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Executive Summary

Executive Summary

The desire to achieve integrated resources management in the
Willow Slough watershed reflects an awareness of natural resource
problems and a spirit of cooperation and innovation among local
residents. Many residents are keenly aware of changes in resource
conditions that have gradually occurred over a number of decades.
Flooding problems seem to be worse, wildlife populations have
declined, erosion and sedimentation are damaging structures and
depleting topsoil, the county needs additional water supplies, and
maintaining flood conveyance capacity in slough channels is a
significant ongoing expense. Although these resources and problems
have traditionally been managed separately, a few local agencies and
individuals began to recognize that multiple benefits might be achieved
by managing them together. For example, detaining stormwater in
numerous small ponds could decrease downstream flood peaks, create
seasonal or perennial wetland habitat, trap sediment, and recharge
groundwater through percolation from the ponds.
A planning process was initiated by the Yolo County Resource
Conservation District, Yolo County Flood Control and Water
Conservation District, Yolo County Community Development
Agency, and the California Wildlife Conservation Board to explore
the possibilities for managing natural resources throughout the
watershed in an integrated manner. This two-year process involved
the participation of numerous landowners; federal, state, and local
agencies; and the general public, and culminated in the development
of this plan document. Technical support was provided by Jones &
Stokes Associates, the Yolo County Community Development
Agency, and Borcalli and Associates.
The goal of this plan is to enhance the natural resources of Yolo
County through integrated management of natural resources on
individual farms and throughout the watershed using voluntary, smallscale measures that can be implemented by individual landowners.
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The resources and problems that could be jointly managed include
stormwater, erosion, sedimentation, agriculture, wildlife habitat, and
groundwater recharge.
The first step in the planning process was to systematically
inventory natural resources and resource problems in the
watershed. After defining the boundaries of the 164-square-mile
study area, maps and tables were developed to characterize
precipitation, landforms, soils, crops, streamflow, flooding
patterns, groundwater levels, water supply, and existing and
potential habitat. Digital maps were prepared using a geographic
information system. An existing HEC-1 model of the watershed
was used to characterize flood hydrology and hydraulics.
The resource inventory revealed that the watershed is basically
in good condition but has several resource management problems.
Flooding disrupts traffic on rural roads and causes damage to fields
and crops on a fairly frequent basis. Erosion is evident in the hilly
western part of the watershed, along channels, and in fields in the
relatively flat eastern part of the watershed. Sediment generated by
the erosion is deposited along fields, roads, and waterways, where it
creates safety hazards, increases overbank flooding along sloughs,
and interferes with agricultural activities. The amount of riparian and
wetland habitat in the watershed is much less than under
predevelopment conditions, and wildlife populations that depend on
those habitats are declining.
The resource inventory provided the basis for exploring
opportunities to achieve multiple benefits by managing resources in
an integrated manner. This analysis focused on opportunities for
creating or enhancing wetland and riparian habitat, augmenting
groundwater recharge, and decreasing flooding problems. The
geographic information system was used to develop maps of
suitability for habitat and groundwater recharge by quantitative
screening of relevant factors, such as soil characteristics, slope,
existing crop type, flooding patterns, habitat, and groundwater levels.
The watershed was divided into five general areas reflecting
differences in terrain, soils, hydrology, and land use: the upper
watershed area, foothills area, valley floor area, Plainfield Ridge,
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and drainage channels. This process revealed large areas where
physical conditions are suitable for creating or restoring wetlands.
Suitability for establishment of riparian habitat is limited to narrow
bands along sloughs and canals, but there is substantial opportunity
to increase the length, width, and continuity of riparian habitat in
the watershed. Opportunities for generating large amounts of
groundwater recharge by detaining floodwater and allowing it to
percolate are somewhat limited by the generally low permeability
of most soils in the valley floor area. However, gradual percolation
distributed over a large area is the principal source of recharge under
existing conditions, and ponds or impoundments of any size that
increase the area or prolong the duration of percolation would
augment groundwater supplies.
The HEC-1 model was used to evaluate opportunities for
decreasing peak flood flows. The effects of constructing numerous
small stockponds, habitat ponds, and tailwater ponds were simulated
using reasonable assumptions regarding the number and size of
ponds that might eventually be constructed. The combined amount
of flood storage capacity provided under these assumptions proved
to be too small to substantially decrease peak flood flows in slough
channels in the valley floor area. Larger reservoirs or more
aggressive implementation of ponds would be needed to decrease
flows by detaining stormwater runoff. The effects of clearing
vegetation from slough channels and enlarging slough channels
were also simulated. These strategies had a larger effect on peak
flood flows. The simulations demonstrated that if channels are
enlarged, riparian vegetation can be allowed to provide habitat
benefits in the channel while still achieving a net increase in flood
conveyance capacity.
Constraints on achieving habitat, flood control, and
groundwater recharge benefits were also evaluated. Opportunities
for creating and enhancing habitat are abundant, and interested
landowners could implement successful projects almost anywhere
in the watershed. The feasibility of flood control is generally limited
by the large amounts of runoff generated during storms. The terrain
and hydrology of the watershed are conducive to frequent and
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widespread flooding in the valley floor area, and flooding was
common even under predevelopment conditions. To a certain extent,
flooding will be inevitable, and the best strategy would be to direct
floodwater to areas where it creates the fewest impacts on
transportation, structures, and agriculture.
The screening analysis of opportunities and constraints
confirmed that integrated resources management strategies can have
multiple and mutually beneficial effects. For example, detaining
stormwater in ponds or on fields can support seasonal or perennial
wetland habitat, improve water quality by trapping sediment, and
increase groundwater recharge. The best strategies for integrating
management of natural resources are not the same throughout the
watershed, and a map was developed showing the most advantageous
strategies for the various areas in the watershed.
There are numerous specific implementation measures that
landowners and agencies could use to improve resource management.
These include constructing impoundments, managing riparian
vegetation, modifying slough channels, improving rangeland, altering
cultivation practices, adopting institutional changes, and educational
programs. Each of these categories represents a general concept, and
optimal design details vary for different areas within the watershed.
Complete descriptions of desirable design and operational
characteristics for each type of implementation measure were
developed, including variations appropriate for different areas. Careful
selection of location, design features, and operation is important to
maximize the opportunity to achieve multiple resource benefits. This
menu of implementation measures will serve as a valuable reference
source for landowners interested in improving their resource
management.
Measures to improve habitat or flood problems involve land
use changes that could potentially affect other resources. For example,
seasonal or permanent conversion of cropland to wetlands or riparian
areas could adversely affect farm budgets or the countywide
agricultural economy. Wetlands could also become a source of
mosquitoes. Various potential impacts on other resources were evaluated
at a general level and were found to be beneficial (recreation, aesthetics,
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and education) or very minor (economics, mosquitoes, and water
supply).
A few landowners have already implemented some of the
measures described in the plan. However, the planning process
generated considerable additional interest among landowners. There
are also some measures that have not been tested or that have poorly
documented effectiveness. For these reasons, several pilot projects
were identified and described at a conceptual design level to
illustrate how the planning concepts and implementation measures
can be applied at specific sites and to assist landowners in winning
support for their efforts to improve resource management.
The number and complexity of regulations that potentially apply to
the types of resource management activities recommended in this plan
can be bewildering and inhibit many landowners from taking action. To
clarify the regulatory environment, concise descriptions of the applicability
and requirements of the major regulatory programs are included in this
plan document. Fortunately, most of the measures recommended in this
plan would generally benefit the resources the regulations are designed to
protect. Agencies exercise discretion in applying regulations and would
probably look favorably on projects that include the implementation
measures described in this plan. There is also interest among some agencies
to streamline the permitting process and facilitate improved resources
management. Two approaches to simplifying and streamlining the
permitting process for landowners are presented in the plan.
The plan also includes a catalog of 25 federal, state, and private
programs that provide financial or technical support for natural resources
management projects. It is clear that integrated resources management on
a watershed scale is a widely supported concept. One of the most
encouraging results of this planning process was the recognition that all
of the key ingredients needed to move forward with improved resources
management are in place: willing landowners, sources of funding, and
sources of technical assistance. To be successful, the plan needs only to
serve as a catalyst to bring those ingredients together and empower local
residents to achieve their vision of a healthy, beautiful, and productive
watershed.
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Chapter 1. Introduction

Chapter 1. Introduction

PURPOSE
Ask long-time residents what the Willow Slough watershed was like
when they were growing up and you are likely to hear similar stories.
Wistfully, they will describe the clouds of waterfowl that would come every
winter and the pheasants and other wildlife that were frequently seen along
the hedgerows and sloughs. They speak about these natural areas as a paradise
where many happy days were spent exploring, hunting, and learning about
nature. Becoming agitated, they will point out that these days are long gone
and that flooding has gotten a lot worse, too. A quick survey of the hills,
channels, and roadsides confirms that erosion and sedimentation also appear
to have become more widespread.

Many residents recognized the
opportunity to achieve multiple benefits by manageing
natural resources in an
integrated manner.

