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1 Executive Summary 

1.1 Background and Context 

A significant planning effort has been undertaken to help guide the Santa Cruz County Flood 
Control and Water Conservation District (FCWCD), County of Santa Cruz, and City of Capitola 
in establishing a prioritized Master Plan Improvement Program for regional systems in the Zone 
5 service area, including the City of Capitola.  

Three prior drainage studies have been completed for the Zone 5 area. Most recently, the Zone 
5 and Zone 6 Storm Drain Master Plan (SDMP) was completed in 2013. That study sought to 
develop a capital improvement plan with the goal of meeting a 10-year level of service standard 
throughout the storm drain network. This study did not include the City of Capitola. Models 
developed for the prior study remain a valid tool for evaluating impacts on local systems and 
should also be maintained. 

The study area and existing stormwater conveyance system are shown in Figure 1-1. 

 

Figure 1-1: Study Area and Existing Storm Drainage System 
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This master plan is intended to be a planning guide for Zone 5 and is based on best readily 
available data and information. The recommended projects and activities should be addressed 
and prioritized based on life safety, potential for property impacts, funding, and public concerns.  
The engineering analyses performed for this study are intended to segue into design of projects 
which are funded.  The construction design process should use more detailed improved data 
including surveys, utility mapping, and property/easement acquisition. 

Known ownership of the drainage infrastructure has uncertainty in serval reaches. Engineering 
and operations analyses were completed on a watershed basis to create a comprehensive 
document. The proposed improvement projects and maintenance activities are not intended to 
imply Zone 5 ownership nor responsibility. Communication and coordination will be key 
elements of completing projects where system conveyance overlaps with private property. 

1.1.1 Local Agency Responsibilities 

Santa Cruz County, the City of Capitola and the Zone 5 Flood Control and Water Conservation 
District (Zone 5) work to protect local water resources by managing creeks and streams, 
cleaning up trash and pollution, and managing storm drains to minimize flooding. Despite these 
efforts, our community faces significant challenges from climate change and natural disasters, 
and an aging storm drainage infrastructure. 

Protecting Local Beaches and Water Resources from Pollution 

During a storm, rainwater is "runoff," meaning that it runs off roofs, roads, driveways, parking 
lots, and many surfaces, washing with it trash and pollutants, including fertilizers, vehicle fluids, 
pesticides, pet waste and other bacteria sources as it makes its way through storm drains and 
ditches – untreated – into our streams, rivers, and ocean, impacting the Monterey Bay National 
Marine Sanctuary. Keeping our beaches open and clean and maintaining shoreline water quality 
in the Sanctuary is critical for the health of Santa Cruz County residents, visitors, aquatic life, 
and the local economy. 

Minimizing the Damaging Effects of Floods  

Natural geography puts lower elevation areas of Santa Cruz County at high flood risk. The 
severe atmospheric rivers that occurred during the 2023 winter storm season resulted in 
devastating flooding and underscored the need to prepare for emergencies and to protect local, 
natural water resources. 

Maintaining aging storm drainage systems is essential to helping prevent significant property 
damage in neighborhoods and loss of life during major floods. 

Protecting Public Health and Long-Term Water Supplies 

Public agencies in Santa Cruz County recognize the importance of effective storm drainage and 
watershed management to minimize flooding and protect local waterways, which are vital to the 
overall health of our ecosystem.  

Our region’s system of storm drains, pumps, channels, pipes, culverts, outlets, and lagoons are 
essential to collect and manage storm runoff to protect our beaches and local waterways from 
pollution. Keeping these water resources safe and clean is critical to protecting both public 
health and local wildlife. 
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hand-in-hand when possible, with the wider system model used to evaluate localized capacity 
and impacts, and the updated regional system model developed for this SDMP to be used for 
those projects and changes expected to impart wider system impacts. 

1.2.1 Regional Stormwater Coordination 

Prior master planning efforts including Zone 5 did not include areas within the City of Capitola’s 
boundaries. Runoff from portions of Zone 5 outside of Capitola drain into the Noble and Soquel 
Creeks, which impacts regional drainage systems within Capitola. The City of Capitola has 
provided funding to support this effort and includes these previously excluded areas in this 
analysis. Historical drainage issues are well known and recorded in Noble Gulch in particular. 
These capacity issues, as well as an evaluation of the condition of these systems, are 
addressed in this report. 

This SDMP primarily forms a guide for addressing regional system capacity issues. However, 
municipal stormwater management is a multi-faceted endeavor requiring both inter- and intra-
jurisdictional coordination. Consideration must be given to the impact of new capital assets 
(CIP), finances, O&M, and regulatory compliance (the Central Coast Regional Water Quality 
Control Board [RWQCB] National Pollutant Discharge Elimination System [NPDES] Permit).  

1.3 Evaluation 

This study utilized and further developed InfoSWMM models for Zone 5 built for prior studies. 
These models include subcatchment hydrology (rainfall-runoff) and conveyance system 
hydraulics (dynamic wave routing). 

Detailed review, field investigations, analysis, and modeling of the area’s storm drainage system 
led to several conclusions. We used these conclusions to recommend improvements to the 
system intended to reduce flood risk for Zone 5’s regional systems. 

The recommended improvements are considered planning level and based on currently 
available information. Detailed project designs will ultimately require more data, including utility 
locations and any necessary geotechnical information. 

We evaluated the current physical condition of the drainage system using pole-mounted camera 
topside observations. Based on the observed condition during topside investigation, specific 
reaches were identified for a more detailed CCTV inspection. Most of the observed system is in 
good condition. However, there are reaches with heavy debris and sediment accumulation. 

1.4 Capital Improvement Recommendations 

This study includes a CIP based on model results and suggested improvements. Capital 
projects recommended in this document to address capacity and condition deficiencies are 
estimated to cost between approximately $37 million and $63 million in 2023 dollars. A range of 
costs is provided, as for certain projects, multiple alternatives are identified. The actual value of 
the improvements will ultimately depend upon the final design of each project, which could vary 
based on several factors, including whether systems are replaced or augmented with new, 
parallel systems. 

It is important to remember that in addition to design and construction, California Environmental 
Quality Act (CEQA) must be satisfied for any capital improvement project described in this 
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report that may be implemented in the future through the preparation of an appropriate 
Environmental Impact Report (EIR), Mitigated Negative Declaration (MND), or determined to be 
categorically excluded. 

