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I. Introduction 

In 1985, Marin County Flood Control and Water Conservation District began a 20-year process 
of improving Novato Creek to 50-year flood protection levels. Known as the Novato Flood 
Control Project it resulted in a more traditional (trapezoidal) flood conveyance channel design 
that relied on dredging to maintain channel capacity. In recent years the costs of dredging to 
maintain channel hydraulic capacity have significantly increased. These costs along with the 
recognition of the impacts of sea level rise on the system prompted a re-evaluation of flood 
protection approaches in the Novato Creek watershed. This effort was also driven by the 
community’s desire for multi-benefit flood protection projects that incorporate scientific 
findings on the benefits of working with natural systems to move sediment, as well as projects 
that support the ecology and habitat of the baylands. 

Marin County Department of Public Works (MCDPW) initiated the Novato Watershed Program, 
which, with its partners the County of Marin, Marin County Flood Control District Zone No. 1, 
North Marin Water District, City of Novato and Novato Sanitary District, has undertaken several 
studies to identify activities necessary to achieve and maintain the 50-year flood protection 
levels of Novato Creek. These studies investigated nature-based flood protection solutions that 
restore natural processes to the creek and provide habitat benefits in addition to initiating 
planning and response for sea level rise adaptation. The most recent study of the creek 
identified a series of short-, medium-, and long-term projects recommended for a more 
environmentally and economically effective flood protection and creek management strategy. 
Projects include breaching of levees to reconnect the natural tidal flows to the historic 
marshplain and to improve lower Novato Creek’s sediment transport and decrease the need for 
dredging. In preparation of these changes and to build public awareness and understanding, 
the Novato Watershed Program is undertaking an approach consistent with other regional 
projects to foster community outreach. This case study will provide information on Marin 
County’s process, which includes seeking solutions for redesigning existing creek channels to 
allow for a more natural stream flow and a safer, more effective manner of directing storm 
waters away from flood prone neighborhoods into the baylands and the regulatory issues 
involved. 

II. History of Novato Creek Watershed 

The 44-square mile Novato Creek watershed is the largest in eastern Marin County (Figure 1). 
The main stem of Novato Creek and several smaller streams originate in the northwestern 
portion of the watershed before draining into Stafford Lake, the City of Novato’s secondary 
water source (20%) with a capacity of 4,430 acre-feet. Novato Creek continues east beyond the 
Stafford Lake Dam (1951), curving through the City of Novato, where it is joined by several 
tributaries, the largest being Warner Creek, Arroyo Avichi, and Arroyo San Jose. Novato Creek 
extends for 17 miles, flowing through undeveloped open space, under eight bridges within 
residential neighborhoods and commercial areas, under two freeways and a railroad bridge, 
before reaching the tidal baylands and San Pablo Bay. The Novato Creek watershed 
encompasses various habitats of oak and bay woodlands, grasslands, tidal marshes, and mud 



flats, which support several listed species including Chinook and steelhead salmon, California 
Ridgway’s rail, salt marsh harvest mouse, black rail, as well as wintering waterfowl (MCDPW, 
2013). 
 
Figure 1  
Novato Creek Watershed 

 
                                                                                                             (source: Marin County, 2009) 
 
Before the 1830s Novato Creek and its tributaries flowed unobstructed through what is now 
central Novato, spilling across hundreds of acres of tidal marshes and into San Pablo Bay 
(MCDPW, 2014). Over time, tidal sloughs connected by first, second and third order channels 
formed throughout the marshes, their dendritic patterns dispersed sediment across a broad 
tidal floodplain. The tidal prism of these marshes functioned to maintain sediment transport in 
the creek and deeper channel depths that allowed large ships to sail much farther upstream 
then current conditions. As the area that would become the city of Novato developed, it 
encroached into Novato Creek’s floodplain and tidal transition zones (Collins, 1988). By the turn 
of the 19th century, many of Novato’s creeks had been channelized for irrigation and its 
marshlands diked and drained for agricultural uses and the broadly distributed sediment 
became restricted in an increasingly narrow creek corridor. Around the same time, hydraulic 
mining in the Sierra Nevada caused an increase in river sediment loading into San Francisco Bay, 
thus increasing the accretion and extent of the marshlands along San Pablo Bay margins 
(Collins, 1998). Currently the amount of arriving bay sediment has decreased, the mudflats and 



marshlands are no longer expanding and the constructed levees along the San Pablo Bay 
shoreline and lower sections of Novato Creek remain. As a result, the drained wetlands at the 
lower reach of Novato Creek have subsided, the floodplain has narrowed, the tidal prism 
shrunken, and the dispersal of sediment has decreased (KHE, 11/2016). 

These current characteristics further exacerbate conditions in flood prone Novato Creek. Over 
the past 150 years, there have been 25 documented Novato Creek flood events, 15 of which 
have been categorized as Very Severe/Severe (Collins, 2012). The most recent event occurred in 
2014 when storm waters damaged flood protection levees, causing flooding and closing of 
surface streets and Highway 37. 

As the City of Novato grew, the US Army Corps of Engineers (USACE) studied the possibility of 
channeling Novato Creek from the Grant Avenue Bridge to San Pablo Bay for flood protection 
purposes, but in 1960, USACE deemed it too expensive to pursue and the creek and its 
tributaries remained under local control. Development continued to increase along the banks 
of the Novato Creek’s upper reaches and its lower reaches were dredged to maintain passage 
for boat traffic in and out of San Pablo Bay. Ongoing development adjacent to the creek 
resulted in increased magnitude of peak runoff events and it was apparent that the County of 
Marin could no longer continue to maintain the creek channels in the same manner. 

In September 1970, the Marin County Board of Supervisors adopted a resolution establishing 
the Marin County Flood Control and Water Conservation District (District) Zone 1 and the 
District‘s jurisdiction over the creeks and streams in the Novato Creek watershed, including 
maintenance of the creek system. Over the next ten years, the District increased its 
management in the Novato Creek watershed by acquiring 1,200 acres of diked baylands located 
at the bayward end of Novato Creek between the railroad bridge and San Pablo Bay. This 
strategic move put the diked baylands, previously used for agriculture and slated for 
development with 6,500 homes, under District jurisdiction. 