Residents of the watershed are beginning to recognize that in our efforts
to achieve some resource objectives, such as agricultural production, we
have collectively allowed other
resources to decline. This pattern has
resulted not from collective decisionmaking but from random actions by
individuals. In some cases, this private
control of some shared resources has
resulted in a “tragedy of the commons”,
such as when landowners build berms
on one side of a slough so that their fields
stay dry but a series of neighboring fields
are flooded even more. Similarly, a
single leveled field or overgrazed pasture
would not noticeably alter flooding
patterns, but a landscape full of them
creates flooding problems for everyone.
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A set of interrelated problems led many residents to recognize obvious
opportunities to achieve multiple benefits by managing natural resources in
an integrated manner. For example, an integrated approach to stormwater
management could decrease localized flooding problems, create additional
wetland and riparian habitat areas that both support wildlife and help detain
floodwaters, decrease soil loss and improve water quality by trapping
sediment running off fields, and recharge groundwater by allowing
stormwater to percolate to the water table rather than run off.
Just as today’s problems are the result of numerous small actions by
many individual landowners over many years, the opportunity to chart a
more positive course for the future depends on the willingness of many
landowners to implement small changes over a period of decades. It will
require a collective effort and a view toward the long term. The effects of
channel clearing exemplify the need for collective effort. Hydraulic modeling
completed for this project confirms that complete vegetation removal
maximizes channel conveyance capacity. However, if done in a patchwork,
uncoordinated manner, channel clearing can exacerbate flooding in some
areas at the same time it decreases flooding in others. The need for a longterm plan is demonstrated by the value of tall, shade-casting vegetation
along slough channels. Shade suppresses the growth of dense shrubs that
impede flow, thereby decreasing the need for frequent channel clearing.
However, trees will grow tall only if the short-term strategy of clearing all
vegetation along the sloughs is abandoned.

A watershed not only

Perhaps most important, a collective effort over a long period of time
reflects a stewardship ethic. A watershed not only represents an assemblage
of natural resources, it also defines a community of people who live there
and share an interest in the health and abundance of its natural resources—
who are stakeholders in its future.

represents an assemblage of natural resources, it also defines a
community of people.

A regulatory approach to watershed management might be able to
achieve success through forced compliance, but it is not likely to produce a
stewardship ethic or a sense of community. An important element of this
plan is its spirit: it is voluntary. If the overall vision and array of
implementation measures described herein are successful, they will sell
themselves and attract increasing participation among landowners. Although
there are a number of regulatory programs described in this plan, the plan
attempts to minimize their inhibiting effects on landowners who are truly
seeking to improve the health of their natural resources.
The effort to develop an integrated resources management plan for the
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Willow Slough watershed got under way when several local and state
agencies recognized that they had overlapping interests in managing related
resources. The Yolo County Flood Control and Water Conservation District
(YCFCWCD) was seeking to increase water supplies and decrease the cost
of maintaining flood conveyance capacity in canals, ditches, and slough
channels. The Yolo County Resource Conservation District (RCD) was
helping landowners minimize erosion, improve water quality, and adopt
agricultural methods that blend harmoniously with the natural
environment. The state Wildlife Conservation Board (WCB) wanted to
increase the amount and quality of wetland and riparian habitat in the
area. Yolo County leaders had demonstrated an overall interest in
maintaining the County’s natural resource base. Together, the agencies
provided funding to develop a watershed management plan and solicited
the services of a consulting firm. The organizing phase of the planning
effort was completed by Camp Dresser & McKee in 1994. Subsequent
work, including the majority of the landowner interaction, concept
development, and technical analysis, was completed by Jones & Stokes
Associates. Hydrologic and hydraulic modeling was completed by
Borcalli & Associates (Appendix A). Digital maps were created by the
Yolo County Community Development Agency (YCCDA) from various
source materials, including new information developed for this project.
YCCDA used its geographic information system (GIS) to complete the
map-based parts of the opportunities and constraints analysis.

An important element
of this plan is its
spirit: it is voluntary.

GOALS AND OBJECTIVES
The overall goal of this Willow Slough watershed planning project is
to enhance the natural resources of Yolo County through integrated resources
management on individual farms and across the watershed. This goal
encompasses stormwater, erosion, sedimentation, agriculture, wildlife
habitat, and groundwater recharge.
Management goals for individual resources were also identified.
Several of the goals listed in the Yolo County General Plan clearly apply to
integrated resources management in the Willow Slough watershed:

• to control flooding and avoid the effects of flooding,
• to conserve and manage water resources,
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• to establish natural and wildlife areas,
• to control erosion and practice soil management,
• to maintain good road conditions, and
The goal of this Willow

• to avoid, mitigate, or eliminate hazards and nuisances.

Slough watershed
planning project is to
enhance the county’s

By slightly revising and expanding this list, it can apply more
specifically to the Willow Slough watershed and the types of resources for
which integrated management is intended, as follows:

natural resources

• to improve the quantity and quality of wildlife habitat,

athrough integrated

• to maintain and enhance the physical and economic conditions for

resources management.

agriculture,

• to decrease problems associated with flooding,
• to decrease the cost of vegetation maintenance along roads and
canals,

• to minimize undesirable sediment deposition,
• to minimize erosion and topsoil loss,
• to improve water quality, and
• to increase groundwater recharge.
Although there was general agreement about what should be included
in this list of resource goals, some disagreement about the relative priority
of goals remained throughout the planning process. Also, the technical
analysis showed that some objectives appear to be more feasible than others.
The expanded list of resource goals is ranked in approximate order of
decreasing priority and feasibility, as perceived by the planning process
participants and reflected in discussions at team and public meetings.
Participants also expressed objectives and constraints regarding the
means of implementing integrated resources management. Foremost among
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these are that:

•

implementation of any actions should be voluntary on the
part of the landowner,

•

the plan should emphasize small-scale projects and
management practices that can be implemented by
individual landowners or groups of landowners,

•

implementation measures should be compatible with
agricultural production, and

•

agency participation should be to assist landowners in
meeting the plan goals or to facilitate large projects.

APPROACH
The approach to this project consisted of a collaborative process among
the participants in which technical specialists assisted local landowners and
agencies in clarifying and refining their ideas for implementing integrated
resources management in the Willow Slough watershed. Through an iterative
series of meetings and analysis periods, technical specialists:

•

developed and presented basic natural resource information
to provide local stakeholders with a clearer understanding
of opportunities and constraints;

•

assisted in developing concepts for an overall management
plan and a menu of implementation measures;

•

solicited volunteer landowners willing to host pilot projects
that would demonstrate planning concepts and
implementation measures;

•

evaluated the benefits, impacts, and feasibility of individual
implementation measures and the overall plan; and

•

prepared this document.
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The project team consisted of representatives from RCD, WCB,
YCFCWCD, YCCDA, Jones & Stokes Associates, Borcalli & Associates,
and several landowners. The team met periodically to provide resource
information, develop consensus around project direction and priorities, and
review interim work projects developed by the consultants.

Members of the public
actively participated in
the planning process.

The plan development process included opportunities for public
involvement. Three public meetings were held — in August 1994, February
1996, and March 1996 — to provide a forum for landowners and other
members of the public to articulate and clarify issues, concerns, and ideas,
and contribute local resource information. A questionnaire was circulated
in February 1996 to obtain information regarding current farming and slough
maintenance practices and to gauge landowner interest in a variety of
potential resource management practices. Also, the consultants and local
agency staff members met individually with several landowners to observe
and discuss resource problems and management practices on their farms
and ranches.
This plan reflects a reconnaissance level investigation of existing
resource conditions, opportunities for and constraints on integrated resources
management, and potential implementation measures to achieve integrated
management. Additional quantitative analysis and site-specific project design
will be needed prior to implementing many of the proposed measures.
However, the plan serves the important function of describing the overall
opportunities for, and cumulative benefits of, implementing numerous smallscale resource enhancement activities throughout the watershed. It provides
a big picture that can serve to guide individual landowners and agencies in
choosing management measures for their land that will be most effective
and consistent with the actions of their neighbors.
Some of the goals and implementation measures in this plan overlap with
those of existing resource management programs. This plan shows how these
programs can be implemented in a coordinated manner and achieve greater
benefits throughout the watershed. Other related programs and initiatives include
the Yolo County Floodplain Management Working Group’s efforts to decrease
flooding problems in rural and urban areas, various agricultural conservation
programs managed by the Natural Resources Conservation Service (NRCS)
and the Farm Services Agency, and the Yolo County Habitat Conservation
Plan, which focuses on preventing the conversion of agricultural land to urban
use as a means of protecting selected threatened and endangered species. These
and other programs are described in greater detail in Chapter 9, “Related Projects”
and Chapter 11, “Assistance Programs.”
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The first step in the planning process was to inventory existing natural
resource conditions in the watershed and accurately describe problems
associated with these resources. The next step was to evaluate opportunities
and constraints for integrated resources management at a broad scale, looking
at large subareas within the watershed. This analysis led to the formulation
of an overall conceptual plan for integrated resources management in the
watershed. An extensive menu of specific implementation measures that
landowners could use to manage their resources was then developed.
Volunteer landowners were found for potential pilot projects that would
demonstrate integrated resources management concepts and specific
implementation measures. Finally, technical specialists evaluated the
regulatory framework surrounding resources management, potential sources
of funding for implementation, and potential effects on related resources.
Each of these steps is described in Chapters 2 through 11 of this report.
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People often have different perceptions of natural resources, resource
problems, and priorities for addressing those problems. Conducting an
inventory of resources, problems, and information is an important first step
toward developing a watershed management plan. This inventory can serve
as the basis for developing implementation measures that will improve
resource conditions and identifying locations within the watershed where
specific measures would be especially appropriate or effective. An equally
valuable purpose of an inventory is to document current watershed conditions
so that changes can be accurately detected in the future.
This chapter describes the results of an inventory of physiographic,
hydrologic, soil, biological, agricultural, and land use characteristics of the
watershed. None of the resources is uniformly distributed in the watershed,
and an important objective
of the inventory was to
develop maps of the
targeted resources. The
following
sections
describe the status of each
resource and present the
resource distribution
maps.
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WATERSHED BOUNDARIES AND ELEVATION
The Willow Slough watershed includes the steep eastern slope and
low-lying foothills of the Inner Coast Range and the relatively flat alluvial
plain of the southern Sacramento Valley in Yolo County (Figure 2-1). The
watershed includes all land that drains to Willow Slough between Cache
Creek in the north and Putah Creek in the south. In the valley floor part of
the watershed, the drainage divides between Willow Slough and Putah and
Cache Creeks are generally within 1-2 miles of those creeks. The western
boundary of the watershed is Rocky Ridge, which is the drainage divide
between the Willow Slough watershed and the Lake Berryessa (Putah Creek)
watershed. Rocky Ridge is also the boundary between Yolo and Napa
Counties. To the east, the watershed actually extends to the Yolo Bypass
near the Sacramento River; however, the eastern boundary of the area studied
for this plan is Highway 113. The total area of the watershed is approximately
191 square miles, of which approximately 164 square miles are upstream of
Highway 113. Land elevation in the watershed ranges from about 50 feet at
Highway 113 to about 2,500 feet along the crest of Rocky Ridge.

