bringing people together to introduce them to the CCA program, exchange information, 
brainstorm and coordinate resources on related projects that affect the pilot areas and the 
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project objectives.  One of the most important sets of relationships built through this 
project was with local technical partners.  In Sonoma this was the Sonoma Ecology 
Center (SEC), for Watsonville the Santa Cruz County Resource Conservation District 
(RCD), and for FMR an already-established steering committee with a diverse 
membership.  These partners will continue to work with us in Phase II, along with 
additional identified stakeholders.  

2.2. Management Measure Tracking 
The technical team developed a framework in order to inventory the management 
measures (MMs) currently implemented in each of the three CCAs.  The framework 
describes a step-by-step process to identify MMs that may exist, and how to categorize 
them by type and level of implementation.  The full explanation of these methods is 
detailed in the deliverable for Tasks 4.2 and 5.3 (Appendix 1); however a summary of 
this framework and methods is below. In many cases, the steps have already been 
completed for the pilot CCAs through local water quality databases, policy documents, 
TMDL reports, and other programs or projects through local government, RCDs, and 
non-profit groups.  The framework presented below is not specifically designed for the 
three pilot CCAs of this project, but rather for a generic coastal watershed so that it may 
be replicated in the other 98 CCAs throughout the state, including those watersheds 
where perhaps none of the information is currently available.  In many cases, the 
information is available and some steps may be skipped. 

2.2.1. GIS Analysis and Policy Research 
The first step is to do a brief Watershed Condition Assessment to research land use, the 
natural and artificial drainage network, wetlands, riparian areas and, other aquatic 
resources.  This helps identify risks to beneficial uses and link California’s management 
measure (MM) classification system (Table 4) to the types of activities associated with 
certain land and water uses. For example, there is a large amount of agricultural land in 
the Watsonville Sloughs watershed; however it is almost entirely row crops, with no 
active grazing.  This eliminates the need to identify grazing MMs.  However due to the 
presence of row crops, it is highly likely that there will be some measures to control 
pesticides, nutrients, and erosion which are all common by-products of cultivating row 
crops. Inventorying all water bodies (streams, rivers, sloughs, wetlands, lakes, etc.) and 
the drainage network (natural and artificial including storm drains) is essential for 
identifying potential pollutant transport pathways and deposition areas.  Knowing these 
pathways will provide information for where and what kind of MMs should be applied. 
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Table 4. California’s 61 management measure types recommended for addressing non-point source 
pollution. 
 

Management Measures 

1. Agriculture 
A. Erosion and Sediment Control 
B. Confined Animal Facilities Wastewater and Runoff 
C. Nutrient Management 
D. Pesticide Management 
E. Grazing Management 
F. Irrigation Water Management 
G. Education/Outreach 
2. Forestry (Silviculture) 
A. Preharvest 
B. Streamside Management Areas 
C. Road Construction/Reconstruction 
D. Road Management 
E. Timber Harvesting 
F. Site Preparation and Forest Regeneration 
G. Fire Management 
H. Revegetation of Disturbed Areas 
I. Forest Chemical Management 
J. Wetlands Forest 
K. Postharvest Evaluation 
L. Education/Outreach 
3. Urban Areas 

3.1 Runoff from Developing Areas 
A. Watershed Protection 
B. Site Development 
C. New Development 

3.2 Runoff from Construction Sites 
A. Construction Site Erosion/Sediment Control 
B. Construction Site Chemical Control 

3.3 Runoff from Existing Development 
A. Existing Development 

3.4 On-site Disposal Systems 
A. New On-site Disposal 
B. Operating On-site Disposal Systems 

3.5 Transportation Development: Roads, Highways, and Bridges 
A. Planning, Siting, and Developing Roads and Highways 
B. Bridges 
C. Construction Projects 
D. Construction Site Chemical Control 
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Management Measures 

E. Operation and Maintenance 
F. Road, Highway, and Bridge Runoff Systems 

3.6 Education/Outreach 
A. Pollution Prevention/Education: General Sources 
4. Marinas and Recreational Boating 

4.1 Assessment, Siting, and Design 
A. Water Quality Assessment 
B. Marina Flushing 
C. Habitat Assessment 
D. Shoreline Stabilization 
E. Storm Water Runoff 
F. Fuel Station Design 
G. Sewage Facilities 
H. Waste Management Facilities 

4.2 Operations and Maintenance 
A. Solid Waste Control 
B. Fish Waste Control 
C. Liquid Material Control 
D. Petroleum Control 
E. Boat Cleaning and Maintenance 
F. Maintenance of Sewage Facilities 
G. Boat Operation 

4.3 Education/Outreach 
A. Public Education 
5. Hydromodification 

5.1 Channelization and Channel Modification 
A. Physical and Chemical Characteristics of Surface Waters  
B. Instream and Riparian Habitat Restoration 

5.2 Dams 
A. Erosion and Sediment Control 
B. Chemical and Pollutant Control 
C. Protection of Surface Water Quality and Instream and Riparian Habitat 

5.3 Streambank and Shoreline Erosion 
A. Eroding Streambanks and Shorelines 

5.4 Education/Outreach 
A. Educational Programs 
6. Wetlands, Riparian Areas and Vegetated Treatment Systems 
A. Protection of Wetlands and Riparian Areas 
B. Restoration of Wetlands and Riparian Areas 
C. Vegetated Treatment Systems 
D. Education/Outreach 
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The next step is to identify public planning and management agencies and major public 
and private landowners.  A list of these agencies and landowners will help “map out” and 
simplify the usually confusing network of jurisdictional responsibilities and mandates for 
various watershed management functions and the underlying federal, state, and local 
statutes under which various organizations operate. After the jurisdictional organization 
chart is drafted, it will help to identify the appropriate organizations, agencies, and 
individuals to contact regarding implementation or policies that regulate land use and 
affect and/or mandate MMs.  For example, if the watershed contains a significant urban 
population, the main city or county will most likely have a National Pollutant Discharge 
Elimination System (NPDES) permit for discharging stormwater (either Phase I or Phase 
II, depending on population) approved by the state, and a stormwater management and 
pollution prevention plan that includes several MMs that must be tracked. Knowledge of 
the jurisdictions and land ownership will also help to form hypotheses about potential 
water quality issues, sources of pollutants, and other threats to natural resources.   
 
The third step is to identify MMs and specific management practices.  This is the most 
time-consuming step since it requires the most research.  Most of the information can be 
obtained by the landowners and agencies identified in the previous step, and with the 
knowledge about issues of concern identified in the first step (watershed condition 
assessment) in order to develop a targeted list of questions. 
 
The fourth step is categorizing the MMs implemented. Since every watershed and every 
MM will be in different stages, it is helpful to categorize the MMs, as follows.  
 

The final step in this process is to evaluate if the existing management measures are 
sufficient to either bring undesirable conditions to a specified benchmark or quantifiable 
goal (e.g., TMDL implementation targets, water quality standards, species recovery 
targets, etc.) or prevent future degradation that may be anticipated due to increased urban 
or agricultural development.  This is often the most difficult step. With few exceptions, 
no comprehensive evaluation system exists to date that is capable of establishing a weight 
of evidence for linking desirable or undesirable water quality, natural resource, or socio-
economic conditions, watershed functions, and ecosystem processes to management 

Categories of MM Implementation 
Policy: Policies are in place that mandate one or more MMs  
 
Program: Program in place with outcome-based performance measures. Programs 
often implement policy  
 
On-the-ground project: On-the-ground MM (often implement existing policies or 
programs) 
 
*Further explanation and examples of all three categories are provided in the Appendix 1, Tasks 4.2 
and 5.3 
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activities. Without being able to anticipate if management activities are likely to move 
undesirable conditions toward an improved state capable of supporting and sustaining 
essential ecosystem support services, public and private investments in water quality 
protection often do not materialize.  Regardless of the difficulty, it is important to have 
multiple stakeholders involved in this evaluation process.  Establishing steering 
committees in each CCA, in addition to the technical analysis possible under this grant, 
has helped us move closer to being able to evaluate the sufficiency of MM 
implementation since their input is invaluable; however it will take much more time and 
resources to than this grant allows to conclude anything.   

2.2.2. Stakeholder Meetings and Program Research 
Draft management measure (MM) inventories were compiled by sub-contractors SEC 
and SCCRCD, for Sonoma and Watsonville respectively, and by ABAG and Coastal 
Commission staff for the Fitzgerald CCA.  SFEI staff then added and updated these 
inventories as necessary as we gathered more information from other organizations, 
related projects, and through feedback at the workshops.  One persistent problem that 
surfaced was assuring local organizations that information on private land will be kept 
confidential so that landowners don’t feel they are targeted for private lawsuits if results 
indicate that the BMPs they implemented aren’t as effective in reducing pollution as 
predicted. This is a point of concern in all three pilot areas, and something we continue to 
work with groups who represent landowners so that respect of privacy is assured.  
 

We accumulated a large body of information through interviews and the mapping tool 
survey (See Appendix 1, Task 2.3); though found it difficult to concisely quantify all the 
qualitative data that was collected.   Some MMs could include a wide variety of actual 
on-the-ground actions (such as grazing management).  Without parcel-specific 
information, we found it hard to communicate our findings, especially since most 
landowners would not approve the public distribution of the information that they 
provided us.  In addition, it is difficult to track the maintenance and effectiveness of each 
MM.  That information would be much more substantive in identifying information gaps 
and education or funding needs for each CCA.  We also found it difficult to assess the 
status of the MMs.  At first we categorized them into “tiers” of implementation, but after 
trying to categorize them all, we realized that many MMs could fall under more than one 
tier and some are in between if, for example, landowners simply implement BMPs for 
aesthetic or environmental reasons as opposed to a set policy or program in place to 
enforce such implementation.   We also found that the actual MMs sometimes varied 
across the three watersheds due to county regulations, thus making it difficult to compare 
MM types between watersheds.  For example, the types of urban erosion control MMs 
varied widely and had different standards and enforcement mechanisms that backed them 
up.  In Phase II we hope to compare effectiveness of MMs across the three CCAs and we 
will need a better method to control for these differences. 
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2.2.3. Developing a Line of Evidence: Linking Public and Private 
Investments in Restoration and Protection with Environmental 
Improvements and Risk Reduction  

To achieve the vision of the California Nonpoint Source Plan to “…reduce and prevent 
NPS pollution so that the waters of California support a diversity of biological, 
educational, recreational, and other beneficial uses,” it is necessary to evaluate which 
particular practices within each applicable category of Management Measures may 
provide the greatest benefit. It is therefore necessary to establish some kind of logical 
framework to link application of alternative management practices to improvements in 
environmental condition or to reduction of risks to beneficial uses. We used a modified 
version of the “Pressure-State-Response” (PSR) model (OECD 1993) for that purpose.  
The PSR model is a relatively simple conceptual framework to help identify and organize 
information so that a line of evidence can be developed for linking undesirable conditions 
identified through the impairment assessment with activities designed to reduce or 
eliminate human-induced or human-caused “alterations of the integrity of water” (Figure 
5).  It was also based on previous examples, where it had been applied successfully in 
facilitating the evaluation of environmental concerns and subsequent development of 
environmental policy and management activities and monitoring their outcomes (Barker, 
2001). 
 

Pressure
(land, water and 

chemical use)

Response
(management & policy actions 

affecting land, water and 
chemical use)

State
(water quality and 

beneficial use conditions)

 

Figure 5. A simplified version of the Pressure-State-Response (PSR) Model. 

The PSR model “classifies” information about existing watershed conditions (e.g. 
location of streams, wetlands, land use, etc.), known or potential stressors that affect 
environmental conditions (e.g., specific pollutants, channel modifications, invasive 
species, water diversions), and management actions (use of pervious pavement, 
development prohibitions in areas with landslide hazards, application of integrated pest 
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management practices, etc.).  Implicit in the model is the assumption that most of the 
pressure is exerted by humans, but perhaps less implicit is the need, in some systems, to 
determine the influence of pressures such as fire, earthquake, floods and natural minerals 
on the natural baseline state of the system. As summarized in figure 5, management 
“responses” address impaired “states” of water quality and beneficial uses by reducing 
“pressures” on beneficial uses (e.g., aquatic life, drinking water, recreation;). The 
“system response” to reduced “pressure” is measured as the resulting change in the 
“state” of water quality condition or beneficial uses.  Also implicit is that the 
management response is not usually preventive. The state of a system usually ends up 
quite degraded before management systems are ramped up.   

The PSR model presents an intentionally simplified view of the complex connections 
between natural systems and their responses to human activities. In the context of this 
effort to develop an evaluation system for whether private or public investments of 
certain management measures and specific management practices provide outcomes 
commensurate with the investment, we applied the framework to describe diffuse sources 
of pollution “pressures” from agricultural, urban, and industrial landscapes with the 
explicit understanding that not all model components would be equally relevant for all of 
these land uses or for all contaminants or “alterations of the integrity of water.” Based on 
a real-world “road-test” of the framework as an organizational tool for identifying 
broadly applicable contaminant and water quality related “pressures”, appropriate “state” 
variables, and a comprehensive suite of potential management “responses,” (SFEI 2007), 
we took this approach one step further and linked existing undesirable conditions in the 
three CCA Pilot Areas (as expressed in 303(d) listings and stakeholder concerns 
articulated in focused workshops held in each Pilot Area in the winter of 2007) with 
likely “pressures.” We also identified potential future risks to maintaining beneficial use 
conditions currently considered “acceptable” by using land use projections based on 
General Plans build-out scenarios that are likely to degrade or impair beneficial uses if 
not mitigated and managed appropriately.  