In the winter of 1982, a record flood caused extensive flooding in downtown Novato leading to 
public demand for better flood control and improvements to the Novato Creek system, 
including Arroyo Avichi and Warner Creek (Leventhal, 2013). In 1984, this public demand was 
met with a voter-approved $9 million capital project assessment as well as a maintenance tax 
based on land use averaging $9 per parcel for property owners in Flood Control Zone 1. After 
passage of the tax, the District considered a 100-year flood protection level project, but it was 
reduced to 50-year flood protection levels after considering feasibility, costs and environmental 
constraints (MCDPW, 2013). In 1985, the District began the Novato Flood Control Project, which 
was performed in 8 different phases and completed in 2006 (Figure 2, Exhibit 1). The 
improvements included raising the spillway at the Stafford Lake Dam along with bed and bank 
stabilization work along the 1.5-mile section of Novato Creek and 1.1-mile of Warner Creek. 



Figure 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Today, Novato Creek is above its maximum in-channel conveyance of flow and sediments and 
based on the recent hydraulic studies does not meet the design goal of the 50-year level of 
flood protection (KHE, 2016). Because the 3.45-mile upper reach of Novato Creek, between the 
Grant Avenue Bridge and Stafford Dam, was not included in the District’s previous 50-year flood 
protection level area, the District is limited to only maintaining parcels within their right-of-way, 
while the creek banks under private ownership are maintained by the property owners. This 
upper reach has a history of incision, ongoing tree loss and bed and bank erosion in many 
locations where engineered or naturally occurring rock is not present (KHE, 2013). In response, 

 

Novato Flood Control Project 
Year and Reach Improved 

 
1985 Stafford Dam raised (Upper) 

1986 Novato Creek - Railroad to Redwood Blvd. (Lower) 

1987 Novato Creek - Redwood Blvd. to Novato Fair Bridge and Arroyo Avichi (Lower) 

1988 Novato Creek - Novato Fair Bridge to Diablo Ave. (Lower) 

1991 Warner Creek - Novato Creek to Cypress Ave. (Upper) 

1993 Warner Creek - Grove Ln. to Myers Ct. (Upper) 

1995 Warner Creek - Myers Ct. to McClay Rd. (Upper) 

2006 Novato Creek - Diablo Ave. to Grant Ave. (Upper) 



some residential property owners along the creek are interested in assistance with bank 
stabilization issues (MCDPW, 2014).  

In comparison, the lower reach of Novato Creek is characterized by sediment deposits in the 
wider, flatter sections of the tidally influenced channel, particularly near the railroad bridge 
(KHE, 2013). Maintenance dredging is performed every four years in the channel between the 
Diablo Avenue Bridge and to 500 feet bay-ward of the railroad bridge, and is funded in part by 
the $250,000 collected annually through the District’s Zone 1 parcel tax. To maintain the 
original 50-year flood protection level, 70,000 cubic yards (cy) of sediment was dredged in 
2004; since then the volume dredged has dropped to approximately 40,000 cy every four years 
due to a decrease in the sediment load. There is a desire to further reduce this maintenance 
and enable the channel to transport more sediment to the Bay, eliminating, or at the very least 
decreasing the need to dredge. 

The Novato Creek baylands are key to the future improvement of Novato Creek as 
organizations look to develop a more natural manner of effective flood protection that is also 
resilient to sea level rise. Largely owned by the County of Marin and the District, the baylands 
extend from the railroad bridge to San Pablo Bay, and are divided by Highway 37. These 
baylands are surrounded by numerous levees, have subsided as a result of being diked for over 
150 years, and consist of open pastures, seasonal wetlands, and wastewater treatment 
facilities. A portion of the baylands (800 acres) downstream of Highway 37 is leased in part by 
the Novato Sanitary District for summer spray discharge of treated effluent and hosts several 
other types of utility infrastructure. The Bel Marin Keys neighborhood, also in the baylands, is 
situated along the southeast end of Novato Creek with outflow and inflow culverts and boat 
locks connecting the interior lagoon with the creek. 

In early 2006, heavy rains caused flooding in Vineyard Creek near its confluence with Warner 
Creek. Despite the flooding in Vineyard Creek, neither Novato nor Warner creeks over topped 
their banks, attributable to the 50-year flood improvement project. Additionally, an un-planned 
emergency breach of the Deer Island Basin levee allowed the flood prone areas of the City of 
Novato such as the Nave Gardens neighborhood to be spared as storm water drained out into 
the basin. This experience suggested to the community that addressing the conveyance issues 
in lower Novato Creek could reduce the flood impacts to some of the adjacent upstream 
neighborhoods. (MCDPW Marin Watersheds.org, 2015) 

The 2006 flood became a catalyst for two important District actions. In 2008, the District (1) 
expanded an existing 2,500-foot long section of Vineyard Creek’s channel to maximize its 
available floodplain and improve its flood-carrying capacity; and more importantly, to better 
address flood protection issues on a watershed scale, (2) created the Novato Flood Protection 
and Watershed Program (NWP). 

One of seven watershed programs in Marin County, the NWP’s watershed spans 44 square 
miles. To be effective, the NWP takes a watershed scale approach that requires the 
engagement of flood, utility and public works agencies and organizations working within its 
boundaries. In the case of NWP, the key organizations had a history of collaboration dating back 



to the 1970s. With Marin County as the lead agency, Marin County Flood Control District Zone 
1, the City of Novato, Novato Sanitary District, and North Marin Water District joined as 
partners (Figure 3, Exhibit 2), each contributing funds to start the program. 

  

 

Novato Flood Protection and 
Watershed Program  

 
“This program will seek opportunities 
watershed-wide to improve our operations 
and maintenance in a manner that is 
informed by sea level rise projections while 
we identify alternatives that would improve 
the creek’s ability to transport sediment to the 
bay. The process considers the restoration of 
watershed health and function as a basic 
tenet to ensure our projects are eligible for 
the broadest range of funding at the State 
and Federal levels.” 
(www.marinwatersheds.org 1/2015) 

 

http://www.marinwatersheds.org/


 

 
 

The purpose of the NWP is to identify opportunities to integrate flood protection goals with 
creek and wetland restorations elements. This process includes funding watershed and flood 
protection studies that identify and evaluate improvement alternatives that would reduce flood 
protection maintenance costs and their potential environmental impacts and be resilient to sea 
level rise. To do so, NWP includes in its approach:  

 The development of community education and support  

 The involvement of regulatory agencies early in the planning process 

 To incentivize long-term goals of the project 

 The completion of studies and designs before proposing a new ballot measure 

III. Maintaining Flood Protection Infrastructure and        
Regulatory Requirements 

As part of the ongoing flood control operations and maintenance, the District continues to 
maintain the system of levees, detention basins, pumps and weirs that store and move water 
during storm events, while the City of Novato is responsible for maintaining the majority of the 
“interior” drainage system (street-based storm drainage pipe networks, hillside inlets, etc.). The 
District is also responsible for dredging the 1.2-mile reach of lower Novato Creek and seeks a 
more cost effective, lower environmental impact way to increase the efficiency of Novato’s 
flood control system and further decrease the need for the maintenance dredging.  