CLIMATE

The watershed has a
Mediterranean climate.

The watershed has a Mediterranean climate characterized by cool, wet
winters and hot, dry summers. Average monthly temperatures range from
45.1ºF in January to 74.3º F in July. Overnight lows below freezing
occasionally occur between December and April, and heat waves with highs
over 100oF lasting several days typically occur several times each summer.
A map of average annual precipitation in the Willow Slough watershed
during 1951-1980 is shown in Figure 2-2 (Goodridge 1993). Most of the
atmospheric moisture reaching the area derives from the Pacific Ocean and
moves east across the Coast Ranges. The Sacramento Valley is effectively
in a rain shadow downwind of the Coast Ranges, and annual precipitation
at the lower end of the watershed (18 inches) is only about half the
average amount along the crest of Rocky Ridge (34 inches). Precipitation
is highly seasonal, with about 83% of the annual total occurring between
November and March and 95% occurring between October and April.
Almost all of the precipitation falls as rain, although occasional cold
storms will create snow at the higher elevations. Snow usually melts
within a few days.
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LANDFORMS AND SOILS
The Willow Slough watershed can be divided into five general
landform units, each having distinct patterns of soils, vegetation, and land
use (Figure 2-3, Table 2-1). These landforms are useful in describing the
watershed because they reflect the link between long-term geologic processes
and present soil, slope, and drainage conditions. The five major units are:
•

the upper watershed draining the eastern slope of the Inner Coast
Range,

•

the low hills at the foot of the range,

•

the alluvial plain of the Sacramento Valley,

•

a band of undulating hills known as the Plainfield Ridge, and

•

the low-lying basin west of the ridge.

UPPER WATERSHED
The upper watershed drains the east side of the Inner Coast Range and
is made up of marine sedimentary rocks that tilt steeply to the east and form
parallel north-to-south trending ridges. Land slopes are steep (30-75%) and
soils are often thin (10-40 inches thick). Soils are well drained, with a surface
texture of silty clay loam, clay loam, or loam and a clay or clay loam subsoil.
This part of the watershed is highly erodible and prone to mass wasting
when shallow soils on steep slopes become saturated and the boundary
between soil and bedrock is lubricated. Drainages form narrow “V”-shaped
valleys, and the upper watershed is generally a zone of erosion and sediment
production.
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FOOTHILLS AREA

The foothills area soils
have a limited rooting
depth.

The low foothills along the eastern edge of the Inner Coast Range are
erosional remnants of once-extensive alluvial deposits laid down at the base
of the rising Coast Range. These deposits include the Tehama and Red Bluff
Formations. Soils formed on the Tehama Formation are cobbley and gravelly
loams and clay loams with compact clay and gravelly clay subsoils. Soils
formed on the Red Bluff Formation are gravelly loams with a very gravelly
clay subsoil. The fine texture, slow permeability, low water-holding capacity,
and coarse fragments in these soils limit rooting depth.
Land slopes are generally moderate (15-50%) in the foothills area.
Major drainages originating in the upper watershed area are typically deeply
incised into the alluvial deposits as they flow toward the valley floor area.
The foothills are generally a zone of sediment transport, although some
localized bank erosion and sediment deposition occurs.

VALLEY FLOOR AREA

The valley floorsoils
are well suited to
agriculture.

The alluvial plain of the Sacramento Valley floor includes several
landforms with distinct soil, topographic, and vegetation characteristics.
Recent deposits from the major drainages form gently sloping alluvial fans
in the western part of the valley floor area and natural levees and floodplains
adjacent to slough channels in the central and eastern parts. Farther east,
near Highway 113, Willow Slough deposits coalesce with the alluvial fans
of Putah and Cache Creeks. Alluvial fans have productive agricultural soils
with relatively coarse texture, high permeability, high water-holding capacity,
and no rooting limitations.
Older alluvial deposits occur as terraces of varying age at varying
distances from slough channels throughout the valley floor area. Soils formed
on these deposits have more distinct horizons than the alluvial fan soils but
are similarly well suited for a wide variety of cultivated crops.
Streams emerging from the foothills abruptly change gradient, dropping
their sediment load and historically forming a branching distributary network
over gently sloping alluvial fans. Channels on the valley floor have smaller
conveyance capacities than their upstream counterparts, resulting in extensive
flooding over the banks.
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PLAINFIELD RIDGE
The Plainfield Ridge is a band of low-lying hills extending south from
Cache Creek near Road 95 and rising 10-25 feet above the valley floor.
These hills are formed by an anticline, or upward bulge, in the basin
sediments that exposes the Tehama Formation at the land surface as “islands”
in the surrounding expanse of alluvial deposits. Soils on the Plainfield Ridge
are identical to those found in the foothills to the west, where the Tehama
Formation is also exposed. However, the gradual topography, with slopes
ranging from 2 to 15%, makes the ridge easier to cultivate and graze.

The soils found in
the Plainfield Ridge
are identical to those
of the foothills area.

Several large drainages cut across the Plainfield Ridge (Willow,
Cottonwood, Union School, and Chickahominy Sloughs). These drainages
have cut relatively stable shallow valleys through the relatively cohesive
terrace deposits of the ridge. Some of the primary slough channels and many
of the secondary channels and canals have been dredged to improve
conveyance and drain floodwaters from the Cottonwood/Willow Slough
basin area to the west.

COTTONWOOD/WILLOW SLOUGH BASIN
A poorly drained, topographically low-lying basin occupies the center
of the watershed along the west side of the Plainfield Ridge. The basin was
formed over geologic time by the gradual uplift of the Plainfield Ridge,
which obstructed the general eastward flow of surface runoff. The basin is
very flat, with slopes generally less than 1%.
Clay and silty clay (Willows and Pescadero series) soils in the lowest
elevations of the basin are highly saline and high in sodium content, indicating
that they were formed under conditions of seasonal ponding and
accumulation of salts through evaporation. These slowly permeable and
poorly drained soils historically supported alkali marsh and meadow. Today,
they are predominantly used for rice production.

The Cottonwood/
Willow Slough basin
soils historically
supported alkali marsh
and meadow.

Around the rim of the basin, soils are similarly fine textured but with
lower alkalinity and sodium content (Capay, Marvin, and Myers), indicating
less frequent ponding and better drainage. Historically, the basin rim
supported seasonal wetlands and grasslands. In past decades, much of the
area was used for rice production. Improvements to the drainage now allow
these basin rim soils to support a variety of cultivated crops.
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A highly sinuous, branch-like pattern of nearly flat channels historically
drained the low-lying wetlands of the basin. All these natural drainages
have been channelized to convey water more rapidly through the basin and
adjacent Plainfield Ridge. Consequently, parts of the basin no longer
experience widespread or prolonged flooding.

AGRICULTURE AND LAND USE
Land use on the valley floor part of the watershed consists
predominantly of irrigated cropland. Crop types surveyed by the California
Department of Water Resources in 1989 are shown in Figure 2-4. Agricultural
conditions in the valley floor area are generally good to excellent because
of the deep, fertile soils (mostly Class I and II); reliable access to surface
and ground water for irrigation; and access to rail, freeway, and sea
transportation. Land slopes are also fairly flat and well suited to furrow
irrigation. Most fields have been laser-leveled to a uniform slope of 0.1% to
0.3%, depending on location. Yolo County has no ordinances regulating
land leveling.

A variety of crops are grown in the watershed, typically in rotations
that repeat every 3-5 years. Many fields are double-cropped, most commonly
with a winter wheat crop grown between summer grain or vegetable crops.
Data for crop acreage totals within the Willow Slough watershed are not
available, but the principal crops for Yolo County as a whole and their
typical planting and harvesting schedules are shown in Table 2-2 (Yolo
County Agricultural Commission 1994). Figure 2-4 may underestimate the
amount of acreage typically devoted to rice because 1989 was the third year
of a 6-year drought, and surface water deliveries for irrigation from

tomato
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YCFCWCD were substantially less than normal.