It should be noted that the PSR framework, while easily understandable, has some 
shortcomings that need to be considered.  For example, the framework often does not 
easily accommodate complex interactions between stressors or driving forces that result 
in undesirable environmental condition and cannot account for the importance of 
functional relationships between observed conditions.  However, it is very useful as a 
simple first step in assembling a weight of evidence and identifying essential information 
needs to link trends in water quality or natural resource condition with actions taken to 
restore and protect beneficial uses. 
 

2.3. Impervious surface analysis 
To follow up on our management measure inventory and categorization, and to help 
inform our impervious surface analysis, we conducted a literature review of adaptations 
necessary for using BMPs in the semi-arid west.  We were only able to find a few sources 
of information regarding BMP performance in the west, mostly from southern California.  
However, it was helpful to review the different sources of pollutants which differs 
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between the dry and wet seasons and how that could affect treatment effectiveness and 
effluent water quality.  This will help to inform our recommendations for implementing 
impervious surface analyses in policy. 
 
We researched a range of issues related to impervious area (IA) and its application to the 
CCA program as a tool to analyze and forecast NPS pollution and its impacts on coastal 
watersheds.  First, we evaluated percent impervious area as a suitable indicator for the 
effects of hydromodification and other changes to aquatic systems in the West.   This 
section also included a discussion of what types of management decisions can and cannot 
be made using percent IA in a watershed.  Second, we reviewed the utility of “effective 
impervious area,” (EIA) which, in contrast to total impervious area, only includes those 
impervious areas that are directly connected to the drainage system including natural 
channels.  Third, we reviewed current methodologies for calculating IA (both total and 
effective) and the status of efforts to calculate percent IA in three CCA watersheds.  
Finally, and using a chosen method, we estimated the percent IA in the three watersheds 
and recommend the next steps for refining this estimate and using IA in the future for 
selecting appropriate management actions.  
 
Throughout the grant period, we attended workshops and networked with other groups 
working on similar projects and initiatives to assess the relationship between land use and 
water quality.  We became members of the California Water and Land Use Partnership 
(WALUP) and attended one workshop in January, the first meeting of the California 
WALUP Northern Partners.  The meeting represented a great opportunity to meet other 
people involved in similar efforts as well as share concerns about limitations to getting 
the wider population including engineers, construction firms, and city planners educated 
about the importance of Low Impact Development (LID) techniques.  We will continue 
our involvement with WALUP and vet our findings from Phase I in order to get feedback 
for future work in Phase II of this project. 

2.4. Pollutant Load Modeling 
The objectives of the pollutant load modeling task were to estimate the degree to which 
existing MPs affect loads of pollutants identified as major issues of concern that reach 
receiving waters and to extrapolate these estimates to assess potential load reductions that 
may result from implementing these MPs on a larger (i.e., watershed) scale. We are 
interested in the degree to which stormwater managers and land use decision-makers 
might be able to predict the environmental outcomes of various kinds of management 
practices by applying data and information from the literature (e.g., NRCS manuals, EPA 
guidance, peer-reviewed scientific articles, etc.) to their site-specific cases.  Two key 
questions often asked are: 

1) How do implementation costs and expected environmental outcomes of a range of 
suitable practices and activities compare against each other (e.g., from the menu 
of activities designed to reduce pollutant inputs into the drainage system and into 
the coastal zone, do I pick street-sweeping, regular storm drain catch basin clean-
out, or both to achieve reduction of trash?) 
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2) If certain sets of management practices were applied more broadly across the 
landscape (e.g. city-, county-, or watershed-wide), what kind of improvement in 
natural and recreational resources could I expect to see? 

The modeling task under this grant is the preliminary steps in starting to answer these two 
questions. 
 
We examined about 50 existing MPs in California and region-specific literature and 
assessed the degree to which given BMPs affect loads of nutrients, fecal coliform 
bacteria, total suspended solids, and total dissolved solids. Using this information and 
site-specific variables, a spreadsheet-based watershed model (STEPL) was used to 
estimate the potential load reductions that might result from implementing BMPs at the 
sub-watershed scale for San Vicente Creek, part of the Fitzgerald Marine Reserve CCA. 
This area was chosen due to its extensive BMP implementation record, a landowner who 
regularly participates in the Fitzgerald CCA steering committee meetings, as well as a 
fairly extensive database on selected water quality parameters available through San 
Mateo County.  High, mean, and low pollutant reduction efficiencies for nitrogen, 
phosphorous, and sediment for applicable BMPs were estimated based on the results of 
the literature and data review from the MP installations in California and loaded into the 
model along with other climate and region-specific variables such as precipitation, 
number of septic tanks, and number of livestock in order to calibrate STEPL to the 
watershed.  To simplify the results, BMPs were grouped by the land use class for which 
they are designed when entered into the model.  Given the uncertainties associated with 
input parameters for the STEPL model (e.g., land use, precipitation, soil type, etc.) it was 
important to assess how these uncertainties affect model results. Such analysis was 
performed in two ways: sensitivity analysis assessed the degree to which changes in a 
single model input affect model results; uncertainty analysis estimated the aggregate 
uncertainty of model results given the uncertainty of model inputs. Both sensitivity and 
uncertainty analyses were performed on the STEPL model of the San Vicente Creek 
watershed. 

3. Results 

3.1. Impairment Assessment 

3.1.1. Fitzgerald Marine Reserve 
The Fitzgerald Marine Reserve (FMR) study area has received the least attention in terms 
of characterizing impairment of natural resources, recreational uses, or watershed 
functions and processes that might affect key ecosystem support services (e.g., pollution 
filtration/sequestration; maintenance of biodiversity; flood attenuation; groundwater 
recharge). Because few previous efforts have been undertaken to compile information 
from unpublished or widely dispersed sources, the following summary is more detailed 
than for Sonoma and Watsonville for which recent impairment summaries have been 
compiled in preparation of their respective TMDL implementation plans. The majority of 
the information below comes from a preliminary draft technical memo and 
accompanying maps and data provided by ABAG staff for the CCA project staff (Van 
Velsor and Strahan 2007).  The information provided by ABAG originated from a variety 
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of reports, interviews, programs, plans, and other documents, and are referenced 
throughout this document.  A combination of business owners, non-profit, local, regional, 
state and federal agency programs make up the monitoring and water quality programs 
for the area and are summarized below. Some efforts have been underway for several 
years, while others have recently started or are under discussion.  San Mateo County 
Environmental Health Division monitors the levels of fecal indicator bacteria (E. coli) 
present in the creeks on a weekly basis. Sampling is conducted every Monday at the 
mouth of the creek.  MBNMS Snapshot Day data give an overview of water quality with 
respect to physical, chemical and biological parameters for a single annual sample. These 
data are collected once per year in the spring, on as close to the same day as possible each 
year.  Surfrider San Mateo monitored the levels of fecal indicator bacteria (E. coli and 
Enterococcus) in the creeks on a weekly basis. Sampling was conducted on a Saturday 
morning for the period of April 2005 through April 2007. 
 
A number of best management practices (BMPs) have been implemented to address those 
issues (see the map “Current Best Management Practices for Control of Land-Based 
Sources of Marine Pollutants” available online at http://www.sfei.org/cca/maps (Van 
Velsor and Strahan 2007). This map identifies general types of issues of concern these 
management practices are designed to address, providing parameters and sources. 
However, it does not show locations of specific BMPs.  
 
Due to the variety of documented or potential impairments and quality of data for each 
sub-watershed and budget limitations, we were not able to analyze all of the information 
for the entire CCA but made a thorough attempt at identifying pertinent data and 
information sources.   Instead, the following compilation will summarize issues of 
concern by drainage or shoreline area (also summarized in Table 6). More investigation is 
needed for each drainage and shoreline area in the study area to evaluate to what extent 
management practices designed to restore beneficial uses in the 303(d) listed sub-
drainages may be applicable for others as well.  The waterways that appear on the 303(d) 
list as well as other issues of concern for the watershed are listed in section 1.4.1 in this 
report. 
 
Martini Creek: In 2005, Snapshot Day sampling results showed exceedances of water 
quality objectives for pH, but in 2006 it was within limits (Hoover 2005 and Hoover 
2006).  Martini Creek is monitored weekly by County Environmental Health for fecal 
indicator bacteria.  At the time this report was released in fall 2007, there were no water 
quality advisories for Martini Creek.   
 
Montara Creek and related groundwater: An MTBE source is located 2000 feet to the 
south of Montara Water and Sanitary District (MWSD) pumping well.  In 2003, sampling 
results showed 529 µg/l of MTBE in the groundwater at Alta Vista well #1, far greater 
than the state standard of 13 µg/l set by the State Department of Health Services (2000).  
An EIR issued in 2005 by MWSD reported that the district was using a remediation 
system to keep the contaminated plume from migrating into the water that is pumped for 
domestic use (MWSD 2005).  In late October 2007, MWSD announced that it would 
begin pumping 50-150 gallons per minute from one of the Alta Vista wells for drinking 
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water supply, though it was unclear whether it was the same well near the MTBE source 
(Smydra 2007a).   Montara Creek exceeded the WQO for pH during snapshot day 2005, 
but in 2006 it was within limits (Hoover 2005 and Hoover 2006).   
 
Hydromodification is included as a category altering the integrity of water in the 
California Nonpoint Source Plan and an issue of increasing significance for the San 
Francisco Bay Region. While the watersheds within the pilot area have seen far fewer 
modifications than those in the more urban areas of the county, numerous opportunities to 
prevent additional hydromodification and restore key stream functions in certain 
locations may emerge. Future SFEI studies will quantify to what extent the natural 
hydrology in the study area has already been altered, and has thereby disturbed the 
dynamic equilibrium of streams, and to what extent additional hydromodification, if left 
unchecked, may contribute to continuing losses of watershed processes and functions.  
Technical team reconnaissance noted numerous drainage issues throughout the residential 
area of Montara, which are likely to contribute to hydromodification of Montara Creek 
and a small tributary on the north side of Montara (Kanoff Creek).  Hydromodification 
generally exacerbates stream bank and bed erosion, sediment deposition at hydraulic 
constrictions, such as inadequately sized culverts, and hence contributes to flooding and 
loss of key stream functions.  A recently-formed committee of San Mateo County 
officials and citizens, the Storm Drainage Council, will be investigating this issue in more 
detail in 2007-2008.   
 
The California Department of Transportation (CalTrans) discharges storm water from its 
facilities into the Pacific Ocean at Montara Point (close to where Montara Creek drains 
into the ocean). Through an evaluation of the segment of Highway 1 from Pacifica to 
Half Moon Bay, pollutant data have become available through research completed at 
CSU Sacramento’s Office of Water Programs, indicating that oil, grease, sediment, 
nutrients and coliform bacteria may be issues of concern.  The exact sources and 
concentrations of these contaminants at the Montara outlet are unknown, as results are 
only summarized statewide, and in annual load instead of concentration (CSU 
Sacramento Office of Water Programs 2006).  Further research is needed to determine if 
any of these constituents is a major concern for the Reserve and nearby waterways.  
Extensive research has been performed by the agency on coliform contamination in storm 
water discharge structures that drain highly urbanized areas.  A regional program of road 
maintenance occurs pursuant to CalTrans’ Stormwater Management Plan which can help 
minimize pollutants from entering the waterways.   
 
Sunshine Valley/Dean Creek: Beach postings/advisories and/or closures at the mouth of 
the creek indicate that the creek exceeds WQOs for E. coli and coliform bacteria (San 
Mateo County Environmental Health).  Although no data were collected, the FMR 
Master Plan (San Mateo County Department of Parks et al 2004) speculated about 
possible problems with coliform bacteria, nitrates and ammonia, and sedimentation 
associated with upstream ranching and equestrian operations.  Further investigation is 
needed to determine if problems actually exist and what the sources are.   
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San Vicente Creek: This watershed has received the most attention due to voluntary 
efforts of land managers and regular data collection by the San Mateo County 
Environmental Health Department.  The mouth of the creek is a highly accessible and 
visible area due to the location of the parking lot for the reserve at the mouth of the 
Creek. A collaborative monitoring effort between landowners, tenants, San Mateo 
County and an environmental group in the San Vicente watershed, from 1999 to the 
present, has monitored the creek on a monthly basis for fecal indictor bacteria.  The 
number of samples that exceed the WQO for e. coli have consistently decreased for sites 
on the east side of Highway 1 since 2000 due to successful implementation of best 
management practices and corrective actions upstream (San Mateo County Department 
Environmental Health 2007). However, the mouth of San Vicente Creek at the Fitzgerald 
Marine Reserve is still regularly posted for exceeding WQOs for coliform bacteria. These 
high concentrations of bacteria at the creek mouth may be “from residual sources, 
tributaries not sampled, or other sources.  It is also suspected that storm drains that 
receive runoff from residential and public areas west of Highway 1 may be contributing 
bacteria. At all sampling locations, bacteria concentrations are typically highest 
immediately after rains, but diminish thereafter” (San Mateo County Department of Parks 
2004).  
 