While projects within public right of way are often preferred, capital improvements identified in 
this document do pass through privately owned properties in some locations, which may limit 
feasibility. A summary of estimated costs by priority are summarized in Table 1-1. 

Table 1-1: Approximate Cost Ranges of Capital Improvements by Priority 

Priority Description Approximate Cost 

High 

High magnitude, high impact flooding 
where heavy erosion and property damage 
pose major risk; Urgent repairs or 
replacement of existing system in very 
poor condition 

$22,760,000 - $47,760,000 

Medium 

Moderate magnitude flooding with 
relatively extensive impact on regional and 
local systems, posing some risk of property 
damage or erosion; Repair or replacement 
of existing system in poor condition 

$7,320,000 - $7,730,000 

Low 

Low magnitude flooding with relatively low 
impact on regional and local systems and 
little risk of property damage or erosion; 
Low priority repairs 

$7,560,000 

1.5 Operation and Maintenance Program 

Schaaf & Wheeler’s subconsultant, NCE, reviewed the County and City of Capitola existing 
O&M programs and evaluated the storm drain system maintenance needs. A maintenance plan 
was developed for the County and City to provide recommendations for asset inventory, 
analysis and forecasting, work program actions, and tracking and reporting. Associated costs for 
implementing these recommendations were also developed as part of the funding and financial 
plan. 

1.6 Funding and Financial Plan 

Schaaf & Wheeler’s subconsultants, NCE and NBS, worked together with information contained 
in this SDMP to develop a funding and finance plan that includes funding the recommended 
O&M and CIP projects within this report, as well as remaining compliant with NPDES Permit 
Requirements handed down by the State. Costs of implementation are subdivided into four 
categories: Capital Improvements, Operations and Maintenance, NPDES Permit Compliance, 
and Program Management. The breakdown of these costs across Zone 5, County of Santa 
Cruz, and the City of Capitola is shown in Figure 1-2. 
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Figure 1-2: Funding Requirements for Stormwater System O&M, Capital Improvements, and 
Management Across Zone 5 and the City of Capitola 

1.7 Conclusion 

This storm drain system analysis provides a tool for agency staff to use in their efforts to reduce 
both nuisance flooding and the likelihood of more serious stormwater-related hazards to private 
and/or public property in Zone 5 and City of Capitola communities. This study and capital 
improvement alternatives are merely the conceptual starting point since funding sources for 
design and construction have yet to be determined.  

Once funding sources have been secured, we anticipate that the County, the City, the Zone 5 
Flood Control District, and/or their consultants will perform more detailed studies and 
alternatives analyses to identify the most affordable and effective capacity and condition 
improvement projects. It is expected that this will require information gathered as part of the 
design process, including more detailed topography, utility conflicts, available easements and 
rights-of-way, construction impacts, permitting needs, and long-term O&M. This report ventures 
to consider these factors in developing an alternatives analysis for various improvement 
strategies. However, more detailed information will always provide the best tool in making 
informed decisions.
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2 Introduction 

2.1 Overview 

This document provides a capacity analysis and condition assessment of existing storm drain 
collection systems, a discussion of drainage design standards, and recommended improvement 
projects to reduce the risk of flooding for regional facilities with estimated costs within Zone 5.  

This analysis should be used to guide local agency staff in planning, financing, engineering, and 
maintaining the regional storm drain infrastructure. Each chapter of this report is intended to 
identify problems, manage resources, and provide cost-effective and comprehensive solutions. 

This chapter provides a general discussion of drainage and flood management systems and 
issues currently affecting the community. It also describes the objectives of this analysis, 
explains the criteria used to evaluate storm drain system performance, and presents a summary 
of the data collected to support this effort. 

2.2 Setting 

The study area encompasses portions of multiple jurisdictions within Santa Cruz County, 
including incorporated Capitola, and unincorporated areas to the west and north. The drainage 
area is situated adjacent to Monterey Bay to the south and the City of Santa Cruz immediately 
to the west. A vicinity map showing the boundary of Zone 5 overlain with jurisdictional 
boundaries and regional drainage systems is provided in Figure 2-1. 
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Figure 2-1: Santa Cruz County Zone 5 Vicinity Map 

The study area rests at the base of the Santa Cruz Mountains. Urban systems consisting of a 
mix of closed-conduit and drainage ditches generally drain higher ground into creeks and 
lagoons that attenuate and convey runoff to Monterey Bay.  

Land use within Zone 5 is predominantly urban, with a mix of commercial and residential land 
cover and ranges in elevation from 0 to approximately 700-feet on the North American Vertical 
Datum of 1988 (NAVD 88). The study area, defined by the drainage area to the existing regional 
stormwater conveyance systems, covers an area of approximately 4.5 square miles (Figure 2-4 
shows the area served by the regional conveyance systems). 

Three creeks receive drainage from these systems. Their drainage areas cover a larger area, 
including drainage from upstream of the study area and from local pipe systems that were 
previously studied but not included in this modeling effort. Arana Gulch, Rodeo Creek, and 
Soquel Creek convey drainage through Zone 5 from a total area of 3.5 square miles, 3.0 square 
miles, and 42.5 square miles, respectively. These larger drainage areas are shown in Figure 2-
2. 
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Figure 2-2: Major Creek Drainage Areas 
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The low-lying portions of the area to the south rest in, or adjacent to, the FEMA-defined coastal 
Zone VE Special Flood Hazard Area (SFHA). Other SFHAs defined within Zone 5 include Zone 
A, Zone AE (with and without Floodways) and Zone X, primarily centered around creeks and 
lagoons. Flood hazard areas in the vicinity of the Zone 5 area are shown in Figure 2-3.  

 

 

Figure 2-3: FEMA Special Flood Hazard Areas in the Vicinity of Zone 5 
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2.3 Climate 

The Zone 5 study area generally experiences a mild year-round climate, with warm, dry 
summers and wet winters. Proximity to the Pacific Ocean results in small daily and seasonal 
temperature ranges with high relative humidity. The coastal region at the base of the Santa Cruz 
Mountains also experiences frequent fog and low overcast conditions. 

