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1.

INTRODUCTION

1.1. Problem Statement
As urban and agricultural development occur throughout the Central Coast, local landscapes and hydrology are
altered by buildings, roads, lawns, landscaping, and parking lots. Those development activities can substantially
change site hydrology by covering pervious surfaces (e.g., vegetated areas, natural soils) with impervious surfaces
(e.g., roofs, pavement). Additionally, the ability of the landscape to absorb water during storms is reduced by soil
compaction during construction and landscaping. As a result, the volume, rate, and frequency of storm water
runoff from these sites can increase dramatically, greatly altering key natural hydrologic processes, such as
surface runoff, sediment and pollutant transport, groundwater recharge, and evapotranspiration. Such changes in
hydrologic process resulting from land development collectively are called hydrologic modification, or
hydromodification, which the U.S. Environmental Protection Agency (EPA) defines as, “The alteration of the
natural circulation or distribution of water by the placement of structures or other activities” (USEPA 1992).
Hydromodification is also an umbrella term for those modifications of the natural water cycle resulting from
urbanization, agriculture, and altered drainage patterns that have the potential to affect surface and groundwater
resources adversely in a number of ways, such as increasing pollutant loads, reducing groundwater infiltration, or
physically altering receiving waters and drainages. Although the hydrologic contributions of an individual site
might seem insignificant relative to overall watershed hydrology, the cumulative effects of urban development in
one region can adversely affect the ecology on the watershed scale. In the Santa Maria region, agriculture is one
of the dominant land practices and can have similar hydromodification impacts. More specifically, the technique
of plastic mulching, commonly used in the surrounding agricultural lands, decreases the ability for runoff to
infiltrate and increases runoff volume. A lake, river, or estuary that receives runoff from several upstream
developments or agricultural plots will often experience magnified impacts because of increased sediment and
pollutant loading.
Recent changes in regulatory requirements have prompted the City of Santa Maria (City) to initiate the
development of a hydromodification management plan (HMP) and criteria to prevent the adverse effects of
hydromodification and ensure the ongoing health of receiving waters (ground and surface) in a manner consistent
with the City’s land use, community development, and environmental policies. The City’s hydrologic systems and
conditions are a complex mixture of natural and human-altered drainage systems, groundwater resources, storm
water drainage piping and basins, and landscapes. Some of the drainage and hydrologic features are highly altered
from past developments and particularly agricultural modifications, which resulted in the surface drainage
channels throughout parts of the City. While the Santa Maria River is the most visible surface water system in the
City, the relationships between urban and agricultural drainages, the City’s storm water basin system, and the
City’s subwatersheds are complex and in some cases not fully documented. To be effective, the hydrologic
modification management strategy and criteria for Santa Maria must reflect the interactions among the features as
well as possible.

1.2. City of Santa Maria Goals and Objectives
To reduce and prevent adverse effects of hydromodification, the Central Coast Regional Water Quality Control
Board (Water Board) is requiring small municipal separate storm sewer systems (MS4s) throughout the Central
Coast, including the City, to develop HMPs with the goals of maximizing infiltration and setting runoff volume
and rate limits on the basis of downstream impacts. Development of those plans and the associated
hydromodification control criteria, which could have significant implications for the City’s development
regulatory process, will be accomplished through a collaborative effort among the Water Board and MS4
permittees, referred to as the Joint Effort, beginning in 2010. Within the context of the Water Board’s water
1
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quality protection efforts, the City is committed to developing an HMP and hydromodification control criteria
with the goal of minimizing watershed impacts from new development and redevelopment projects. The City
recognizes the value of a storm water management approach that reduces runoff volume, duration, rate, and
frequency to the maximum extent practicable. That will best be achieved by developing hydromodification
management criteria which reduce and prevent pollutant loading, erosion, sedimentation, and stream
modifications effectively without undermining other City goals and policies related to land use, community
development, and conservation.
When developing the criteria, it is important to understand the key watershed characteristics in the City to identify
the extent to which specific receiving waters will require protection and determine what standards and which low
impact development (LID) practices might be practical in certain areas of the City. The City also will actively
seek input from the development, engineering, and environmental communities to inform its development, and
will continue to communicate the need for many changes (some fundamental) in the way drainage and grading
practices are implemented to achieve compliance with the new criteria. It is also anticipated that
hydromodification management criteria will target high-risk areas where conditions are prone to pollutant loading
and erosion, which will require special attention to conditions and constraints in those targeted areas.
This report represents the first step in gaining an understanding of local watershed conditions necessary to
develop a hydromodification control strategy that suits the City’s goals and objectives. The purpose of this report
is to characterize the watersheds relevant to the City to support its efforts to develop an effective HMP and
identify the appropriate hydromodification control criteria. It summarizes specific watershed and hydrologic
conditions relevant to hydromodification, summarizes characterization findings, identifies data gaps, and provides
recommendations. Ultimately, this report supports the City’s efforts to develop an HMP and hydromodification
control criteria, and it provides guidance for effective and successful participation in the Joint Effort.

1.3. Scope of Report
The report specifically addresses the most important watershed data necessary to develop a successful HMP:
• Topography
• Land use
• Soils
• Climate
• Groundwater
• Surface waters and subwatersheds
• Runoff flow
• Water quality
The report provides a review of the regulatory background of the HMP development process; describes the City’s
watershed characteristics and available relevant data; and summarizes findings, recommended investigations and
monitoring, and conclusions. The conclusions and recommendations are intended to help the City participate
effectively in the Joint Effort with a strong base of information on local conditions and issues.

1.4. Hydromodification Management Plan Background
1.4.1. Regulatory Background
The Joint Effort process to develop HMPs and associated criteria is part of the California State Water Resources
Control Board’s (SWRCB’s) program of storm water management regulations. The focus on storm water
management and preventing hydrologic modification is an outgrowth of the SWRCB determination that urban
runoff is a leading cause of pollution throughout the state, contributing pollutants of concern such as sediments,
nutrients, pathogens, petroleum hydrocarbons, heavy metals, floatables, trash, and pesticides to waterways
2
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(SWRCB 2003). As discussed in the Problem Statement, the impervious surfaces (i.e., pavement and hardscape)
common to most urban communities contribute greater volume, velocity, and pollutant loading to storm water
discharges than would result in predevelopment conditions, leading to adverse effects on surface and ground
waters.
The principal regulatory programs affecting Santa Maria and other municipalities in the Central Coast are the
Phase I and II storm water regulations promulgated by the U.S. EPA in 1990 and 1999, respectively. The SWRCB
adopted the National Pollutant Discharge Elimination System General Permit for Storm Water Discharges from
Small Municipal Separate Storm Sewer Systems (MS4s), Water Quality Order No. 2003-0005-DWQ (the General
Permit) on April 30, 2003. On the basis of its population density and the presence of a municipally owned storm
drainage system, the SWRCB identified the City as a small MS4 requiring coverage under the General Permit.
The key requirement of the General Permit is development and implementation of a Storm Water Management
Program (SWMP), which the Water Board must approve and which outlines the steps the permittee will take to
reduce the discharge of pollutants to the maximum extent practicable and to protect water quality. The City’s
SWMP, amended in March 2010, provides a framework for identifying, assigning, and implementing control
measures and best management practices (BMPs) intended to reduce the discharge of pollutants from the City’s
MS4, and to protect downstream water quality (City of Santa Maria 2010). In keeping with regulatory
requirements, the City’s SWMP includes BMPs that address six Minimum Control Measures (MCMs): (1) Public
Education and Outreach on Storm Water Impacts; (2) Public Involvement and Participation; (3) Illicit Discharge
Detection and Elimination; (4) Construction Site Storm Water Runoff Control; (5) Post-Construction Storm Water
Management in New Development and Redevelopment; and (6) Pollution Prevention/Good Housekeeping for
Municipal Operations (City of Santa Maria 2010).

1.4.2. Hydromodification Management Requirements
Since 2003 the Central Coast Phase II MS4 permit program has evolved, most notably with the adoption of the
Water Board’s recently defined Vision of Healthy Watersheds. In particular, the Water Board’s interpretation of
the Phase II MS4 permit and its expectations related to a municipality’s storm water management program has
resulted in varying implications for the City and other permittees. Those changes are most evident in a letter dated
February 15, 2008, titled Notification to Traditional, Small MS4s on Process for Enrolling Under the State’s
General Permit for Storm Water Discharges. In that letter the Water Board defines a new process and schedule
for SWMP approval and describes expectations for SWMP content necessary for General Permit compliance. The
notification states that SWMP approval would require the addition of BMPs to achieve four additional water
quality protection conditions, not specifically defined in the General Permit, which relate to preventing
hydromodification:
1.
Maximize infiltration of clean storm water and minimize runoff volume and rate.
2.
Protect riparian areas, wetlands and their buffer zones;
3.
Minimize pollutant loading; and
4.
Provide long-term watershed protection.
The Water Board’s guidelines for achieving water quality protection condition (1) above represented a change
from prior permit cycles and included substantially increased requirements and standards, particularly regarding
the infiltration of storm water during storm events and minimization of runoff volumes and rates. The guideline
required municipalities to “present a schedule for development and adoption of control standards for
hydromodification (i.e., hydromodification control criteria),” and required a strategy for development of interim
and long-term or final criteria.
To support the timely adoption of SWMPs throughout the Central Coast, the Water Board proposed its own
interim requirements until a municipality had developed acceptable control standards for hydromodification. The
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Water Board’s standards that posed substantial concern for the City included two defined interim criteria and two
general water quality conditions to be addressed by all MS4s:
Defined Interim Criteria
1.
Limiting Effective Impervious Area1 at less than five percent of total project area for new and
redevelopment projects (2/15/08 Water Board letter, p. 4)
2.
Matching pre- and post-construction runoff hydrographs within one percent for a range of storm
events (ibid)
General Water Quality Conditions
3.
Establishment of minimum thirty-foot buffer zones for riparian areas and wetlands (2/15/08 water
board letter, p. 5)
4.
Development of strategies to reduce Effective Impervious Area to no more than three to ten percent
of watershed area within the permittee’s jurisdiction (ibid)
In its response to the Water Board letter and supplemental requirements, the City established a strategy to develop
a watershed-based HMP consistent with the guidelines of the letter and its requirements. The City began the
process of educating stakeholders about the standards and receiving their comments and feedback, particularly
with respect to implementation of LID principles in site development and redevelopment in Santa Maria.
However, in response to concerns expressed by municipalities throughout the Central Coast regarding the ability
to comply with current requirements for developing interim and long-term hydromodification control criteria, the
Water Board further clarified its expectations and presented three different courses of action for meeting the
requirement to develop interim criteria:
1.
Adopt the criteria proposed in the February 15 letter;
2.
Adopt Water Board-approved criteria developed by other MS4s in the region; or
3.
Participate in a Water Board-led Joint Effort to develop hydromodification control criteria.
The City’s technical staff carefully considered the possibility of implementing the criteria proposed in the
February 15, 2008, letter; however, after evaluating it, the City concluded that even when considered as an interim
standard, the criteria were not well suited to address local water quality concerns or accommodate the unique
conditions in the City, likely to be excessively prohibitive to development, and potentially technically infeasible
in many locations. In particular, the City was concerned by the mismatch between the proposed criteria and
certain physical conditions unique to Santa Maria:
•

•

Natural riparian area protection—Santa Maria has many man-made and altered drainages because the
City sits on the flat floodplain of the Santa Maria River. The drainage system has in part been designed to
serve agricultural uses and does not represent a natural condition. The drainage system requires
maintenance and alteration as a matter of course. Standards that are designed to protect water quality in
natural riparian streams are not necessarily ideally suited to protect water quality in man-made or altered
drainage ways of the type found in Santa Maria.
Focus on groundwater versus surface water protection—Substantial groundwater resources are within the
boundaries of the City, whose protection might not necessarily be achieved with standards designed to
protect surface waters through storm water infiltration and reductions in Effective Impervious Area.
Therefore, the City seeks to develop water quality standards that reflect the nature and condition of its

1

The Water Board defined Effective Impervious Area as, “that portion of the impervious area that drains directly to a
receiving surface waterbody via a hardened storm drain conveyance without first draining to a pervious area.” (p. 4,
footnote 2)
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•

•

surface and groundwater, rather than focusing exclusively on standards protective of natural surface
waters.
Topography—Santa Maria’s topography is uniquely shallow and flat relative to other Central Coast
communities. As discussed in this report, in a system of relatively flat topography and maintained
drainage ways, hydromodification concerns from development are different from the types of effects
anticipated from urbanization in areas with greater slopes and more natural riparian areas.
Discharges to the Santa Maria River—Santa Maria’s storm drainage inputs to the Santa Maria River
might differ from those the Water board’s letter sought to address. In some of the region’s communities,
there are direct inputs to the river from urban drainage systems. However, in Santa Maria, the City’s
discharges are affected and in some cases limited by the complex system of storm water basins that retain
or detain much of the storm runoff and prevent much of it from reaching the Santa Maria River.
Therefore, the criteria for reducing drainage inputs to the river are made more complex, and in some cases
less applicable, by the drainage basin network.