Figure 3 
Novato Flood Protection and Watershed Program 
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The District foresees accomplishing this by reducing the upstream sediment load and expanding 
the available channel/floodplain area for natural sediment distribution and bayward 
conveyance. 

During the District’s permitting process for the 2012 maintenance dredging of the creek 
channel, the following resources agencies, California Department of Fish & Wildlife (CDFW), San 
Francisco Regional Water Quality Control Board (Water Board), National Marine Fisheries 
Service (NMFS), U.S. Fish and Wildlife Service (USFWS), and USACE issued the District an 
incidental take permit and multi-year dredging permits for lower Novato Creek (Exhibit 3). To 
minimize both the amount of sediment dredged and the projects’ impacts on the creek, these 
permits included the following special conditions: 

 To protect fish and wildlife, in particular steelhead trout and Ridgway’s rail, the dredging 
can only occur during dry weather, during the environmental work window between 
June 15 and October 15;  

 Best management practices must be met, such as the use of silt curtains, equipment 
location specifications, and the beneficial reuse of sediment that meet pollutant 
thresholds; 

 Best management practices and plans are to be in place to protect wildlife as well as 
native and riparian vegetation; 

 Submission of agency-approved monitoring plans for both improvements and required 
mitigation; compliance reports provided to appropriate agencies. 

One requirement in particular, issued by the Water Board, likely had the most impact on the 
NWP going forward. In their 2012 Water Quality Certification, as compensation for unavoidable 
temporary impacts, the Water Board required the District to (1) provide the hydrology and 
hydraulics study of Novato Creek before the subsequent dredging in 2016, and to (2) identify 
how the District could decrease the amount of dredging it performed and minimize its related 
impacts to the creek. 

In 2013 the NWP partners hired Kamman Hydrology & Engineering, Inc. to perform a hydraulics 
study of Novato Creek and its tributaries in complement to the Novato Creek hydrology study 
performed by MCDPW. Focusing on the lower to upper reaches of Novato Creek, from the San 
Pablo Bay up to Stafford Dam, the goal of the hydraulics study was to identify and evaluate 
modifications to the flood control system that would improve its operational efficiency through 
continued flood protection, sediment management, as well as protection of habitats and 
climate change adaptation. The study identified short-, medium- and long-term improvement 
alternatives and modeled these potential solutions for their consistency with previous work and 
habitat protection. The work was done in three parts: identifying existing conditions, 
opportunities and constraints; development of alternatives using stakeholder and public input; 
and a hydraulics analysis of Novato Creek, and was completed in 2016. A dredge reduction 
study was also conducted by WRECO in 2016, its results indicating that any decrease in the 
Novato Creek dredge footprint would cause minor flooding in areas that did not normally flood. 
Additional flooding was not acceptable to the District, therefore the 2016 dredging kept the 



original footprint with an understanding that in the short-term, regular dredging would still be 
needed to maintain flood protection levels. Both studies were submitted to the Water Board as 
required by their 2012 permit. 

The hydraulics study began by establishing the existing conditions of the watershed using 
synthesized stakeholder concerns and goals and a watershed wide channel topographic survey 
for development of a hydraulic model. Field assessments were performed and consultants 
developed hydrologic and hydraulic models to evaluate the existing conditions, design storm 
flows and the impacts of a 16-inch and 36-inch rise in sea level. Their results yielded data on the 
magnitude and timing of inflows to Novato Creek and its baylands for 10-, 50- and 100-year 
storms; creek and overbank flows throughout the watershed; combined surface and storm 
drain conveyance in low-lying areas subject to the greatest flooding; and tidal exchange and 
flood conveyance for the tidal baylands (KHE, 2014).  The study included creek channel size and 
stability, analysis of sediment movement throughout the watershed including sediment grain 
size and sediment transport capacity. These results are summarized by area below: 

 Novato Creek Watershed 
o In their current state Novato Creek and Warner Creek do not have the capacity to 

convey 50- or 100-year storm peak flows in several locations; 
o Overbank flooding in certain areas increase when the flood peak coincides with a 

high-tide; 
o Tides have a higher impact on flooding in the lower Novato watershed and the 

baylands as flooding results from upstream inflows and high tides that reduce the 
drainage capacity of channels and storm drains; 

o Analysis also showed that sea level rise reduces the hydraulic gradient in the reach, 
which increases water surface elevations, slows flood recession and increases 
anticipated channel sedimentation rates (KHE, 2014). 

 Confluence Reach 
o The regularly dredged portion of Novato Creek, recognized as the confluence reach, 

has slower channel velocities downstream due to its increased channel width and 
area; 

o The confluence reach also experiences highest sedimentation rates due to reduced 
channel slopes, tidal backwater, larger channel area, and sediment loading from 
upstream; 

o Storm velocities are not powerful enough to transport coarse sediment through the 
confluence and the formation of a bar in the center of the reach further slows 
upstream flows and transport capacities (KHE, 2014).  . 

 The Baylands 
o For the baylands, the models indicate that the system can convey 10-year storm 

flows but under 50-and 100-year storm conditions the levees would be overtopped, 
with the highest crest in the upstream areas. 

  



 Upper Baylands 
o In the upper baylands reach (between the railroad bridge and Highway 37), there is 

a distinct drop in the flow velocities due to a narrowed and shallower (undredged) 
channel and presence of dense vegetation in low-flow areas; 

o The low velocities in the reach reduce storm and tidal gradients but also increase 
upstream sedimentation rates; 

o The water levels and conveyance in the upper baylands strongly impact water levels 
and sediment transport/deposition in the confluence reach of Novato Creek 
upstream. 

 Lower Baylands 
o In the lower baylands, 50- and 100-year flows would cause overtopping of both 

levees near Highway 37 and would flood homes near Montego Key (along the creek 
banks in Bel Marin Keys); 

o Although the lower baylands levees reduce flood wave attenuation, they also 
increase the time it takes floodwaters upstream to recede. 

Based on these findings, feasible project alternatives modifying baylands (tidally influenced) 
and creek (non-tidal) hydraulics were identified in the hydraulics study. It was necessary that 
these alternatives address increased flood protection, the reduction of dredging as the on-
going, long-term costly sediment management solution and reflect regulatory requirements 
protecting both sensitive habitats and the species that reside in the watershed (KHE, 2014).  
These alternatives would also include additional benefits, such as improved water quality, 
habitat restoration, and ways to adapt to sea level rise. As a result, three possible alternatives 
combining both bayland and creek modifications that would inform flood hydraulics from 
Stafford Dam to the San Pablo Bay were selected for further analysis and modeling (KHE, 2015). 