The FMR master plan mentions concerns about nitrate, ammonia, industrial chemicals, 
and pesticide contamination of the creek, although no recent studies have been completed 
with reliable data to show such elevated levels. Possible sources of nutrients speculated 
by Park planners, not necessarily in priority order, include: 

• equestrian facilities,  
• fertilizers applied to farmlands,  
• septic leach fields,  
• underground broken sewer pipes,  
• runoff from impervious surfaces associated with a range of land uses.   

 
Denniston Creek: The mouth of Denniston Creek is monitored once annually during 
MBNMS Snapshot Day and was monitored by Surfrider San Mateo from September 
2005 through April 2007.  MBNMS Snapshot data show that the creek exceeded accepted 
state standards for E. coli in recreational water for the first time in 2006 (Hoover 2006). 
Surfrider data exhibited regular spikes in both E. coli and Enterococcus over the period 
samples were collected. The San Mateo County Resource Conservation District was 
recently awarded a grant to perform a source-tracking analysis of bacteria into Pillar 
Point Harbor, which will include monitoring of Denniston Creek for bacterial 
contributions. 

Multiple investigations of Denniston Creek have observed high sedimentation rates 
throughout the watershed.  One possible source is normal erosion of soils in alluvial 
pockets within the larger granite rock structure that are easily erodible and produce fine 
sand in the creek, particularly in the headwaters.  The Denniston Reservoir, located in the 
upper watershed has been dredged by the U.S. Army Corps of Engineers to remove these 
inputs of fine-grained sediment. The surrounding land is steep and consists of sandy loam 
soils which are also highly erodible, contributing more fine sediments.   Additional 
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sources of sediment include channelization of the creek in sections to accommodate 
unpaved roads, the absence of riparian vegetation (which accelerates natural bank 
erosion), and sediment washed off of agricultural fields in the upper watershed through 
sheet flow (Coastside County Water District 2005a).  Surveying of the creek by 
Department of Fish and Game staff confirmed this high sedimentation, particularly below 
one of the unnamed tributaries where turbidity was significantly higher.  However, it was 
unclear whether the sediment came from natural erosion or from upstream land use 
(Department of Fish and Game 2006).  More investigation is needed.     
 
The Coastside County Water District obtains a reported 23% of its water supply from 
Denniston Creek (19% from surface flows, 4% from groundwater), and maintains a 
Denniston Creek Treatment Plant in the coastal terrace, east of the Half Moon Bay 
Airport. The diversions are under a SWRCB water rights permit and limit the District to 
no more than a total of four cubic feet per second (cfs). The amount of surface water 
diversion is “limited by the low flow in the creek during the summer months, and when 
the production is low in drought years.” It is unknown what the total watershed yield is 
compared to the permitted diversions. The well field is reportedly not under the control of 
a water rights permit, but a Coastal Development Permit limits the annual water 
extraction from the wells to 130 million gallons per year (mgy) (Coastside County Water 
District, 2005b). The combined extraction of water from both surface and groundwater 
sources in the Denniston Creek watershed could potentially lead to hydromodification of 
the channel, however so far there are no data that would indicate any changes to the 
channel geometry. 
 
Deer Creek2: Snapshot Day sampling determined that Deer Creek exceeded WQO’s for 
E. coli and dissolved oxygen in 2004 and turbidity in 2006.  These are also the only two 
years that MBNMS Snapshot Day monitoring took place in Deer Creek. No other data 
have been located for Deer Creek.   More research needs to be conducted to understand 
land uses, hydrology, biota and related water quality conditions in Deer Creek to evaluate 
any risks to natural and recreational resources.   
 
Pillar Point Marsh: The shoreline area of the marsh is regularly posted for water quality 
exceedances (total coliform, E. coli, and enterococcus) based on testing performed by the 
San Mateo County Environmental Health Department.  The marsh receives its fresh 
water from subsurface distributaries of Denniston Creek.  The RCD’s project to identify 
sources of coliform and other pathogens will hopefully provide information to eliminate 
that water quality concern. 
 
MWSD maintains groundwater wells on the airport property that are periodically tested 
by the state Department of Health Services (DHS) for drinking water safety.  In 2002, 
monitoring results indicated that the aquifer below the Airport that contributes seepage 
into the marsh (where MWSD draws its water from) had levels of 1,2,3-trichloropropane, 
also known as TCP, (a soil fumigant used in the past in agriculture areas) that exceeded 

 
2 Also referred to as El Granada Creek. 
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advisory levels3. The well was again tested in 2003 and levels still exceeded the DHS 
action level (DHS 2003).  In addition, the northernmost well has levels of nitrate that 
periodically exceed the maximum contaminant level of 45 mg/L (MWSD 2005). The 
district is working on mixing water sources to dilute the high levels of nitrate but at this 
time there is no information which indicates that either TCP or nitrate have migrated 
from the aquifer to the marsh.   
 
The Half Moon Bay Airport maintains a storm water permit and has regularly submitted 
monitoring reports of its discharge in accordance with its NPDES permit to the RWQCB.  
Currently there is no concern over the quality of discharge from the airport (Half Moon 
Bay Airport 2006) 
 
A sewage pump station operated by the Sewer Authority Mid-Coastside (SAM, a joint 
powers authority responsible for operation and maintenance of sewer lines for the City of 
Half Moon Bay, and Granada and Montara Sanitary Districts) next to the marsh is 
reportedly under-sized for the amount of material it is expected to handle. “SAM has had 
frequent sewage overflow incidents during the wet season” throughout its service area 
totaling 197 overflow incidents between 2000 and 2005, including at least 14 that directly 
entered the Pacific Ocean via either Pillar Point Marsh or Montara Creek (EPA 2006b).  
In 2006, two major spills entered the Ocean within a few weeks of each other totaling 
7,000 gallons, and put beach visitors and surfers at risk of exposure to pathogen 
contamination. Further, the Environmental Protection Agency categorized sewer lines in 
El Granada, Montara and Half Moon Bay as “insufficient,” prompting them to investigate 
the Sewer Authority Mid-Coastside for wet weather sewage overflows (Perkins 2007). In 
response to these overflows, SAM is installing several holding tanks to store overflow 
water during the wet season.  At the time this report was released, they were in the 
process of installing six tanks in Montara and El Granada (Smydra 2007b). 
 
Pillar Point Air Force facility is located on the headlands of Pillar Point, and its runoff 
drains to Pillar Point Marsh.  The facility’s water quality data have been submitted to the 
State Water Resources Control Board in response to a request for exception to the Ocean 
Plan Discharge Prohibitions to the Pacific Ocean. The facility’s discharge through a 
drainage swale exceeds Ocean Plan standards, and a range of programs have been 
proposed to remediate storm water runoff conditions.  However, NPDES permits are not 
required at this facility since its storm water discharges are not associated with industrial, 
construction or municipal activities.  Transport of sediment and other constituents from 
Headlands to the Pillar Point marsh is one area of concern due to erosion caused by 
frequent foot traffic and a network of informal trails.  These informal trails on the Pillar 
Point bluffs have developed into a substantial network of storm water conveyance 
channels (see deliverable for Tasks 6.1-6.3) 4. Peninsula Open Space Trust (POST), the 

 
3 The chemical is unregulated so it does not have a Maximum Contaminant Level, but DHS has an advisory 
level of 0.0005 µg/L due it its identification as a possible carcinogen and acute effects on humans such as 
burning of skin and eyes (SWRCB 2003). 
4 The Mavericks Big Wave surf competition attracted 50,000 spectators in 2006 to various viewing places 
including Pillar Point Marsh, the harbor, and surrounding beaches, and bluffs.  The competition was called 
off in 2007 due to small waves (Mavericks Surf Adventures LLC 2007). 
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State Coastal Conservancy, and San Mateo County Parks have been developing plans for 
the trail network on POST property to control erosion and improve the trail network as 
part of the California Coastal Trail with appropriate erosion control measures. 
Management of the area to avoid further compaction and erosion should be the subject of 
discussion among agencies with jurisdiction in the area.    
 
Pillar Point Harbor: Characteristic of commercial harbors, the Pillar Point Harbor 
generates waste from commercial fishing operations, recreational and residential boats, 
and urban runoff from piers, and related structures, docks, roads, parking lots, boat 
maintenance and fueling facilities.  The beach around the harbor is regularly posted for 
exceeding WQOs for bacteria in areas where it is monitored by the county’s 
Environmental Health Department.  At this time, the sources and pathways of the excess 
bacteria are unknown, but will be determined due through the San Mateo County RCD’s 
microbial source-tracking project.  
 
The harbor has a capital improvements plan for maintenance and future development that 
includes dredging, pier replacement (subject to Coastal Commission Coastal 
Development Permit conditions for preventing or minimizing water quality impacts 
already attached to the project), shoreline erosion protections, boat docking additions, rest 
room replacement and enhancements to visitor-serving facilities and commercial uses.  
Any disturbance of the harbor’s sediments through dredging can potentially affect water 
quality (including temperature, salinity, pH, dissolved oxygen, suspended solids, 
turbidity, nutrients, and trace metals and organic contaminants that are bound to 
sediments) and threaten species resident in the area due to the re-suspension of sediment 
(U.S. Navy 1990 in U.S. Army Corps of Engineers 2004). Some of these improvements 
could also have the potential to contribute other, diffuse pollution; however there are 
many measures in place through efforts of the harbormaster, the Coastal Commission, 
and other groups, to implement management measures to reduce water quality impacts. 
Fuel spills are a significant issue for most harbors, including Pillar Point, and a 
management program is in place to respond to them.   The Harbor does not currently 
have a coordinated program in place to address potential sewage disposal issues of boats 
that serve as permanent or semi-permanent residences.  However, County Environmental 
Health Division staff hopes to use an existing model for a coordinated effort that is in 
place in Sacramento County. Abalone farming occurs in the harbor and is also subject to 
special permitting to avoid excessive nutrients or other kinds of water contamination, 
which has been a problem for similar operations in other parts of the state. The permit 
includes prohibitions and provisions designed to protect the beneficial uses of the harbor.  
 
Fitzgerald Marine Reserve receives runoff from storm water discharges emanating from 
38 points along the FMR shoreline (28 discharges, three outlets, and seven potential non-
point source springs/seeps; SWRCB 2001).   
 

“The 28 discharges included 19 municipal storm drains (serving multiple 
properties), four nonpoint source discharges (anthropogenic gully formation and 
road or pathway runoff), and five small storm drains (from individual 
properties).  All 28 of these discharges are prohibited. Furthermore, since the 
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area is quite developed, there is the potential that the groundwater may be 
contaminated in places. Therefore the seeps were considered to have the 
potential to carry nonpoint source pollutants into the ASBS/SWQPA” 
(SCCRWP and SWRCB 2003).  
 

These outlet areas have not yet been investigated to determine the areas they drain and 
what constituents of concern they may contain. 
 
The Reserve is subject to a Master Plan (San Mateo County Department of Parks 2002) 
for improvements to aid with runoff control for new construction for a new interpretive 
center and a model parking lot for pollution prevention.  The county park staff at the 
Reserve is teaming with the San Mateo Countywide Water Pollution Prevention Program 
(formerly STOPPP) to devise low impact development techniques to assist meeting 
resource protection goals stated in the Master Plan for the Marine Reserve. Staff also 
intends to discuss with neighboring communities how they can more effectively manage 
storm water runoff which goes directly into the Reserve to meet the discharge 
prohibitions of the Ocean Plan  
 
Pesticides and industrial chemicals (notably DDTs and PCBs) are additional possible 
issues of concern in the reserve. Their source and current level of threat is unknown, 
though reserve master plan mentions a possible connection between pesticides and 
upstream nursery operations. The use of both DDT and PCBs has been banned or 
restricted for several decades. The latest data that indicated elevated tissue concentrations 
in bivalves was through the State Mussel Watch program in 1981 (San Mateo County 
Department of Parks et al 2002, p. 133). More recent data describing impairment is 
needed to confirm or deny the claim from the reserve master plan regarding both 
pesticides and industrial chemicals. 
 
El Granada shoreline: Snapshot Day and First Flush volunteers found that the waters 
along the shoreline of El Granada to have exceeded WQOs for orthophosphate, E. coli, 
zinc, copper, and total suspended solids.   
 

“E. coli concentrations for all of the time series ranged between 92,000 to >241,920 
MPN/100ml at (El Granada). These were some of the highest concentrations 
measured at all of the sites during the First Flush events. Oil and grease samples were 
also analyzed by making a composite sample from each time series at each site. These 
concentrations were the highest of all the sites as well” (Hoover 2005). 

 
While most of the El Granada shoreline is technically just south of the FMR CCA Study 
Area, a combination of ocean currents and an incoming tide could send runoff from 
creeks and storm drains that discharge to the shoreline into Pillar Point Harbor, affecting 
water quality in the harbor and potentially up the coast as well.   
 
Multiple watersheds:
The attached map (Van Velsor and Strahan 2007) illustrates the extent of septic systems 
in the area associated with rural residential development.  This map does not capture 
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retired septic systems and their leach fields. It also does not show which on-site disposal 
systems are relatively new and state-of-the-art, and which ones may be aging and in need 
of upgrades. Some areas of septic system placement are not yet illustrated (Seal Cove 
trailer park, for example). The cumulative effects of areas with on-site sewage disposal 
systems on stream and near shore water quality are not analyzed to our knowledge.
However, an immediate response program is in place for rapid enforcement if required.  
 