Moreover, the City found that adopting Water Board-approved criteria developed by other MS4s in the region
would be equally undesirable to the City because of schedule requirements; in that scenario, the City would be
required to propose interim criteria before most other MS4s in the region. For those and other reasons, the City
has decided to participate in the Joint Effort sponsored by the Water Board to develop hydromodification control
criteria.

1.4.3. Joint Effort Process and Participation
Through the Joint Effort process, participants are required to, “develop the capacity to implement
hydromodification control and LID based on a foundation of enforceable mechanisms, numeric performance
standards and applicability criteria, and adequate guidance and training for those enforcing, and those subject to
requirements.” Those are intended to be part of numeric hydromodification control criteria for new and
redevelopment that will be incorporated into each permittee’s amended SWMP, along with specific Water Boarddefined BMPs/milestones (Central Coast Water Board 2009). This report is intended to support Santa Maria’s
efforts to participate in developing effective and appropriate numeric control criteria, milestones,
hydromodification controls, and LID measures to be included in its SWMP.
The Joint Effort process will consist of two phases (Central Coast Water Board 2009). The Water Board will
oversee and fund Phase I, and subject area experts will prepare it. Phase I will establish the methodology for
developing numeric control criteria for new and redevelopment projects. Phase I will include both geographic
information system (GIS) and field analysis to better characterize the Central Coast watersheds and receiving
waters. The conditions and processes (e.g., hydrologic, geomorphic, pollutant fate and transport) of the features
will be analyzed. Phase I also will define the study methodologies to be used for ongoing assessment, providing
the foundation for watershed characterization and process analysis that will be necessary to develop meaningful
and effective hydromodification criteria.
Phase II will further implement the methodology developed in Phase I by addressing the changes in watershed
functions and processes (physical, chemical, and biological) that are caused by urban development and that affect
watershed health. Phase II will effectively close data gaps identified in Phase I, identify linkages between
individual watersheds and their associated waterbodies, and establish criteria for protecting key
watershed/subwatershed processes. Phase II will culminate in numeric criteria that can be used in the site
planning, design, and development process. The Water Board will oversee Phase II ; however, the agency
responsible for implementation is yet to be determined because it will depend on state funding availability.
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2.

LITERATURE REVIEW AND DATA AVAILABILITY

This section provides an inventory of important watershed data compiled and includes a discussion of how the
data sets can support the development of hydromodification control criteria following the methodology
established in the Joint Effort study. Pertinent watershed data include continuous local precipitation, historical
flows (if available), water quality information, land use, depth to groundwater, topography, soils and geology,
satellite imagery, aerial photography. The data identified in this section provide the foundation for developing an
understanding of key watershed characteristics (Section 3) and will likely be an important component of any
future modeling work that is undertaken to support the HMP and control criteria development process.

2.1. Data Inventory
Data sets were identified and gathered from several sources, including City staff; federal, state, and local
agencies; private consultants; and the Internet. National studies, reports, and databases were accessed as
necessary, and local data were identified where available. Table 1 lists the data that were used to support the
watershed characterization process in this report. The data compiled include information on the physical
characteristics of the land, major rivers and streams, climate, flow data, and storm water infrastructure. The data
were compiled, assessed for completeness, and used in this report to characterize the watershed, where possible.
Data gaps are noted throughout Section 3.0, and are summarized in Section 4.0.
Table 1. Summary of Data Types and Source
Data type

Source

Aerial Imagery

National Agriculture Imagery Program (NAIP 2005)

City Boundary Data

City of Santa Maria, Information Technology Division (2009)

Study Boundary

City of Santa Maria, Information Technology Division (2009)

Land Use

City of Santa Maria Land Use General Plan (2008)

Santa Barbara County Zoning

County of Santa Barbara, Planning Development Mapping (06/2008)

Parcel Data

SB County Clerk-Recorder Assessor Map Division (01/2008)

Impervious Cover

2001 National Land Cover Dataset (NLCD)

Soils

U.S. Department of Agriculture (USDA), Natural Resources Conservation Service (NRCS)
CA672 (Santa Barbara County North)

Topography

U.S. Geological Society (USGS) Digital Elevation Model Data; City of Santa Maria, Santa
Maria Valley Aerial Topography Map (1993)

Stream Network

EPA BASINS Reach File, National Hydrography Dataset (NHD)

Riparian Areas

City of Santa Maria, GIS (2009); Mahoney Ranch South Project Environmental Impact
Report (2007); Santa Maria Airport Business Park Specific Plan (2008)

Gauging Station Information
and Stream Flow

USGS National Water Information System

Depth to Groundwater

USGS National Water Information System
State Water Resources Control Board (SWRCB), GEOTRACKER Database
City of Santa Maria, Water Resources Division (2009)
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Table 1. (Continued)
Data Type
Water Quality

Source
SWRCB, 2006 Clean Water Act Section 303(d) List of Water Quality Limited Segments
Central Coast Ambient Monitoring Program (CCAMP)

Rainfall

National Oceanic and Atmospheric Administration, National Climatic Data Center
(NOAA-NCDC), Santa Barbara County Flood Control District

Temperature

NOAA-NCDC

Evapotranspiration

California Irrigation Management Information System (CIMIS)

City Main Pipe Network

City of Santa Maria, Information Technology Division (2009)

Drainage Basins

City of Santa Maria, Information Technology Division (2009)

City Subwatersheds

City of Santa Maria, Information Technology Division (2009)

Watershed Drainage Points

City of Santa Maria, Utility Plan Update (2002)

Channels

City of Santa Maria, Information Technology Division (2009)

2.2. Hydromodification Control Criteria Development
Developing effective hydromodification control criteria for the City that are specifically tailored to achieve the
four levels of protection established by the Water Board’s February 15 letter (see Section 1.4.2
Hydromodification Management Requirements) will be a challenging endeavor. The process will require a strong
understanding of key watershed conditions, documentation of drainage channels and receiving water conditions,
projection of future development patterns, hydromodification analysis, and assessment of control criteria. It is
highly likely that the control criteria will establish hydrologic limits on newly developed or redeveloped parcels
that must be achieved with the implementation of on-site detention, retention, and filtration, generally in the form
of LID BMPs.
Previous efforts to develop hydromodification control criteria throughout different areas of California have tended
to focus solely on management of the geomorphology and sediment transport phenomena as a proxy for managing
overall watershed health. According to those approaches, it is generally assumed that maintaining flows at a
sufficiently low level so as not to increase the frequency of channel-forming events will result in a satisfactory
degree of protection of downstream natural resources. While that approach does have merit, it fails to directly
assess or account for overall changes to other key watershed processes, such as infiltration, evapotranspiration,
sediment delivery, and pollution transport. For those reasons (and to remain consistent with all four levels of
protection outlined in Section 1.4.2), the Water Board has somewhat broadened the definition of
hydromodification management to include the maintenance or restoration of key watershed processes. This
broadening will therefore require the technical approach for determining the appropriate hydromodification
control criteria to be capable of considering and evaluating other key watershed processes beyond just channel
form and stability. It is anticipated that the work accomplished by the Water Board under the Joint Effort will
address this issue and provide clear guidance on the necessary approach.
Despite this report preceding the start date of the Joint Effort and given the moderate uncertainty associated with
predicting the nature of the findings of the study, it can be reasonably expected that the proposed methodology
will provide MS4s with an array of proposed alternatives for developing hydromodification control criteria,
ranging from simple qualitative assessment to more complicated quantitative analysis. While a simple assessment
would be less expensive to study up front, the resulting criteria would likely be more conservative and therefore
more expensive to implement in the long term. In comparison, a complicated quantitative modeling analysis
would be more expensive and would result in criteria with much less uncertainty of effectiveness. However, there
is no guarantee that the criteria resulting from the modeling analysis would be any less restrictive than those
7
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resulting from the simple assessment. As the findings of the Joint Effort begin to come clear, the City might need
to weigh the costs of conducting further technical investigations against the possible costs of implementing overly
conservative measures. In anticipation of that possibility, this study is intended to provide the City with a
foundation of knowledge sufficient to support an informed decision about the best approach to developing
hydromodification control criteria following the findings of the Joint Effort study.
To best position the City for effective participation in the Joint Effort, the following section assesses the
importance, accuracy, and suitability of each data set listed above to determine its overall value for future use in
developing hydromodification control criteria specifically suited to meet the needs of the City.
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3.

WATERSHED CHARACTERIZATION

This section includes a preliminary assessment of hydrologic data, watershed characteristics, and receiving water
characteristics important to the development and assessment of hydromodification management criteria.

3.1. General Information
The principal hydrologic feature in the City is the Santa Maria River, whose watershed, one of the largest coastal
drainage basins in California, drains approximately 1,880 square miles (1.2 million acres) and includes all areas
tributary to the Cuyama River, Sisquoc River, and Santa Maria River (Central Coast Water Board 2009) (Figure
1). Although much of the upper watershed is minimally populated and comprises mostly agricultural and natural
forested areas, the Santa Maria Valley is home to the moderately sized urban and agricultural area that includes
the City, its surroundings, and the unincorporated areas of Sisquoc and Garey. The valley is in the lower Santa
Maria River watershed just downstream of the confluence of the Sisquoc and Cuyama rivers where the Santa
Maria River begins. Major activities in the valley include irrigated and dry-land agriculture, oil production, and
urban development (Central Coast Ambient Monitoring Program [CCAMP] 2003).
The Santa Maria River itself has a sandy, braided channel with levees protecting urban development in its lower
section. As a losing stream (surface water flow infiltrates into underlying permeable layers), the Santa Maria
River is the major source of recharge to the Santa Maria groundwater basin (Central Coast Ambient Monitoring
Program 2003).
Agricultural land uses are an important characteristic of the watershed and its hydrology. Nearly all land
surrounding the City to the east, west, and south sides is zoned as Agriculture II (A-II), which is defined as
parcels of 40 or more acres where intensive agriculture, livestock operations, grazing, and beef production are
permitted. Vineyards and grazing lands lie in the foothills to the east and southwest of the City. Vegetables and
strawberries account for almost one-half of Santa Maria Valley’s irrigated acreage and together generate more
than half of Santa Barbara County’s farm income. In addition to vegetables and strawberries, field crops are
grown on fallowed vegetable land and on non-irrigated prime land (County of Santa Barbara Planning and
Development 2009).
Lined and unlined drainages within the City are tributary to the Santa Maria River and receive regular discharges
from agricultural lands surrounding the City. For example, a significant length of the Main Street Channel is
entirely within irrigated agricultural lands, and the Bradley Channel is known to receive agricultural runoff
between Stowell Road and Jones Road (RWQCB 2008). Runoff rates from agricultural activities to those and
other drainages throughout the City can vary dramatically on the basis of the type of agricultural practices used. In
the Santa Maria Valley, farming practices include row crops, plastic mulching, and hoop houses. Plastic
mulching poses one of the largest hydrologic concerns compared to other traditional agricultural practices. Plastic
mulch is typically made from clear polyethylene and is used in strawberry production to warm the soil and
prevent weeds from growing (USDA 1999). The plastic mulching decreases the permeability of the surrounding
agricultural lands and increases runoff volume compared to other farming techniques. Strawberry production, in
the Santa Maria Valley, much of which is grown using plastic mulching techniques, is one of the most dominant
crop types in the region; in fact, two-thirds of California’s strawberry production occurs in the Santa Maria region
(USDA 1999). Further assessing the impact of agricultural production and surrounding farming practices may be
necessary when evaluating future hydromodification control strategies. Although not specifically evaluated, it
can be inferred from studies funded by the Resources Conservation District of Monterey County and the U.S.
Department of Agriculture (Rice et al. 2001), as well as visual observations made by City staff, that the
aforementioned types of farming practices contribute to a significant portion of the flow and sediment found in
many of the lined and unlined drainages owned and maintained by the City.
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Figure 1. Santa Maria River Watershed.
Ambient water quality monitoring has identified pollutants of known concern in the Santa Maria River watershed,
including fecal coliform, nitrates, sediments, and ammonia in surface water; nitrates and total dissolved solids in
groundwater; organochlorine pesticides in the Santa Maria River Estuary (located approximately 10 miles west of
Santa Maria); and petroleum production by-product (diluent) in ground and surface water of the Guadalupe Dunes
(located directly north and south of the Santa Maria River mouth and estuary) and nearby areas. Several
waterbodies in this hydrologic unit are now listed on the Clean Water Act (CWA) section 303(d) list of impaired
waterbodies (CCAMP 2003). The Cachuma Resources Conservation District’s Santa Maria River Management
Plan for Nonpoint Source Pollution Abatement (2000) identifies various concerns to groundwater primarily due to
agriculture and to a lesser extent, urban development.