The average annual high temperature is approximately 70°F, and the average annual low 
temperature is approximately 48°F. Most of the rainfall occurs during fall and winter months of 
October through April (NOAA1). Mean annual precipitation (MAP) depth varies across the 
County, with higher elevations in the mountains experiencing generally greater depths due to 
orographic uplift effects. 

Within Zone 5, MAP varies from approximately 30 to 36 inches per year. Countywide, MAP 
varies from 20 inches per year at low elevations near the southern boundary with Monterey 
County up to 56 inches per year at higher elevations in the mountains (California-Nevada River 
Forecast Center2). The average for the nearby Santa Cruz climate station is about 31.4 inches 
per year (representative of the low-lying urban areas). 

The topography of the Santa Cruz Mountains to the north and exposure to Pacific weather 
systems to the south and west has a defining influence on precipitation patterns in Santa Cruz 
County. Precipitation events are dominantly orographic, since moist air is lifted over the 
mountains and then cools and condenses, or cyclonic, where rain is caused by air mass 
movement from higher barometric pressure regions to lower pressure. Cyclonic events can also 
be caused by frontal activity. Warm fronts are generally associated with broad bands of low-
intensity rainfall, while higher rainfall intensities are typical of cold fronts (Western Regional 
Climate Center3). 

This study also considers the potential impacts of climate change on the stormwater systems. 
Anticipated regional and local changes in seasonal precipitation and storm characteristics are 
available in published research and climate prediction tools provided by the EPA and Cal-Adapt. 
This study evaluates the impacts of climate change by increasing the overall depth of the 25-
year design storm event to reflect those published predictions. 

2.4 Existing System 

Runoff generated by precipitation within the Zone 5 area is conveyed through a system of pipes, 
open ditches, and creeks. All runoff captured by the drainage system ultimately discharges to 
Monterey Bay, though some is stored in lagoons near the coastline. The study area and existing 
stormwater conveyance system are shown in Figure 1-1. 

Drainage systems within Zone 5 encompass a network of open channel conveyance (e.g., 
ditches and creeks), inlet structures, and storm drain pipes. The area drains to 20 distinctive, 
contiguous regional subsystems. These areas can be grouped into eight larger regions by 
receiving body. These regions drain to three creeks (Arana Gulch, Rodeo Gulch, and Soquel 
Creek), four Lagoons (Schwan, Corcoran, Moran, and Bonita) and directly to the Monterey Bay, 
as shown in Figure 2-4. 

 
1 https://www.weather.gov/wrh/climate?wfo=mtr 
2 https://www.cnrfc.noaa.gov/?product=QPEWYNormal&zoom=11&lat=37.107&lng=-122.081&PNGtypeID=QPEWYNormal 
3 https://wrcc.dri.edu/Climate/narrative_ca.php 
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Figure 2-4: Catchments Grouped into Drainage Regions by Receiving Body 

As further development and redevelopment occurs in Zone 5, Santa Cruz County, and the City 
of Capitola, runoff patterns will be impacted. Some developments will be subject to the 
requirements of the NPDES permit, while smaller-scale projects may not be. It is difficult to 
anticipate the exact impact of land use change on storm drainage systems and floodplains. 
Emphasis and incentivization of higher density development and increased housing availability 
and affordability further complicates this effort, but available data can be used to estimate the 
impacts on some level.  

Existing storm drainage facilities must evolve with population and land use change, and this 
SDMP provides some tools to prepare for and respond to those changes as they occur. This 
may include case-by-case impact analysis on pipe systems, drainage channels, and floodplains, 
or feasibility analysis for regional detention or recharge facilities. 
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2.5 History of Drainage Issues and Flooding 

A history of natural disasters, including flooding, is well documented within Santa Cruz County 
and its incorporated cities. Flooding is documented as far back as 1871 – 1872, when the Santa 
Cruz Mission, in the San Lorenzo River’s floodplain, was destroyed in its first year of existence. 

The December 1955 Christmas Floods are documented as the highest historic flooding in the 
area, though 90% of the damage caused by the event occurred within the City of Santa Cruz 
and its downtown area. Although, on Soquel Creek, a peak flow rate of over 15,000 cfs 
destroyed the Soquel Bridge. 

In 1982, flooding due to a roughly 30-year event in Santa Cruz County killed 22 people, injured 
50 others, and destroyed several homes and businesses, with damages reaching over $100 
million in total4. During the 1982 event, a log jam formed at the reconstructed Soquel Drive 
bridge and the creek overflowed its banks. According to eyewitness accounts, the event flooded 
the Old Mill Mobile Home Park, followed within hours by Downtown Soquel, with floodwaters 
reaching up to 5 feet in depth. 

Most recently, the storms of 2022 – 2023 caused a wide range of damage throughout the 
County and incorporated areas within. In the northern areas of the County, in the Santa Cruz 
Mountains, landslides and downed trees caused blockage and damage on highways (including 
Highways 1, 9, and 17) and other roads, requiring closure during cleanup and repairs.  

Widespread high flows in streams tributary to the major creeks and rivers washed out culverts, 
and bridges including: the Bates Creek culvert crossing at North Main Street (within Zone 5), as 
well as large crossings on Redwood Loge Road and China Grade Road. In many locations, 
these failures washed out all lanes of the crossing roadway and stranded a number of residents 
for an extended period of time.  

Soquel Creek also overflowed its banks near the Soquel Drive bridge, causing flooding of the 
Old Mill Mobile Home Park, Porter Street, and surrounding businesses. During that storm, 
Soquel Creek registered a flow rate of 9,310 cfs, exceeding an estimated 25-year return period 
based on stream gage statistics. That event also produced a peak flow of very nearly the same 
magnitude as the 1982 flood (9,700 cfs). 

In Capitola, Pacific Ocean waves destroyed a large section of the Capitola Wharf, while high 
stage and wave propagation along Soquel Creek caused extensive damage to restaurants and 
other infrastructure along the Creek’s banks. 