These alternatives were evaluated on how they supported flood protection, improved water 
quality, and enhanced habitat restoration (May 2016). The elements (individual actions which 
provide benefits) of the alternatives were categorized as: actions to be completed in a 5-10 
year period (short term); actions requiring additional studies, landowner coordination, and/or 
land acquisitions or easements (medium term); and larger scale infrastructure relocation and 
associated actions supporting adaptation to sea level rise (long term) (KHE, 2/16). These 
elements were then ranked by stakeholders and combined based on implementation feasibility 
into short, medium and long-term alternatives. The elements which comprise the alternatives 
and the potential regulatory agency reactions are listed for both upper Novato Creek and the 
Novato Baylands in Exhibits 4 and 5. 

IV. Collaborative Efforts - Other Perspectives 

Since 2012, the NWP has progressed in its efforts to promote the improvement of flood control 
capacities while adapting to a changing environment through its involvement with other flood 
protection and infrastructure groups and agencies. Community outreach related to flood  

  



protection has also expanded in the Novato Creek watershed and through Marin County 
Department of Public Works, in particular their Marin County Watershed Program website 
www.marinwatersheds.org. 

In 2013 NWP joined Flood Control 2.0, a project that recognizes that the sediment in flood 
control channels is not a waste but a resource that can bring environmental benefits and cost 
savings through its reuse. Flood Control 2.0’s efforts to promote the reconnection of flood 
control channels to their watersheds complemented the Novato Creek hydraulic studies, 
models, and alternatives analysis. Through its participation in Flood Control 2.0, NWP was 
provided a historical ecology report of the Novato Creek watershed, an economic analysis of 
the potential improvements, and long-term approaches to flood protection and resiliency as 
described in the Novato Creek Baylands Vision document. These studies can assist NWP and the 
District in their planning and prioritizing of near-term and long-term projects within the 
developed and undeveloped parts of the Novato Creek watershed. Further, the NWP technical 
analysis results and conclusions regarding the benefits of levee removal, the constraints posed 
by current infrastructure and prediction of hydraulic and flood conditions following levee 
removal should inform futures actions and goals of Flood Control 2.0. 

As part of Flood Control 2.0, San Francisco Estuary Institute (SFEI) completed the Novato Creek 
watershed historical ecology review as a 
complement to the hydraulics studies. 
The historical ecology report gives a 
detailed description of Novato’s former 
landscape, its development and growth 
over time, and the impacts of these 
changes on the natural systems. The 
report allows for a better understanding 
of how the creek once flowed and how 
the baylands have changed over time. The 
historical ecology report and the 
hydraulics study complement one another 
by reflecting the background of the 
watershed with the present state of the 
creek channel and marshlands. The 
information provided influenced the 
efforts to improve the watershed’s flood 
protection systems and helped to identify 
and support the proposed short- to 
medium-term (10-40 years) flood control 
related activities. 

 

Flood Control 2.0 and Lower Novato Creek  
 

In 2012, through its Water Quality Improvement 
Fund, the EPA provided grant assistance for the 
formation of Flood Control 2.0, a collaborative 
project between San Francisco Estuary Institute, 
BCDC, San Francisco Bay Joint Venture, and San 
Francisco Estuary Partnership.   

By working with flood control projects along the San 
Francisco Bay, the Flood Control 2.0 partners 
promote more environmentally sound flood control 
practices that integrate both habitat protection and 
sea level rise adaptation methods. Lower Novato 
Creek became its third flood control project, joining 
San Francisquito Creek and Walnut Creek. 
http://www.sfei.org/projects/flood-control-20 

http://www.marinwatersheds.org/
http://www.sfei.org/projects/flood-control-20


The Novato Creek Baylands Vision (2015) was developed by SFEI in collaboration with San 
Francisco Estuary Partnership (SFEP) and BCDC as part of Flood Control 2.0. In further 
complement to the hydraulics study that focused broadly on both the bayland and on the mid- 
and upper-reaches, the Vision document focuses solely on the baylands section of Novato 
Creek, the area between Highway 37 and San Pablo Bay. The Vision document takes a long-
term approach when outlining the activities that could improve flood protection in lower 
Novato Creek (Exhibit 5). Although more generalized than the hydraulics and hydrology studies, 
the improvement concepts recommended would benefit both flood protection and related 
bayland enhancements. Examples included nature-based changes to lower Novato Creek that 
would reconnect the creek to the baylands, such as the removal of levees and the construction 
of new tidal channels in order to disperse water and sediment flows into the baylands. This 
would have positive impacts on the tidal exchange and adaptation of the baylands to sea level 
rise due to the managed accumulation of sediment across the baylands. 

In 2015 an economic benefit-costs analysis was conducted for the Novato Creek project area to 
assist managers in prioritizing and planning flood protection and sea level rise resiliency 
projects. The economic study compared the benefits and costs of two alternatives, Flood 
Control 1.0, the more traditional flood control method of maintaining, rehabilitating, and 
replacing existing levees, pump stations, and tide gates to retain their functionality; keeping the 
same management approach and maintaining the 50-year flood protection including sea level 
rise via flood water conveyance; and Flood Control 2.0, the new approach that incorporates 
tidal wetland restoration in order to increase tidal marsh habitat and environmental benefits, 
wastewater assimilation, recreation, and aesthetics to provide a 50-year flood protection level 
and resiliency to sea level rise as detailed in Novato Creek Baylands Vision (Integrative 
Economics, 2015). The results of these analyses indicated that Flood Control 2.0 performed 
better in general economic terms. It was noted, though, that costs are closely linked to project 
design as well as the time period projected for project completion, and that multi-benefit 
approaches such as Flood Control 2.0 have more variety in their benefit –costs and should be 
submitted to more thorough economic analysis. 

As the various studies were underway, the NWP advisory committees were being presented the 
preliminary study findings. Alternatives were presented to the Technical Advisory Committee 
and to the Flood Control Zone 1 Advisory Board (Exhibit 2) meeting that was open to the public. 
Both committees considered the alternatives based on economic, physical, and environmental 
feasibilities. At the same time, NWP began its community involvement program with the 
development of outreach plans and materials. The first community meetings regarding flood 
protection in the watershed were held in May 2014. Through community outreach, the NWP 
emphasized the watershed scale of the project, the collaborative approach taken, the time 
frame and duration of the project, and the public and private partnerships it would require 
(Novato Watershed Program, 2012). 