3.1.1. Study Area
The City of Santa Maria is in the northernmost section of Santa Barbara County (SBC). Approximately 15,000
acres are under the jurisdiction of the City; however, for the purpose of this report, a project study area was
established. On the basis of discussion with the City, Tetra Tech delineated a study area that includes the City’s
boundaries and small plots of land west of the City and large parcels southeast of the city owned by the Bradley
Land Company (Figure 2). The decision to expand the study area beyond the limits of the City was to assure
10
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proper consideration was given for evaluating and planning for hydromodification controls in those areas where
future development might take place. The study area totals just over 18,000 acres.
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Figure 2. Study Area.

3.1.2. Topography
Slope and topography are crucially important characteristics to consider in developing standards and practices to
prevent the adverse effects of hydromodification. Areas with steeper slopes are more prone to erosion due to the
increased velocity and volume of storm-related flows, which present water quality concerns when the erosive
force of water leads to increased sedimentation and turbidity. Areas with shallower slopes, where water collects in
depressions and low areas rather than flowing rapidly downslope, are far less prone to such erosion risk.
Hydromodification concerns in valley areas can arise and often are related to the effects of sedimentation from
sediment-laden upstream waters or from poorly controlled local runoff. The hydromodification approaches and
standards developed to protect valley surface waters can differ from areas with greater slopes and more rapidly
flowing surface waters; to be effective, they should reflect local topography, storm inputs, and surface water
characteristics.
The City is in a broad, flat valley, through which the braided channel of the Santa Maria River flows. The City’s
unique topography has a 0.02 percent grade that runs roughly southeast to northwest toward the Santa Maria
11
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River (Figure 3). That consistent slope is a unique and important feature to consider when determining
appropriate criteria for hydromodification and storm water management in the City.
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Figure 3. Santa Maria Watershed Topography (Hillshade).
For this report, the National Elevation Dataset with 30-meter data resolution was acquired from USGS. However,
given the relatively small study area, the 30-meter data resolution is not well suited for the topographic analysis
required to perform drainage modeling.
A collaborative effort between SBC and its municipalities in the early 1990s produced topographic elevation data
for the major urban areas in the county, including the City (Zacharias Hunt personal communication, SBC
Geographic Information Office, April 28, 2010). The digital topographic lines produced from the mapping efforts
were provided by the City for Tetra Tech to review. The elevation data was produced in 1993, provides coverage
beyond the entire study area, and has contour resolutions of one to two feet depending on the area. The flatter
portions of the watershed have a one foot contour resolution. If necessary, this contour data can be used to aide
manual delineation of catchments for specific target areas. In addition, the data set can be rasterized using ArcGIS
to perform slope analysis and identify areas where hydromodification controls might be needed, although that
would require substantial time and data manipulation resources.
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It should be noted that 5-foot contour data also are available in digital format for all of SBC; however, it does not
provide the necessary detail to conduct slope analyses in areas as flat as Santa Maria. The data are proprietary data
purchased by the county from Intermap Technologies in 2008. The county purchased the data set to fulfill its
needs for current, countywide contour terrain data sets for floodplain studies and watershed delineations..
The ability to characterize and evaluate topography is essential to developing hydrologic modeling. Highresolution topographic data are used to identify and to model areas vulnerable to slope failure and flooding, or to
characterize the properties of the City’s drainage network. Topographic mapping and data for the City are most
likely sufficient to complete any future hydrologic modeling necessary to support the development of
hydromodification control criteria.

3.1.3. Land Use
An accurate understanding of land uses is extremely important for assessing hydrology and hydromodification in
any urban system because different land uses affect the quantity and quality of storm water runoff. For the
purposes of hydrologic modeling, land use can typically be described with two distinct characteristics:
development type (e.g., residential, commercial, agricultural) or impervious cover. The impervious cover of
individual land use types drives the quantity of runoff. For instance, highly dense commercial development often
has a higher degree of imperviousness compared to low-density residential developments. As a result, runoff
volume per acre of developed area is also much higher for the commercial land use. Land use practices can also
directly affect both quantity and quality. Irrigation of urban lawns or agricultural areas tends to saturate the soils,
resulting in greater runoff. Additionally, anthropogenic behaviors that occur on particular land types can
contribute to differential pollutant loading rates. Runoff from agricultural lands will typically have a much
different water quality profile than runoff from urban areas.
Several data sources were available to characterize land use cover in the study area. From those data sources, two
primary GIS data sets were derived, a comprehensive land use data set based on best available zoning data, and a
data set of impervious cover that is based on current National Land Cover Database satellite imagery.
The initial data sources for preparing these two layers are the following:
•

•

•
•

National Land Cover Database, Land Cover and Impervious Surface: The database published by the
USGS Land Cover Institute in 2001 provides general land cover and land use information such as
grasslands, urban areas, and farmland. The impervious surface data classifies pixels into 101 possible
values (0 to 100 percent) to represent percent imperviousness.
SBC Land Use Designations: Land use designations were acquired from SBC’s Planning Development
Department. It provides land use designations as adopted by the county’s board of supervisors as of June
4, 2008.
Parcel Data: This data layer was created by the SBC Clerk-Recorder-Assessor Map Division in 2009. It
contains owner information, parcel addresses, and land use designations.
Land Use General Plan (LUGP): This General Plan was obtained from the City’s Information Technology
Division and it provides land use designation information for the City and south of the City’s boundary. It
was last updated June 1, 2008.

Land Use Types

The LUGP and the county land use designations provided general land use information, but were not detailed
enough to accurately represent the distribution of land use in the study area. SBC’s parcel data provided the level
of detail required to thoroughly characterize land use in the study area and to perform comprehensive land use
calculations using Environmental Systems Research Institute’s (ESRI) suite of GIS software, ArcGIS.
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The county parcel data had more than 70 land use categories for the 25,000 individual parcels in the study area.
To improve this data set’s usefulness as a tool for understanding the existing development within the study area
boundaries, the categories must first be simplified and grouped into land use types with specific pollutant loading
and (possibly) imperviousness assumptions. To accomplish that, Tetra Tech aggregated and reclassified each of
the 70 categories in ArcGIS to one of the 14 general land uses presented in Table 2. Dominant land use types in
the study area are illustrated as primarily a mix of agricultural (29 percent), industrial (24 percent), and singlefamily residential (17 percent) (Figure 4 and Table 2).
Table 2. Summary of Land Use within Study Area
Land use

Acres

Percent

Agriculture

4,641

29.10%

Industrial

3,757

23.50%

Single Family Residential

2,650

16.60%

Commercial

1,147

7.20%

Institutional

646

4.00%

Transportation, Communications, and Utilities

624

3.90%

High Density Residential

582

3.70%

Vacant

499

3.10%

Water

410

2.60%

Miscellaneous/Non-Classified

337

2.10%

Open/Recreation

308

1.90%

Residential

189

1.20%

Park

102

0.60%

Rural Residential

76

0.50%

Future Land Use

It is important to note that there are very few areas in the study area that are not already developed in one way or
another. In particular, the urban core of the City is approaching a built-out condition. It is likely that most future
projects that occur in the area will be either infill or redevelopment. Those areas generally drain to engineered
channels and do not contribute to runoff into natural areas. It is anticipated that hydromodification management in
these areas will focus on key watershed processes other than channel stability. The larger open areas to the west
and the southeast are more open and less affected by urban development. Future urban development is a realistic
possibility in the future and could prompt the need for evaluating hydromodification impacts. Developing
hydromodification control criteria for the areas might require additional attention to channel stability concerns,
although it is possible that the shallow slopes of these areas could preclude extensive runoff control requirements.
In addition to identifying areas of possible future development in the City, it is also important to understand the
nature of the development. Because compliance with the hydromodification control criteria will likely be enforced
on a project-by-project basis, applicability thresholds must be established to determine which projects should be
subject to the requirements. Typically, square footage is used as the threshold for new or redeveloped impervious
area. Identifying the right threshold requires a balance between practicality and effectiveness and is best achieved
by studying historical development patterns in the City. The City has electronically documented building permit
approvals in a database that includes information on square footage. As guidance from the Joint Effort becomes
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more clear, the data and other information in the City could be greatly useful in determining the best applicability
threshold for compliance with hydromodification control criteria.
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Figure 4. Parcel Land Use Within Study Area.
Impervious Cover

Characterization of impervious cover—its density per square mile, location relative to surface waters and
watersheds, and relative share of the total area of a watershed—is fundamental to developing any hydrologic
assessment. Flow magnitudes in a watershed are highly governed by the imperviousness of the land surface. Often
in assessing the impervious cover for an area, a percent imperviousness is assumed for each land use type on the
basis of the best available literature. Such a method provides a reliable assessment when a direct measure of
imperviousness is not available. However, that approach neglects spatial differences in percent imperviousness.
For example, Ackerman and Stein (2008) showed that using a single value for imperviousness by land use can
lead to errors in impervious estimates in the critical range observed in Schueler (1994). When accurate, highresolution imperviousness data are available, it can allow for improved model calibration between modeling
results and long-term flow records. It should be noted that long-term flow data does not exist for the City of Santa
Maria (see Section 3.1.8)
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Directly measured imperviousness data are available of the study area from the 2001 NOAA-NLCD (Figure 5).
Although the impervious surface data could be used to supplement the land use information to provide the City a
finer resolution of impervious cover distribution in the watershed (rather than assigning a literature value of
imperviousness to each land use type), two problems with the data set could preclude its usefulness. First, the City
has experienced a large degree of growth since 2001, and it would take a significant effort to reconcile the current
land use map with the old data set. Second, the NLDC data set is calibrated at the national scale with a training
algorithm that might not produce realistic estimates of imperviousness for the purposes of this assessment.
Although this directly measured data set could be improved and modified to be useful to future modeling or
assessment activities, the expected improvement in calibration accuracy is likely not significant enough to warrant
any action. Imperviousness assumptions based on land use type are much more likely to be a cost-effective
approach.
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Figure 5. Percent Impervious Cover.