Historically, both Soquel and the City of Capitola have primarily been affected by flooding from 
Soquel Creek, which impacts low-lying areas within its floodplain. However, Noble Creek and 
Tannery Creek floods occurring in March 2011 caused extensive flooding and damage in the 
City of Capitola. During the 2011 flood event, a large storm drain pipe failed in Noble Gulch, 
destroying portions of Pacific Cove Mobile Home Park and releasing impounded flood waters 
downstream. Subsequently, the Mobile Home Park was closed, its tenants were nearly entirely 
relocated, and the property was converted to a parking lot (Santa Cruz Sentinel). 

Photos of various flood events and damages are shown in Figure 2-5. 

 
4 Santa Cruz Public Libraries. The Nature and History of Flooding in Soquel Village. Accessed October 2023. 
https://history.santacruzpl.org/omeka/files/original/f127e52f2fc2073f773c61a6336186fd.pdf 
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Figure 2-5: Photos of Historical Flooding in Santa Cruz County and City of Capitola 

1955 Flood – San Lorenzo River (Source: Santa 
Cruz Public Library) 

1982 Flood in Capitola (Source: Capitola Historical 
Museum) 

2011 Flood in Capitola (Source: Capitola Historical 
Museum) 

Log Jam at Soquel Dr Bridge During 1982 Flood 
(Source: Lassetre, 2009)  

Jan 2023 Flooding in Soquel on Porter St (Source: 
Santa Cruz Sentinel) 

Jan 2023 Flooding near Soquel Elementary (Source: 
Santa Cruz Sentinel) 
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3 Data 

3.1 Data Sources 

Schaaf & Wheeler reviewed and used readily available land use, topographic, geological, 
geographical, and storm drain system data within the study area. Available data, while mostly 
complete, had some missing or incorrect information. 

The existing set of models was updated to reflect improved information and ensure that 
elevations in the model are on a fully unified datum (the North American Vertical Datum of 
1988). Fieldwork was conducted to update missing information and collect additional information 
on the regional storm drain system to supplement existing GIS databases. 

Engineering judgment and assumptions were used to complete remaining data gaps. This 
chapter summarizes the findings and data acquired as part of this storm drainage study. It also 
summarizes data limitations, assumptions, and impacts. 

3.1.1 Topography and Aerial Imagery 

All project data and results are in US units on the NAVD 88 and the State Plane California Zone 
III coordinate system.  

Schaaf & Wheeler created a digital elevation model (DEM) covering the Zone 5 drainage area 
with available FEMA 2017 Region 9 LiDAR data to aid in developing the hydrologic and 
hydraulic models for the system analysis. The DEM provides elevations on a continuous grid 
with a 3-foot resolution on the NAVD 88. 

This updated topographic dataset was used to improve the 2012 model data. An updated 
ground surface elevation was applied to all nodes in the regional system using GIS tools to 
extract values from the DEM. Invert elevations from the previous model were then updated as 
well to maintain node depths based on measurements and proper pipe cover throughout the 
model. 
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Figure 3-2: Zone 5 Storm Drainage Network 

Some areas from prior studies do not drain to larger regional systems modeled in InfoSWMM. 
Instead, they drain either directly to a major creek, lagoon, or ocean. These areas have been 
removed from the InfoSWMM models. Drainage from each catchment is routed by the model 
directly into its respective regional system. 

Catchments were also delineated for areas not included in prior plans. These areas include 
those within the City of Capitola (approximately 0.3 square miles) and those areas draining into 
Noble Creek from the north (approximately 0.7 square miles).  

Other GIS data collected for this planning effort includes land cover and soil characteristics, two 
essential factors in the development of a hydrologic model. Land use data was defined based 
on a combination of Santa Cruz County and City of Capitola parcel information obtained in GIS 
shapefile format. Soils information was acquired from the United States Department of 
Agriculture (USDA) Web Soil Survey system. 
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3.1.3 Field Data Collection and Inspection 

The process of collecting field data and inspecting system condition began with a review of 
existing GIS, previous studies, as-built drawings, and aerial imagery to identify missing 
information vital to the SDMP development process. Field data collection included relevant 
model attributes, including open channel dimensions, pipe depth from the ground surface, pipe 
sizes, materials, maintenance issues, and condition assessment. 

For the pipe system, the condition assessment started with the use of a pole-mounted camera 
to get a clear image of the pipe from access points (manholes, inlets, outfalls, etc.). Any pipes 
that were difficult to access or appeared to require more detailed inspection were further 
assessed with CCTV. 

Conditions assessed for pipe systems were: 

1. Signs of high or standing water 
2. Infrastructure damage (concrete spalling or cracking, failing metal, etc.) 
3. Debris or sediment accumulation 
4. Depth and pipe material 

For open conveyances and culverts, staff utilized cameras to document the condition of 
approximately 13 miles of open conveyance channels. Photos were geocoded and compared to 
those collected for the 2013 study. 

Conditions documented and assessed for open channels included: 

1. Channel erosion, debris, or sediment deposition, and vegetation 
2. Channel shape (bottom width, depth, top width) 
3. Channel material (natural, concrete lined, etc.) 
4. Signs of damage or high water 
5. Hydraulic obstructions (dams, weirs, structures, other blockages, in channel) 

Culverts were assessed using a hydraulic field sheet to document parameters such as culvert 
size, headwall conditions, and bridge deck properties. Conditions affecting culvert capacity were 
documented with photos as required. After an initial topside inspection of the system, 59 system 
elements were identified for additional CCTV inspection. These elements are shown in Figure 
3-3. 
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Figure 3-3: Map of Conduit, Culverts, and Open Channel Where CCTV Inspection was Performed 

From field data, photos, and CCTV video, a conditions assessment geodatabase was 
developed. Regional facilities that were examined during the field data collection period were 
assessed using two scales. The National Association of Sewer Service Companies (NASSCO) 
ratings system was applied to pipes, while two ratings were applied to open conveyances – one 
for environmental condition (scour, erosion, trash accumulation, illegal dumping, vegetation, 
etc.) and one for hydraulic capacity (obstructions, sedimentation, debris). 
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3.2 Land Use Data and Runoff Characteristics 

3.2.1 Land Cover 

Raw zoning data consisted of approximately 150 different land use types. These were 
reclassified into 14 categories for the purposes of this analysis. These categories sufficiently 
represent variability in imperviousness and land use impact on rainfall runoff characteristics. 

Current land use derived from County Assessor parcel information is shown in Figure 3-4. 