A map of land capability classification is shown in Figure 2-5. Acreages
of each classification category within the watershed were calculated by
YCCDA using its GIS system. This classification system indicates the general
suitability of soil for agriculture. Class I soils are considered best suited for
cultivation because they are deep and well drained, have excellent texture
and water-holding capacity, and are located in areas with adequate water
available for irrigation. A comparison of Figures 2-3 and 2-5 indicates that
soil type is fairly well correlated with landform. Class I soils typically occur
in slightly elevated alluvial fan areas, such as where Cottonwood and
Chickahominy Sloughs enter the valley floor area near Winters Canal, and
near Woodland below the point where Cache Creek emerges from the
Plainfield Ridge.

55% of the watershed
area is prime Class I

Approximately 62,043 acres (59%) of the watershed area are prime
Class I and II farmland. Tomatoes, which are the most valuable crop in the
area, are typically grown on these high-quality soils. Tomatoes are commonly
grown for 1 or 2 years and then rotated with wheat or corn for several years.
Safflower, sunflower, and seed crop production can replace wheat or corn
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in a 3- to 4-year rotation. Alfalfa is also sometimes grown on land that
supports tomatoes. This perennial crop is usually grown for 4-5 years and
then is rotated with other crops.
Approximately 2,228 acres (2%) of the watershed area are Class III
and IV soils with severe agricultural limitations because of saline-sodic
conditions, slow permeability, and poor drainage. Rice and safflower are
the most commonly grown crops on these basin soils. However, sunflowers,
honeydew melons, and even tomatoes and wheat can also be grown on
these soils (American Farmland Trust 1994).
Approximately 19,684 acres (19%) of the watershed are Class III and
IV soils with limitations due to root-restricting subsoil conditions, slow
permeability, and fine texture. These soils are most common in the Plainfield
Ridge and foothills areas. Land use consists primarily of grain and alfalfa
production, pasture, enrollment in the Conservation Reserve Program, and
rural residential development.

The population in the
Willow Slough
watershed is less
than 5,000.

The remaining 20,958 acres (20%) are located in the steep upper
watershed with severe limitations for agriculture because of shallow soils
overlying bedrock, steep slopes, and a high erosion hazard. This land is
used primarily as rangeland for year-round cattle and sheep grazing.
Most of the watershed is sparsely populated. The principal towns
include the northern part of Winters and the unincorporated communities
of Madison, Esparto, and West Plainfield. Clusters of rural residences
are located south of Highway 16 near Road 95, and in the vicinity of the
Yolo County airport. A relatively small number of individual homes
and “ranchettes” are scattered throughout the valley floor. Very few
residences are located west of Winters Canal. The total population in
the Willow Slough watershed (excluding Winters) is probably less than
5,000, most of whom reside along State Highway 16. This was less
than 4% of the total Yolo County population in 1990 (Agricultural Issues
Center 1991). Major towns on or near the periphery of the watershed
include Winters, Davis, and Woodland, with populations of 4,640,
46,210, and 39,800 in 1990, respectively.
State Highway 113 and Interstate 505 cross the project area from north
to south and are major routes connecting Woodland and Interstate 5 to Davis,
Winters, and Interstate 80. State Highway 16 runs east to west near the
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northern boundary of the watershed and connects the towns of Capay,
Esparto, Madison, and Woodland. The project area is also crossed by a
network of rural county roads spaced mostly on 1-mile intervals. The rural
roads are numbered from north to south (Roads 20 through 32) and west to
east (Roads 83A through 99). Irrigation canals and ditches also criss-cross
the valley floor area. YCFCWCD owns and operates over 150 miles of
canals and ditches, most of which are in the Willow Slough watershed. The
Winters Canal forms the principal head ditch for this system and supplies
several major east-west canals and associated laterals.

SURFACE WATER HYDROLOGY
WATERWAYS
Waterways in the Willow Slough watershed are shown in Figure 2-6.
Several of the drainages within the watershed have their own names. Major
drainages that extend up to the crest of Rocky Ridge include, from north to
south, Lamb Valley Slough, Cottonwood Slough, Salt Creek, Pine Creek,
and Dry Slough. Salt Creek and Pine Creek become Chickahominy Slough
below their confluence. Named creeks and sloughs that begin lower on the
flanks of the Coast Ranges include South Fork Cottonwood Slough, Perkins
Canyon, Union School Slough, Chickahominy Creek, and Moody Slough.

In the upper watershed, stream channels
are relatively unal-

The geomorphology of the natural channels was described in the section
on landforms. In the upper watershed and foothills areas, the locations and
shapes of the stream channels are approximately the same as they were
before development. On the valley floor, however, most of the natural
channels have been realigned along many reaches. To further complicate
the situation, there are numerous canals used to convey irrigation water
diverted from Cache Creek, and many small ditches that serve a combination
of water delivery and drainage functions. These artificial waterways
interconnect with the main sloughs in various places. Water can move back
and forth among natural, altered, and artificial channels, especially during
floods.

tered; however, on the
valley floor most
natural channels have
been realigned.

Every channel shown in Figure 2-6 was classified as a natural creek or
slough, a YCFCWCD distribution canal, a dual-purpose slough/canal, or a
small channel that may serve either water distribution or drainage functions,
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based on information in YCFCWCD’s water system map and U.S.
Geological Survey 7.5-minute topographic maps. Most of the channels in
the last category follow straight property lines and presumably are artificial
channels.

SEASONAL STREAMFLOW REGIMES
None of the streams in the Willow Slough watershed have streamflow
gages. The streamflow regime can be estimated by identifying the sources
of flow and applying rainfall-runoff models. The principal sources of flow
in the channels are rainfall runoff, natural base flow, and irrigation water
(raw supply water and/or tailwater).

Base flow in the
larger channels is no
longer supported by
groundwater, but is
sustained by irrigation deliveries and
return flows.

The distribution of runoff within the watershed is even more variable
than the distribution of rainfall because the part of the watershed with the
most rainfall is also the part with the steepest land slopes. A previous study
of rainfall runoff in the Chickahominy Slough watershed estimated that
approximately two-thirds of the runoff during flood events originates in the
western one-third of the watershed (U.S. Soil Conservation Service 1969).
A large percentage of the annual discharge of the sloughs occurs as
direct runoff during, and for several days following, rainstorms. In the upper
watershed and foothills areas, gradually declining base flow typically persists
in the larger creeks and sloughs until summer. This base flow is sustained
by soil water and groundwater draining from the surrounding hillsides. With
the possible exception of a few locations, groundwater levels in the valley
floor area are lower than the slough channels, and groundwater consequently
does not support base flow. Instead, a small flow is usually sustained in the
main sloughs throughout the summer months by irrigation deliveries and
return flows. When YCFCWCD substantially decreases surface water
deliveries in summer during prolonged droughts, the sloughs become
completely dry. For example, the reach of Willow Slough near Road 99
normally has a flow of about 2 cubic feet per second (cfs) all summer but
was dry in several summers during the 1989-1992 period (Timothy pers.
comm.).
Prior to development, flow in at least some of the sloughs was more
perennial. In the late 1800s, for example, Willow Slough was generally
perennial (Schuyler 1879). Decreases in base flow have probably resulted
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from cattle grazing in the foothills (which tends to increase direct runoff
and decrease infiltration and base flow) and groundwater pumping (which
tends to lower groundwater levels and shorten or eliminate reaches where
groundwater seeps into slough channels).