As NWP moves ahead with flood protection infrastructure improvements and environmental 
enhancement efforts, public input and support will be increasingly important. By involving their 
committees and the public early in the decision making process, NWP ensured that their input 
would be used to define the next steps in the NWP project. This input has led to support for the 
development of a management plan to decrease Novato Creek’s dredging footprints and 
minimize related impacts using the hydraulics study’s modeling results, as well as other 
infrastructure improvements and the beneficial reuse of dredged sediment. 

The District’s Zone 1 Advisory Board also considers the potential funding sources for such plans. 
At their February 2016 meeting, the Advisory Board supported introducing and promoting a 
local fee (tax) for the District’s Zone 1 to raise funds for future watershed work and placing the 
fee measure on a ballot. Planning for the ballot measure will include registrar of voter 
deadlines, polling schedules, and drafting the ballot language. Informing and engaging the 
community and garnering their support will be crucial for the NWP and its partners as they 
move forward with obtaining funding for the potential flood control improvement projects, 
habitat restoration and water quality projects, related permits, and potential mitigation actions. 

V. Regulatory Aspects – Issues and Resolutions 

Project permitting, implementation, mitigation requirements and related studies can be very 
time consuming, costly and difficult for local agencies to address in a timely manner. The 
Novato Creek 50-year flood level improvements, which started in 1985, took 20 years to 
complete. This long project time was due mainly to its last phase, the work in the Novato 
Creek’s reach between Diablo Avenue and Grant Avenue, which took over 10 years to complete 
because of complications and delays in permitting. 

As detailed in Exhibit 3, the permit requirements imposed by regulatory agencies for 
maintenance dredging are complex and can extend beyond the authorized work in the form of 
monitoring and mitigation. By considering the regulatory aspects of a project early on in the 
planning process, the supporting studies can better reflect potential regulations applying to the 
proposal. As NWP and District move toward a new approach to channel maintenance and flood 
protection the proposed steps necessary to accomplish their goals will need to adhere to 
regulations and resource agency policies. Drawing on their experience of obtaining permits for 
the more traditional channel maintenance methods proponents of Novato Creek flood control 
improvement projects are finding ways to resolve regulatory issues in order to proceed. 

 Issue: Permitting of long-term sediment management in wetlands. To effectively shift the 
flood control system toward one supported by natural geomorphic process and to maintain 
the 50-year levels of flood control, the District will need to move and place channel 
sediment on perimeter baylands where future levees will be located, on a regular basis 
without extensive and costly wetland mitigation requirements. A new type of permit and 
the parameters for work needs to be devised and implemented to shift to a more 
environmentally sensitive, geomorphically self-sustaining, and cost efficient sediment 
management regime. 



 Resolution: Development of a new type of adaptive management permit to authorize the 
District to work in designated areas of the bayland wetlands to maintain flood and sediment 
conveyance as the site evolves toward a more geomorphically stable and less depositional 
condition. Such a shift would allow regular sediment and site maintenance, maximizing 
upstream tidal prism, and removal of coarse sediment upstream of the bayland reaches. 
This approach would recognize the flood protection benefits of sediment reuse for habitat 
levees as a public benefit and should not require mitigation. 

 Issues: Costs of obtaining regulatory permits and the required mitigation has at times 
limited the amount of work flood channel and infrastructure maintenance MCDPW could 
complete at one time. This has led to deferred maintenance of Novato Creek levees and 
weirs which in turn led to unplanned costly emergency breaches and repairs. 

 Resolution: To address the need for a permanent weir in the damaged levee and to repair 
the emergency breach, the District secured funding from Department of Water Resources 
(DWR) (Local Levee Evaluation Project) grants for the weir’s design and partial construction 
costs. In 2016, the District issued a request for proposals for the design, plans and 
specifications for a flood flow diversion weir and necessary levee modifications based on 
the results of the Novato Watershed Hydraulics Study existing conditions report and its 
alternatives analysis. The resulting assessments and plans would be used to support the 
permitting and environmental compliance of the Deer Island basin and levee project (KHE, 
2016). 

 Issue: The Novato Creek watershed and baylands contain multiple utilities and 
infrastructure that could be impacted by flood control improvements and bayland 
restoration activities. These existing hardscapes influence the flow of water through the 
system and can be impacted by high water and storm surge and need to be considered 
when planning flood control maintenance and improvements. Changes to, or potential 
relocation of such infrastructure is a long and expensive process requiring multi-agency 
coordination, permitting, and the consideration of alternatives. The Novato Sanitary District 
facilities, the railroad, Highway 37 and Bel Marin Keys are the basis for the District 
obligation to maintain Novato Creek levees at their current protection level. Protecting 
infrastructure is continuing challenge that the District must contend with as these facilities 
fall under multiple jurisdictions and most are at risk of flooding due to sea level rise, making 
them costly to protect. 

 Resolution: Resolution of the infrastructure issues is complex, potentially very expensive 
and will require many years to work through. In the short-term there are some 
opportunities to include the wastewater utilities in the wetland restoration process with the 
support of the North Bay Water Reuse Authority to use Novato lands for flood control and 
tidal restoration which would help with some of these issues (MCDPW, 2013). 

The Novato Creek Baylands Vision outlines potential longer-term solutions for utilities in the 
baylands, such as integrating wastewater lines integrated into setback levees. Relocating 



utilities and infrastructure could be included in the long-term solution of managed retreat of 
community along the rising bayland margin.  The cost-benefit analysis of the various 
alternatives identified by Novato Creek Baylands Vision can help prioritize infrastructure related 
projects. 

 Issue: The recent hydraulics, hydrology and feasibility studies and various reports were 
intended to set the stage for understanding what maintaining the 50-year flood level 
protection would require in the future. The projects defined in these studies are dependent 
on obtaining funds for their design, permitting and construction. Funding sources so far 
have included grants, tax assessments and annual department budgets. The total cost for 
the future work outlined in the studies was estimated at $25-35 million for short-term 
projects, with costs for the medium and long-term projects estimated at $60-90 million 
(KHE, 2016).  

 Resolution: The existing ad valorem and parcel taxes pay for the maintenance dredging of 
the Novato Creek channel, pump station maintenance, vegetation control and levee 
improvements while partner agency cost sharing has provided funding for Novato Creek 
watershed and flood protection studies. Future work will require more of the same, and 
there is a proposal underway for a new local flood protection assessment for the District’s 
Zone 1. The District and MCPW are in the process of planning and proposing wetland 
restoration activities that are to be designed and completed in phases allowing the costs to 
be incurred over time.  However, taking on projects similar to the ones define in the studies 
will require much more than local public funding, therefore partnership with state and 
federal agencies will be critical to accomplishing the work needed on a local scale. 
Stakeholder/cost share agreements similar to those being drawn for delta levees could be 
used as models for infrastructure maintenance and protection (KHE, 2016). 