 
Figure 3-4: Existing Land Use Information Used in the Development of the Hydrologic Model 
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The data was used to verify and update hydrologic parameters from prior studies to reflect 
conditions affecting existing hydrology as accurately as possible. 

Future condition land cover was modified based on County and City zoning data, which is 
assumed to better represent future development potential across the model areas. Zoning data 
classified to match curve number tables presented in this report is shown in Figure 3-5 

 

Figure 3-5: Zoning Information Used in the Development of the Hydrologic Model 
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3.2.2 Soil Classifications 

The Natural Resources Conservation Service (NRCS) has classified soils into four hydrologic 
soil groups (A, B, C, and D), according to their infiltration rates. Group “A” soils have low runoff 
potential when wetted and typically consist of sand and gravel. Group “B” soils are moderately 
well-draining when thoroughly wetted and consist of loamy sand or sandy loam textures. Group 
“C” soils have moderately high runoff potential when thoroughly wetted and consist of loam, silt 
loam, sandy clay loam, clay loam, and silty clay loam textures. Group “D” soils have high runoff 
potential when thoroughly wet and consist of clayey textures.  

Soils within the delineated regional system catchments primarily consist of Watsonville Loam 
(47.8%) and Elkhorn Sandy Loam (24.3%). The remaining 27.9% of the catchment areas 
consist of a mixture of other soil types, as summarized in Table 3-1. 

A map of hydrologic soil groups in the area is shown in Figure 3-6. 

Table 3-1: Catchment Soil Type Summary 

NRCS Soil Map Unit 
Hydrologic 
Soil Group 

Area 
(Acre) 

Percent 
of Area 

Aptos Loam C 28.1 1.0% 
Beaches C 3.2 0.1% 
Ben Lomond-Catelli-Sur complex B 28.3 1.0% 
Bonnydoon-Rock outcrop complex D 25.6 0.9% 
Danville loam C 103 3.5% 
Elder sandy loam B 28.1 1.0% 
Elkhorn sandy loam B 704 24.3% 
Elkhorn-Pfeiffer complex B 81.0 2.8% 
Fagan loam C 10.8 0.4% 
Lompico-Felton complex C 1.3 0.0% 
Los Osos loam C 58.0 2.0% 
Nisene-Aptos complex C 22.8 0.8% 
Pinto loam C 48.4 1.7% 
Soquel loam B 137 4.7% 
Tierra-Watsonville complex D 220 7.6% 
Water N/A 14.3 0.5% 
Watsonville loam D 1,385 47.8% 

Total 2,899 100% 
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Figure 3-6: Hydrologic Soil Group Data Used in the Development of the Hydrologic Model 
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3.2.3 Runoff Curve Numbers 

The NRCS curve number  methodology is applied to aid in estimating runoff from catchments 
based on soil and land cover characteristics. Curve numbers vary from 0 to 100, with 0 
representing no runoff and 100 meaning that all precipitation will run off. Curve numbers have 
been assigned based on land use categories, imperviousness, and soil types as summarized in 
Table 3-2. These values account for varying levels of imperviousness across land use types. 

Curve numbers can vary for a given drainage area based on the Antecedent Moisture Condition 
(AMC), representing soil moisture content at the start of a storm. AMC can vary between dry 
(AMC I) and wet (AMC III). Values were initially assigned to the catchments assuming an 
“average” moisture condition (AMC II), then adjusted based on the methodology presented in 
Section 4. 

Table 3-2: AMC II Curve Number Summary by Land Use and Soil Type 

 Hydrologic Soil Group 
Description A B C D 
Vacant Land 43 65 76 82 
Public Facilities/Rural Lots 49 69 79 84 
Rural Developed Lots 57 72 81 86 
Low Density Residential 61 75 83 87 
Low Density Developed 68 79 86 89 
Medium Density Residential 69 80 87 90 
Medium Density Development 77 85 90 92 
High Density Residential 77 85 90 92 
Very High Density Residential 89 92 94 95 
Commercial/Industrial (Low Intensity) 81 88 91 93 
Commercial/Industrial (High Intensity) 89 92 94 95 
Paved Areas with Landscape 90 90 90 90 
Roads/Other Paved Areas, Water 100 100 100 100 
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4 Methodology 

4.1 Overview 

The criteria used to evaluate storm drain system performance must be technically sound and 
simple to understand and apply. Ideally, the same methodology used to analyze system 
performance for this report will continue to be used for future infrastructure design. 

Schaaf & Wheeler applied the same methodology presented in the 2013 SDMP for Zone 5 and 
Zone 6 to estimate stormwater runoff based on land cover and soil types present in the study 
area. This approach to modeling applies the NRCS curve number hydrology method to generate 
runoff hydrographs and dynamic wave hydraulics with Manning’s and Darcy-Weisbach methods 
to generate hydraulic grades and conveyance system flows. 

The hydrologic methodology applied in this analysis is based on the Santa Cruz County Design 
Criteria (SCCDC) – Part 3. The hydraulic methodology is also based on the SCCDC, with some 
modification to account for ponding and “storage” of water above ground level. The SCCDC 
hydraulic requirements primarily deal with flows contained below ground level with freeboard. 
The way that the model accounts for this is discussed further in this section. 

4.2 Evaluation Criteria 

The SCCDC specifies that system designs maintain 8 inches of freeboard between the rim 
elevation of stormwater structures and the 10-year water surface. For regional systems, 
however, the County has indicated a desire to explore alternative levels of service. 

Schaaf & Wheeler created hydrologic analysis and one-dimensional hydraulic models for the 
25-year and 100-year events. For regional systems modeled in InfoSWMM, the 25-year level of 
service standard was agreed upon as the governing criteria for general storm drain system 
conveyance. For creeks modeled in HEC-RAS, where FEMA 100-year flood hazard areas are 
defined, the 100-year event model represents governing criteria. Creeks and pipe/ditch systems 
were not evaluated in the same model. Instead, water surface boundary conditions were applied 
where the regional system outfalls to the creeks.. 

We recommend improvements to reduce the 25-year hydraulic grade to no higher than 0.5 feet 
above the rim elevation at any location in regional closed-conduit and ditch systems. This 
represents containment to the top of curb level at the peak of the storm, generally preventing 
property damage to the greatest extent possible.  