FLOODING
Flooding is common in the valley floor and is a major concern for
farmers and rural residents. There have been several studies of flooding
along one or more of the sloughs during the past 30 years (U.S. Soil
Conservation Service 1967, 1982; Yolo County Resource Conservation
District et al. 1969, 1981; Federal Emergency Management Agency 1988;
Borcalli & Associates 1993; Nolte and Associates 1993; U.S. Army Corps
of Engineers 1994). These studies reveal a fairly consistent pattern of flooding
and flood-related problems.
Flood-Related Problems. Flood-related problems in the Willow
Slough watershed are illustrated in Figure 2-7. Many roads are overtopped
by floodwater even in moderately small floods, posing a safety hazard to
motorists and requiring temporary posting of road closure signs by the Yolo
County Public Works Department. In the flood of March 1995, at least 29
road segments in the Willow Slough watershed were closed (Tracy pers.
comm.). Flooding of rural residences and agricultural buildings is a problem
in some areas, such as the West Plainfield area near Roads 96 and 30
(Richerson pers. comm.). Flooding is common even in some urban areas,
including Madison, parts of Esparto, and parts of Winters. Road culverts
often clog during floods and must be cleaned to prevent worse flooding
during subsequent storms. Erosion and sedimentation are also problems
associated with flooding and are described separately below.
Although road closures and damaged structures are the most apparent
flood problems, they are not the most costly. Approximately 85% of the
average annual flood damage in rural parts of the Chickahominy-Moody
Slough watershed is related to agriculture (Yolo County Resource
Conservation District et al. 1981). This damage includes direct crop loss,
costs associated with releveling of fields, delayed planting, damage to
irrigation systems, increased weed growth, and limitations on crop selection
because of flood risk. Furthermore, significant flooding occurs 2 out of
every 3 years, and by far the greatest proportion of the cumulative longterm damage results from floods smaller than the 10-year flood event (U.S.
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Most of the floodrelated damage in
the rural areas
results from 10-year
floods or smaller.
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Soil Conservation Service 1969). A 10-year flood event is the flood
magnitude with a probability of 0.1 of being exceeded in any year. The
floods of January and March 1995, for example, resulted in the second
poorest winter wheat yields in history and required that early-planted tomato
fields be replanted at considerable expense (T. Turkovich pers. comm.).
The analysis of flooding for this plan focuses on flood events smaller
than or equal to a 10-year flood event for two reasons. First, preliminary
evaluations of the magnitudes of larger flood events indicated that smallscale implementation measures of the type considered in this plan are not
likely to significantly diminish peak flows or the amount of inundated area
during larger events. Second, much of the flood-related damage in the rural
part of the watershed results from floods smaller than a 10-year flood. Thus,
in terms of both feasibility and relative benefit, a focus on small-to-medium
sized floods is considered appropriate.
Sources of Flood Flows. Whenever rainfall exceeds about 3 inches in
24 hours on the valley floor or 5 inches in the foothills, noticeable flooding
occurs in the valley floor area (Newman pers. comm.). At any given location,
inundation can result from one or more of three processes. Local rainfall
runoff typically ponds at the low ends of many valley floor fields. Often,
the ponded water cannot drain off the field until the water level in an adjacent
ditch or slough recedes. A second source of inundation is overflow from
sloughs where the channel is too small or overgrown with vegetation to
convey the flood flow, as illustrated in Figure 2-8. The third source of
inundation is overflow from slough channels caused by water backing up
behind a downstream obstruction such as a bridge or culvert, as shown in
Figure 2-9.
It is important to identify the source of flooding before attempting to
mitigate it, or the effort may prove useless. For example, channel enlargement
or vegetation clearing will not decrease flooding in an area where the flooding
is caused by rainfall ponding or backwater conditions behind an undersized
culvert.
Flood Flows. Because of the lack of gauged streamflow data, flood
flows were estimated for this study using rainfall-runoff models. Borcalli &
Associates reactivated an HEC-1 model it had previously developed of the
Willow Slough watershed (1993) and modified it slightly for this study.
The model calculates hourly runoff from approximately 77 subareas within
the watershed for a specified rainfall event. The model also simulates the
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b. Cleaning channels and culverts is costly.

c. Crops are damaged by flooding.

Figure 2-7
Examples of Flooding Problems in the
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For this study, floodflows
were estimated using
rainfall-runoff models.

timing and magnitude of the flood peak as it flows down the channels
in each subarea and combines with outflow from other subareas.
Each subarea is associated with a node in the model, and the peak
flow can be identified at each node location. Figure 2-10 shows the
locations of 10 nodes selected to characterize flood flows in the
watershed for this study.
For this study, a 3-day storm event was assumed, and hourly
rainfall amounts representing 2-year, 10-year, 50-year, and 100year storm events were estimated from historical rainfall data. The
timing and amount of runoff from each subarea is affected by soil
permeability, slope, and the amount of moisture in the soil before
the storm. The roughness of the soil surface, which reflects factors
such as vegetation type and cover, leaf litter, and tillage, is also
considered. Generally, significant runoff does not commence until
the upper soil layer is fully saturated, small depressions in the soil
surface are filled, and leaf surfaces on vegetation are fully wetted.
These factors are referred to as “initial rainfall losses.”
A complete description of the HEC-1 model simulations
performed by Borcalli & Associates for this study is presented in
Appendix A. Figure 2-11 shows peak flows during a 10-year storm
event at the 10 node locations (Figure 2-10). Flows are shown for
four creeks and sloughs where they cross Winters Canal. Predictably,
the large sloughs with drainages extending up to Rocky Ridge
(Cottonwood and Chickahominy Sloughs, for example) generate
substantially larger peak flows than smaller, lower drainages the (South
Fork of Willow Slough and Union School Slough, for example).
Peak flows at downstream locations are larger than at upstream
locations, principally because runoff converges into a smaller
number of channels as it flows downstream. However, the magnitude
of downstream peak flows is not simply the sum of the peak flows
in the upstream tributaries. This is partly because the upstream peak
flows do not all occur at the same time and partly because channel
storage and overbank flooding in the valley floor area tend to absorb
some of the peak flow arriving from the tributaries. Conversely,
additional runoff from the valley floor area tends to increase peaks
at downstream locations such as Highway 113. An examination of
simulation results for all of the flood frequencies indicated that flow
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in Willow Slough at Highway 113 is 1.3-2.0 times greater than the sum of
the peak flows in tributaries where they cross Winters Canal.
The difference in magnitude between a 2-year event and a 10-year
event was quite variable among model nodes, probably because of differences
in the amount of rain required to initiate runoff. Simulation results indicated
that 10-year flood peaks are generally three to six times larger than 2-year
flood peaks. Figure 2-12 shows the simulated 2-year and 100-year flood
hydrographs for Willow Slough at Highway 113.
The accuracy of simulated peak flows is unknown because of the lack
of gauged streamflow data to calibrate the model. A comparison of the results
of different flood studies reveals the range in simulated flows that can result
from different, but perhaps equally reasonable, assumptions for model input
data. For example, Borcalli & Associates (1993) estimated a 10-year peak
flow in Dry Slough at Road 95 of 1,400 cfs, whereas Yolo County Resource
Conservation District et al. (1981) estimated that the 10-year peak flow for
only a part of that drainage area (Chickahominy Slough at Road 89) is 3,190
cfs. Similarly, Nolte & Associates (1993) calculated a 100-year peak flow
of 2,600 cfs in Chickahominy Slough near Winters Canal, which contrasts
with the estimate of 4,580 cfs developed for this study.
The relatively large discrepancies among the results of the different
models indicates that modeling results must be interpreted with caution but
does not discredit the value of modeling as an investigative tool. Many of
the discrepancies among the modeling studies probably result from
differences in model structure, modeled area, simulation periods, and
assumptions regarding rainfall hydrographs and runoff characteristics.
However, as long as assumptions are applied consistently throughout the
modeled area, each model provides an integrated view of the effects of
runoff from the entire system. An internally consistent model also provides
a means of identifying factors that most strongly affect runoff and peak
flows. Finally, if basic assumptions about the system remain constant among
all of the simulations, the model provides a means of comparing alternative
management strategies, as will be shown in Chapter 3, “Opportunities and
Constraints.”
Floodplains. Identifying the floodplain areas inundated by floods of
various magnitudes is even more difficult than estimating the peak flood
flows. This is because the valley floor area is very flat, and even minor,
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artificial changes in topography can substantially alter the boundaries of the
inundated area and the direction of overbank flow. Numerous landowners
interviewed during the planning process reported these types of
microtopographic effects along Dry Slough, Airport Slough, and Union
School Slough. For example, laser-leveling an agricultural field can cause
more or less of the field to lie in the floodplain of a nearby slough. Berms
constructed along field borders or along roadside drainage ditches can
suddenly create flooding on a neighbor’s property or the roadway. When
sloughs are cleaned, the excavated material is usually placed on one bank of
the slough, creating a berm that sends all future overflows to the opposite
side of the slough.
Even in the absence of changing microtopography, the generally flat
terrain makes delineation of floodplains problematic. This problem is
exemplified by differences between a map of the 10-year floodplain along
Chickahominy and Dry Sloughs (Yolo County Resource Conservation
District et al. 1982) and the 100-year floodplain shown on the Flood Insurance
Rate Map (Federal Emergency Management Agency 1988). The 10-year
floodplain is substantially larger than the 100-year floodplain, when the
opposite would be expected.
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Flood-prone areas
were identified to
determine suitable
areas for wetlands and
to help landowners
develop plans for
managing floodwater.

The primary purposes of identifying flood-prone areas for this study
are to determine which areas might be relatively suitable for seasonal or
permanent use as wetlands and to help landowners develop plans for directing
floodwater to areas where it causes relatively little damage. Flood-prone
areas would be relatively suitable for wetland use because the water supply
for filling the wetland would, in effect, already be present. Consistent with
this purpose, a map of flood-prone areas was developed by combining
information from the following seven sources:

•

the 1988 Flood Insurance Rate Map of 100-year floodplain
areas (Federal Emergency Management Agency 1988),

•

the map of the 10-year floodplain along Chickahominy and
Dry Sloughs (Yolo County RCD et al. 1981),

•

the 100-year floodplain map of the Davis area developed
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for the Covell Drain Study (Borcalli & Associates 1993),

•

the 100-year floodplain map for the Winters area developed
by the U.S. Army Corps of Engineers (1994) for its
reconnaissance study of flooding near Winters,

•

a floodplain map of Willow Slough (U.S. Soil Conservation
Service 1967),

•

responses to interviews and questionnaires by more than
20 landowners and Yolo County Department of Public
Works and Transportation personnel during the course of
this study, and

•

flooded areas mapped by Jones & Stokes Associates during
a survey by automobile on February 5, 1996, following a
major rainstorm.

All areas that were shown as flood-prone on any of the maps listed
above were included in the final map (Figure 2-13), regardless of the source
of flooding (ponded rainfall, insufficient channel capacity, or backwater).
Generally, the map shows swaths of flood-prone areas in broad east-west
bands along the major sloughs. The map probably underestimates the extent
of flood-prone areas in the northern part of the watershed because
most of the published and anecdotal information was for the southern
part of the watershed.