3.1.4. Soils
Soil composition plays an important role in hydrology and is critical to selection and use of LID practices, which
are a strong focus of the Water Board’s proposed approach to hydromodification. The process of storm water
infiltration through permeable soils is generally the best and cheapest mechanism for reducing runoff volume and
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peak discharge (both goals of hydromodification control), recharge of groundwater supplies, and treatment and
filtering of pollutants. Knowing the distribution of soils and their associated infiltration characteristics in the study
area will be important for determining constraints to the use of LID, including the applicability of certain
infiltration-based BMPs such as infiltration trenches, bioretention cells, and rain gardens.
The soils in the study area include areas with all four hydrologic soils groups defined by the U.S. Department of
Agriculture, Natural Resources Conservation Service (USDA-NRCS 1986). Characteristics of the four soil groups
defined by USDA-NRCS are presented in Table 3.
Table 3. Characteristics of the USDA-NRCS Soil Groups
Soil
Type

Runoff
Potential

Infiltration
Rates

Soil Texture and Drainage

A

Low

High

Typically deep, well-drained sands or gravels

B

Moderately
Low

Moderate

Typically deep, moderately well to well-drained moderately fine to coarsetextured soils

C

Moderately
High

Slow

Typically poorly drained, moderately fine to fine-textured soils containing a
soil layer that impedes water movement or exhibiting a moderately high
water table

D

High

Extremely
Slow

Typically clay soils with a higher water table and high swelling potential
that may be underlain by impervious material, has very slow infiltration
rates

According to the USDA-NRCS data, the largest share of soils in the study area are Type B soils (47 percent),
along with a mix of Type A (20 percent) and C (24 percent) soils (Table 4). The Betteravia Escarpment, an
ancestral riverbank of the Santa Maria River that runs east-west across the center of the City, is clearly apparent as
a transition between high-infiltration soils in the north and east to low-infiltration soils to the south and west
(Figure 6).
Table 4. Percent Breakdown of Soil Groups in Study Area
Hydrologic Soil Group

Percent of Study Area

not rated

1.3%

A

19.5%

B

47.6%

C

24.3%

D

7.4%

However, soils data are highly site-dependent, and broad data sets can mask localized conditions that are
important to the development of storm water management approaches, particularly LID and infiltration-based
BMPs. While from the broader data set it would appear that nearly 70 percent of the study area provides a
significant opportunity for selecting and implementing infiltration-based BMPs, prior soil modification and
particularly compaction in areas such as the Santa Maria Fairpark and areas that have been converted from
agriculture to more urban land uses can dramatically affect the capacity of an area to support infiltration-based
storm water management. Another local condition of note is the potential presence of clay lenses, which inhibit
infiltration.
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Thus, while it appears that many areas of soils in the study area would easily provide for groundwater recharge,
treatment and filtering of pollutants, the City must expect that localized conditions will have a significant and
possibly limiting effect on the ability to use infiltration-based BMPs or LID techniques, and alternative
approaches might be needed. Matching larger data sets with local information through mapping and data
collection can help determine where, and the extent to which, LID practices can contribute to reduced runoff and
increased water quality throughout the City. However, it will always be necessary for developers and the City to
continue performing site-specific soil tests during the design process to ensure that infiltrating BMPs are applied
only under the proper conditions.
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Figure 6. Hydrologic Soil Groups Within Study Area.

3.1.5. Climate
Assessment of climatic conditions and trends is informative for developing an understanding of the seasonal and
annual rainfall, and the evaporation and evapotranspiration patterns and trends. Understanding precipitation
patterns in the region will help characterize the timing and volume of runoff, which is necessary for addressing
hydromodification in the City.
The climate in the Santa Maria Valley is typically mild year-round, influenced by the Pacific Ocean.
Temperatures range from average winter lows in December of 40 degrees Fahrenheit (°F) to average summer
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highs in September of 75 °F. Precipitation usually falls during late autumn, through the winter, and into the early
spring, with the majority of rain occurring from November to April. Some precipitation in summer months can
occur from fog.
Daily surface data were attained from the National Oceanic and Atmospheric Administration’s National Climatic
Data Center (NOAA-NCDC), which includes total precipitation, air temperature, dew point temperature,
snowfall, wind direction and speed, pan evaporation, and temperature of evaporation pan. The weather station at
the Santa Maria Airport (Station ID 23273), which has operated since June 1, 1938, is the closest NOAA-NCDC
weather station (Figure 7). In addition to the NOAA-NCDC weather stations, hydrologic data is also available
from the SBC Flood Control District (SBCFCD), which includes rain records provided by a network of observers
as well as a network of gauges operated by the district. The closest rain gauges maintained by SBCFCD are also
shown in Figure 7.
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Figure 7. NCDC Weather Stations and SBC Rain Gauges.
Continuous Rainfall

To appropriately calibrate a model, long-term continuous rainfall data (i.e., hourly or better) are necessary.
Although not purchased or closely analyzed as part of this study, hourly data are available for purchase from the
Santa Maria Airport NOAA-NCDC weather station. In addition to that long-term data set, the longest continuous
or event-based rainfall data set was collected by the SBC Flood Control District in Orcutt, which has an event
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data logger outside the Santa Maria Flood Control office. That is the only event data logger in the Santa Maria
area and continuous rainfall records at that site go back to the year 2000 only (Shawn Johnson, Senior
Hydrologist, SBC Public Works, June 18, 2010, personal communication). Tetra Tech acquired the data from the
county; however, it should be noted that the county is planning to install more event data loggers in the area.
Therefore, more current, continuous precipitation records will be available in the near future.
In addition to the Orcutt rainfall station, other rainfall stations in the area exist. Those include rainfall monitoring
stations near the Santa Maria County Building and near the Getty Basin; however, those monitoring stations are
for flood warning purposes and are not official rainfall recording sites (Shawn Johnson, Senior Hydrologist, SBC
Public Works, June 18, 2010, personal communication).
Other historical rainfall records for the Santa Maria Valley go as far back as the early 1900s but depict total daily
rainfall. Although historical total daily rainfall provides some perspective on the amount of rainfall the City has
experienced in the past, rainfall data in continuous time steps are necessary to perform watershed modeling and
evaluate the effects of hydromodification for the Santa Maria Valley.
One of the primary advantages of having redundant precipitation information for a region is the ability to crosscheck or backfill missing events using data sets collected from nearby areas. If a modeling exercise is undertaken
in the steps following the Joint Effort, it will be necessary to evaluate all the above data sets to construct one
continuous, long-term rainfall loading for the City. Overall, the amount of data available to the City is likely
sufficient to create such a data set.
Evapotranspiration

The evapotranspiration rate (ETo), which varies throughout the year, is a key data set for evaluating the behavior
of any hydrologic system because it can account for a large portion of the total water budget. Much of the best
data available comes from the California Irrigation Management Information System (CIMIS), which was
developed for farmers and the general public to estimate crop water use to adjust irrigation needs accordingly.
CIMIS is an integrated network of 218 automated weather stations throughout California. Of those, 132 stations
are active, and 86 are inactive (stations that have been disconnected from the CIMIS network for various reasons).
The numbers of active and inactive stations change with time as new stations are installed and existing stations
disconnected.
CIMIS stations collect hourly weather conditions. Although parameters collected vary from site to site, most
stations collect ETo, precipitation, solar radiation, vapor pressure, air temperature minimum and maximum,
relative humidity, dew point, wind speed and soil temperature data. Weather data and station information can be
accessed via the CIMIS Web site for both active and inactive stations in hourly, daily, monthly, and yearly time
intervals.
The nearest active station to the City is the Nipomo station, which has collected data since June 2006. However,
data are also available from the following inactive stations (the Santa Maria station began collecting data in
1983):
• Santa Maria (active between 1983 and 1999)
• Betteravia (active between 1987 and 1993)
• Guadalupe (active between 1993 and 2000)
Table 5 presents monthly average ETo rates for various stations in the region. The available ETo data appear to be
sufficient for any future modeling.
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Table 5. Monthly Average Evapotranspiration Rates (inches)
Station

Status

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Nipomo

Active

2.21

2.5

3.8

5.1

5.7

6.2

6.4

6.09

4.9

4.1

2.89

2.28

Santa Maria

Inactive

1.83

2.3

3.7

5.1

5.71

5.8

5.6

5.34

4.2

3.5

2.39

1.91

Betteravia

Inactive

2.1

2.6

3.95

5.2

6.02

5.9

5.8

5.4

4.1

3.3

2.67

2.1

Guadalupe

Inactive

1.52

2

3.45

4.7

5.33

5.3

5.1

4.75

3.7

3.3

1.97

1.68

Evaporation

In addition to ETo data, evaporation information can be used to inform hydrologic modeling systems. Tetra Tech
acquired evaporation rates representative of the climate in Santa Maria to account for losses during dry days after
a storm event. The data are associated with two nearby NOAA-NCDC evaporation pans at Lake Cachuma Dam
(Station ID 041253) and Twitchell Dam (Station ID 049111). A map of relevant station locations is shown as
Figure 7.The relevant station locations are listed in Table 6.
A preliminary quality check of the data for these stations suggested some level of data impairment that needed
further investigation. There were also overlapping periods where both observed pans were missing data. To
address the identified data impairment and missing evaporation data, Tetra Tech first computed a third
evaporation data set using the Penman Method. The Penman Method calculation requires a continuous observed
data set of wind speed, solar radiation, dew point, and temperature, which Tetra Tech acquired from the NOAANCDC station at the Santa Maria Public Airport (Station ID 023273). The data acquired from the Santa Maria
Airport spanned a period of October 1, 1979, through September 30, 2009 (water years 1979 through 2009). The
computed data set ensures that there is an estimated value for all periods, even when both observed pan stations
had missing data.
To estimate evaporation for the two stations with missing observations, Tetra Tech used the normal ratio method
(Dunn and Leopold 1978). That method estimates missing evaporation records using a weighted average from
surrounding index stations with similar evaporation patterns. The two observed pan evaporation data sets and the
one computed data set were used to patch each other.
Table 6 and Figure 8 present the average monthly evaporation rates observed and computed for each NOAANCDC station.
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Average Evaporation (inch/day)

Table 6. Average Monthly Evaporation Rates (inches/day)

Month

Cachuma
Dam

Twitchell
Dam

Santa Maria
Airport

Average

1

0.076

0.098

0.079

0.084

2

0.104

0.113

0.094

0.104

3

0.143

0.141

0.120

0.134

4

0.203

0.196

0.178

0.192

5

0.249

0.236

0.218

0.234

6

0.290

0.283

0.258

0.277

7

0.307

0.298

0.255

0.287

8

0.290

0.279

0.224

0.264

9

0.238

0.249

0.174

0.220

10

0.168

0.191

0.134

0.164

11

0.111

0.136

0.098

0.115

12

0.077

0.100

0.081

0.086
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Figure 8. Monthly Average Evaporation Rates.
Overall, the climatologic data available for the City are adequate to develop a reasonably detailed hydrologic
model. Enough overlap of data stations and consistency with surrounding conditions exist to support the
development of sound, continuous, modeling input files.