4.3 Modeling Software 

Zone 5 has opted to continue using InfoSWMM stormwater modeling software by Innovyze 
(formerly by MWH Soft) as a primary means of assessing system performance, identifying 
deficiencies, and evaluating and recommending necessary improvements. Physical parameters 
used in the analysis are based on information detailed in Chapter 3 – Data. 

The program works within the ArcMap interface and is capable of applying the hydrologic and 
hydraulic methods discussed here. However, its full numerical modeling capabilities include 
modeling overland flow, weirs, pumps, and complex storage areas. These capabilities are not 
fully utilized by the current regional system InfoSWMM model, but they could be developed 
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further for future modeling efforts or for more local studies as projects are designed and 
constructed. 

Other capabilities of the software include import and export of model data, network editing and 
gap-filling, catchment delineation, and network interpolation and connectivity tools. InfoSWMM 
can also be used to present results including plan, longitudinal, and cross-section views; 
animation of results; and presentation of flooding, including water depth and pressure. With the 
software built to function within ArcMap, results can easily be viewed on background graphics 
such as maps, aerial photos, and other GIS data. 

Unlike prior modeling efforts, all regional systems with outfalls to creeks, lagoons, and Monterey 
Bay have been placed in a single model for this effort. 

HEC-RAS models have been developed for four creeks (Arana Gulch, Noble Gulch, Rodeo 
Creek, and Soquel Creek). 100-year flows are used as inputs to the HEC-RAS models to 
evaluate the HGL through the creeks. The major creek crossings are primarily bridges, with the 
exception of culverts under Highway 1. Since the Zone 5 does not have jurisdiction on the 
Caltrans culverts, those crossings were not evaluated in detail. The models may underestimate 
peak water surface elevations at certain outfalls as a result.  

However, using a peak water surface elevation from these models is somewhat conservative, 
given a fairly sizable difference in timing between the peak of local discharge to the creeks and 
the peak water surface at the outfalls. This is because the creek drainage areas tend to be 
much larger and less developed. 

The biggest impact of including a highway bridge is likely to be on Soquel Creek at Highway 1, 
where the 25-year water flow rate in the creek can easily cause flooding in the vicinity of 
Downtown Soquel on its own. At this location, storm system improvements may be deemed 
beneficial. However, addressing the much more impactful issue of creek overflows is 
challenging and can be guided somewhat by the RAS model and prior planning efforts. 

Culverts on regional ditch conveyances were included in the InfoSWMM model as details of the 
ditches and culverts were collected in the field that allowed for a detailed evaluation in the 
modeling system. Figure 4-1 shows these culvert crossings. 
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Figure 4-1: Major Culvert Crossings on Open Channel Alignments in the Regional System 

4.4 Model Operation 

InfoSWMM performs two separate calculations for the Zone 5 regional system model. First, a 
runoff calculation (hydrologic analysis) estimates the amount of water entering the storm drain 
system from each catchment during a design rainfall event. Second, a network flow calculation 
(hydraulic modeling) replicates how the storm drain system will convey flows to outlet locations. 
Flows resulting from the runoff calculation are used as inflows for the subsequent network flow 
calculation. 

The InfoSWMM runoff model offers a choice of three distinctive infiltration methods: Horton, 
Green-Ampt, and NRCS curve number. The Zone 5 Regional system models use the NRCS 
curve number with a dimensionless unit hydrograph method (UHM) to calculate surface runoff.  

This analysis uses a 24-hour storm, so the simulation window is set to 24 hours as well. 
However, a simulation can be started at any point during the chosen design storm to assess 
surface runoff for any period of the design storm, with computations made based on a user-
specified time step. The 24-hour storm was ultimately chosen because it represents a 
“balanced” design event that causes some level of saturation of soils prior to the short duration 
peak flow rates that tend to be the most important factor in determining the required size of local 
pipe systems. Longer duration storms are more appropriate for large detention facilities 
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susceptible to high inflow volumes rather than solely high peak flow rates. The Zone 5 system 
lacks detention systems of this magnitude. 

The pipe flow model offers a choice of three flow and hydraulic grade calculation methods: 
steady state, kinematic wave, and dynamic wave. Each is distinguished based on the set of 
forces that they take into account. The Zone 5 storm drain model uses the most comprehensive 
method, dynamic wave, which incorporates the effects of gravitation, friction, pressure gradient, 
and inertial forces. Because it accounts for all forces affecting flow characteristics, this method 
allows the model to accurately simulate fast transients and backwater profiles. In the absence of 
2D surface flow routing, flooding above-structure rims is characterized by storage in an artificial 
basin above the model nodes’ defined ground surface elevations. 

Volume stored above these nodes is characterized by a “ponded area” input in square feet. 
Without considering ponding spread above the system, the model assumes that essentially the 
entire peak flow into the node must be forced through the pipe system. This would overestimate 
flooding depths.  

In reality, surcharged flows spread out over street gutters, sidewalks, parking lots, and other 
areas. This storage volume provides some attenuation of peak flows, impacting the head on the 
downstream pipe inlet. In general, surcharge in the regional system would pond on the surface 
directly above, as well as above private and local systems not included in the model. A 
representative ponded area value of 30,000 square feet is used in the model for closed-conduit 
systems. For larger ditches, that value is modified up to 450,000 square feet depending on the 
characteristics of surrounding topography.  

Pipe flow simulations can be executed using either a constant or variable time step. Simulations 
can also be run for any portion of the full time interval defined by the rainfall time series and 
corresponding calculated runoff hydrograph. A time step of two seconds is used for the Zone 5 
models, which is sufficient to model gradients across even the shortest lengths of pipe in the 
model with relatively high flow velocities. 

The HEC-RAS model performs a steady state backwater hydraulic analysis of the open channel 
profiles based on a series of cross sections defined along a stream centerline. Cross sections 
were developed using the LIDAR data. FEMA flows were used in 1D, steady state models.  

4.4.1 Input and Output 

Surface runoff calculations require two types of input data: boundary data and catchment data. 
Boundary data for the run-off computation consists of an input rainfall time series representing 
the design storm event for the model. 