Many data gaps exist in this pilot area, and they are listed in section 1.4.1 of this report.  
In many cases, these gaps will be filled by ongoing or future projects in the watershed.  
These programs and projects are summarized below in Table 5. 
 

3.1.2. Sonoma Creek 
The Sonoma Creek watershed has benefited from an abundance of data collection, 
management plans, and projects that all have contributed to a better understanding of the 
status of impairment in the watershed.  The Sonoma Ecology Center (SEC) manages a 
volunteer restoration program called Creek Salons, which enables residents of the 
watershed to monitor water quality, remove invasive species, and replace them with 
native plants. The SEC also contributes much of the research literature on the watershed, 
including the recent Sediment Source Analysis (2006) to determine historic and present 
sediment loads and sources, and the Limiting Factors Analysis (2004) to determine what 
pollutants are impairing the life cycle of steelhead trout and salmon species in the 
watershed. The Sediment Source Analysis assessed sediment loads from surface erosion,  
 
Table 5. Existing and future plans, programs, and projects in the James V. Fitzgerald Marine 
Reserve CCA. 
 

Plan, Program, or Project Lead Organization or 
Agency 

Timing 

Agricultural  and Rural Lands 
Plan 

NOAA (MBNMS Staff) Completed 

Fitzgerald Marine Reserve Draft 
Final Master Plan 

San Mateo County 
Department of Parks  

Completed 

Fitzgerald Marine Reserve 
Parking Lot and Visitors Center 
Low Impact Development 
Renovation 

San Mateo County 
Department of Parks  

Future (to be 
completed in 2009 

Midcoast Local Coastal Program 
Update Project  

San Mateo County Planning 
and Building Department 

Ongoing 

Montara Water and Sanitary 
District Public Works Plan Phase 
I Draft Environmental Impact 
Report 

MHA, Inc.  Completed 

Identification of Sources of Fecal 
Pollution Impacting Pillar Point 
Harbor 

San Mateo County 
Resource Conservation 
District 

Begins August 2007 



SWRCB Contract # 05-309-550-0                         

 31

San Mateo Countywide Pollution 
Prevention Program (SMCPP) 

City/County  Association of 
Governments San Mateo 
County  and EOA, Inc. 

Ongoing 

Snapshot Day Water Quality 
Monitoring Program 

Coastal Watershed  Council 
(CWC) and NOAA 
(MBNMS Staff) 

Ongoing 

The Fitzgerald State Marine Park 
Resource Assessment  

San Mateo County 
Department of  Parks 

Completed, 2004 
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Table 6. Issues of concern for shoreline areas and sub-watersheds of the Fitzgerald Marine Reserve CCA
Pillar PointSub-

watershed
or
Shoreline
Area

Martini
Creek and
Shoreline

Montara
Creek and

Point

Sunshine
Valley/
Dean
Creek

San
Vicente
Creek

Denniston
Creek and
shoreline

Deer Creek

Pillar Pt.
Marsh/
Airport
Aquifer

Pillar Point
Harbor

Pillar Point
Head-
lands

El Granada
Shoreline

Fitzgerald
Marine
Reserve

Known
Issue(s) of
concern
(sources)

� coliform
bacteria

� E. coli
(SM County
Environ-
mental
Health)

� coliform
bacteria

� E. coli
(SM County
Environ-
mental
Health)

� E. coli
(Snapshot
Day)

� Enterococc
us

(Surfrider)
� Sediment
(Coastside
County
Water
District
2005; DFG
2006;
Snapshot
Day)

� Turbidity
(Snapshot
Day)

� coliform
bacteria

� E. coli
(SM County
Environ-
mental
Health)

� Sediment � Oil and
grease

� Orthophos
-phate

� E. coli
� Zinc
� Copper
� Total

Suspended
Solids

(Snapshot
Day and
First Flush)

� DDT
� PCB
(SM County
Department
of Parks
2005)

Potential
Issues of
Concern
(sources)

� coliform
bacteria

� E. coli
(SM County
Environ-
mental
Health)

� MTBE
� Oil
� Grease
� Sediment
� Nutrients
� Coliform

bacteria
(MWSD
2005)

� Nitrate
� ammonia
� Sediment
(SM County
Department
of Parks
2005)

� Nitrate
� ammonia
(SM County
Department
of Parks
2005)

� Nitrates
� Manganese
� 1,2,3-

trichloro-
propane
(TCP)

� Sediment
(MWSD 2005)

� Nutrients



33

road erosion, and landslides and compared the current to the historic (c. 1800) sediment 
load in three sub-watersheds: the main stem of Sonoma Creek, Schell Creek (the tidally-
influenced lower portion of the watershed), and Carneros Creek (part of the Napa River 
watershed).  The study concluded that current sediment loads are three to twenty times 
higher than they were in the 1800s from a combination of urban, agricultural, and legacy 
land use practices (livestock grazing and timber harvesting; SEC 2006).   
 
The San Francisco Estuary Institute (SFEI) sampled 40 sites in the Sonoma Creek and 
Napa River watersheds for nutrients in 2002-03.  A “Characterization Survey” sampled 
16 sites, and a follow-up “Hotspot Survey” examined nutrient concentrations at six sites 
identified to have higher levels.   During the “Characterization Survey”, 33% of all 
samples and 72% of the locations exceeded 1,100 µg/L (the concentration at which 
nitrate becomes toxic to aquatic life) at least once.  Most of the sites sampled (13 out of 
16) exceeded EPA guidelines for total nitrogen and all sites exceeded the guidelines for 
total phosphorus.   The Hotspot Survey concluded that elevated nitrate levels in upper 
Sonoma Creek were related to improperly functioning septic systems and poor soil 
conditions in the community of Kenwood.  On Nathanson Creek, which runs through the 
city of Sonoma, increased nitrate, and to a lesser extent, orthophosphate and ammonia, 
were sourced from “dry weather urban runoff…, exfiltration from sewer lines…, and 
additional inputs from rural areas upstream and downstream from the city during winter 
storms” (McKee and Krottje 2005, p. 36).  A follow up study was recommended to 
address eutrophication that is prevalent throughout the watershed, and likely a response 
of these elevated nutrient levels.   
 
To inform the development of the pathogen TMDL, SFEI also conducted sampling for 
pathogens in the watershed in 2002-3.  Pathogen levels exceeded state guidelines along 
Sonoma Creek between Kenwood and the city of Sonoma, though E. coli concentrations 
were higher during the wet season than in the dry season5. This seasonal fluctuation 
suggests that more pollutants are carried into streams by winter storms that flush 
pollution off of agricultural fields and urban, impervious surfaces.   In addition, the 
coinciding high levels of nitrate between Kenwood and the city of Sonoma suggest that 
sources of pathogens are probably failing septic tanks in the Kenwood area, in addition to 
urban runoff.  Moderate levels of E. coli were detected in the lower, tidal portion of the 
watershed, suggesting that sources are likely to be wildlife or cattle grazing (SF Bay 
RWQCB 2005).    
 
All of these reports have contributed to the listing of the creek as impaired for sediment, 
nutrients, and pathogens.  While the implementation plan for reaching a TMDL for 
pathogens was completed in 2005; the sediment TMDL is currently under development, 
and the plan for nutrients is in an earlier stage.  Both the sediment and nutrients TMDLs 
are slated for completion in 2008.  Other issues of concern for the watershed are listed in 
section 1.4.2 in this report. 

 
5 Though bacteria concentrations were lower downstream of Kenwood in the dry season, lower flow in the 
creek results in longer transit times when bacteria can die off.   Thus, lower concentrations downstream of 
Kenwood could be lower than actual inputs. 
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Protecting habitat for endangered steelhead is a high priority, in part due to the regulatory 
mandates associated with the Endangered Species Act (both California and federal).  
Thus, components of steelhead habitat which are at risk are elevated in priority, including 
stream temperatures, changes in streambed geomorphology, and migration barriers, 
including those associated with decreases in baseflow (SEC 2004).   
 
In addition to steelhead habitat-related water quality concerns are the issues of flooding 
and the proliferation of invasive species along riparian areas.  A combination of factors 
including development in tidal areas and floodplains, the reduction of native species 
throughout the watershed, long-term ditching and draining of the land to provide for 
agriculture and other human uses, and sedimentation causes an intensification of storm 
peak flows that can result in widespread destruction of homes, businesses, habitat, and 
infrastructure (Dale 2007).   
 
Invasive species can impact, among other things, water chemistry, channel 
geomorphology, rate of erosion, water temperature, and habitat diversity.  The most 
common species affecting the upper and middle reaches of the watershed include Arundo 
donax, Vinca major, acacia, tree of heaven, English ivy, and Mediterranean grasses 
(McKee et al, 2000).  In the lower, tidally-influenced portions of the watershed, common 
invasives include glasswort and pepperweed.    
 
In addition to the water quality concerns listed above, future, potential threats to these 
sensitive resources include growing rural residential development, decreasing 
groundwater supply, and further aquatic and riparian habitat degradation.   
 
There are several ongoing or new projects in the watershed that will contribute to 
increased awareness and information on impairment status in the future (Table 7).  The 
combination of information collected through these projects and Phase II of the CCA 
Program will greatly add to existing baseline data available in the watershed. 

 

3.1.3. Watsonville Sloughs 
The drainage area of the Watsonville Sloughs, like Sonoma Creek, has benefited from 
several water quality monitoring programs to assess impairment status, as well as 
management plans to address the sources of pollution.   Several groups monitor the 
sloughs system for a range of water quality parameters.  The Coastal Watershed Council 
(CWC) runs two volunteer monitoring programs, Clean Streams and Snapshot Day that 
sample sites throughout the slough system for several water quality parameters.  Data 
from the Clean Streams program since 2004 have consistently showed elevated levels of 
nutrients and pathogens at certain sites on Harkins, West Struve, and Watsonville 
Sloughs.  Areas of Concern are defined as those stations which exceed three or more of 
the water quality parameters for Snapshot Day (Hoover 2006).  Watsonville and Harkins 
Sloughs had sites identified as Areas of Concern for five of the past six years (including 
2006, the most recent data available) and Struve Slough had Areas of Concern from 
2001-2004.   
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Table 7. Ongoing and future projects that will contribute to impairment assessments in the Sonoma.

Plan, Program, or Project Lead Organization or 
Agency 

Timing 

City of Sonoma Creeks Plan SEC, City of  Sonoma Completed, 2004 
City of Sonoma Stormwater 
Management Plan 

City of Sonoma Ongoing 

Community-based Watershed 
Management 

SEC Current 

County of Sonoma and Sonoma 
County Water Agency  (SCWA) 
Stormwater Management Plan 

SCWA and Sonoma County Ongoing 

Creek Salons (citizen water 
quality monitoring program) 

SEC Ongoing 

Flood Control for Sonoma Creek 
and its Tributaries 

USACE Completed 

Groundwater Management Sonoma County Water 
Agency (SCWA) 

Future (in preliminary 
stages as of August 
2007) 

Nutrients TMDL SF Bay RWQCB Current (to be 
completed in 2008) 

Pathogens TMDL SF Bay RWQCB Completed 2005 
Recycled Water Project SCWA and Sonoma Valley 

County Sanitation District 
Future 

San Francisco Bay National 
Wildlife Refuge Comprehensive 
Conservation Plan 

U.S. Fish and Wildlife 
Service 

Future 

Sediment TMDL SF Bay RWQCB Current (to be 
completed in 2008) 

Tolay Creek Restoration  U.S. Geological Survey Completed 
Watershed Enhancement Plan Southern Sonoma County 

RCD 
Completed, 1997 

Revised Watershed Enhancement 
Plan 

Southern Sonoma County 
RCD 

Current (to be 
completed in 2009) 

The Watershed Institute at California State University, Monterey Bay (CSUMB), also 
monitored pathogens in the watershed (Hager and Watson 2005).  Most of their pathogen 
sampling sites coincided with those of CWC, and indicated similar water quality 
objective (WQO) exceedances.  They also performed a source-tracking analysis, and 
concluded that for those sites that exceeded the E. coli WQO, the main sources were 
birds and dogs, and in wet weather, cows.  Their studies have informed the development 
of the TMDL for pathogens (approved by the EPA in 2006),  
 
The original impairment assessment of Watsonville Sloughs for pesticides, particularly 
dieldrin and DDT, was based on data from the State Mussel Watch program (SMW) in 
the 1980s.  However, studies since 1993 have not detected levels of the two pesticides in 
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bivalves above federal guidelines.  A later study sampled water at several sites in the 
sloughs system and along the Pajaro River and tested toxicity by exposing colonies of a 
small resident estuarine crustacean (Neomysis mercedis) to the sampled water for 96 
hours and recording percent mortality.  In samples taken from four sites within the lower 
Watsonville Sloughs watershed in January 1995, N. mercedis mortality was high and 
levels of DDT and dieldrin exceeded the 4-day limit of the California Toxics Rule.  
Levels of these two pesticides were especially high in the Beach Street Ditch (Hunt 
1999).  The results of this study and the SMW data from the 1980s lead the RWQCB 
staff to conclude that the pesticide problem is mostly due to legacy pesticides (both DDT 
and dieldrin were phased out of use in the 1970s and 1980s) and are likely to be emerging 
in pulses during the wet season because they are prevalent in sediments.   Over time these 
chlorinated legacy pesticides will degrade, and since there are no new inputs of them to 
the system, pesticides were lowered on the priority list of pollutants to be actively 
reduced through a variety of source reduction and restoration actions in 2005 (Central 
Coast RWQCB 2004).  Despite the lower priority, the pesticides TMDL is still being 
developed with a planned release of a draft report in late 2008.   
 