 Issue: Per agency authority, the District dredges the lower Novato Creek channel every four 
years in order to maintain the original project flood control project design geometry. In an 
effort to decrease the frequency and costs of maintenance dredging in 2015 the District 
hired consultants to seek ways to improve the creek’s sediment issues. Their potential 
solutions would also address the Water Board requirements to further minimize the 
environmental impacts of maintenance dredge events in the creek (MCFCD, 2015). 

 Resolution: Using methods identified by the hydraulics study and long-term adaptation 
concepts from the Novato Baylands Vision, the District and MCPW have proposed a phased 
plan to beneficially reuse sediment from maintenance dredging of lower Novato creek to (1) 
to slowly build up the baylands by spraying thin layers of sediment across specified areas, 
restoring tidal floodplain and allowing natural processes to distribute sediment across the 
restored subsided baylands; and (2) improve and construct ecotone levees along the 
bayland perimeter in Deer Island Basin to encourage vegetation and development of habitat 
and be adaptive to sea level rise. The benefits of this approach include no loss of sediment 
to landfills, less need for upland storage of sediment, and allows for use of funds as they are 



available. The District is working with permitting agencies to include less traditional 
methods into the maintenance programs. By using sediment to restore flood plains and 
construct ecotone levees the district is proposing to prepare the baylands for eventual 
breach of levees to increase the tidal prism and promote the development of tidal channels 
to improve sediment transport and deposition atop the marsh plains. 

VI. Lessons Learned 

As the District’s Novato Creek projects progress beyond identifying the existing conditions, 
preliminary modeling and site specific studies, into the planning phase, proponents have a 
chance to look back and consider what they would have done differently and what was 
successful.  In the case of Novato Creek, the lessons learned apply to the preliminary work as 
the District and MCDPW are now preparing proposals and plans based on the results of the 
NWP studies.  

 Modeling 
Decide on the scope of the modeling effort, and select modeling tools that are appropriate to 
the level of analysis. 

The modeling software chosen by the consultant had long run times that limited NWP/MCDPW 
ability to analyze alternatives to the level desired. 

MCDPW was unable to model individual projects (elements); the alternatives (groups of 
projects) were modeled as a whole. Therefore, MCDPW were unable to fully understand how 
much each project was adding to the overall results. Make sure each project can be analyzed 
separately and not just as part of a group so that the individual effectiveness of the project can 
be analyzed. 

 Costs 

Make sure cost estimates are fully vetted and agreed to prior to releasing. Once published, the 
public is sensitive to increases and changes. 

 Outreach 

MCDPW assumed that members of the NWP Technical Work Groups and Policy Advisory 
Committees were sharing Program information with their respective agency/jurisdiction peers. 
This was not always the case, and in hindsight, MCDPW should have pushed information out to 
a wider group or made their assumptions more clear to committee members. 

  



 

 Study Organization 

Understand that the study goals influence the rankings of elements and outcomes.Preliminary 
studies should include assessment of individual elements prior to grouping them into 
alternatives. The information gathered by doing so would better inform the study team and 
help to streamline the processes of assembling and refining alternatives. 

VII. Conclusion 

With a focus on the entire watershed, NWP expanded its 50-year flood protection project area 
to consider reaches upstream of Grant Avenue Bridge. This upper reach is subject to flooding 
and is the source of the large sediment loads, which are in turn managed in the lowland and 
bayland reaches. In order to fulfill its mandate to maintain flood protection levels and maintain 
channels and infrastructure within the watershed the District dredges the lower reach regularly. 
In support of the District desire to decrease such maintenance, and in recognition of regulatory 
requirements, the NWP funded studies to identify potential nature-based solutions. These 
studies focused on the opportunities of the baylands adjacent Novato Creek and the means of 
allowing a natural system to evolve in concert with flood protection activities can support the 
reuse of sediments removed from channels and assist in the increased conveyance of storm 
water flows as well as that of sediments and its placement. 

The restoration proposed by the District and NWP would increase the floodplain area, opening 
subsided baylands for sediment storage and increased tidal prism to support tidally driven 
bayward conveyance of sediment. Most importantly, restoration enhances tidal flood wave 
attenuation, providing mitigation for near term sea level rise. Levee setbacks and coastal 
retreat will still be required for long-term coastal flood protection.   

Such flood protection enhancements undertaken by the District and MCDPW can provide 
additional benefits to property owners who have federally backed flood insurance. The FEMA 
Community Rating System (CRS) offers discounts to property owners who have federally backed 
flood insurance.  The level of discount is based on FEMA scoring of the actions taken by local 
jurisdictions to improve flood protection measures above Flood Insurance Program base level 
requirements. City of Novato is already in the CRS program and county staff succeeded in 
getting unincorporated Marin County into the CRS program as well. Currently property owners 
with FEMA NFIP flood insurance policies within the City of Novato receive a 20% discount on 
flood insurance rates and property owners in unincorporated Marin receive a 15% discount. 
Marin County continues to improve the program to gain higher discount rates (KHE, 2016). 

Through its collaborations and partnerships with other organizations and programs the NWP, 
District and MCDPW have expanded their approach to flood protection to include restoration of 
adjacent baylands to improve the capacity of the system as well as habitat. Partnerships have 
supported these efforts in the form of funds for watershed studies, hydraulic studies and built-
in public input through technical advisory committees and community outreach. As the projects 
are further developed and implemented these relationships and connections to the community 
will provide important networks as the District proposes funding mechanisms. 



Providing the regulatory agencies with study results and advanced project proposals can lead to 
a means of crafting a permitting process better suited to flood control projects, including more 
nature and science based approaches to maintaining flood protection channels and 
infrastructure as well as incorporating the reuse of sediments dredged within the project area.  
Through its recent studies and proposals for the short medium and long-term improvements of 
Novato Creek watershed, NWP, MCDPW and the District are seeking a more direct and broader 
approach to gain authorization from resources agencies. 

VIII. Who We Are 

This case study was developed through Flood Control 2.0: Rebuilding Habitat and Shoreline 
Resilience through a New Generation of Flood Control Channel Design and Management, an 
EPA-funded partnership of the San Francisco Bay Conservation and Development Commission 
(BCDC), the San Francisco Estuary Partnership (SFEP), the San Francisco Bay Joint Venture 
(SFBJV), and the San Francisco Estuary Institute (SFEI). This case study was only possible 
through the cooperation of the Marin County Department of Public Works. The four agencies 
mentioned above are working together to provide information resources and technical 
assistance to support flood control agencies in the design and evaluation of flood control 
projects for improved control function, sediment transmission, and Bay connectivity.  