3.1.6. Groundwater
The City overlies the Santa Maria Main Basin, one of three sub-units to the larger 170-square-mile alluvial basin
known as the Santa Maria Main Groundwater Basin (Santa Maria Main Basin). The Nipomo Mesa and Arroyo
Grande units complete the larger Santa Maria Main Basin and are entirely in San Luis Obispo County. This
section briefly describes the Santa Maria Main Basin’s supply, management, and potential constraint to the
implementation of infiltration-based storm water measures.
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Basin Supply and Management

Local management of the basin and its supply falls under the jurisdiction of a number of public and private
agencies:
• Santa Maria Water Conservation District
• Santa Barbara County Water Agency
• Twitchell Management Authority
• City of Santa Maria
• City of Guadalupe
• Casmalia Community Services District
• California Cities Water Company
Historically, the Santa Maria Main Basin has supported groundwater supply for the City, the California Cities
Water Company, the city of Guadalupe, the Casmalia Community Services District, oil operations, and private
agriculture throughout the Santa Maria Valley. As documented in the 2008 Santa Barbara County Groundwater
Report (County of Santa Barbara 2009), the significance and extent of agriculture and oil production in the region
has yielded extensive study of the Santa Maria Main Basin. In 1946 a USGS bulletin noted an annual overdraft of
12,000 acre-feet per year (AFY) from the basin. Reports prepared by the USGS, Department of Water Resources
and private entities have since come to similar conclusions regarding overdraft of the basin, with estimates of
overdraft ranging from 6,000 to 37,000 AFY. Because of differing methodologies and conflicting conclusions
among many of the studies performed since 1946, the SBC Water Agency funded in 2001 an unbiased study of
the evaluations and methodologies of previous basin assessments. The 2001 study concludes that overdraft from
the Santa Maria Main Basin is somewhere between 2,000 and 3,000 AFY. The marked improvement in overdraft
is primarily attributed to importing state water in 1997 (County of Santa Barbara 2009).
Since the end of 1997, groundwater supplies have been supplemented by state water (County of Santa Barbara
2008). Table 7 presents a summary of water requirements and supplies for the City since 1989. The municipal
well pumping and State Water Project (SWP) delivery data presented in Table 7 indicate that historical pumping
by the City was substantially greater a decade ago, before the initial deliveries of imported SWP water. In 1989
groundwater contributed 100 percent of the City’s domestic supply, whereas in 2009 groundwater contributed
approximately 47 percent to the City’s supply.
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Table 7. Summary of Water Requirements and Supplies for the City (AFY)
Year

Groundwater Pumping

Net SWP Deliveriesa

Total Supply

1989

12,464

--

12,464

1990

12,052

--

12,052

1991

11,170

--

11,170

1992

12,116

--

12,116

1993

11,984

--

11,984

1994

12,129

--

12,129

1995

12,267

--

12,267

1996

12,780

--

12,780

1997

8,016

4,506

12,522

1998

411

10,674

11,085

1999

454

11,405

11,859

2000

548

12,132

12,680

2001

2,699

9,894

12,593

2002

468

12,844

13,312

2003

1,178

12,321

13,499

2004

1,223

12,427

13,650

2005

897

12,917

13,814

2006

543

13,067

13,610

2007

2,550

12,232

14,782

2008

6,631

7,604

14,235

2009

6,615

7,557

14,172

Note: a. State Water Project deliveries are adjusted for transfers to the
Golden State Water Company

Given the importance of the Santa Maria Main Basin’s groundwater supply to the varied interests of the Santa
Maria Valley, its recharge is actively managed and monitored. Groundwater conditions within the basin are
expected to fluctuate seasonally with recharge to it from seepage losses of major streams, rainfall percolation, and
subsurface inflow (California Department of Water Resources 2003). In addition, the prominent soil types found
in the study area infer the vast network of drainage and flood control facilities throughout the City, including
retention and detention basins (for more detail, see Section 3.1.7) also contribute to the recharge of the basin.
A critical source of recharge for the basin is the Santa Maria River itself. As a losing stream, the Santa Maria
River provides a major source of recharge to the Santa Maria Main Basin (CCAMP 2003). Recharge of the river
is complemented by measured releases of water from the Twitchell Reservoir to the Santa Maria River (County of
Santa Barbara 2008). The reservoir has a design capacity of 224,300 acre-feet (AF) and is formed by the
Twitchell Dam on the Cuyama River about 66 miles from its headwaters in the Chumash Wilderness Area and
about 6 miles from its confluence with the Sisquoc River, where they form the Santa Maria River (U.S.
Department of the Interior 2009). Annual releases from the Twitchell Reservoir are well documented in the 2009
Annual Report of Hydrogeologic Conditions, Water Requirements, Supplies and Disposition (Luhdorff and
Scalmanini Consulting Engineers 2010) for the Santa Maria Valley Management Area. On the basis of the
information in that report, annual releases since 1967 have ranged from zero during low rainfall years and drought
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periods to a maximum of 243,660 AF in 1998, with a long-term average (1967 through 2009) annual release of
53,200 AFY. More recently, in 2005 and 2006 releases amounted to approximately 106,000 and 80,000 AF,
respectively; however, Luhdorff and Scalmanini Consulting Engineers notes in its report that in 2009 there were
no releases for the purpose of in-stream recharge because of the drier climatic conditions the region experienced
since 2006.
The importance of Twitchell Reservoir, its releases and subsequent recharge cannot be overstated. Since its
construction the Santa Maria Main Basin’s average perennial yield has significantly increased and recharge from
the releases are at least partly responsible for the marked reduction in overdraft and improved stability of the basin
(Luhdorff and Scalmanini Consulting Engineers 2010).
Depth to Water and LID Implications

Awareness regarding depth-to-water (DTW) is important to the success of infiltration-based LID measures in the
study area. Figure 9 presents the location of monitoring wells in and around the study area including 20 USGS
monitoring wells and 6 active (9S, 10S, 11S, 12S, 13S and 14S), 3 inactive (5S, 7S and 8S) domestic supply wells
and one irrigation well (5H) owned by the City. 31 monitoring wells and peizometers at the City’s solid waste
landfill are presented in Figure 10.
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Figure 9. City of Santa Maria Domestic Supply Wells and USGS Monitoring Wells.
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Figure 10. Landfill Groundwater Monitoring Wells.
Recent (2006 to 2010) DTW measurements were acquired for these wells, and the following summarize the data
for each group of wells:
•

In February 2010 the average DTW for the USGS wells in the delineated study area was 145.23 feet and
for all 20 monitoring wells, 137.81 feet (Table 8). DTW measurements for all 20 wells ranged from
approximately 89 to 225 feet, with the shallowest measurements being recorded at wells 15, 19, and 20.
Wells 15, 19, and 20 are southeast of the City’s landfill and immediately adjacent to the Santa Maria
River.
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Table 8. USGS DTW Measurements (February 2010)
Well
Number

USGS Well
Number

DTW
(feet)

1

345650120255901

139.97

2

345725120235701

122.86

3

345518120273101

143.97

4

345657120242901

130.36

5

345644120241801

128.29

6

345407120262301

197.35

7

345459120250301

174.11

8

345548120242201

167.26

9

345644120235801

111.57

10

345635120235901

122.61

11

345710120230802

103.68

12

345645120231101

117.47

13

345616120231001

115.70

14

345459120232301

224.99

15

345552120220001

89.28

16

345459120222301

184.01

17

345459120211901

190.85

18

345534120212001

103.86

19

345523120204901

94.52

20

345458120200601

93.55

•

September 2008 and January 2009 DTW measurements for the six active domestic supply wells were
provided to Tetra Tech by the City of Santa Maria, Utilities Department, Water Resources Division. The
average DTW for the six wells for September 2008 and January 2009 were 157.67 feet and 158.17 feet,
respectively.

•

DTW measurements for all 31 monitoring wells and peizometers associated with the City’s landfill, for
the period between 2006 and 2009, were obtained from the SWRCB GEOTRACKER database. The
minimum and maximum DTWs for each well during the period are presented in Table 9. MW-10 and SP1 exhibited the shallowest DTW, both of which are along the eastern edge of the landfill and immediately
adjacent to the Santa Maria River
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Table 9. City of Santa Maria Landfill Min. and Max.
Depth-to-Water Measurements (2006–2009)

Well type

Well Number

Minimum DTW
(feet)

Maximum DTW
(feet)

DP-1

35.91

95.40

DP-2

31.46

105.36

SP-1

28.34

39.38

SP-2

31.99

45.87

SP-3

36.55

55.34

SP-4

38.29

59.71

EW-1A

58.69

92.54

EW-1B

No Data

No Data

EW-1C

60.82

97.75

EW-1D

61.11

84.64

MW-10

23.94

96.38

MW-11

57.39

105.92

MW-12-1

48.56

82.56

MW-12-2

46.78

103.17

MW-19

59.89

103.16

MW-1R

66.45

101.71

MW-2R

59.75

101.65

MW-3R

59.09

107.99

MW-4R

56.22

108.29

MW-5R

50.60

105.13

MW-6R

28.80

96.45

MW-7R

35.57

103.71

MW-8R

42.36

101.35

MW-9

24.40

97.73

MWO-13

57.62

109.83

MWO-14

59.20

109.71

MWO-15

63.40

112.71

MWO-16

50.02

106.59

MWO-17

67.25

114.57

MWO-18D

73.20

111.43

MWO-18S

70.12

86.99

Piezometer

Monitoring well

Note: DTW = depth-to-water

It should be noted that historic DTW within the vicinity of the Santa Maria Sanitary Landfill has been
significantly shallower than the minimum DTW measurements presented in Table 9. A Solid Waste Assessment
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Test Report prepared for the City by Penfield & Smith presents DTW measurements for various wells during the
period of 1964 and 1984. The report indicates DTW measurements of approximately 11 to 20 feet spanning the
periods of 1968 to 1969 and 1978 to 1980(1988).
According to an assessment of data acquired from the USGS, the City, and the SWRCB GEOTRACKER, DTW
is most shallow in the vicinity of the Santa Maria River. That observation is not unexpected because flows within
the Santa Maria River and the hydrogeologic conditions associated with the riverbed likely result in mounding of
the groundwater table with it being most shallow in proximity to riverbed elevation. The occurrence of mounding
is common near river channels. That occurrence is documented by the U.S. Army Corps of Engineers, Los
Angeles District in its Design Deficiency Report for the Santa Maria Levee Project (2008) and in the 2009 Annual
Report of Hydrogeologic Conditions, Water Requirements, Supplies and Disposition (Luhdorff and Scalmanini
Consulting Engineers 2010).
Depth-to-groundwater in the study area appears sufficiently deep for the use of localized infiltration practices.
However, because of the absence of DTW data for many parts of the study area in the direct vicinity of the Santa
Maria River, it is not possible to state unequivocally that groundwater mounding would not affect or limit the
implementation of infiltration-based LID measures. Furthermore, the City must be aware that the potential
presence of Type D soils or temporarily perched groundwater (or both) are also possible throughout the study
area. Therefore, soils and hydrogeologic analysis of new and redevelopment sites must continue to be performed
before the design-phase of a project to ensure that the proper selection and implementation of LID measures is
employed.

3.1.7. Surface Waters and Subwatersheds
As described above, the Santa Maria River watershed includes the Cuyama, Sisquoc, and Santa Maria rivers and
their tributaries, with those three rivers playing the most significant role in the larger watershed’s hydrology. The
Santa Maria River begins where the Sisquoc and Cuyama rivers converge just east of Fugler Point. Both rivers are
fed by water from the large watershed that drains from areas above the Cuyama Valley and Santa Maria Valley.
From Fugler Point, the Santa Maria River flows westward to the Pacific Ocean for approximately 20 miles (City
of Santa Maria 2009). Through that reach, the river has a sandy, braided channel that is leveed along much of its
length. As noted before, the Santa Maria River is a significant source of recharge for the Santa Maria Main Basin
(CCAMP 2003).
Santa Maria’s topography, soils and hydrology, combined with its agricultural and development history, have
resulted in a complex mix of natural and man-made drainage features. The City’s land historically was a broad
floodplain with few, if any, perennially flowing natural stream courses. As the Santa Maria Valley was farmed
and urbanized over time, levees and a series of flood-control channels and basins were constructed to adequately
protect the agricultural and urban communities from flooding and erosion. Many of the channels that carry flow
from irrigated fields are thought of as streams, but they are, in fact, man-made channels and not natural surface
waters. Other natural drainage features are seasonal drainages or arroyos that carry water during rain events only.
The City also has identified several ineffective flow areas, topographical depressions that can receive water but
are unable to convey it during storms.
This section identifies the subwatersheds in the study area and the surface waters or drainages to which they
drain; describes areas of ineffective flow; provides information related to riparian habitat areas; and describes the
City’s constructed storm drainage network, including the network of retention and detention basins that are an
important feature of the City’s hydrologic system and management controls.
Identifying Natural Watercourses