In addition to the 303(d)-listed pollutants, there are other issues of concern in the 
watershed, including (in no particular order):  
 

� Sediment 
� Nutrients 
� Turbidity 
� Dissolved oxygen 

 
Typical reconnaissance was not possible to assess sediment in the study conducted by 
CSUMB’s Watershed Institute (Hager et al 2005), but based on suspended sediment 
concentrations and effects on beneficial uses, sedimentation rates were deemed "normal" 
and not disruptive to benthic organisms.  The report notes that there is a level of 
uncertainty in their conclusions due to the difficulty in collecting data typical of sediment 
load analyses.   Despite this uncertainty, their report resulted in the removal of sediment 
from the 2006 303(d) list.   
 
In the middle and lower portions of the watershed, eutrophication is present in 
agricultural ditches and the sloughs, prompting several groups to raise concerns about 
elevated nutrient levels and dissolved oxygen that are both aggravated by poor 
circulation.  CWC, as mentioned above, has consistently found elevated levels of 
nutrients (mostly orthophosphate) and dissolved oxygen in Harkins and Watsonville 
Sloughs.   
 
The Central Coast RWQCB maintains the Central Coast Ambient Monitoring Program 
(CCAMP), whose results can be obtained through an online tool for reporting of Irrigated 
Agriculture Conditional Waiver (IACW) implementation and for evaluating the regional 
implementation of various agriculture management measures as defined within Farm 
Water Quality Management Plans.  The program also has been monitoring several sites in 
the Watsonville Sloughs system for six years for a variety of water quality parameters 
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and provides that data on their website.  Also in response to the IACW program, Central 
Coast Water Quality Preservation, Inc. (Preservation, Inc.) monitors two sites in the 
sloughs for water quality once a month.  Preservation, Inc. work in coordination with the 
Central Coast Agricultural Water Quality Coalition, an organization that helps farmers 
develop farm water quality plans to reduce runoff pollution.  Both sites monitored by 
Preservation Inc. in the watershed exceeded WQOs for dissolved oxygen in a majority of 
the samples (Preservation Inc. 2006).  Both of these monitoring programs cite poor water 
circulation in addition to polluted agricultural runoff as the cause for eutrophication. 
 
There are a few ongoing or new projects that will contribute to future impairment 
assessments of the watershed and determine what further actions might be taken to 
improve water quality (Table 8).  The Integrated Watershed Restoration Program (IWRP) 
for Santa Cruz County, funded by $4.5 million from the Coastal Conservancy will 
provide funds and coordination among several restoration, education and monitoring 
projects implemented by over 20 organizations and agencies throughout the county 
(Goodnight 2004).  The Watsonville Sloughs watershed is one of the targeted watersheds 
in the county, though no update is available for projects in the watershed that have been 
funded through the IWRP at this time.   
 
The Pajaro Valley Water Management Agency (PVWMA) sells and distributes water to 
agricultural landowners throughout the Pajaro River watershed, including the Watsonville 
Sloughs complex.  They are currently working with the city of Watsonville to build an 
addition to the city’s existing wastewater treatment plant to recycle 4,000 acre-feet of 
treated wastewater per year and transport it to farmers for irrigation, instead of being 
discharged into Monterey Bay.  The project was funded through the Pajaro River 
Watershed Integrated Regional Watershed Management Plan (Pajaro IRWMP).  It 
includes the construction of treatment facilities, a distribution system, inland wells, public 
access and educational signs.  In addition, they will oversee construction of Phases 2 and 
3 of a 26-30 mile planned Coastal Distribution System to distribute the newly recycled 
water, in addition to other water supplies, to 200 agricultural parcels near the Pajaro 
River and Watsonville Sloughs (PVWMA 2006).  This new source of water and 
distribution system, accompanied by water conservation, will potentially relieve pressure 
on groundwater resources, is expected to reverse saltwater intrusion into the aquifer, and 
produce other beneficial side-effects that might increase flushing of stagnant agricultural 
return water and speed up the degradation of legacy pesticides.  It is unclear at this time, 
to what extent the Phase 2 expansion of the water recycling system would result in any 
modifications to the hydrology of the lower slough system, increased flushing of the 
Beach Street “ditch,” and concomitant needs for upgrades to the current tide controls. 
 
Another project funded through the Pajaro IRWMP is led by the Resource Conservation 
District of Santa Cruz County (SCCRCD) and addresses agricultural runoff pollution by 
implementing certain types of BMPs such as erosion control, vegetative treatment, and 
riparian restoration.  This project will help to achieve TMDL targets for sediment, 
pesticides, and nutrients (PVWMA 2006).   
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Table 8. Ongoing and future projects that will contribute to impairment assessments in the 
Watsonville Sloughs watershed. 
 

Plan, Program, or Project Lead Organization or 
Agency 

Timing 

Agricultural  and Rural Lands 
Plan 

NOAA (MBNMS Staff) Completed 

Central Coast Ambient 
Monitoring Program 

Central Coast RWQCB Ongoing 

City of Watsonville  Stormwater 
Program 

City of Watsonville  Ongoing 

Clean streams Water Quality 
Monitoring Program 

CWC Ongoing 

First Flush Water Quality 
Monitoring Program 

CWC Ongoing 

Livestock and Land Program for 
Manure Management 

RCD of Santa Cruz County Ongoing 

Local Coastal Program Santa Cruz County Ongoing  
Pathogens TMDL Central Coast RWQCB Completed 2006 
Permit Coordination Program RCD of Santa Cruz County Ongoing 
Pesticides TMDL Central Coast RWQCB Current (to be 

completed in 2008) 
Recycled Water Project and 
Coastal Distribution System 
Project 

PVWMA Future 

Santa Cruz  Integrated Watershed 
Restoration Program 

State Coastal Conservancy Ongoing 

Snapshot Day Water Quality 
Monitoring Program 

CWC/ NOAA (MBNMS 
Staff) 

Ongoing 

Water quality monitoring for the 
Irrigated Agriculture Conditional 
Waiver 

Preservation, Inc Ongoing 

Water Resources Management 
Plan for Watsonville Slough 
Systems  

Association of Monterey 
Bay Area Governments & 
Questa Engineering  

Completed, 1995 

Watsonville Sloughs 
Conservation and Enhancement 
Plan  

Santa Cruz County and 
Swanson Hydrology and 
Geomorphology 

Completed, 2001 

Watsonvillevista 2030 General 
Plan Draft Program 
Environmental Impact Report 

City of Watsonville Completed, 2005 
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3.2. Management Measure Inventories 
Using the PSR model and our step-by-step framework for identifying MMs in the 
watershed, we compiled an inventory of the current (as of October 2007) MMs 
implemented in each CCA (Tables 9-11).  The source of each MM is also listed, however 
in some cases there are programs, projects, or plans that don’t necessarily result in MM 
implementation at this time.  For those that are not called out in Tables 9-11, they are 
listed in tables 5,7, and 8 to recognize those activities that exist and could possibly in the 
future, be sources of further MM implementation.   

Fitzgerald Marine Reserve

Table 9. Inventory of MMs/MPs currently implemented in the James V. Fitzgerald Marine Reserve 
CCA. MM categories and types are derived from the “Plan for California’s Nonpoint Source Pollution 
Control Program”.  
 

MM Category MM Type6 MP employed Implementer Source
Agriculture 

1B Berms and ditches to 
divert rain/runoff away 
from manure 

Landowners 
(with 
SMCRCD and 
NRCS) 

San Mateo 
County 
RCD; 
landowners

Agriculture 
1A 

Invasive species control 
program for Pampas 
grass. 

POST POST staff 

Agriculture 
1B 

Covered barn stalls 

Landowners 
(with 
SMCRCD and 
NRCS) 

San Mateo 
County 
RCD; 
landowners

Agriculture 
1A, C Fencing to keep animals 

out of creeks 

Landowners 
(with 
SMCRCD and 
NRCS) 

San Mateo 
County 
RCD; 
landowners

Agriculture 
1A, C 

Filter Strips 

Landowners 
(with 
SMCRCD and 
NRCS) 

San Mateo 
County 
RCD; 
landowners

Agriculture 
1A Native re-vegetation and 

restoration 

Landowners 
(with 
SMCRCD and 
NRCS) 

San Mateo 
County 
RCD; 
landowners

Agriculture 
1A Road maintenance to 

prevent sediment from 
reaching creeks 

Landowners 
(with 
SMCRCD and 
NRCS) 

San Mateo 
County 
RCD; 
landowners

Agriculture 
1B Storage of solids away 

from streams 

Landowners 
(with 
SMCRCD and 

San Mateo 
County 
RCD; 

6 See Table 4 for descriptions of management measure types. 
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NRCS) landowners
Hydromodification 

5.4A Hydromodification plan 
in place at the county 

SMCPPP SMCPP 
staff and 
consultants 

Hydromodification 

5.3A 

Trail planning and 
erosion control projects; 
phased elimination of 
informal hiking trails. 

POST POST staff 

Hydromodification 

5.1A, 5.3A 

Local Coastal Program 
proposed update:  new 
10% imperviousness 
rule, and proposed new 
winter grading ordinance 

San Mateo 
County 

Local 
Coastal 
Program 
Update 
(draft 
2006) 

Marinas and 
Recreational 
Boating 

4.3A, 4.2 A-G 

365 day/year, 24 hour 
Harbor District staff for 
ordinance enforcement 
to control dumping, 
painting, or to notify 
appropriate agency for 
action 

Pillar Point 
Harbor staff 

Pillar Point 
Harbor 
staff 

Marinas and 
Recreational 
Boating 4.2F 

A harbor ordinance 
requires the use of pump 
out stations. This also 
applies to live aboard 
boats. 

Boat owners Pillar Point 
Harbor 
staff 

Marinas and 
Recreational 
Boating 

4.2A,E 

Coastal Commission 
Clean Boater kits are 
distributed to existing 
and new tenants; harbor 
school tours (littering, 
dumping); lots of 
education re. boat 
maintenance and waste 
control techniques. 

Pillar Point 
Harbor staff 

Pillar Point 
Harbor 
staff 

Marinas and 
Recreational 
Boating 

4.3A 

Education:  
Informational signage -- 
recycling/trash 
depositing; do not dump 
stenciling; pamphlets 
from. San Mateo County 
Environmental Health 
Division re. hazardous 
waste management and 
used oil 

Pillar Point 
Harbor staff,  
San Mateo 
County 
Environmental 
Health 
Division 

Pillar Point 
Harbor 
staff 

Marinas and 
Recreational 
Boating 4.1H 

Harbor manages an oily 
bilge water separator 
(first on the CA Coast). 
Cleaned water is routed 
to sewer. 

Pillar Point 
Harbor staff 

Pillar Point 
Harbor 
staff 
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Marinas and 
Recreational 
Boating 

4.2F Sewage pump out 
facility is free. 

Pillar Point 
Harbor staff 

Pillar Point 
Harbor 
staff 

Marinas and 
Recreational 
Boating 4.1A 

The County regularly 
tests the harbor's water 
quality. They have 
consistently been rated 
with good water quality. 

San Mateo 
County 
Environmental 
Health 
Division 

Pillar Point 
Harbor 
staff 

Marinas and 
Recreational 
Boating 

many 

The Harbor is in the 
process of getting 
certification under the 
state's Clean Marina 
Program. They believe 
they are mostly in 
compliance, and wish to 
score high. Completion 
is expected early 2008. 

Pillar Point 
Harbor staff 

Pillar Point 
Harbor 
staff 

Marinas and 
Recreational 
Boating 

4.1H 

There are pet litter bag 
dispensers and beach 
signage at points of 
shoreline entry, but little 
money for monitoring. 
They don't have a lot of 
jurisdiction over these 
activities 

San Mateo 
County 
Environmental 
Health 
Division 

Pillar Point 
Harbor 
staff 

Marinas and 
Recreational 
Boating 4.2B 

There is a prohibition 
against dumping fish 
waste (three commercial 
fish buyers operate 
there), but some gets into 
harbor waters. 

Boaters, Pillar 
Point Harbor 
staff 

Pillar Point 
Harbor 
staff 

Marinas and 
Recreational 
Boating 4.2C, D 

There is a trench drain 
with oil/water separator 
across six lanes of boat 
ramps.  

Pillar Point 
Harbor staff 

Pillar Point 
Harbor 
staff 

Marinas and 
Recreational 
Boating 4.2D, 4.1F 

Used oil recycling 
facility is free 

San Mateo 
County 
Environmental 
Health 
Division 

Pillar Point 
Harbor 
staff 

Urban7
3.6A 

Educational materials are 
distributed to prevent 
dumping of medications. 