Catchment data includes the boundaries of each drainage catchment, along with relevant 
physical and hydrologic parameters including surface area, runoff curve number, and lag time 
(or parameters used by the model to calculate lag). 
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4.5 Rainfall Depth and Pattern 

In keeping with the methodology applied in the previous master planning effort, the NRCS Type 
I synthetic, 24-hour rainfall pattern was used (TR-55, Appendix B). Depths for the pattern were 
adjusted based on local rainfall statistics. To that end, patterns with a 15-minute time interval 
were modified to create rainfall time series that are considered “balanced” for each return 
period. Each resulting time series provides total rainfall depths equal to those represented by its 
respective IDF curve (10-year, 25-year, and 100-year) for durations of 15 minutes, 30 minutes, 
1 hour, 2 hours, 4 hours, and 24 hours. 

The 10-year storm used for the previous master planning effort is shown in Figure 4-2 for 
reference, along with 25- and 100-year storm rainfall timeseries. The 10-year, 25-year, and 100-
year 24-hour storm rainfall depths at this location are 7.44 inches, 8.93 inches, and 11.16 
inches, respectively. 

 
Figure 4-2: 24-hour Design Storm Events for Zone 5 

4.5.1 Climate Change 

The models also consider the potential impacts of climate change. This is accomplished by 
using EPA SWMM Climate Adjustment Tool (SWMM-CAT). The tool provides location-specific 
adjustment factors for Near-Term (2035) and Far-Term (2060) projects derived from global 
climate change model developed by the World Climate Research Program. The tool generates 
adjustment factors for several climate parameters. However, this analysis is primarily concerned 
with future changes in precipitation. Predictions generated by the tool are shown in Figure 4-3 
and Figure 4-4 for near- and far-term cases, respectively. 
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Figure 4-3: Near-Term Monthly Rainfall and 24-Hour Design Storm SWMM-CAT Predictions (95010 
Zip Code) 
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Figure 4-4: Far-Term Monthly Rainfall and 24-Hour Design Storm SWMM-CAT Predictions (95010 
Zip Code) 

Cal Adapt provides another source of climate change predictions. For the Regional System 
Model area, Cal Adapt predicts 30-year average precipitation to increase by approximately 25% 
under the high emissions model scenarios in their long-term modeling (End-Century, 2070-
2099). For individual extreme storm events, it predicts that End-Century intensities could 
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Curve numbers have been assigned to the basin based on land use and soil characteristics and 
lag calculated based on flow paths and basin slope as described in Section 4.6.1. HEC-1 was 
then used to estimate peak runoff from the 3.74 square-mile basin for various storm events for 
AMC I and AMC I-1/4 curve number values. The results of this analysis are summarized in 
Table 4-3 and confirm that AMC I-1/4 remains a valid conservative assumption for a 25-year 
return period. 

 
Figure 4-5: USGS PeakFQ Duration-Frequency Curves for Carbonera Creek 

Table 4-3: Carbonera Creek Peak Flow (cfs) & AMC Evaluation 

Return Period 
(Exceedance 
Prob.) 

PeakFQ 
Predicted 

Peak FQ 
Confidence 

Limits 

HEC-1 (AMC I) HEC-1 (AMC I-1/4) 

100-year  (1%) 1,906 1,449 - 2,898 2,064 2,178 
50-year  (2%) 1,701 1,333 – 2,604 1,787 1,898 
25-year  (4%) 1,493 1,200 – 2,130 1,411 1,493 
10-year  (10%) 1,210 994 – 1,581 1,149 1,251 
5-year  (20%) 986 814 – 1,221 935 980 
2-year  (50%) 645 528 - 779 536 616 

While Carbonera Creek is more representative of a more heavily urbanized condition, the 
Soquel Creek at Soquel USGS gag has a much longer record, covering the period since 1951, 
plus an additional historical event in 1937. This gage was also examined in PeakFQ (Figure 
4-6), and a 25-year event hydrology model was applied to verify that AMC I-¼ is an appropriate 
choice (Table 4-4). 
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Figure 4-6: USGS PeakFQ Duration-Frequency Curves for Soquel Creek 

Table 4-4: Soquel Creek at Soquel 25-year AMC Evaluation 

 Peak Discharge (cfs) 

PeakFQ Predicted 9,020 
AMC I 6,715 
AMC I-1/4 8,180 
AMC I-1/2 9,390 
AMC I-3/4 10,600 
AMC II 11,790 

For Soquel Creek, the PeakFQ predicted discharge lies in between AMC I-¼ and AMC I-½ 
hydrologic model results for the basin. Each drainage area possesses its own unique properties, 
which leads to variability even in adjacent basins. Coupled with the Carbonera Creek calibration 
results, this provides a regional confirmation based on a relatively extensive gage record that I-
¼ is likely an appropriate choice for a smaller, urban basin. 

4.6.2.2 Curve Number Assignment 

Catchments were first overlain with land use and soils information in GIS to estimate curve 
numbers using the values presented in Table 3-2. This was done for both existing land cover 
conditions and future conditions based on zoning designations. Curve numbers were then 
adjusted to corresponding AMC I-1/4 values. The result of this process is shown in Figure 4-7. 
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For many areas of the County and City, using zoning designations actually causes curve 
numbers to decrease, since commercial/industrial areas would become residential land use 
types with a lesser percentage of impervious area. Even those developments that are higher 
density must meet current NPDES permit and local stormwater management design 
requirements. For most development that substantially increases imperviousness on a site, 
stormwater detention is required. While these requirements apply to a 10-year design storm, 
they do impact the characteristics of discharge in other storms and inevitably do decrease peak 
discharge. 

The model is still a useful exercise, as other areas of the model where curve numbers increase 
may see greater magnitudes of runoff to the regional stormwater systems. The future condition 
model assumes a worst-case scenario, where lower curve numbers are ignored and 
development occurring only where curve numbers would increase.  