EROSION AND SEDIMENTATION
Erosion and sedimentation was qualitatively surveyed during two field
trips to the upper watershed, through numerous field interviews with
landowners in the foothills and on the valley floor, and through discussions
with Natural Resources Conservation Service (NRCS) and Yolo County
RCD staff and directors. Information regarding erosion and sedimentation
problems was also acquired from previous reports and studies conducted in
the Buckeye and Dunnigan Creeks area, the Chickahominy and Moody
Slough watersheds, and the vicinity of Winters (U.S. Soil Conservation
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Service 1979, Warner 1981, U.S. Army Corps of Engineers 1995).

EROSION PROBLEMS
Five principal erosion problems commonly occur in the Willow Slough
watershed: sheet and rill, gully, streambank, and roadbank erosion, and mass
movement. Based on easily visible erosion processes observed during field
visits, the greatest source of sediment is probably sheet and gully erosion on
rangeland, followed by sheet erosion on unvegetated cropland and
streambank erosion. Examples of erosion and sedimentation in the watershed
are shown in the photographs in Figure 2-14.

The greatest source of
sediment in the watershed is probably sheet
and gully erosion on

Sheet erosion is caused by shallow “sheets” of water flowing over the
soil surface. Soil particles are detached by either rainfall impact or overland
flow turbulence and transported with the water. Sheet erosion on brushcovered slopes and grazing land in the upper watershed and on barren
farmland in the valley is probably responsible for most of the sediment
produced in the watershed. Shallow sheet flow rarely occurs for more than
a few feet before concentrating in rills or small channels. Sheet erosion is
the principal mechanism of topsoil loss from agricultural fields. This type
of erosion undoubtedly occurs when floodwaters overflow a field. However,
topsoil erosion during the irrigation season also appears to be significant, as
indicated by dry-season accumulations of sediment in tailwater ponds and
roadside ditches (Anderson and Wade pers. comm.).

rangeland.

A countywide resource inventory conducted by the Yolo County RCD
and SCS in 1982 found that 40,000 acres of mostly dry-farmed hill land
(over 10-15% slopes) was experiencing significant sheet and rill erosion.
The study also identified approximately 165,000 acres of irrigated cropland
with irrigation-related erosion problems.
Gully erosion was observed at one location in the foothills area where
water had overflowed an improperly designed stockpond during storms in
1995 and carved a large gully across an adjacent field before returning to
the creek channel. Smaller rills could be seen in unconsolidated landslide
deposits in the upper watershed.
Streambank erosion was observed along streams in the foothills and
on sloughs in the lower watershed. The mechanism was either scouring or
slumping of excessively steep banks. The most severe streambank erosion
was observed along straightened reaches where berms or levees channelize
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floodwater and at the outside bends of natural channels.
Roadbank erosion occurs on both ranch roads in the upper watershed
and on frequently flooded county roads in the valley floor area. Compacting
the dirt road surfaces in the upper watershed increases the rate of runoff,
concentrates storm runoff in roadside ditches, and often requires grading
that may trigger landsliding. At several locations, culverted stream crossings
have been plugged, causing washouts and gullies. In the lower watershed,
most roadbank erosion occurs where floodwater cascades over the
downstream side of elevated roadbeds.

Sedimentation
problems occur at
the downslope end of

Mass movement occurs in the upper watershed where shallow,
unconsolidated soils are underlain by steeply dipping sedimentary rocks.
Mass movement is a natural geologic process that is often accelerated by
fire, grazing, road construction, and other land uses. Movement occurs in
the form of landslides, slumping, and soil creep. The observed landslides
were small but fairly numerous, often less than 20 feet wide and 80 feet
long.

agricultural fields, in

SEDIMENTATION PROBLEMS

wide spots and inside
bends of channels,
and on flooded
raods.

Sedimentation occurs where streamflow or overland flood flow loses
velocity and no longer has the energy required to suspend the sediment
load. Sedimentation problems generally occur in wide spots and inside bends
of slough channels and drainage ditches, at the downslope end of agricultural
fields, and on flooded County roads. Significant sediment deposition in
irrigated agricultural fields creates a local spot higher than the leveled field
grade and prevents irrigation water from flowing to the area of deposition.
Irrigated fields affected by erosion and sedimentation often require costly
releveling. Slough channels and road culverts that accumulate sediment must
be periodically dredged at considerable expense.

WATER SUPPLY
The principal water supply for the valley floor part of the Willow
Slough watershed comes from YCFCWCD’s diversion from Cache Creek
at the Capay Dam, located 3 miles upstream of the town of Capay (Figure
2-6). From 1978-1986 (a representative period after construction of Indian
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Valley Dam and prior to the 1987-1992 drought), annual diversions from
Cache Creek averaged approximately 160,000 acre-feet. Approximately twothirds of the YCFCWCD service area lies within the Willow Slough
watershed, so the amount delivered within the watershed is probably on the
order of 105,000 acre-feet per year. The southeastern part of the watershed
within approximately 4 miles of Davis is outside the service area and relies
entirely on groundwater.
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96% of the water used
annually in Yolo
County is for irrigation.

Of the average of 964,000 acre-feet of water used annually in Yolo
County, 96% is for irrigation (Jenkins 1992, Borcalli & Associates 1992).
The percentage used for irrigation within the Willow Slough watershed
would undoubtedly be even higher because none of the three largest cities
are within the watershed.
During prolonged droughts, such as from 1987 to 1992, surface water
deliveries are usually greatly curtailed after the second dry year in a row.
Groundwater pumping increases substantially to compensate for the decrease
in surface water. There is also a slight decrease in total water use as farmers
shift toward crops that use less water. For example, rice acreage decreased
and safflower acreage increased during the last half of the 1987-1992 drought
compared to pre-drought conditions.

GROUNDWATER
The valley floor part of the Willow Slough watershed is underlain by
an alluvial groundwater basin consisting of unconsolidated sediments
containing fresh water to depths of up to approximately 2,000 feet. The
hydrogeology and groundwater flow conditions in the basin have been the
subject of numerous investigations over a period of 70 years. The brief
description presented here is based on two recent summaries of those
investigations (Hubbard 1989, D. K. Todd Consulting Engineers 1995).
The basin sediments belong principally to two geologic formations.
The upper 5-150 feet of sediments are younger alluvium of Quaternary age
and consist of relatively permeable sands, silts, clays, and gravels. The
younger alluvium is a relatively thin surface layer overlying the much thicker
Tehama Formation of Plio-Pleistocene age. The Tehama Formation consists
of a similar mix of sediments, but finer-grained deposits are more
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predominant and the formation as a whole is less permeable than the younger
alluvium. The Tehama Formation dips eastward at an angle of approximately
5 degrees. It extends west of the Winters Canal and is exposed at the land
surface throughout much of the foothills area.
The local groundwater system is part of
a regional groundwater system.

The Plainfield Ridge is an anticline, or upward bulge, that exposes
the Tehama Formation at the land surface in a series of low hills
extending southward from the Dunnigan Hills north of Cache Creek. It
also creates a zone of relatively low permeability in the groundwater
system that partially obstructs the normal eastward flow of groundwater
toward the Sacramento River.

The Willow Slough watershed is located along the western edge of
the Central Valley, and the groundwater system beneath the watershed is
part of a regional groundwater system that extends throughout the valley.
Locally, the groundwater system has been divided into subareas based on
variations in permeability. The area between Winters Canal and the Plainfield
Ridge (approximately Road 95) is called the upper Cache-Putah groundwater
basin. The area east of the Plainfield Ridge is called the lower Cache-Putah
groundwater basin.

The groundwater system is operated in conjunction, although
informally, with YCFCWCD’s surface water system. Groundwater pumping
increases substantially during droughts, resulting in rapid water-level
declines. Although the accumulated declines can be fairly alarming and
amount to tens of feet, water-level recovery during subsequent wet periods
is equally rapid. Water levels following droughts have recovered to
approximately pre-drought levels, especially since Indian Valley Reservoir
was constructed in 1976. Consequently, it does not appear that the
groundwater basin is in a state of long-term overdraft.

The difference between high-water levels in wet periods and low-water
levels in dry periods can be seen by comparing Figures 2-15 and 2-16,
which show water levels in spring 1983 and spring 1992, respectively. In
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both figures, water levels are shown as depth to water in feet below the land
surface. In both years, depth to water was relatively low and uniform
throughout a broad area in the central part of the watershed. The depth to
water is greater along the foothill margins and east of the Plainfield Ridge.
In the spring of 1983, which was wet, depth to water was about 5 feet
throughout most of the central area and more than 30 feet in a few peripheral
areas. In 1992, after 5 years of drought, depth to water was about 25 feet in
the central area and more than 50 feet in the peripheral areas.