SMCPPP SMCPP 
staff and 
consultants 

Urban 

3.3A 

General categories of 
BMPs outlined in the 
Storm water 
Management Plan for 

SMCPPP County 
Airport 
staff 

7 Although the NPS plan uses “urban” for a  category, many of the MPs in this table are employed on rural 
residential lands. 
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Half Moon Bay Airport: 
fuel spill response, 
general maintenance, 
ditch clean outs, 
materials storage control  

Urban 

3.6A 

Informational pamphlets 
about water conservation 
and sewer programs are 
available at Montara 
Water and Sanitary 
District’s office.  

SMCPPP SMCPP 
staff and 
consultants 

Urban 
3.3A 

Restaurants are well 
trained in oil and grease 
management.  

Restaurants Pillar Point 
Harbor 
staff 

Urban 

3.5E 

Vegetated shoulders on 
Highway 1 function as 
filters. 
 

Caltrans Caltrans 
staff 

Urban 

3.1, 3.2, 3.3 

City and County 
Association of 
Governments (C/CAG) 
manages implementation 
of the County 
Stormwater Permit with 
a variety of consultant 
and county staff 
programs, including the 
SMCPP program, 
Watershed Protection 
Maintenance Standards, 
erosion and sediment 
control, construction site 
design and monitoring, 
culvert cleanouts, 
contract requirements for 
water pollution control, 
contract requirements for 
erosion control, training 
programs in waste 
management and 
handling. 

SMCPPP SMCPP 
staff and 
consultants 

Wetlands/Riparian 
Areas 

6B 

County Parks Division 
restoration program on 
San Vicente Creek: 
involves bank 
stabilization, invasives 
removal, trash removal 
and water quality 
monitoring. 

County Parks 
Division 

County 
Parks 
Division 
staff 

Wetlands/Riparian 6A There are standard creek POST POST staff 
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Areas setbacks (35-50 ft) used 
by all agricultural users 
on some conservation 
lands. They don't address 
cultivation 

Wetlands/Riparian 
Areas 6B Fish passage barriers 

removed 

Landowners 
(with 
SMCRCD and 
NRCS) 

San Mateo 
County 
RCD; 
landowners

Sonoma Creek

Table 10. Inventory of MMs/MPs currently implemented in the Sonoma Creek CCA. MM categories 
and types are derived from the “Plan for California’s Nonpoint Source Pollution Control Program”.  

MM Category MM 
Type

MP employed Implementer Source

Agriculture 1A Stream setback: 25 ft required by 
county 

Landowners LFA/Sediment 
Budget (SEC) 

Agriculture 1A Critical area planting 
Landowners LFA/Sediment 

Budget (SEC) 

Agriculture 
1A 

Filter strips 

Landowners (with 
SSCRCD and 
NRCS) 

Southern Sonoma 
County RCD 

Agriculture 
1A 

Grassed waterways 

Landowners (with 
SSCRCD and 
NRCS) 

Southern Sonoma 
County RCD 

Agriculture 
1A 

Cover crops 

Landowners (with 
SSCRCD and 
NRCS) 

Southern Sonoma 
County RCD 

Agriculture 
1A 

Straw mulching 

Landowners (with 
SSCRCD and 
NRCS) 

Southern Sonoma 
County RCD 

Agriculture 
1A 

Bank stabilization 

Landowners (with 
SSCRCD and 
NRCS) 

Southern Sonoma 
County RCD 

Agriculture 
1A 

Vineyard erosion regulations: 
planting prohibited on slopes 
greater than 50% 

Landowners (with 
SSCRCD and 
NRCS) 

 Sonoma county 
code sec. 30-66 

Agriculture 
1B Storage of solids away from 

streams 

Landowners (with 
SSCRCD and 
NRCS)  

Agriculture 
1B Berms and ditches to divert 

rain/runoff away from manure 

Landowners (with 
SSCRCD and 
NRCS) 

Southern Sonoma 
County RCD 

Agriculture 
1B Fencing to keep animals out of 

creeks 

Landowners (with 
SSCRCD and 
NRCS) 

Southern Sonoma 
County RCD 

Agriculture 1C Nutrient management plan Landowners (with Southern Sonoma 
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(timing/rate of fertilizer 
application) 

SSCRCD and 
NRCS) 

County RCD 

Agriculture 
1F 

Drip irrigation 

Landowners (with 
SSCRCD and 
NRCS) 

Southern Sonoma 
County RCD 

Forestry 

2A 
Conversion Plans (from Forestry 
to other uses e.g. rural residential, 
parks) and THPs required when 
clearing trees 

Landowners 
transitioning 
former timber 
harvest land to 
rural residential 

CDF Forest 
Practice Rules 

Forestry 

2C 
Water breaks on roads required to 
reduce runoff 

Landowners 
transitioning 
former timber 
harvest land to 
rural residential 

CDF Forest 
Practice Rules: 

Forestry 
2D Rural road maintenance practiced 

widely 

Landowners (with 
SSCRCD and 
NRCS) 

Southern Sonoma 
County RCD 

Forestry 

2D Regulations  for constructing and 
maintaining logging roads to 
reduce erosion and sediment 

Landowners 
transitioning 
former timber 
harvest land to 
rural residential 

CDF Forest 
Practice Rules: 

Forestry 

2F 
Timing of forestry limited 
(reduced activity in winter) 

Landowners 
transitioning 
former timber 
harvest land to 
rural residential 

CDF Forest 
Practice Rules: 

Forestry 

2J 

Sets watercourse and lake 
protection zones where "the 
quality and beneficial uses of 
water shall not be unreasonably 
degraded by timber operations".   

Landowners 
transitioning 
former timber 
harvest land to 
rural residential 

CDF Forest 
Practice Rules 
(Subchapter 4,5,6 
Article 6) 

Forestry 

2K Requires assessment of 
effectiveness of mitigation 
measures post-harvesting 

Landowners 
transitioning 
former timber 
harvest land to 
rural residential 

CDF Forest 
Practice Rules 

Hydromodification 5.1A, B Limits on alteration and fill of 
stream channels 

 Sec. 11-2 of county 
code 

Hydromodification

5.1B 

Stream setback:30 - 50 feet for 
new development, depending on 
site conditions.  Requirement 
applies to all creeks within city 

City of Sonoma City of Sonoma 
Stormwater 
Annual Report (FY 
2005-2006  

Hydromodification

5.1B Stream bank stabilization via 
plants 

Creek-Bank 
Planting Program 
conducted by the 
SCWA & SEC 

SCWA 

Hydromodification 5.3 Erosion control plans required for 
construction greater than 1 acre 

Construction 
companies 

City of Sonoma 
Stormwater 
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including engineer's preparation 
of plan 

Annual Report (FY 
2005-2006 

Hydromodification

5.3 

Limit access to roads near flood 
control structures/facilities to 
prevent erosion and 
hydromodification 

SCWA SCWA 

Urban 

3.3A 

City owns two street sweepers, 
one of which runs on a daily 
basis during Fall/Winter. For the 
remainder of the year, sweeping 
is conducted twice per week for 
business areas, once per month 
for residential areas. (reduced to 
90% time in 2006-7) 

City of Sonoma City of Sonoma 
Stormwater 
Annual Report 
2006 

Urban 

3.3A  Storm Water Pollution 
Prevention Plan for City's 
Corporation Yard.   

City of Sonoma City of Sonoma 
Stormwater 
Annual Report 
2006 

Urban 

3.3A 

City stormwater facility cleaning 
and inspection for trash and other 
objects that may clog inlets and 
pipes 

City of Sonoma City of Sonoma 
Stormwater 
Annual Report 
2006 

Urban 

3.3A 

City: upgrade of secondary 
treatment at wastewater treatment 
plant and change of discharge 
schedule so that there is no 
discharge in low flow months 

City of Sonoma City of Sonoma 
Stormwater 
Annual Report 
2006 

Urban 

3.4 A, B 

County produces an 
informational brochure re: proper 
maintenance and requirements 
for septic tanks 

Sonoma County County of Sonoma 
and SCWA Annual 
Report for NPDES 
Permit 2003 

Urban 

3.4 A, B County has septic system 
performance plan and maintains 
inspection reports 

Sonoma County; 
rural homeowners 

County of Sonoma 
and SCWA Annual 
Report for NPDES 
Permit 2003 

Urban 3.5E Road repair/maintenance   

Urban 

3.6A City distributes informational 
brochure on proper disposal of 
pet waste; County has put up 16 
signs re: pet waste in 5 regional 
parks throughout the valley 

City of Sonoma; 
Sonoma County 

City of Sonoma 
Stormwater 
Annual Report 
2006; County of 
Sonoma and 
SCWA Annual 
Report for NPDES 
Permit 2005 
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Watsonville Sloughs

Table 11.  Inventory of MMs/MPs currently implemented in the Watsonville Sloughs CCA. MM 
categories and types are derived from the “Plan for California’s Nonpoint Source Pollution Control 
Program”.  
 
MM Category MM 

Type
MP employed Implementer Source

Agriculture 1A, C Hedgerows ( on .93 acres) 
Landowners 
(with SCCRCD 
and NRCS) 

RCD of Santa Cruz 
County 

Agriculture 1A, C Grassed waterway (on .92 acres) 
Landowners 
(with SCCRCD 
and NRCS) 

RCD of Santa Cruz 
County 

Agriculture 1A Access road improvement 
Landowners 
(with SCCRCD 
and NRCS) 

RCD of Santa Cruz 
County 

Agriculture 1A Cover crop (on 118 acres)  
Landowners 
(with SCCRCD 
and NRCS) 

RCD of Santa Cruz 
County 

Agriculture 1A Ditch stabilization and re-
vegetation (on 3.23 acres) 

Landowners 
(with SCCRCD 
and NRCS) 

RCD of Santa Cruz 
County 

Agriculture 1A Settling basins  
Landowners 
(with SCCRCD 
and NRCS) 

RCD of Santa Cruz 
County 

Agriculture 1B Covered barn stalls 

Landowners 
(with SCCRCD, 
NRCS, 
Ecoaction) 

Manure and 
Erosion Pollution 
Prevention 
Program (SCCRCD 
and Ecoaction)  

Agriculture 1B Storage of solids away from 
streams in covered storage bins 

Landowners 
(with SCCRCD, 
NRCS, 
Ecoaction) 

Manure and 
Erosion Pollution 
Prevention 
Program (SCCRCD 
and Ecoaction)  

Agriculture 1B Berms and ditches to divert 
rain/runoff away from manure 

Landowners 
(with SCCRCD, 
NRCS, 
Ecoaction) 

Manure and 
Erosion Pollution 
Prevention 
Program (SCCRCD 
and Ecoaction)  

Agriculture 1B Fencing to keep animals out of 
creeks 

Landowners 
(with SCCRCD, 
NRCS, 
Ecoaction) 

Manure and 
Erosion Pollution 
Prevention 
Program (SCCRCD 
and Ecoaction)  

Agriculture; 
Wetlands and 
Riparian Areas 

1A, 6B Native revegetation and 
restoration (on 11 acres) 

Landowners 
(with SCCRCD, 
NRCS, 
Ecoaction) 

Manure and 
Erosion Pollution 
Prevention 
Program (SCCRCD 
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and Ecoaction)  

Urban 3.2A,B 

Stormwater ordinance: "property 
owners shall be responsible for 
implementing stormwater BMPs 
as required by the director" of 
public works. 

Landowners city code 6-3.528 

Urban 3.2A,B 
Detention basins: city requires 
.035 acre-feet storage per acre of 
new development 

Construction 
companies, 
developers 

City of Watsonville 
Stormwater 
Program 2003 

Urban 3.2A 
County requires erosion control 
for any new disturbance over one 
acre 

Construction 
companies, 
developers 

Santa Cruz County 
Stormwater 
Program 2004 

Urban 3.3A Remove impediments to 
flow/inspection 

City of 
Watsonville 

City of Watsonville 
Public Works staff 

Urban 3.3A 
County employs cracker shells 
and whistles; cement/fiber 
covering over landfill 

Santa Cruz 
County 

Santa Cruz County 
Public Works staff 

Urban 3.3A 

City coordinates with 
refuse/recycle pick up 
(twice/month in residential areas; 
once/day in commercial/industrial 
areas); refuse collected used to 
cover landfill instead of new sand 

City of 
Watsonville 

City of Watsonville 
Public Works staff 

Urban 3.3A Reduction of fertilizer/pesticide 
use by city landscapers 

City of 
Watsonville 

City of Watsonville 
Stormwater 
Program 2003 

Urban 3.4A- 
Minimum lot size for a parcel to 
contain a septic system; requires 
annual inspections, etc. 

Landowners Santa Cruz County 
code 7.38 

Urban 3.4B Inspection/data collection 
required for all operating OSDS’s 

Landowners, 
Santa Cruz 
County 

Santa Cruz County 
code 7.38 

Wetlands and 
Riparian Areas 6A 

Watercourse Protection 
Ordinance: “Every property 
owner with property through 
which a watercourse passes, shall 
keep and maintain that part of the 
watercourse within the property 
reasonably free of materials, 
trash, debris, and other obstacles 
which would pollute, 
contaminate, or significantly 
impede the watercourse" ; also 
prohibits modifying 
floodplain/flow of watercourse 

Landowners City of Watsonville 
code 6-3.529 
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3.3. Impervious Surface Analysis 
 
From this review we concluded that the impacts of increasing urbanization on IA are 
variable, there are many methods of measurement, and the influences of IA on stream 
health are variable.  We were able to estimate the percent IA in each CCA using general 
plan data.  Watsonville Sloughs has the most IA, followed by Fitzgerald Marine Reserve, 
and Sonoma Creek (Table 12).  
 