This approach also adequately considers the impact of development subject to detention 
requirements. Traditionally, residential zoning might decrease curve numbers without 
considering trends towards allowance of higher density housing. By keeping the curve numbers 
the same for these catchments, we are effectively considering the possibility that redevelopment 
is more impervious but subject to detention requirements that would keep peak flows similar to 
pre-development conditions. 
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Figure 4-7: Existing and Future Condition Curve Numbers 
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5.2 Existing System Evaluation 

5.2.1 System Condition 

After examining available system data and aerial imagery, field inspection was performed for 
specific system elements (pipes, ditches, and culverts). With topside and CCTV inspections 
completed, the condition ratings were assigned based on the factors discussed in Section 3.1.3. 
NASSCO ratings and open ditches condition ratings are shown in Figure 5-1. Initial input from 
Zone 5 staff and observations from the surface with a pole-mounted GoPro were used to 
identify which elements of the system would require further inspection by CCTV. 

 

Figure 5-1: Surface Inspection System Condition Ratings Map 

Most inspected system elements achieved a rating of “Good.” None achieved an “Excellent” 
rating. In the northeast portion of Zone 5, two reaches of open channel were identified in “Poor” 
condition. This condition rating was determined based on the extent of unmaintained vegetation 
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posing a capacity restriction. In the southwest portion of Zone 5, multiple reaches of pipe were 
rated as “Poor” or “Immediate Attention.” These elements require removal of debris and 
sediment at a minimum.  

CCTV ratings are shown in Figure 5-2. On 26th Street, further examination by CCTV revealed 
that the pipe may require full replacement based on the prevalence of corrosion and cracking. 

 
Figure 5-2: CCTV Condition Ratings Map 

The need for maintenance was distinguished in the ratings from condition deficiencies that 
require replacement of pipes. In some cases, for example, a rating of “Immediate Attention” was 
applied purely based on a loss of capacity due to an extreme accumulation of sediment and 
debris. In other locations, pipes were given the same rating for structural deficiencies like 
corrosion or localized failures. 
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5.2.2 Regional System Capacity 

The regional system model has been used to identify areas where overflow occurs due to a lack 
of available conveyance capacity. HEC-RAS models of larger open channels (Soquel Creek and 
Rodeo Gulch) were used to apply reasonable, conservative water surface boundary conditions 
at modeled system outfalls. The capacity of both closed-conduit and open channel segments 
are considered. 

Results have been processed to visualize the locations of flooding (the depth of stormwater 
surcharge above ground surface at each node) throughout the Zone 5 regional systems. These 
areas are shown in Figure 5-3. 

 

Figure 5-3: Existing Regional System 25-year Node Flooding Results from InfoSWMM 

The model result shows many locations where “flooding” as estimated by the model is 1 foot or 
greater in depth.  

It is important to understand the limitations of a one-dimensional model in order to contemplate 
the real-world implications of this result. The model utilizes the calculated hydraulic grade line, 
representing the water surface that would be required for a given flow rate to pass through the 
system. This does not consider the topography above the pipe system in extensive detail, 
consisting of roadways, gutters, sidewalks, and landscaping. In reality, some of this flow might 
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Climate change has been evaluated with the HEC-RAS model by increasing runoff up to 25% 
for a 100-year flow rate. This is in line with modifications to precipitation in the storm drain 
system SWMM models. SLR has been modeled with both 3 and 6 feet of rise added to the 
existing condition’s downstream water surface boundary. The results of this modeling exercise 
are shown in Figure 5-4. 

At the downstream end of the creek, SLR may have an expansive impact on the City of Capitola 
and coastal bluffs. Exploring solutions for this is beyond the scope of this report. However, 
planning for the impacts of SLR in a coastal community should be a priority, and the design and 
construction of any CIP project should consider the project’s resilience against SLR. This will be 
essential for the proposed Noble Gulch system improvements near Capitola Avenue. Climate 
change impacts must also be considered for flood protection solutions (flood walls, levees, 
floodplain retreat, channel capacity improvements, etc.) implemented upstream. 
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Figure 5-4: Soquel Creek HEC-RAS Climate Change Model Inundation, Including Existing 

Conditions (Blue), 3 Feet of SLR with 12% Increase in Runoff (Red), and 6 Feet of SLR with 25% 
Increase in Runoff (Green) 
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5.2.3.2 Arana Gulch 

Arana Gulch lies near the boundary between Zone 5 and the City of Santa Cruz. Ownership of 
culvert facilities along the channel varies. A reach of Arana Gulch from Highway 1 (Soquel 
Avenue) to just downstream of the culvert crossing Capitola Road has been evaluated with a 1-
dimensional, steady state HEC-RAS model.  

Climate change impacts were modeled for Arana Gulch by increasing peak flow rates by 25%. A 
100-year inundation extent for existing conditions with the FEMA effective flow rate is compared 
to the 100-year inundation extent with climate change in Figure 5-5. Sea level rise does not 
impact the reach of Arana Gulch analyzed for this effort. Creek elevations are well above even 
100-year tidal water surface elevations. 

 
Figure 5-5: 100-year Inundation Extents for Existing Conditions (Blue) and for the Existing 

Channel and Culverts with 25% Increase in Flow Rates (Red) 
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5.2.3.3 Rodeo Gulch 

Rodeo Gulch is more deeply incised than Soquel Creek, with depths from the upper banks to 
the thalweg of 40 feet or more. The gulch appears to easily contain an estimated 100-year 
discharge within the boundary of Zone 5. Flooding has not been observed around Rodeo Gulch 
that would have been caused by a lack of open channel conveyance at this location. 

The HEC-RAS model built for Rodeo Gulch indicates that the 100-year flow rate is well 
contained in the absence of highly constricted culvert crossings and with a downstream tidal 
water surface boundary of 10.5 ft NAVD.  

Climate change impacts were evaluated with similar conditions to those used for Soquel Creek 
(3 feet of SLR with a 12% increase in 100-year peak flows and 6 feet of SLR with a 25% 
increase in peak flows). Results of this modeling exercise are shown in Figure 5-6. 

 
Figure 5-6: Rodeo Gulch HEC-RAS Climate Change Model Inundation, Including Existing 

Condition (Blue), 3 Feet of SLR with 12% Increase in Runoff (Red), and 6 Feet of SLR with 25% 
Increase in Runoff (Green) 

Climate change impacts are generally isolated to the less incised reach of Rodeo Gulch, 
downstream of the railroad crossing. Lower reaches of this creek may become more susceptible 
to tidal boundaries with SLR. The climate change model indicates that the Portola Drive 
crossing is inundated with high tides and a 100-year peak inflow. However, there does not 


































































































































































































































































