Identifying natural watercourses in the City has presented challenges because of the seasonal and man-made
nature of so many of the City’s surface drainage features, as described in the introduction to this section. The
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preparation of this report included both field assessments of hydromodification susceptibility, along with a review
of field assessments and studies prepared for major developments, and a desktop analysis of surface drainage and
associated soil, topography, and vegetation data.
Using ESRI ArcGIS and the National Hydrography Dataset, a desktop analysis was performed to identify
potential areas with stream characteristics adjacent to the Santa Maria Airport, the small plots of land west of the
City and the large parcels southeast of the city owned by the Bradley Land Company; however, the results of that
basic analysis did not yield clear results. Tetra Tech reviewed Environmental Impact Reports (EIRs) and Specific
Plans for the Santa Maria Airport Business Park (City of Santa Maria 2008c; ), Mahoney Ranch North (City of
Santa Maria 2008a), and Mahoney Ranch South (City of Santa Maria 2008b; SAIC 2007), which identified
naturally occurring drainage courses on each site, rather than streams. Riparian vegetation and wetland areas were
found to be associated with the drainages identified as B and C in the Mahoney Ranch South study area, but these
are characterized in the EIR and Specific Plan documents as streams. One natural drainage area is identified in the
southerly portion of the Santa Maria Airport Business Park site, described as “a short natural drainage that begins
along the east end of the on-site portion of Foster Road and ends in…a vernal pool complex” (City of Santa
Maria, 2007; Section 3.2.3, page 3-3).
A preliminary task in the development of an HMP is documenting baseline receiving water conditions for
susceptibility to hydromodification. Stillwater Sciences, Inc. performed the assessment for Tetra Tech in
September 2009. Specifically, Stillwater Sciences identified and field-verified channels in the City’s boundaries
and study area. Each drainage was classified as (1) lined channel (i.e., non-susceptible), (2) unlined channel
(susceptible), or (3) natural drainage (susceptible) (Figure 11). On the basis of prior observations and discussion
with the City, the preliminary field effort was designed with the expectation that most of the water-conveying
channels in the study area are lined with concrete or other material and would therefore be excluded from any
further analysis. The results of the observational field assessment could be used in a future step to assess the
degree of channel susceptibility to hydromodification for those watercourses that have not been already excluded.
In recognition of that eventuality, some basic field measurements were also taken of the channels observed in the
study area. Worth noting is the frequent observation of unlined, susceptible channels discharging into concretelined, non-susceptible channels such as Site #4 indicated in Figure 11. Natural channels, although not perennially
flowing, were identified at the large parcels southeast of the City owned by the Bradley Land Company (Figure
11). Specific findings of this preliminary field assessment are provided as Appendix A.
Those findings are important to the City’s development of appropriate hydromodification criteria, and
participation in the Joint Effort. Because no apparent or documented natural streams are in the City boundaries,
any criteria for surface water protection applicable to the City itself should reflect the physical characteristics and
dynamics of man-made, as opposed to natural, surface waters. In areas where there appear to be naturally
originating surface waters, or drainages associated with features such as vernal pools, riparian habitats, or
wetlands, different, more rigorous, standards might be needed to protect against the potential effects of
development in those watersheds. Again, given the unique physical characteristics and hydrology in the City and
its adjacent areas, with minimal slopes and significant groundwater resources, the City must take care to develop
locally appropriate standards.
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Figure 11. Natural Drainages and Susceptibility to Hydromodification
Riparian Habitat

Most natural stream courses and some seasonal drainages support riparian habitat, which contain a rich diversity
of plants and animals that help to maintain water quality and terrestrial and aquatic habitats. Such areas tend to be
subject to hydromodification effects from development. Therefore, it is important to identify those areas and
include them in the HMP development process.
Figure 12 presents areas deemed riparian habitat. In addition, certain areas of the Santa Maria Airport Business
Park and the Mahoney Ranch, as described above, have been identified as having riparian habitat in Specific Plan
and EIR documents (City of Santa Maria 2007, 2008a, 2008b, 2008c; SAIC 2007)2. Ongoing identification and
development of an inventory of riparian habitat areas on a site-specific or watershed basis will be required in the
future to more clearly identify such areas.

2

See particularly the discussion in the Mahoney Ranch South Project EIR, 2007, section 4.1.1
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Figure 12. Surveyed Riparian Habitat.
Subwatershed Delineation and Characterization

The City’s Utility Plan Update (2003) characterizes how flow is diverted through the City’s drainage
infrastructure, and delineates six primary subwatersheds in the City, each with its own discharge or terminal point.
The subwatershed delineations will be useful in the future for quantifying the amount of runoff draining to their
respective discharge points. The six subwatersheds (and the associated abbreviation on Figure 13) are as follows:
1. Betteravia (BE), some of which discharges to Betteravia Lakes (2 miles west of City limits) at Mahoney
Road
2. Blosser (BL), which discharges to the Santa Maria River through the Santa Maria River Levee via a 5foot by 5-foot reinforced concrete box and to Blosser Basin during periods of peak flow
3. Bradley (BR), which discharges to the Santa Maria River through the Santa Maria River Levee via a 5foot by 5-foot reinforced concrete box and to Blosser Basin during periods of peak flow
4. Green Canyon (GC), which discharges to high capacity recharge basins including the Getty, Kovar, and
Hobbs basins
5. Main Street (MA), which discharges to the Santa Maria River through the Santa Maria River Levee via
the West Main Channel and Unit II Ditch
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6. Santa Maria River (SMR), which discharges to the Santa Maria River through the Santa Maria River
Levee via a 36-inch culvert near Suey Crossing Road
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Figure 13. City Watersheds and Discharge Points.
The character of each subwatershed is significant. Some are highly developed, and others have a broad mixture of
commercial, residential and agricultural uses. As a result, the subwatersheds will all have different flow and
pollutant load characteristics, indicating potentially that different hydrologic modification criteria, standards and
approaches will be needed. In addition, all the subwatersheds have City, county, and privately owned detention
and retention basins, which provide both groundwater recharge and flood and runoff control. Those are important
features to the City’s surface drainage and groundwater networks and to efforts to control hydromodification
effects as development and redevelopment occur.

Identification of Ineffective Flow Areas

In addition to the six subwatersheds, there are two documented areas of ineffective flow (those areas where water
is present, but not actively conveyed) in the City’s boundaries (City of Santa Maria 2003). They are shown on
Figure 13. Because of their topography, ineffective flow areas do not have a natural discharge point; thus, any
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water within those areas infiltrates into the groundwater or evaporates rather than discharging to another surface
water.
Two ineffective flow areas have been identified in the southwest section of the City. A third ineffective flow area
has been tentatively identified, but not documented, in the area west of the Santa Maria Airport.
Storm Drainage Infrastructure

The City’s storm water infrastructure consists of curbs and gutters, a network of open and closed channels, and a
network of retention and detention basins. The entire flood control system was initially constructed with the intent
to manage and convey flood waters many years before water quality issues were a known concern. In recent
years, it has become recognized that this comingled surface flow is affecting both groundwater and Santa Maria
River surface water.
The larger storm water conveyance ditches, channels, and basins are primarily owned and maintained by the SBC
Flood Control District (FCD). In general, the City’s infrastructure discharges to the FCD’s conveyances; City
flow then co-mingles with County flow and agricultural tailwater. Three principal channels that are especially
relevant to the hydromodification issues in the City are discussed below.3
1.

Blosser Ditch is owned and maintained as a flood control structure by the FCD. A large
portion of the channel is concrete, and some portions are earthen. Vegetation becomes
established rapidly in the earthen portions of the channel, and must be continually removed
by the FCD to protect against blockages and flooding. The channel receives discharge
primarily from upstream agricultural sources as well as surrounding residential communities.
Excluding periods of high flow, the Blosser Ditch bypasses the expansive Blosser Basin and
merges with the Bradley Ditch, ultimately discharging to the Santa Maria River.

2.

The Bradley Ditch - once an earthen ditch, but now concrete-lined - runs adjacent to farm
fields south of East Betteravia Road and north toward the Santa Maria River as it enters the
residential neighborhoods north of East Jones Street. The flow source is almost entirely from
heavily sediment-laden agriculture runoff. During storm events, it also receives urban runoff
from City neighborhoods. Sediment must be removed from the entire ditch by the FCD due to
inputs from the year-round agricultural flows. Sediment deposition and vegetation can reduce
the ditch’s volume capacity in the non-lined portions. The FCD is planning to install concrete
lining in the remaining earthen segments of the channel between state highway 101 and state
route 135 and a section between East Donovan Road and Magellan Drive (County of Santa
Barbara 2006). As it enters the residential neighborhoods, the ditch utilizes retention basins
along its path, including the Bradley Basin and the River Oaks Park. Flow from these
facilities can be directed under the freeway as the ditch continues westward through the City.
Eventually the flow merges with the Blosser Ditch flow and discharges to the Santa Maria
River. During periods of high flows, the flow can be directed into the expansive Blosser
Basin.

3.

The West Main Channel (also known as the Main Street Canal) is also owned and maintained
by the FCD. The City of Santa Maria contributes urban runoff to the West Main Channel
from the central part of the City and directs those flows to a large underground drainage pipe
that runs west on the south side of West Main Street. The City's drainage merges with
agricultural and industrial runoff in the West Main Channel, which is essentially a degraded,

3 Descriptions taken from the City of Santa Maria Storm Water Management Plan, March 2010
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unlined, trapezoidal roadside ditch that runs west from just west of City limits at Hanson
Way, parallel to West Main Street for approximately 1.5 miles. At that point, it flows under
West Main Street through a culvert and enters the Unit II Ditch. The Unit II Ditch continues
north for approximately two miles where it outfalls to the Santa Maria River.
The network of basins found throughout Santa Maria, and in each of the six subwatersheds, is a unique feature of
the City’s storm water management infrastructure. Both detention basins, which are intended to capture and hold
runoff for a period before releasing it downstream at a controlled rate, and retention basins, which are intended to
hold water indefinitely and release water only through infiltration and evaporation/evapotranspiration, are found
in the City’s network and are designed and sited for specific purposes. The City’s storm water flow is diverted to
those areas principally to provide detention for flood control, but through the action of the detention and retention
basins, other water quality benefits such as pollutant and sediment removal and peak flow attenuation occur as
well.
Having an inventory of the locations, characteristics, and function of each of the basins is critical to understanding
the network’s contribution to addressing water quality issues. In 2008, using available plans and institutional
knowledge, City staff compiled a list of the basins within the City. A total of 65 basins have been identified and
range in size from under an acre to the largest with a size of approximately 30 acres. City staff intends to continue
improving the retention/detention basin data set given their significant importance to the overall management of
storm water in the City. The locations of main basins are shown on Figure 14.
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Figure 14. Retention and Detention Basins.
One of the most important features of the basin network relative to the hydromodification process is the fact that
most of the basins are intended to limit flows from reaching the Santa Maria River. Many of the older detention
basins were designed to manage peak flow from runoff events by slowly releasing storm water at a constant rate
approximately equal to the peak flow from a one-year storm event. However, many of the newer basins are
designed to retain (rather than detain and release) storm water runoff, allowing for infiltration and evaporation. As
a result, it appears that the drainage from the City’s subwatersheds rarely discharges to the Santa Maria River,
although frequency and quantity is currently unknown. Moreover, while the basins are constructed primarily for
flood control, the basins that provide groundwater recharge have an important role in improving water quality. As
such, groundwater recharge and water quality improvement has long been an outcome of the City’s basin system.
The system also has been generally effective at managing erosion in the man-made drainage ditches and channels.
Section 12-44 of the Santa Maria Zoning Ordinance, Landscape Standards addresses the design and construction
of basins. The intent of the City’s regulations is to encourage infiltration and evaporation to occur as close to the
point of storm water collection and retention as possible, with vegetated banks and bottoms from which water will
not be released except in overflow events. Section 12-44 of the Santa Maria Zoning Ordinance, Landscape
Standards, requires the following:
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m) Storm water retardation basins, when required, must be incorporated into the landscape scheme of a
proposed project. The following requirements are intended to accomplish this objective:
(1) No more than fifty percent (50 percent) of the required front setback landscaped area along the
street frontage shall be encumbered for a retardation basin area unless the basin is less than one
foot in depth.
(2) The surface of the basin shall be provided with appropriate permanent ground cover and
irrigation.
(3) Retardation basins should be designed for recreational purposes where possible. Banks of the
basin shall not exceed a 4:1 slope. Basins shall be designed with a minimum bottom slope of one
percent (1 percent) to drain properly, except that a slope of 0.2 percent is allowed if a low flow
nuisance water bypass is used (either underground pipe or one (1) foot wide ribbon gutter). When
used for active recreational purposes, the bottom of the basins shall be planted with turf and shall
be accessible for maintenance.
(4) Retardation basins, when adjacent to public rights-of-way, shall receive tree and shrub planting at
the ratio of one 15 gallon tree per twenty-five (25) linear feet of basin perimeter and one 5-gallon
shrub per one-hundred (100) square feet of basin bank area to ensure a mitigating effect on visual
impacts and integration with surrounding plantings.
Santa Maria’s system of retention and detention basins has outstanding potential to protect water quality and
prevent hydromodification in the future. Refining the system or adding to it in the context of watershed function
and quality will be an important part of the City’s strategy for managing and preventing hydromodification
impacts in the future, particularly those resulting from conversion to urban land uses.
The City is interested in investigating the extent to which the existing network of basins contribute to improved
water quality throughout the system because of their detention, retention, and volume-reduction capabilities.
Further, the City is interested in evaluating possible alterations to the existing network that would improve water
quality throughout the system. Possibilities could include construction of vegetated forebays, modified outlet/inlet
structures, improved infiltration capacity, and such. It is anticipated that any hydromodification management
strategy implemented in the City would incorporate some use of this existing storm water management asset. An
assessment of the opportunities would likely require some field investigation and developing a storm water
model.