We would like to thank Roger Leventhal, Marin County Senior Engineer, Laurie Williams, Marin 
County Senior Watershed Planner and Rachel Kamman, Principal Engineer, Kamman Hydrology 
& Engineering, Inc. for their participation, contributions and feedback during this case study 
analysis. The primary author for this paper is Pascale Soumoy, Coastal Program Analyst at the 
San Francisco Bay Conservation and Development Commission, with assistance from Alex 
Braud, and Cherise Johnson on the Sediment Management Team. For more information, please 
see the Marin Watershed website http://www.marinwatersheds.org/novato.html for NWP 

specific details and also the Flood Control 2.0 website http://www.sfbayjv.org/project-flood-control-

2.0.php for more information related to innovative flood control projects around the region and 
useful tools/guidance for developing a multi-benefit flood control project. 
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http://www.sfbayjv.org/project-flood-control-2.0.php
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Exhibit 1

Novato Flood Control Project 1985 - 2006 

=Phase 1 Novato Creek - Railroad to Redwood Blvd 

c-ol"'r,.,.r;  ,-j -Phase 2 Novato Creek - Redwood Blvd to Novato Fair Bridge and Arroyo Avichi 

tfr'i7'r.r,:
, 

____,, Phase 3 Novato Creek - Novato Fair Bridge to Diablo 

Ave 
.......... 
.,... 

= Phase 6 Warner Creek - Grove Lane to Myers Ct 

Phase 7 Warner Creek - Myers Ct to McClay Rd 



 

Exhibit 2 
 
Three committees were formed to support the Novato Creek, Stinson, Gallinas and Southern 
Marin Watershed Programs and assist the program managers in implementing studies. These 
committees are unique to the watershed programs and their regional/watershed wide 
approach by offering it more transparency, communication, and planning outlets. 
 

 The Policy Committee is made up of elected officials that provide direction to Novato Flood 
Protection and Watershed Program (NWP) and are involved in the development and 
implementation of NWP policies. Project alternatives are vetted through this committee. It 
is expected that when a NWP-focused, voter-approved measure (in the form of ballot 
measure for tax or fee) will be required for further studies, construction, and/or restoration 
in the Novato Creek watershed, this committee will provide assistance with timing. The 
Policy Committee also prioritizes and directs the funds for identified costs of program 
implementation. 

 The Technical Working Group vets the watershed and flood protection studies funded by 
NWP, including their scope and methodologies. The group also works with the various 
program consultants and includes representatives of the partner organizations, “Friends of 
Watershed,” community groups, and local chapters of national organizations (i.e. Sierra 
Club). The Technical Working Group meets regularly and is the first step in community 
outreach through the participation of neighborhood groups’ representatives. 

 The Operations and Finance Committee is made up of public works managers and city 
managers that meet quarterly to evaluate progress and prioritize funding strategies for the 
District. 
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Exhibit 3 
 
Permits acquired by the Marin County Flood Control District for the 2012 maintenance dredging of 
Novato Creek, including reaches of Warner Creek and Arroyo Avichi. 
 

 
Agency 

 
Authorization 

Document 
 

 
Minimization 

Measures 

 
Date and 

Expiration 

 
 
 
 
 
 
California 
Department of Fish 
& Wildlife 

 
 
 
 
 
 
Streambed 
Alteration 
Agreement 

 Work window June 15-October 
15 

 Work during dry weather only 

 No equipment in live stream, 
divert water from and de-water 
work site 

 Qualified biologist and biological 
monitor on site 

 Fish screens on water intake 
equipment 

 Nesting bird survey February 15-
August 31 

 Erosion control 

 Staging of equipment, materials, 
fuels, etc. located outside of 
creek channel and banks 

 
Compensatory Measures 

 Revegetation 

 Creek enhancement action if 
species relocated 

 
Reporting Measures 

 Work plans, capture and 
relocation plan and results  

 Annual project report; 4-year 
summary; vegetation removal 
and re-vegetation reports; 
CNDDB reports 

 
 
 
 
 
 
 
May 9, 2012 – 
December 31, 
2022 

  



 
Agency 

 
Authorization 

Document 

 
Minimization 

Measures 

 
Date and 

Expiration 
 

 
 
 
 
 
 
 
 
SF Bay Regional 
Water Quality 
Control Board 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Water Quality 
Certification 

 Work window June 15-October 15 

 Silt curtain installed downstream of 
project 

 Dewater work area 

 Equipment/vehicles in designated 
bermed area 

 Reseeding access roads, areas 

 Beneficially reuse sediment 
meeting pollution 
 thresholds 

 
Mitigation for temporary unavoidable 
impacts 

 Hydrology/hydraulics study of 
Novato Creek 

 Use results to remove 800 linear 
feet of creek from dredge footprint; 
enhance creek, restore creek, plant 
native riparian vegetation 

 Submit Riparian Repair and 
Maintenance report to California 
Wetlands Portal 

 
Reporting Requirements 

 Opportunities and constraints 
memo; hydraulic model summary; 
alternative assessment for flood 
protection and dredge reduction; 
creek enhancement monitoring, 
mitigation completion notice 

 

 
 
 
 
 
 
 
 
 
June 8, 2012 

  



 
Agency 

 
Authorization 

Document 
 

 
Minimization 

Measures 

 
Date and 

Expiration 

 
 
 
 
 
US Army Corps of 
Engineers 

 
 
 
 
 
Nationwide Permit 
31: Maintenance of 
Existing Flood 
Control Facilities 

 

 SFRWQCB Water Quality 
Certification required 

 Adherence to NMFS Biological 
Opinion (2012) 

 In-water work June 15-October 
31, at low tide 

 Coffer dams to be removed no 
later than October 31 

 Heavy machinery is to be kept 
out of the creek channel to 
maximum extent possible 

 Staging and storage of heavy 
machinery to prevent fuel, oil 
from getting into creek 

 Minimize sediment disturbance 
and suspension 

 Notify USACE if historic or 
archeological remains are found 

 
 
 
 
 
June 2012-  
June 2014 

   
 

 

 
 
 
National Marine 
Fisheries Service 

 
 
 
Biological Opinion 
and Incidental Take 
Statement (CCC 
steelhead)  

 Qualified biologist with expertise 
in salmonids and their handling; 
monitor channel diversion, 
dewatering and coffer dams for 
salmonids 