Table 12. Estimated future impervious area for three CCA pilot areas. 
 

CCA Estimated Impervious Area 
(%) 

Land Use Data Source 

Fitzgerald Marine Reserve 15 San Mateo County General 
Plan (1986) 

Sonoma Creek 12 Sonoma County General 
Plan (1989) 

Watsonville Sloughs  25 City of Watsonville General 
Plan (2005); best 
professional judgment 

It is important to mention some limitations to the data provided here.  The general plan 
land use data used to calculate IA is often too old to be useful, especially in San Mateo 
and Sonoma County, where the most recent plans are from the mid-1980s.  Another 
limitation is that the data are a projection, and does not detail the most current status of 
IA in a watershed, a key limitation, given the literature that attempt to correlate IA with 
degradation suggests a threshold of 10-15% before impacts are easily observed.   The 
general plan land use data was used for ease in comparing data across watersheds.  A 
project through UC Davis’s Information Center for the Environment standardized all the 
land use categories for most counties in the state.  Otherwise, the definitions for each land 
use category (e.g. residential, commercial) and even the number and type of categories 
used for each county or municipality can vary greatly and thus be incomparable between 
counties.  The UC Davis project made this data comparable.  Doing the same comparison 
for current data was not available under this grant’s limited budget.  The one exception to 
this limitation is the Watsonville Sloughs watershed, since Santa Cruz County was not 
one of the watersheds with common land use categories established.  Instead, we used 
data from the city’s general plan, (published in 2005, and projecting land use through 
2030) and then estimated the rest of the watershed using best professional judgment.   
 
Despite the limitations of the general plan land use data, we still feel the relative percent 
IA among the three watersheds will be useful for identifying areas for implementation of 
mitigation measures to minimize additional impacts on stream environments and water 
quality during Action Plan development. It will also be helpful for tracking changing land 
use and correlating it to changing stream conditions, especially if there are large changes 
in IA.  The California Office of Environmental Health Hazard Assessment (OEHHA) is 
currently verifying the accuracy of coefficients used to calculate IA for the entire state of 
California.  We are working closely with them and will include the results of their study 
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in our Phase II work.  OEHHA’s study (detailed in Appendix 1, Task 6.1-6.3) will 
supplement our analysis so that we can more accurately estimate IA in each pilot area and 
use that information to recommend policy options to influence how land is developed or 
re-developed to minimize stream flow alteration, reduce pollutant generation and 
transport, and enhance infiltration of rain water to replenish aquifers.  It is possible that 
the OEHHA project will give us better land use coefficients to use for estimating current 
IA in the CCAs.  With a more current estimate, we plan to build on our analysis during 
Phase II of this project to make recommendations to local government on how they can 
incorporate IA analysis into building permit fees, land use planning ordinances, county 
codes, and other policy and regulatory tools with the ultimate goal to protect and restore 
beneficial uses.  
 

3.4. Pollutant Load Modeling 
 
We determined early in our review that comparisons among sets of broad management 
measures (e.g., runoff control vs. nutrient management) are not very meaningful, and that 
estimates of load reductions and impairment recovery would have to focus on more 
specific sets of practices (BMPs). The load reductions were estimated to predict 
achievable results given the specific land use conditions in the San Vicente Creek 
drainage. In general, reported efficiencies from the International BMP Database for a 
single BMP type varied significantly (Table 13). Urban land uses tended to have the 
widest range of predicted removal efficiencies for all three pollutants, while pastureland 
had the smallest ranges.  Based on the “best” removal efficiency predictions, there is not 
much variation among land uses though pastureland shows a slightly higher potential 
removal efficiency for nitrogen, and urban could potentially remove more phosphorous 
and sediment.  However, it is important to note that these figures are simply 
approximations, and the variance observed in the literature for each pollutant and land 
use type is large.  
 

Table 13. BMP efficiency ranges compiled for different land use classes in San Vicente Creek sub-
watershed  Removal rates are for nitrogen (N), phosphate (P) and sediment (S).  
 
Land Use type Nitrogen 

(Low/Best/High 
Predicted Removal 

Rate) 

Phosphorous 
(Low/Best/High 

Predicted Removal 
Rate) 

Sediment 
(Low/Best/High 

Predicted Removal 
Rate) 

Cropland 10%/40%/75% 20%/40%/70% 35%/60%/85% 
Pastureland 30%/60%/75% 20%/40%/70% 50%/65%/75% 
Urban 10%/40%/90% 10%/50%/90% 20%/70%/95% 

At the watershed scale, we were able to obtain preliminary results for potential pollutant 
load reduction using the San Vicente Creek sub-watershed as a case study.  Pollutant load 
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reductions vary for land use type and pollutant (Table 14).   Removal of phosphorous and 
sediment is predicted to be most effective in urban lands.   
 
Table 14. Summary of pollutant load modeling results for the San Vicente sub-watershed (part of the 
Fitzgerald Marine Reserve CCA.  Numbers in parentheses indicate the uncertainty of model results. 

Approximate pollutant load reduction (%) 
Land Use Type8 Nitrogen Phosphorous Sediment
Cropland 41 (±19) 42 (±19) 56 (±32) 
Pastureland 60 (±28) 48 (±23) 62 (±31) 
Urban 40 (±19) 50 (±20) 70 (±32) 

Given the high variability in prediction of possible load reductions, we concluded that 
considerable uncertainties are associated with using the STEPL model for extrapolation 
of BMPs to the watershed scale.  Uncertainties were mainly linked to estimating BMP 
efficiencies and difficulties in characterizing the watershed (i.e., determining soil types, 
infiltration rates, soil erodibility, etc.) which led to predictions that were not as 
informative as expected.  The STEPL model is a ‘lump-sum’ model that intentionally 
reduces input data requirements.  As a result, model results are highly sensitive to the 
inputs that are required. Further, short of intense data collection efforts, no real means 
exist to constrain the sensitivity of the model.   
 
A physically based watershed model would allow for model calibration and ultimately 
improved certainty in model predictions.  The downside is that a physically based 
watershed models have greater data needs (e.g., spatially and temporally resolved 
precipitation, detailed topography and land use, streamflow).  Still, in light of the results 
of the STEPL model presented here, a physically based watershed model (such as the 
freely available BASINS suite; www.epa.gov/waterscience/BASINS) is more appropriate 
for evaluating potential load reductions resulting from BMP implementation.  A more in-
depth description of the results, the sensitivity analysis, and recommendations for future 
modeling efforts can be found in the combined deliverable for Tasks 3.2-3.8 (Appendix 
1). Our review and test-case results led us to the following conclusions: 
 

1) Although a number of models are available to predict various environmental 
outcomes of management practices, the high variability in available load 
reduction measurements and other environmental outcome indicators (depending 
on site-specific climatic and watershed conditions) precludes in most cases a 
comparison of practice A vs. practice B. Without extensive practice-specific 
effectiveness monitoring, a key question by watershed managers about the 
relative benefits of BMPs, such as grassy swales vs. catch basin retrofits, cannot 
be definitively answered. Such was the case for the STEPL watershed model 
implemented and tested here.  

 
8The San Vicente Creek sub-watershed has more land use types than included here.  The three included and 
used in modeling are the only types available for use with STEPL.  Land uses were combined as follows: 
pastureland includes forest, cropland indicates row crops, and urban includes both residential and 
commercial land uses.  The approximate distribution is 1004 acres pastureland, 62 acres cropland, and 51 
acres urban, for a total of 1117 acres.  
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2) Expected improvement in environmental condition can be estimated in terms of 
the geographic coverage of certain management practices and subsequently 
compared to numeric targets and appropriate confidence boundaries (e.g., 50% 
reduction of anthropogenic sediment inputs into surface waters, plus or minus 
10%, can or cannot be achieved by applying the least costly or all applicable 
practices on the “menu” in 25%, 50%, or 100% of the watershed acreage in which 
those practices have been shown to be effective). 

3) Without filling a number of data gaps through routine monitoring (e.g. stream 
flow, storm hydrographs) and additional watershed assessment steps (e.g. soil 
characteristics, land slide hazard areas, sewer maintenance and condition records, 
drainage connectivity, etc.), evaluating outcome scenarios linked to additional 
implementation actions will remain primarily a guessing game. 

4. Conclusions 

4.1. Guidance on how the analysis can be applied to other watersheds 
The methodology used to analyze information in all three pilot CCAs was designed so 
that it could also be replicated in other coastal watersheds in California.  For example, the 
management measure tracking method is set up for any watershed, assuming no data 
compilation has been completed.  The impervious area analysis could also be preformed 
for any watershed, given general plan land use data are available (to allow for uniform 
land use codes comparable to other watersheds).  The pollutant load modeling could be 
applied to other watersheds, however due to the many limitations discussed in section 3.4 
above, a more sophisticated model is recommended for more reliable results.  These three 
watersheds were selected as pilots due to many factors, including the amount of local 
participation and cooperation in similar efforts.  This willingness of local government 
agencies and other groups to provide us with information (e.g. GIS layers, water quality 
monitoring data) and to review our documents for accuracy was invaluable to the 
completion of this work.  Without such cooperation and support of our efforts, this 
project and its individual tasks would have been much more difficult to complete.  
Therefore, the only limitation for replicating these analyses in other watersheds would be 
the availability of data, and the support of key agencies and organizations that can 
provide the information necessary.   
 
In particular, there are a few data needs integral to replicating this analysis: 1)GIS layers 
that can help characterize the landscape that contributes to water quality impairment, and 
2) established monitoring programs or plans or reports that summarize existing water 
quality information greatly helped us in our efforts to identify issues of concern.  For 
example, in the FMR CCA there was a variety of information sources, but nothing had 
been summarized for the particular study area identified as the CCA.  Thus, it took us 
much longer to compile the information and identify issues of concern for the CCA.  In 
contrast, Sonoma Creek and Watsonville Sloughs already had completed TMDL staff 
reports, conservation plans, and multi-year water quality monitoring data summarized at 
the watershed scale (in addition to other sources of information) to help us better 
understand the level of impairment and the organizations involved in restoring beneficial 
uses.  In addition the latter two watersheds also had verified and updated GIS layers for 
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key attributes.  Overall, time and resources allocated to a watershed for similar analysis 
should be based on the amount and quality of existing information that could feed into 
analyses rather than, for example, the size of the watershed, or level of perceived 
impairment.  

4.2. Stakeholder process: lessons learned 
The FMR steering committee was established before we were awarded this grant, and has 
continued to be our most involved and well-established CCA steering committee.  They 
continue to meet about once every two months, with Coastal Commission staff as 
facilitator, and are currently exploring expanding the committee to include a wider 
representation of the stakeholders in the watershed. The Watsonville subcommittee, 
which was originally more of a loose affiliation, was officially formed during the last 
quarter of the project.  The loosely affiliated committee, however, played an active role in 
reviewing deliverables and coordinating the sharing of data and other information among 
the various projects in the watershed.  Project staff communicated regularly with 
subcommittees for Sonoma Creek, however in a more informal, one-on-one manner 
instead of formal meetings.  We are working on establishing a more formal subcommittee 
that is willing to meet regularly.  This subcommittee will most likely overlap with 
Sonoma Creek Watershed Enhancement Plan, led by the Southern Sonoma County 
Resource Conservation District.   
 
One important observation about steering committees for the CCAs that for these three 
pilot areas, the willingness to participate and form a steering committee was roughly 
inversely correlated with the presence of previous watershed planning documents. In the 
CCA without a previous planning document, steering committee participation was much 
higher, and thus, the process was more time-consuming in order to come to consensus on 
issues of concern and other decisions, whereas in the CCAs with previous planning 
documents, the experience was the opposite.    

5. Management Implications and Recommendations 

5.1. EPA’s Nine Key Elements 
We expect that by the end of Phase II (expected completion date 02/01/10) we will have 
all the information necessary to comply with the nine key elements of watershed plans, as 
outlined by the EPA.  In the current phase, we have made significant progress towards 
completing many of the steps; however, there are some elements for which information is 
still needed (summarized in Table 15).   
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Table 15. Status of nine elements of a watershed plan for three Critical Coastal Areas. 
 

Element and 
Description Completed under this grant? 

Source(s) of 
information needed 
to complete element 

1) Identify causes 
of impairment and 
pollutant sources 

Yes. Phase I: Tasks 2.4, 
3.1 

2) Estimating load 
reductions 

Partially. We will continue to refine those 
estimates and calibrate our model in Phase 
II. 

Phase I: Tasks 3.4, 
3.7 
Phase II: Tasks 5.1.3 

3) Management 
Measures 

Partially.  While we have identified MMs 
that are suitable for reducing NPS pollution, 
until we have the results of further modeling 
efforts and stakeholder input, we will not be 
able to identify specific sites appropriate for 
MM implementation and load reduction. 

Phase I: Tasks 3.2, 
5.4 
Phase II: Task 5.1.3 

4) Technical and 
Financial Support 

Partially. This project has provided an 
excellent benchmark for the level of effort 
required to complete most of the tasks 
necessary to develop a watershed plan; 
however, we will need to finish the work in 
Phase II to get a more complete picture 

Phase I: all tasks 
Phase II: all tasks 

5) Information and 
Education 
Component 

Partially. We have made a considerable 
effort to provide outreach to community 
members and educate them about our 
efforts. This will be an ongoing effort that 
will ultimately be carried out by local 
government agencies or other appropriate 
organizations. 