3.1.8. Runoff Flow
The calibration process for any hydrologic or watershed model begins with a comparison of simulated flow time
series with actual measurements in channels. To ensure that a model is accurately portraying the hydrology of a
drainage area, the parameters of the model are iteratively adjusted until simulated results are sufficiently
representative of real data. It is, therefore, important to obtain all historical flow data possible within the area
being modeled. Ideally, hourly data are available for comparison.
The USGS has 10 gauging stations in the Santa Maria watershed (see Table 10 and Figure 15), 3 of which the
USGS operates and monitors. Three of the ten gauging stations are in the City’s boundaries; however, they are no
longer actively monitored. Tetra Tech acquired historical data for the three gauging stages. Additionally, Tetra
Tech contacted the SBC Water Resources Division to determine whether additional gauging station information
in the area was available, but no additional data exists. Existing data might be helpful for calibrating some
modeling parameters, but additional flow data will be necessary to substantially reduce uncertainty associated
with simulating runoff with the model.
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Table 10. USGS Gauging Stations in the Santa Maria Watershed

Number

USGS Site ID

Site Name

Site Type

Monitoring Years

1

11138500

SISQUOC R NR SISQUOC CA

Stream

1929-Present

2

11139000

LA BREA C NR SISQUOC CA

Stream

1943-1973

3

11139350

FOXEN C NR SISQUOC CA

Stream

1965-1973

4

11139500

TEPUSQUET C NR SISQUOC CA

Stream

1943-1987

5

11140000

SISQUOC R NR GAREY

Stream

1941-Present

6

11140585

SANTA MARIA R A SUEY CROSSING NR
SANTA MARIA CA

Stream

1999-2009

7

11140600

BRADLEY DITCH NR DONOVAN RD A
SANTA MARIA CA

Ditch

1970-1999

8

11140800

BLOSSER DITCH NR DONOVAN RD A
SANTA MARIA CA

Ditch

1972-1976

9

11141000

SANTA MARIA R A GUADALUPE

Stream

1940-1987

10

11141050

ORCUTT C NR ORCUTT CA

Stream

1982-Present

W
Santa Margarita Lake

es
t

Si
de

re

r
ve
Ri

Legend

al
an

San Luis Obispo County

Cr
ee k

City Boundary
Buena Vista Lake Bed

o

Study Boundary

am
Al

8 6

Sa nta Ba rb ara

Cu

Twitchell Reservoir

a Maria
Sa n t
Ri
ve

10

aR

iv er

Kern County

4

2
3 1

S an

Santa Maria Hydrologic Unit
ya
m

r

7 5

S i squo c Ri
v er

Ca
lifo
r

n
h e C a nyo
ac
Ap

Ant on io C
re ek

San
ta

8

M
o
on

r

a
nt
Sa
Lake Cachuma

k
C r uz C ree

Sa n

t a Yn e z R i v e
r Sa
nta Y
Gibralter Reservoir

Cr eek

Ma

r ia

Ri
ve

7

ni a
A

qu e
d

u ct

r

6

S e spe Cre e k

n ez

Rive

r

Castaic Lake

VenturaMatilija Lake
County

Lake Piru

re
ek

t a Ynez Riv e

ru
Pi

ek
re
C

Santa Barbara County
S an

l iente C r eek

Rivers

Soda Lake

9

Ca

Ke rn

USGS Stream Gauges

tC

ek

K er n
Ke rn

tle
Ou

nC

Ca
na
l

Ventu ra

an

C

Lake Casitas

ta

Cl a

Riv
ra

er

Los Angel

S

P osas

yo

s
La

Arro y
o Si

mi

Chatsworth Reservoir

Arro

10

Piru

reek

Jua

oC

Sa n

C horr

Flood Control Basin

Watershed Characterization for
Hydromodification Management within the City of Santa Maria
USGS Gauging Station Locations
NAD_1983_StatePlane_California_V_FIPS_0405_Feet
Map produced 6-24-2010 by E.Moreno

Figure 15. USGS Gauging Station Locations.
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3.2. Water Quality Challenges
To support the development of effective and appropriate hydromodification criteria, this section discusses the
documented water quality challenges affecting the City.

3.2.1. Surface Water Impairments
Much of the available data regarding water quality issues in Santa Maria is derived from the Surface Water
Ambient Monitoring Program (SWAMP), which the SWRCB created to monitor, assess, and manage the state’s
water resources and protect beneficial uses. SWAMP provides funding for the CCAMP, which performs
monitoring and reporting in the boundaries of the Water Board. Given the size of the Central Coast Program,
CCAMP divides the region into monitoring areas that are rotationally monitored for one year.
The SWRCB maintains a list of impaired waterbodies, titled CWA Section 303(d) List of Water Quality Limited
Segments (303[d] List. Waterbodies on that list do not meet water quality standards defined in the regional Water
Quality Control Plan, even after the minimum required levels of pollution control technology have been installed
at point sources of pollution. Impairments have been identified in waterbodies in the City itself and in segments of
the Santa Maria River downstream of the City. During Fiscal Year 2000–2001 and 2006–2007, the Santa Maria
hydrologic unit (312) was monitored. The results are the basis for determining if a water body is impaired. Table
10 lists the CCAMP monitoring sites within or adjacent to the City. Impairments for waterbodies in the City and
for the Santa Maria River are summarized in Table 11.
Table 11. CCAMP Monitoring Sites
Location

CCAMP

Site ID

Blosser Ditch (at Rancho Verde)

312

BCD

Bradley Ditch (upstream of ponds at Magellan Drive)

312

BCU

Jones Street (at Suey Road)

312

BCJ

Main Street Canal (downstream at the Main Street crossing)

312

MSD

Main Street Canal (south ditch at the point of daylight)

312

MSS

Santa Maria River (at Bull Canyon Road)

312

SBC

Santa Maria River (at Rancho Guadalupe Dunes Preserve)

312

SMA

Santa Maria River (at State Highway 1)

312

SMI

Table 12. Summary of Waterbody Impairments in the City of Santa Maria and the Santa
Maria River
Location

Impairment

Potential source

Blosser Ditch

Fecal coliform, un-ionized ammonia

Unknown

Bradley Ditch

Fecal coliform, nitrate

Unknown

Main Street

Fecal coliform, nitrate, un-ionized
ammonia

Agriculture, urban/storm water, nonpoint source
(un-ionized ammonia source unknown)

Santa Maria River

Chlropyrifos, DDT, Dieldrin, Endrin, fecal
coliform, nitrate, un-ionized ammmonia

Agriculture, grazing, urban/storm water, natural
sources (pesticide and un-ionized ammonia
source unknown)
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While CCAMP notes some of the sources of impairments as Unknown, the City believes that the Bradley Ditch’s
impairment is the result of its year-round flows coming from agriculture, notably strawberries, east of the City.
The ditch receives no urban outfall from its origin at Betteravia Road for at least 1.5 miles, making agriculture the
most likely source of the impairments.

3.2.2. Groundwater Impairments
Water quality monitoring of groundwater in the Santa Maria Valley Groundwater Basin has revealed elevated
levels of nitrates. CCAMP has identified percolating irrigation water as a probable source. There has been no
evidence of sea water intrusion to date.
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4.

CONCLUSIONS

As stated in the introduction of this document, the purpose of this report is to characterize the watersheds relevant
to the City to support its efforts to develop an effective HMP and identify the appropriate hydromodification
control criteria. While the previous sections provided background information, identified data sources, and
preliminarily assessed the value of each data set, this section summarizes the key observations and provides
specific recommendations that will help guide the City with future activities needed to support the Joint Effort.

4.1. Summary of Observations
Originally proposed as a data gap assessment in the scope of work for this study, this section summarizes the key
findings and observations described in more detail in Section 3. Typically, a data gap assessment is performed by
evaluating a set of data against a specific data need and characterizing the gap or the type, quality, and quantity of
missing information necessary to meet the specific need. At the time of the proposal’s writing, it was assumed
that the project team would work with the City to identify an appropriate methodology for determining
hydromodification control criteria and the data would be assessed to meet the needs of that methodology. As the
process moved along and it became clear that the Joint Effort would instead recommend a methodology at some
point in the future, the specific data needs of the methodology are unclear. In spite of the complication, it remains
important to succinctly document a general assessment of the data in this section. Building on those general
findings, the following section will provide specific recommendations for future activities.
Topography
•
•

The existing topographic data is sufficient to support modeling or other future analyses.
Because slope is important to channel erosion, characterizing many areas of the City as generally flat will
help justify limiting erosion-based runoff limitation requirements.

Land Use
•
•
•

•

Land use information most useful to future analyses is contained in the SBC Parcel layer and was grouped
by Tetra Tech into key categories.
Imperviousness data from 2001 NOAA-NLCD is available but likely not adequately representative of
current conditions or regionally accurate to be useful for future analyses.
Future development will likely occur as infill or redevelopment within the City limits but could include
annexation of open lands adjacent to the City. Hydromodification control criteria would likely need to be
tiered to accommodate such different conditions.
Hydromodification control criteria applicability could be determined through an analysis of historical
building permit data.

Soils
•
•

With the exception of areas near and around the airport, the majority of the study area is characterized by
high to moderate infiltrating soils.
It might be anticipated that legacy land uses (i.e., urbanization and agriculture) have impaired some areas’
ability to infiltrate at the assumed rates because of compaction.

Climate
•

Existing data sets for precipitation, evapotranspiration, and evaporation are likely sufficient to support
future modeling analyses.
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Groundwater
•
•

Depth-to-groundwater in the study area appears sufficiently deep for the widespread use of localized
infiltration practices.
Site-specific surveys for individual projects must still be performed to avoid special circumstances, such
as perched groundwater on clay lenses.

Surface Waters and Subwatersheds
•
•
•
•
•

•

Delineation of subwatersheds is fairly well documented and would only need minor updates to support
future modeling needs.
Lined and unlined engineered drainage channels provide much of the storm water conveyance in the
agricultural and urban areas of the study area.
Natural drainages are confined exclusively to the area west of the airport and in Bradley Ranch.
Existence of riparian areas is not well understood
The locations of many detention and retention basins are fairly well understood; however, data about
important features such as capacity, orifice invert elevations, and infiltration rates are not adequately
documented.
The basin system’s overall hydraulic and hydrologic performance and contribution to water quality
protection is not well understood.

Runoff Flow
•

Data are limited both spatially and temporally and are of limited use for future technical analyses.