HABITAT
EXISTING VEGETATION AND HABITAT
Much of the riparian and wetland habitat that existed in the valley
floor area prior to development has been lost as a result of agricultural and
urban development. All that remains are narrow strips—often only one tree
canopy wide—of riparian vegetation along some slough reaches.
Existing vegetation and habitat conditions in the watershed are
thoroughly documented in the Yolo County Habitat Conservation Plan
(HCP) (EIP Associates 1995), which was completed while this project was
in progress. The HCP identifies six general habitat categories in the Willow
Slough watershed: agricultural, wetland, riparian, woodland, grassland, and
blue oak/chaparral. The distributions are shown in Figure 2-17, which is
reproduced from the HCP. The upper watershed area above an elevation of
300 feet was not mapped for the HCP but contains a mixture of blue oak
woodland, grassland, and chaparral. The six general categories can be
subdivided into 18 specific habitat types that are briefly described below.
The management emphasis of the HCP was on developing mechanisms to
preserve existing habitat areas for 29 targeted species. Particular attention
was given to minimizing the effects of widespread conversion of agricultural
land to urban use. A list of the 29 species and their associations with riparian,
wetland, and agricultural habitats is included in Appendix C, “Target Species
in the Habitat Conservation Plan.”
Agricultural Habitats. Agricultural habitats constitute the dominant
habitat type of the valley floor area and include seasonally flooded, irrigated,
common tule
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Pasture and alfalfa
are the most common
crops in the watershed.
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and dry-farmed cropland. Except for crop rotation and some use of cover
crops in orchards, each field is managed as a monoculture. Vegetative
diversity is provided mainly by narrow strips of uncultivated vegetation
between fields and along roads and sloughs. Overall habitat value can be
increased by managing these strips to favor native vegetation with desirable
habitat characteristics. In many cases, substantial habitat enhancement can
be achieved without significantly decreasing cultivated acreage or
interrupting farming practices.
Pasture and alfalfa are the most common crops in the watershed. These
crops, which are typically flood irrigated, benefit eight target species
identified in the Yolo County HCP: white-faced ibis, Swainson’s hawk,
northern harrier, greater sandhill crane, short-eared owl, bank swallow,
loggerhead shrike, and tricolored blackbird. Both pasture and alfalfa are
permanent or semi-permanent crops. Unlike annual crops, they provide
habitat value in all seasons. Because the fields are relatively undisturbed by
cultivation, they provide year-round food and cover for rodents. The rodent
populations tend, therefore, to be relatively high, which is a benefit to
predatory birds, including Swainson’s hawks.
Annual vegetable and grain crops are the second most common
agricultural land use and are subject to regular disturbances, such as tilling,
bed setting, irrigation, and harvesting. Six target species occur in this habitat
type: Swainson’s hawk, northern harrier, greater sandhill crane, short-eared
owl, bank swallow, and loggerhead shrike.

Rice fields provide
seasonal wetland
habitat for migratory
birds if the fields are
flooded in winter.

Orchards and vineyards are the third most common agricultural land
use in the study area. They provide relatively low habitat value due to the
extensive use of herbicides and pesticides that eliminate potential insect
food sources for birds. Two important target species were identified, yellowbilled cuckoo and bank swallow. The use of cover crops in these areas
could greatly improve their habitat value and reduce the need for
herbicide sprays.
Rice fields can provide seasonal wetland habitat for migratory
waterfowl, shorebirds, and other wildlife if the fields are flooded in winter.
Seasonal flooding of rice fields mimics the natural occurrence of seasonal
wetlands under predevelopment conditions and provides a valuable
supplement to perennial wetlands. However, winter flooding of rice fields
is not presently a widespread practice in Yolo County. Rice production was
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the least common agricultural land use in the study area in 1989 (Figure 4),
although it is more common under non-drought conditions. In the 1930s,
rice was the dominant crop in the central part of the valley floor area. Rice
fields attract six target species: giant garter snake, Swainson’s hawk, northern
harrier, greater sandhill crane, short-eared owl, and bank swallow.
Grassland Habitats. Annual grassland is the second most common
habitat category in the watershed and occupies almost the entire foothills
area. This habitat consists predominantly of non-native annual grasses,
including wild oat, ripgut brome, soft chess, and barley. Grassland is
generally used for grazing, although a significant percentage of the foothills
area is ungrazed and is enrolled in the Conservation Reserve Program (CRP).
These lands are considered cropland by the U.S. Department of Agriculture
Farm Service Agency and are classified as highly erodible land. Depending
on future grain prices and farmer interest in renewing CRP contracts, these
lands could potentially be farmed again. Grassland habitat attracts 11 target
species, including Swainson’s hawk, northern harrier, short-eared owl,
Western burrowing owl, bank swallow, and loggerhead shrike.
Riparian Habitats. Riparian habitat is present at various locations
along sloughs, creeks, and canals throughout the valley floor area. Proximity
to a channel with perennial or nearly perennial flow is the most important
factor in the distribution of riparian habitat. Soil type and depth to
groundwater also affect the suitability for riparian vegetation, but those
factors appear to be of secondary importance in the valley floor area. Riparian
vegetation diversity is greatest where there are large seasonal fluctuations
in streamflow and active erosion and deposition within the channel. The
HCP identifies four types of riparian vegetation in Yolo County: valley oak
forest, cottonwood forest, mixed riparian, and willow scrub.

Riparian habitats are
among the most
productive and diverse
in the state.

valley oak

Riparian habitats are the richest terrestrial habitats for breeding and
wintering birds in the western United States. During the breeding season,
riparian habitats often contain many more species and even more individuals
than are found in the surrounding upland habitats. Riparian habitats also
contain more sensitive bird species than any other habitat type in California.
In Yolo County, nine of the target species identified in the HCP reside or
forage in riparian habitats, including Cooper’s hawk, Swainson’s hawk,
yellow-billed cuckoo, California yellow warbler, and bank sallow. A
uniquely valuable characteristic of riparian habitat is its linear shape, which
provides migration routes for wildlife.
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Degradation and destruction of riparian habitats have caused significant
declines in bird populations that rely on those areas. The extent of riparian
habitat in the Central Valley has declined by more than 95% from
predevelopment levels (Thompson, 1977). Degradation includes decreases
in the width and continuity of the riparian corridor, resulting in greater
exposure of wildlife to predators and nest parasitism by brown-headed
cowbirds. Populations of neotropical migrant birds, such as warblers, vireos,
and flycatchers, have decreased in recent years as a result of habitat loss and
degradation and fragmentation of their wintering grounds in Central and
South America and breeding grounds North America.
Most of the wetland
habitats in the

In spite of historical destruction and degradation, riparian habitats
remain among the most productive and diverse habitats in the state. Riparian
habitat is resilient; wildlife use often increases dramatically.

waershed were
created.

Wetland Habitats. Wetland habitats in the watershed include natural
wetland areas and artificial impoundments; these habitats were mapped for
the HCP based on the presence of ponded water or saturated soils. The
mapped units may include areas that do not meet all of the criteria for
jurisdictional wetlands defined by the U.S. Army Corps of Engineers (i.e.,
hydric soils, natural wetland hydrology, and wetland vegetation) and,
therefore, are not considered jurisdictional wetlands (EIP Associates 1995).
No large wetlands are in the study area, and almost all the small ones are
artificially created or managed. Most take the form of stockponds, tailwater
ponds, stormwater detention basins, habitat ponds, and reaches of sloughs,
canals, and ditches that have relatively shallow bank slopes. The total area
of these small scattered wetlands is probably less than 300 acres, or 0.3% of
the total watershed area.
Seasonal and perennial marshes are a type of community found on
fine-textured sandy and silty soils in freshwater shallows and backwaters
where the vegetation is protected from high water velocities and wide
fluctuations in water-surface elevations. These ponds, canals, sloughs, and
river backwaters are generally characterized by emergent marsh vegetation,
including dense growths of tules and cattails, various rush and sedge species
with occasional verbena, and smartweed. Eight target species are found in
marsh habitats, including western pond turtle, giant garter snake, whitefaced ibis, Cooper’s hawk, northern harrier, greater sandhill crane,
short-eared owl, and tricolored blackbird.
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Open water areas are generally devoid of emergent marsh vegetation
and may support floating and submerged aquatic vegetation. Common plant
species include pondweed, water milfoil, yellow waterweed, elodea, and
duckweed. Many open water habitats are unvegetated, including some
reaches of sloughs and valley floor, most irrigation canals, and irrigation
ponds. Six target species are associated with the open water habitat type:
California tiger salamander, western spadefoot, western pond turtle, giant
garter snake, double-crested cormorant, and bank swallow. Open water
habitats should be managed or designed to provide an appropriate mix
of deep water (unvegetated) and shallow water (emergent vegetation)
areas. Extensive, closed stands of emergent vegetation are of limited
use to waterfowl and other species of wildlife and are often mosquito
problem areas.
Alkali sinks are characterized by saline/alkali soils (e.g., Pescadero
clay) and dominated by halophytic vegetation. Little remains of this unique
vegetation community. However, alkali sinks provide habitat for five target
species, including Heckard’s peppergrass, brittlescale, San Joaquin saltbush,
alkali milkvetch, and palmate bird’s-beak. HCP did not identify these species
as occurring within the Willow Slough watershed study area.
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Woodland habitats
include elderberry
savannah, which
supports the valley
elderberry longhorn
beetle.