Phase I: throughout 
all tasks 
Phase II: throughout 
all tasks but 
specifically in tasks 
5.1.2, 6.1 

6) Schedule Partially. This task is closely connected to 
elements 2 and 3, so it will need to be 
refined and field verified in Phase II. In 
addition, we will need to work with our 
local partners to design a schedule that is 
feasible for them to continue after the 
completion of our work in Phase II. 

Phase II: Task 5.1.4 

7) Interim 
measurable 
milestones 

Partially. The first stage of collecting 
information regarding status of MMs and 
BMP implementation was accomplished in 
Phase I, and the plan for tracking the 
effectiveness of implementation will be 
written in Phase II.  

Phase I: Tasks 5.4, 
3.2, 3.3 
Phase II: Task 5.1.4 
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8) Criteria for 
achieving load 
reductions 

Partially.  We have identified appropriate 
criteria for reducing NPS pollution, and will 
attempt to verify that through various tasks 
in Phase II along with stakeholder input. 

Phase I: Task 4.2 
Phase II: Tasks 3.3, 
5.1.3, 6.3 

9) Effectiveness 
Monitoring 

Partially.  We have considerable experience 
designing effectiveness monitoring 
programs in other watersheds and have 
completed research with regards to 
MM/BMP effectiveness for this project.  
However once MMs are selected, we can 
design a monitoring plan more specifically 
suited to the MMs and unique watershed 
characteristics of each pilot area 

Phase II: Task 5.1.4 

5.2. Information Needs 

5.2.1. Work to be conducted in Phase II 
Much of the follow up work required for this project is planned to be completed, at least 
partially, under our Prop 50 grant.  In addition, there are some tasks that we will carry 
over to be updated based on changing conditions in the CCAs.  This may be conducted 
by SFEI staff, subcontractors, agency staff engaged in the project, or through the steering 
committees.  For example, summaries of impairment assessments and technical 
information to support broader watershed assessments have been completed for all three 
pilot areas.  It is important, however, that they be updated as conditions and local policies 
change that will affect sources of pollution, land use, and the current programs in place 
that address water quality.   
 
There are several other tasks that are necessary in order to identify the appropriate MMs 
to implement in each CCA in order to achieve load reduction and restore beneficial uses.  
The next phase of this project, funded by our Prop 50 grant that began on April 1, 2007 
will provide most of the resources required to complete the next steps for this project.  
These tasks are: 
 
1. Develop assessment and forecasting framework, including desired certainty for load 

reduction or TMDL target achievement and desired beneficial use protection and 
restoration targets.  This task follows up on the assessment work done in Phase I and 
sets the stage for the action plan and implementation projects to be completed at the 
end of Phase II.  It will allow for the steering committees of each CCA to set realistic 
goals on what type of load reductions they would like to see achieved by the end of 
the project and what margin of error they decide is acceptable.

2. Develop map of historical drainage networks and related habitat conditions and 
augment current maps developed under Phase I where required.  The maps will 
include: 
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• Historical channel geomorphology and related habitat conditions as a basis for 
developing locally appropriate watershed and land use goals and guidelines for 
restoration and BMP designs for each of the three CCA Pilots.  

• Land use and natural features change since European settlement in order to 
identify opportunities for pollution prevention (e.g., reversing stream bed and 
bank erosion, disconnecting sediment transport pathways to surface waters, 
pollutant removal) and beneficial use restoration 

• Important watershed areas to be kept as potential water quality mitigation sites 
and for multi-purpose, landscape-scale MM implementation (flood peak 
attenuation, natural treatment areas) under various build-out scenarios and as the 
basis for beneficial use restoration designs. 

Analysis of historic ecological processes is a proven technique that has been effective 
in identifying where sustainable natural processes still exist and how to best support 
them through modern restoration and protection techniques.  This information will 
help the technical team as well as local stakeholders to understand how present land 
uses and human interactions with the land and resources in each CCA study area 
have evolved over time and will direct us to the best way to move forward in order to 
maintain healthy landscapes and populations. 
 

3. Map existing drainage systems, including storm drains, riparian areas, wetlands and 
near-coastal/Bay resources where unavailable.  These updated maps will provide us 
with the most complete information on potential pathways for pollutants to travel 
throughout the watershed.  Because modern storm drain, sewer, and other water 
conveyance systems have in some cases severely altered the natural hydrology of a 
watershed, it is necessary to verify current drainage patterns to better understand 
how to prevent further pollution. 

4. Identify and prioritize sites in each CCA where cost-effective control options may 
provide the greatest pollution reduction and prevention and beneficial use restoration  
 
• Select target areas for MM and BMP implementation in each CCA to validate 

predictive models and develop bid specifications as appropriate for a minimum of 
three specific pollutant control and prevention measures at a sufficiently large 
scale to quantify pollution reduction efficiencies at the required level of certainty 
obtained in consultation with stakeholders and agency representatives  

• Provide an analysis of policy options for local government to enhance incentives 
for private and public landowners to participate in implementation and testing of 
MMs and BMPs. Identify opportunities for RCDs and NRCS field offices to work 
with private landowners on identified opportunities in target areas. 

The assessment performed in Phase I and continued in Phase II will lead us to this point 
where action can take place to implement projects on the ground to reduce NPS pollution 
and improve beneficial uses.  These implementation sites will serve as benchmarks to test 
our assessment information and our hypotheses about how to most effectively reduce 
pollutant loads. 
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5. Enable local government agencies to expand forecasting models to include additional 
MMs and BMPs and to provide guidance to developers and land use decision-makers 
for cumulative impact analysis and selection of most cost-effective avoidance and 
mitigation steps.   
 
• Provide implementation “how-to-guidance” to local government agencies to apply 

a systematic and science-based approach for beneficial use protection, restoration, 
and mitigation that includes: 1) Conceptual models in which the hypothesized 
pollution source categories and land uses are linked with pollutant transport 
pathways and receiving waters, and where areas of likely environmental or human 
health impacts are identified. 2) Mapping tools and geospatial data layers 
depicting opportunity areas for preventing or mitigating pollutant generation and 
transport, as well as restoration of watershed processes and functions that could 
assist in pollution attenuation and transformation. 3) Data needs and calibration 
requirements for forecasting models capable of predicting at the desired level of 
certainty the water quality and resource benefits of future land use scenarios and 
application of MMs and BMPs. 

• Work with the California Water and Land Use Partnership and related groups to 
enhance technical transfer mechanisms to local government officials (city council 
members, county supervisors, special district board members). 

This last step will allow us to pass off all of our data and analysis to the groups and 
individuals who are working in the watersheds on a daily basis. We will provide them 
with the necessary tools and recommendations necessary to continue assessing 
watershed conditions as they change and to better predict and mitigate for future 
pollution. 

5.2.2. Recommendations for future studies 
There are also a few remaining data collection tasks that would significantly improve the 
depth of analysis in an action plan (summarized in Table 16 below).  Though some of 
these tasks may be completed in Phase II, there are still outstanding data collection needs 
that we recommend for inclusion in future studies.  In general, more water quality data 
are needed in each of the sub-watersheds of the FMR study area.  Extensive monitoring 
for bacteria occurred in San Vicente Creek, but more data on nutrients, pesticides, 
sediment, and other parameters in all the watersheds would help with assessing 
impairment status and identifying “hot spots” of water quality concerns. 
 
We also found some expertise lacking that would have helped with our analysis of the 
FMR CCA.  This was the one area out of the three examined under this grant that had not 
previously experienced a watershed planning process,  The main reason behind this lack 
of a previous plan is probably due to the pilot area being a collection of several small 
watersheds and shoreline areas that all drain to the Reserve.  A consultation with a 
hydrologist would have been helpful to determine exactly where the boundaries of the 
pilot area are, the various hydrologic processes within the pilot area, and how they have 
changed over time due to a combination of both human and natural influences.   This 
work was done by consulting hydrologists in the past in Watsonville and Sonoma, and 
made defining the pilot area and recommending future action, much easier as we could 
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rely on recent data.  Some efforts already under way will help us to better understand the 
hydrology of the FMR CCA.  In Phase II, we will be mapping storm drains in all of the 
pilot areas, which tend to change the otherwise natural flow of water through a 
watershed. We will also be doing an analysis of the historical ecology of the pilot area to 
determine historic drainage patterns, locations and types of wetlands, land uses, and other 
factors that may have affected the hydrology of the area.  In addition, the hydrology of 
the southern portion of the FMR CCA will be analyzed by Balance Hydrologics as it 
relates to their subcontract with the San Mateo County RCD to investigate sources of 
pathogens in Pillar Point Harbor.   
 
Another area of expertise missing for the FMR CCA is a local watershed group focused 
on the area.  Our analysis in Sonoma and Watsonville depended on the prior and 
continued work of dedicated watershed groups who train volunteers, research habitat 
change, sensitive species, and other issues in the watershed, and maintain engaged 
stakeholder networks.  In the FMR pilot area we worked with a few groups that work on 
resource protection in the county, but the area is lacking a group which is specifically 
dedicated to the mid-coast of the San Mateo County, the area that includes the sub-
watersheds of the pilot area.  This would have been extremely helpful to have one central 
location of data on the watershed.   
 
Lastly, we plan to partially fund the completion of data development to supplement 
SEC’s sediment source analysis in Phase II, though additional funds are needed to 
complete all the necessary tasks. SEC completed the sediment source analysis in order to 
inform the RWQCB in their development of a Total Maximum Daily Load (TMDL) for 
Sonoma Creek.  The resulting report (SEC 2006) includes an analysis of sediment 
movement throughout the watershed and sources of erosion at the subwatershed level.  
The data provided will enable the RWQCB to set target reduction rates and develop an 
implementation plan to meet those targets.  Due to time and funding constraints of the 
sediment source analysis, SEC was not able to complete two major components of the 
investigation.  These outstanding tasks are: 1) estimate the relative contribution of land 
uses (including natural erosion rates) to sediment loads in Sonoma Creek, and 2) 
extensive GIS mapping and modeling of incision rates, landslides, drainage density, and 
other data collected.  
 
Table 16. Summary of information needs going forward. 
 

Information Need Specific 
Area

Status Which task of 
Phase II?

Analysis of policy barriers 
to implementation of 
MMs 

All 3 CCAs Will be completed in 
Phase II 

Task 6 (Guidance 
for Local  
Government) 

Current impervious cover All 3 CCAs Gap; or could be 
completed in part by 
OEHHA 

 

Develop more site-specific 
load reduction forecasts 

All 3 CCAs Will be completed in 
Phase II 

Task 5 (Identify 
appropriate 
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(including improved data 
on BMP effectiveness) 

implementation 
sites) 

Historical analysis of land 
use and management  

All 3 CCAs Will be completed in 
Phase II 

Task 3 (Historical 
Ecology) 

Hydrologist to determine 
specific watershed 
boundaries 

FMR Will be completed in 
Phase II and partially 
under related project 
through the San Mateo 
County RCD 

Tasks 3 (Historical 
Ecology)and 4 
(Storm drain 
mapping) 

Identify the best BMPs or 
MMs to achieve load 
reduction goals 

All 3 CCAs Will be partially 
completed in Phase II 

Task 5 (Identify 
appropriate 
implementation 
sites) 

More complete general 
water quality data  

All 3 CCAs, 
but 
especially 
FMR 

Gap  

Other watershed 
plans/studies that 
summarize data available 

FMR Gap  

Microbial source tracking FMR Will be completed by 
San Mateo County 
RCD 

 

Sediment source analysis 
at sub-watershed level 

Sonoma Gap  
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6. Acronyms 
ABAG Association of Bay Area Governments 
ASBS Area of Special Biological Significance  
BASINS Better Assessment Science Integration Point and Nonpoint Sources 

(pollutant load model) 
BCDC Bay Conservation and Development Commission 
BMP Best Management Practice 
CCA Critical Coastal Area 
CCC California Coastal Commission 
cfs Cubic feet per second 
CWA Clean Water Act 
CZARA Coastal Zone Act Reauthorization Amendments 
EPA Environmental Protection Agency 
FMR James V. Fitzgerald Marine Reserve 
GIS Geographic Information System 
HSPF Hydrologic Simulation Program Fortran  
IA Impervious Area 
IRWMP Integrated Regional Watershed Management Program 
LID Low Impact Development 
MBNMS Monterey Bay National Marine Sanctuary  
mgy Million gallons per year 
MM Management Measure 
MWSD Montara Water and Sanitary District 
NPS Non-point Source 
NRCS Natural Resources Conservation Service 
POST Peninsula Open Space Trust 
RCD Resource Conservation District 
RWQCB Regional Water Quality Control Board 
SEC Sonoma Ecology Center 
SFEI San Francisco Estuary Institute 
SMCPP San Mateo Countywide Pollution Prevention Program 
SMW State Mussel Watch 
STEPL Spreadsheet Tool for Estimating Pollutant Loads  
SWQPA State Water Quality Protection Area 
SWRCB State Water Resources Control Board 
TMDL Total Maximum Daily Load 
WALUP Water and Land Use Partnership 
WQO Water Quality Objective 
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