Water Quality
•

Data are limited to infrequent, event-based monitoring and are of limited use for future technical analyses

With the exception of a very few possible data limitations discussed below, the information that was identified,
compiled, pre-processed, and assessed in the previous sections positions the City well to effectively participate in
the Joint Effort and successfully identify the appropriate hydromodification control criteria well-suited to local
conditions and needs. Many of the key data sets are prepared to support a wide range of future technical analyses,
including those that may be recommended by the Joint Effort team. The following section provides
recommendations for improving that position by collecting more data or analyzing existing information.

4.2. Recommendations
The City is participating in the Joint Effort to ensure that hydromodification control criteria developed for the area
are specifically tailored to the unique conditions of the City, namely, shallow slopes; highly developed; few, if
any, streams; and the existing basin system. Some hydromodification management approaches have tended to
focus solely on managing the geomorphology and sediment transport phenomena as a proxy for managing overall
watershed health. According to those approaches, it is generally assumed that maintaining flows at a sufficiently
low level so as not to increase the frequency of channel-forming events will result in a satisfactory degree of
protection of downstream natural resources. While that approach does have merit in areas where stream stability
is a primary concern, it fails to directly assess or account for overall changes to other key watershed processes that
are more important to the City’s setting, such as infiltration, evapotranspiration, sediment delivery, and pollution
transport. To further well-position the City for successful development of the appropriate hydromodification
control criteria, Tetra Tech makes the following recommendations.

4.2.1. Monitoring
In the context of the Joint Effort, the absence of accurate hourly continuous flow and water quality information
puts the City at a significant disadvantage. Historical data can be extremely helpful in characterizing the true
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issues that need attention and therefore formulating an effective plan for meeting the requirements. In the
immediate future, it is recommended that the City develop a plan for continuously monitoring water quantity and
quality at key locations throughout the City. The objectives for the monitoring could include the following:
• Characterizing dry-weather flows from agricultural tailwater
• Understanding basin hydrology (i.e., how much water enters, how much leaves, and by what means?)
• Characterizing pollutant profiles for particular land uses
• Documenting flow data for hydrologic model calibration
Once the objectives of the monitoring program are identified, the key locations can be chosen that meet the needs
of the plan. Ideally, locations can be chosen to meet multiple objectives with one deployment of monitoring
equipment. Once locations are selected, a monitoring equipment setup must be designed, purchased, and
constructed. City staff or contractor resources must be dedicated to maintaining the system and overseeing the
collection and management of data. The data could ultimately provide crucial real-world feedback about water
quality conditions that would help shape the proper hydromodification management strategy for the City.

4.2.2. Quantify Basin Impacts
One of the key assets that separate the City from other Central Coast municipalities is its network of detention,
retention, and water quality basins. If the existing and future basins are to play a significant role in managing
hydromodification as it is defined by the Water Board, it is important to develop a solid understanding of the
contribution to water quality the basins make now and could make in the future. Understanding how the system
works as a whole would enable the City to evaluate and demonstrate (with uncertainty reduced via monitoring
data) the effectiveness of the system at meeting the four protection requirements outlined in the February 15 letter
(see Section 1.4.1 of this document).
To quantify those effects, it is recommended that the City develop a model of the basin system. The first step of
the process would involve field visits to a representative sample of basins necessary to develop general
assumptions for basin characteristics. Specific data would be needed for all the large, primary basins, but smaller
basins might be modeled in a lumped fashion to preserve resources. Next, a model of the contributing watersheds
must be built to route water to each of the key basins. Previous modeling efforts undertaken by the City to
evaluate flood control effectiveness of key basins may be utilized as a starting point. Once the model is
developed, the City could choose to run different future development scenarios in which different
hydromodification criteria are implemented, including possible modification to existing basins to improve water
quality. All the data compiled and organized in the previous sections would contribute to the development of this
modeling system.

4.2.3. Possible Joint Effort Support
In addition to the two above recommendations, several smaller tasks would likely be recommended as an outcome
of the Joint Effort methodology development project. It is anticipated that each MS4 in the region will be required
to perform such tasks as part of the methodology. For the City, the following list of tasks related to the data
assessed in this report is expected:
• Evaluate levels of channel susceptibility to determine where hydromodification controls are necessary.
• Establish applicability thresholds by assessing development patterns to determine which projects are
subject to the controls.
• Perform an assessment of riparian habitat and develop an inventory and GIS layer of riparian habitat
associated with seasonal drainages and man-made channels.
While that list is not exhaustive, it provides a general scope of the types of tasks that would be required as part of
the Joint Effort that would directly rely on data prepared or presented in this report.
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at determinatiion has been completed, a future step will
w be to asse
ess channel susceptibility
s
t
to
hydromodificatio
on effects for those waterccourses that had
h not been already exclu
uded. In recog
gnition
ere also taken of the chann
nels observed
d in the
of that eventuality, some bassic field meassurements we
udy area.
stu

Ide
entification and Field-V
Verification of Channels Susceptib
ble to Hydro
omodificatio
on
n September 2, 2009, Tetra
a Tech and Stillwater
S
Scie
ences conductted a rapid fie
eld assessme
ent of
On
the
e study area. The specific objectives of the field visit were to (1) field-validate the location an
nd
exttent of potenttially susceptible channels (i.e., unlined, composed of
o natural matterial) in the study
s
are
ea, as indicated by variouss data sources; and (2) con
nduct a prelim
minary assesssment and
me
easurement of
o geomorphicc features tha
at would deterrmine the likely degree of hydromodifica
h
ation
susceptibility for those chann
nels whose ch
haracteristics do not exclud
de them from
m further regullatory
s an important step for assessing baseliine receiving water conditio
ons.
concern. This is

Fie
eld Assessm
ment Proced
dure
Th
he one-day rapid field asse
essment involvved observation of channe
els that drain watershed
w
arreas in
the
e study area. Channels we
ere assessed at public road
d crossings and where cha
annels run alo
ong
public roads; no
o private prop
perty was ente
ered or crosse
ed. A prelimin
nary, office-ba
ased selection
n of
w done using ArcGIS an
nd the publiclyy available Na
ational Hydrography
channels for field validation was
ataset channe
el network for the areas of interest. Imm
mediately befo
ore the field asssessment, th
he City
Da
sta
aff provided detailed inform
mation regarding relevant channel
c
locatiion and exten
nt with an ann
notated
paper map. Tha
at information proved invaluable for refin
ning the field plan and iden
ntifying the nu
umber
ment of susce
eptibility.
and location of channels thatt would requirre an assessm
At all sites visite
ed, a determin
nation of suscceptibility (i.e.., concrete-lin
ned versus un
nlined or natural)
as made. At a number of re
epresentative
e susceptible channel
c
sites, visual obserrvation of
wa
geomorphic cha
aracteristics was
w made to assess
a
chann
nel condition and
a to determ
mine the contrrols on
atershed-spec
cific hydromod
dification severity. The geo
omorphic cha
aracteristics examined conssisted
wa
of the following::

•
•
•
•
•
•

Bankfulll channel wid
dth and depth (where identtifiable)
Channe
el bed and ba
ank material
Bank an
ngle and loca
al bed gradien
nt
Riparian vegetation existence, typ
pe, and age
el conditions
Downsttream channe
Genera
al assessmentt of current ch
hannel stabilitty (i.e., stable
e, incising, aggrading)

eld Assessm
ment Resultss Visited Sittes
Fie
Su
usceptible cha
annels range in size from small
s
agricultu
ural ditches to
o larger naturral drainage
channels. Only a subset of th
he susceptible
e sites was assessed in th
he field (Sites 1 through 6 in
gure 1). Figurre 1 illustratess all natural drrainages or unlined engine
eered channe
els in the study area
Fig
tha
at, in theory, could
c
be subject to erosion
n. The genera
al geomorphicc characteristics of those sites
s
and associated pictures are presented in the next secttion.
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Fig
gure 1. Locatio
ons of susceptiible and non-ssusceptible sitees.
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Ge
eomorphic Characterisstics of Visitted Sites
hone Road Crrossing: (Fig
gure 2) Natura
al channel witth a bankfull width
w
of
Sitte 1—Teleph
approximately 7 meters (m), bankfull deptth of approxim
mately 1.5 m, and a local channel
c
gradie
ent of 0
he bed and ba
anks are composed of fine
er-grained, sandy material, and some rip
parian
to 1 percent. Th
ee cover is alo
ong the upperr banks and flloodplain. The
e channel app
pears to be quasi-stable, part
p
tre
because of insta
alled grade-control structures at the loccation of the person
p
in the photograph.
p

Fig
gure 2. Telepho
one Road crosssing.

Sitte 2—Skyway Drive Ditch
h: (Figure 3) Constructed
C
d
ditch
with a to
op width of ap
pproximately 8 m, a
depth of approx
ximately 3 m, and a local gradient of 0.5
5 to 0.75 percent. The bed and banks arre
andy material above weaklly cemented sand
s
and silt. The banks are
a covered with
w
composed of sa
ass and some
e shrubs and trees. The ch
hannel appears to be quassi-stable, in pa
art because of
o a
gra
gra
ade-control sttructure visible in the foreg
ground. Prior flows,
f
howeve
er, have obvio
ously resulted
d in
some undermin
ning of that strructure.

Fig
gure 3. Skywayy Drive ditch.
er Road Ditch
h: (Figure 4) Constructed
C
d
ditch
with a to
op width of ap
pproximately 10
1 m, a
Sitte 3—Blosse
depth of approx
ximately 3 m, and a local gradient of 0.7
75 to 1 percen
nt. The bed an
nd banks are
ner-grained, sandy
s
and siltty material, an
nd the banks are partially vegetated.
v
Th
he
composed of fin
e, although th
hat could be because
b
of reccent re-gradin
ng with little or
o no
channel appearrs to be stable
off and, presu
umably, a resu
ult of modest flows relative
e to its capaciity.
intervening runo

Fig
gure 4. Blosserr Road ditch.

Sitte 4—Bradley
y Road Ditch
h: (Figure 5) Trapezoidal
T
c
constructed
ditch with a top
p width of
approximately 10
1 m, a depth
h of approxima
ately 3 m, and
d a local grad
dient of 0.5 to 0.75 percentt. The
ed of fill and th
he banks are well-vegetate
ed with grass and other low
w
bed and banks are compose
e channel app
pears to be sta
able because
e of its large capacity,
c
continuous vegeta
ation
vegetation. The
y low gradient.
covver, and very

Fig
gure 5. Bradleyy Road ditch.
Sitte 5—Jones Road Ditch: (Figure 6) Co
onstructed dittch with a top width of approximately 3 m,
m a
depth of approx
ximately 1 m, and a local gradient of 0.5
5 to 1 percentt. The bed and
d banks are
ne-grained, sa
andy and siltyy material and
d are un-vege
etated. The ch
hannel appea
ars to be
composed of fin
able, although
h that could in
n part be a ressult of recent regrading witthout any sub
bsequent runo
off.
sta

Fig
gure 6. Jones Road
R
ditch.

Sitte 6—Battles
s Road Ditch: (Figure 7) Constructed
C
ditch with a top
p width of app
proximately 10 m, a
depth of approx
ximately 4 m, and a local gradient of 0.5
5 to 1 percentt. The bed and
d banks are
d with grass. The
T channel appears
a
to be
e stable, a like
ely result of highh
composed of filll and covered
c
capacity and faiir vegetative cover.

Fig
gure 7. Battles Road ditch.

eld Assessm
ment Summ
mary
Fie
In summary, the
e constructed
d or straighten
ned (or both) ditches
d
in the
e study area (e.g., sites 2 th
hrough
gnificant instab
bility, which iss most likely a consequencce of good de
esign
6) do not display signs of sig
at combines modest
m
side slope
s
angles, a high capaccity relative to common disccharges, and a low
tha
overall channel gradient. Loccally, the influ
uence of grade
e controls and
d bank vegeta
ation are also
o
inffluential.
he naturally oc
ccurring drain
nages (site 1, and other vissited areas ass shown on Fiigure 1) displa
ay a
Th
gre
eater degree of potential susceptibility. More extensive analysis of
o the channells might be
appropriate to determine
d
the
e degree of co
oncern and, ultimately, the magnitude off upstream ru
unoff
controls that might be necessary for their protection.