 Specifics about how to handle 
captured fish 

 
Reporting Requirements 

 Written report on construction, 
description of any impacts on 
salmonids and any fish relocation 
due by January 2015 

 
 
 
June 13, 2012 

 
 
 

  



Exhibit 4 
Hydraulics Study Short-Term Recommendations and Potential 

Regulatory Response 
 

X: Potential regulatory action likely 
NA: Agency not likely to act 
*Please check with appropriate agency for confirmation 
 
 
 
 
 
 
 
 
 

                                                                                                  

 
Novato Creek  

Short Term Actions (5-10 years) 

 
BCDC 

 
Water 
Board 

 

 
USACE 

 
CDFW 

 
USFWS 

 
NMFS 

 
 
 

Bayland 
Levee 
Setback to 
Widen Creek 
Corridor 
 
 

Reduce peak flood water 
elevations in expanded 
conveyance area 

 
 
 
 

NA 
 
 
 

 
 
 
 

X 
 
 
 
 

 
 
 

 
X 
 
 
 
 

 
 

 
 

X 
 
 

 
 
 
 

X 
 
 

 
 

 
 
 
 

X 
 
 
 
 

Increase tidal prism and size 
of channel without dredging 

Increase bayward flow and 
sediment transport capacity 
during favorable tides 

Provide capacity for 
sedimentation and passive 
sea level rise adaptation 

Tributary 
Floodplain 
Restoration 
 

Attenuates flooding, ground 
water recharge in riparian 
corridor, reduces sediment 
load during low flow 

 
 

NA 

 
 

X 

 
 

X 

 
 

X 

 
 

X 

 
 

X 

Main Stem 
Floodplain 
Restoration 

Increase floodplain storage, 
reduce flow velocity and 
bed/bank erosion in large 
storm 

 
NA 

 
X 

 
X 

 
X 

 
X 

 
X 

 
Drainage 
Improvement
s in Lower 
Warner 
Creek Basin 
 
 

Increase storm drainage 
volume by 30-50% with 
adequate downstream 
storage 

 
 

 
NA 

 
 

 
 

 
X 
 

 

 
 
 

X 
 
 

 

 
 
 

X 
 
 

 
 
 

X 
 

 

 
 

 
NA 

Increase flood conveyance 
and not limited by high tides 

Increases rate of overbank 
flood recession after large 
storm 



Exhibit 4 
 

Hydraulics Study Medium-Term Recommendations and Potential 
Regulatory Response 

 

X: Potential regulatory action likely  
NA: Agency not likely to  
Act 
*Please check with appropriate agency for confirmation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Novato Creek  

Medium Term Actions (10-15 years) 

 
BCDC 

 
Water 
Board 
 

 
USACE 

 
CDFW 

 
USFWS 

 
NMFS 

Increase 
storage of 
Stafford Dam 

Reduce downstream flood 
volumes and contain 
overbank waters 

 
NA 

 
X 

 
X 

 
X 

 
X 

 
X 

Improve 
Tributary 
Floodplain  

Expand channel in Bowman 
Canyon; modify outfall to 
discharge across floodplain 

 
NA 

 
X 

 
X 

 
X 

 
X 

 
X 

Excavation of 
channel at 
Hwy 37  

Remove conveyance 
constriction increasing flow 
and sediment transport into 
baylands 

 
NA 

 
X 

 
X 

 
X 

 
X 

 
X 

Expand 
Scottsdale 
Marsh 
Storage 

 
Increase detention basin 
storage 

 
NA 

 
X 

 
X 

 
X 

 
X 

 
X 

Restore Tidal 
Exchange in 
North Deer 
Is. Basin 

Reduce bayland peak flood 
water elevations; lower tide 
range and starting water 
levels in baylands 

 
NA 

 
X 

 
X 

 
X 

 
X 

 
X 

Restore Tidal 
Exchange in 
East Basin 

  
NA 

 
X 

 
X 

 
X 

 
X 

 
X 



 
 
 
 

Exhibit 5 
Novato Creek Baylands Vision Long-Term Recommendations and 

Potential Regulatory Response 
 

X: Potential regulatory action likely  
NA: Agency not likely to act 
*Please check with appropriate agency for confirmation 

 

 
Novato Creek Baylands Vision 

Long Term Actions 

 
BCDC 

 
Water 
Board 

 

 
USACE 

 
CDFW 

 
USFWS 

 
NMFS 

 
Depositional 
Marsh Plain 

Natural accumulation of 
sediment 

 
NA 

 
 

 
X 

 
X 

 
X 

 
X 

 
NA 

 
 

Managed accumulation of 
sediment 

 
Active Stream 
Sediment 
Management 

Transport fines to marsh plain 
by slurry and or truck 

 
 

X 
 
 

 
 

X 
 
 

 
 

X 
 
 

 
 

X 
 
 

 
 

X 
 
 

 
 

X 
 
 

Use coarse sediment to 
build/maintain seepage levees 

Use sediment for coastal flood 
protection structures/slopes 

 
Tidal Marsh 

Remove levees, reconnect 
Novato Creek to adjacent 
baylands 

 
NA 

 
X 

 
X 

 
X 

 
X 

 
X 

Estuarine-
Terrestrial 
Transition 
Zone 

 
Reconnect tidal marsh to 
adjacent undeveloped 
grassland and oak woodland 
areas 

 
 

NA 

 
 

X 

 
 

NA 

 
 

X 

 
 

X 

 
 

NA 

Horizontal 
Levees 

Establish wide, sloped flood 
protection levees 

 
NA 

 
X 

 
X 

 
X 

 
X 

 
NA 

 
Permeable  
Seepage 
Slope 

Redirect treated wastewater 
from ponds to permeable 
horizontal levees 

 
NA 

 
X 

 
X 

 
X 

 
X 

 
NA 

 
Seasonal 
Wetlands/Salt 
Pannes 

Reroute Arroyo de San Jose, 
Pacheco Creek to support 
seasonal wetland habitat with 
freshwater and sediment inflow 

 
 

NA 

 
 

X 

 
 

X 

 
 

X 

 
 

X 

 
 

NA 

Elevated 
Transportation 
Infrastructure  

Elevate highway and RR to 
allow tidal flows to NE portion of 
historical baylands 

 
NA 

 
X 

 
X 

 
X 

 
X 

 
X 

 
 
Bel Marin 
Keys 5 
Restoration 

Increase ground elevation  
 

X 
 
 

 
 

X 
 
 

 
 

X 
 
 

 
 

X 
 
 

 
 

X 
 

 

 
 

X 
 

 

Remove Bay levee and 
establish tidal channel networks 
draining to Bay 

Build new levee inland to 
protect freshwater marsh 