Woodland Habitats. Areas mapped as woodland in the HCP include
closed-canopy forest, open woodland with a canopy cover between 10%
and 70%, and oak/grassland savannah with a canopy cover of 10% or less.
Also included are windrows, roadside tree plantings, clumps of trees
occurring in agricultural and rangeland settings, and individual trees within
other non-wooded habitat types (EIPAssociates 1995). In Yolo County, this
habitat also includes elderberry savannah habitat subtype, characterized by
single elderberry plants or aggregates of shrubs in grassland habitat. These
habitats support the valley elderberry longhorn beetle and provide important
nesting habitat for Swainson’s hawk and loggerhead shrike. These species
are identified as target species in the HCP and would benefit from expansion
of woodland habitat types.
Blue Oak Woodland/Chaparral. The upper watershed supports a
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mosaic of blue oak woodland, foothill pine woodland, annual grassland,
and chaparral. This vegetation mix provides habitat to many breeding
songbirds and is used as a migration route for many birds, including the
California yellow warbler. The foothill region also provides habitat for many
species that were not identified as target species in the HCP but may be
considered regionally significant, including golden eagle, bald eagle, western
bluebird, and band-tailed pigeon (EIP Associates/Kemper 1995). Restoration
and conservation projects in this habitat type would benefit the wildlife
species mentioned above as well as native perennial bunchgrasses, which
were not addressed in the HCP.

150 years.

HISTORICAL AND POTENTIAL FUTURE HABITAT
One of the consequences of agricultural and urban development in the
Willow Slough watershed over the last 150 years has been the widespread
elimination of riparian and wetland habitat. Soil types and historical maps
and photographs provide a record of predevelopment conditions in the
watershed and their evolution to the present day. Maps from the mid- to
late- 1800s generally show corridors of riparian forest along most of the
length of Putah and Cache Creeks, with grassland occupying the intervening
area and a broad area of tules from near Davis and Woodland east to the
Sacramento River (Derby 1849, Williamson and Abbott 1855, Kuchler 1977,
Katibah 1984). On one map (Derby 1849), a road passing through the present
site of Davis was labeled “impassable during rainy season”, and the area
north of Davis was labeled “plains overflowed in winter.”

Soil characteristics
indicate historical
vegetation.

Aerial photographs taken in 1937 reveal that the valley floor was
already largely developed for agriculture at that time. Some sections of
undeveloped land, including what appear to be seasonal wetlands and small
meandering slough channels, were still present, however, especially
along the Plainfield Ridge and the saline-sodic basin area immediately
to the west. Rice was the dominant crop along a 3-mile-wide band west
of the Plainfield Ridge.
Where all vestiges of the natural vegetation and original habitat have
disappeared, soils retain sufficient characteristics of former natural conditions
to reconstruct the landscape and its vegetation. Although it would not be
reasonable or even desirable to return the watershed to its predevelopment
condition, the types and distributions of predevelopment vegetation indicate
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the types of vegetation that might be most likely to succeed in restored
areas. A map of potential natural vegetation was developed for this study
based on the present distribution of vegetation, descriptions of vegetation
patterns in current and historical soil surveys, local terrain, and soil type
(Figure 2-18). The map shows the most probable pattern of natural vegetation
under predevelopment conditions. Assuming that hydrologic requirements
of each type of vegetation could also be met, the map indicates the types of
natural vegetation that will be best suited for various local conditions within
the watershed. Hydrologic factors and land use constraints are considered
in a more complete analysis of opportunities for restoration, described in
Chapter 3, “Opportunities and Constraints.”
The lowest elevations of the Cottonwood/Willow Slough basin west
of the Plainfield Ridge supported alkali marsh and a freshwater marsh with
similar flora. The high clay content, slow permeability, low topographic
position, high salt and sodium content, and near-surface mottling all indicate
sufficient flooding to support seasonal alkali marshes. However, the relatively
low organic content indicates that the soils typically dried up and decomposed
slightly under aerobic conditions in summer. The alkali marshes contained
dense stands of herbaceous vegetation dominated by perennial monocots,
such as cattail and alkali bulrush. Alkali meadows likely developed on the
adjacent higher ground surrounding the marshes (Jones & Stokes Associates
1989). Around the perimeter of the basin, where soils are unaffected by salt
and sodium accumulation, there was perennial grassland and seasonal
wetland habitat. These very clayey soils have a high shrink-swell capacity
and are not an ideal substrate for trees.
Soils in areas that were natural levees and floodplains along the creeks
and sloughs generally have a coarser texture, greater permeability, relatively
elevated position, and mottling beginning at a greater depth. They show
evidence of repeated deposition of organic matter from luxuriant vegetation
and ample groundwater availability without extended surface saturation.
These factors would have favored a riparian ecosystem with occasional,
periodic flooding and a dependable water supply
Soils on the upper alluvial fans along the foothills margin of Putah
and Cache Creeks, Cottonwood Creek, and Chickahominy Slough have
moderate permeability, high water-holding capacity, and a general lack of
mottling. Near creek channels, these soils probably supported riparian
vegetation, with moderately dense valley oak woodland occupying areas
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farther from the channels or where depth to groundwater was greater.
The older alluvial terrace soils in the foothills and Plainfield Ridge
areas have developed dense clay-rich subsurface horizons with high gravel
content that severely restrict development of deep roots. These conditions
would have favored grassland with few or no trees. Depressions and swales
on these soils may have supported vernal pools and other seasonal wetlands.
The upper watershed area has shallow soils on steep slopes and supports
a complex association of grassland, blue oak woodland, foothill pine
woodland, and chaparral similar to the vegetation mix that was probably
present under predevelopment conditions, except that perennial
grasslands have been converted to annual grasslands. The distribution
of each of these plant communities within the upper watershed area
reflects subtle differences in slope, aspect, soil type, and soil depth.
Chaparral tends to dominate sites with slopes greater than 50% and soil
depths of less than 20 inches.

SUMMARY OF RESOURCES, INFORMATION, AND PROBLEMS
This review of natural resource conditions in the Willow Slough
watershed reveals a landscape that has been highly altered from its natural
state over the last 150 years. Although these alterations have allowed the
development of a thriving agricultural economy, they have resulted in some
problems for both people and the natural environment. Of all the physical
variables considered in this inventory, rainfall is probably the least changed.
Normal, wet, and dry years still occur more or less as they did under
predevelopment conditions. Runoff, on the other hand, has undoubtedly
been accelerated by grazing in the upper watershed and foothills areas and
widespread land leveling and prebedding of fields in the valley floor area.
Extensive overbank flooding occurred under predevelopment conditions,
but the location of flooding has been locally altered by realignment of slough
channels and microtopographic modifications such as ditches, roads, berms,
and leveled fields. Natural vegetation was adapted to frequent flooding, but
flooding is a problem for current land uses, such as agriculture and rural
residences. Several types of erosional processes are evident in many parts
of the landscape, creating damage to structures and loss of topsoil. Erosion
also results in high rates of sediment deposition in some areas, which can
clog culverts, reduce the capacity of slough channels, and make agricultural
fields unlevel.
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Although surface water and groundwater within the watershed appear
adequate to support existing irrigation demands, water supplies are not so
clearly adequate in areas adjacent to the eastern edge of the study area.
These areas could benefit from increased retention of stormwater that
presently flows out of the area during floods. YCFCWCD is investigating
ways of retaining as much surface water and groundwater as possible in
Yolo County for local beneficial use. Groundwater levels have been
altered by the development of high-capacity wells for irrigation and
municipal use. Depth to groundwater is greater than under
predevelopment conditions, especially during droughts, and could limit
the distribution of some types of trees.
The landscape is
The total area of natural habitat, especially wetland and riparian habitat,
is a small fraction of the amount present under predevelopment conditions.
A number of species of plants and animals native to the area are now
threatened or endangered, largely as a result of habitat loss. Lowered
groundwater levels also jeopardize the survival of riparian vegetation during
droughts, when surface flow in the slough channels often disappears.

intensively managed
and well cared for.

The picture of the Willow Slough watershed that emerges from this
inventory is a landscape managed intensively and almost exclusively for
agriculture. The land generally appears well cared for by skilled and
conscientious farmers. One senses a local pride in the efficiency and
productivity of agricultural operations. Although this single focus has been
successful in achieving its primary purpose, it has come at a price. Some of
the problems that interfere with agriculture in the short run (sediment
deposition on fields, flood peaks heightened by prebedding practices,
frequent and costly slough cleaning) or threaten agriculture in the long run
(topsoil loss) have been exacerbated by agricultural practices. In other cases,
such as habitat enhancement, there simply are overlooked opportunities to
achieve greater overall resource benefits without significantly encumbering
agriculture. Thus, although the watershed is basically in good shape, there
are opportunities to improve conditions through integrated resources
management. These opportunities are the subject of the next chapter.

western sycamore
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Although several resource problems and missed opportunities were
identified in the preceding chapter, there fortunately are numerous
possibilities for improvement. To achieve these possibilities, it is necessary
to identify the types of measures that would accomplish multiple objectives,
be likely to succeed, be cost effective, and have the least impact on other
important resources, such as agricultural production. The best types of
measures might not be the same throughout the watershed because of local
differences in physical and biological conditions. Thus, the locations where
each type of measure would be most beneficial need to be identified.

There are numerous
opportunities for
enhancing habitat,
increasing groundwater recharge, decreasing flooding problmes

These objectives were achieved by performing a screening analysis of
opportunities and constraints. In this analysis, the physical characteristics
of the watershed were screened to identify locations and strategies best suited
for implementing measures to meet the goals of enhancing wetland and
riparian habitat, increasing groundwater recharge, decreasing flooding
problems, and decreasing erosion and sedimentation.

and decreasing erosion
and sedimentation
within the watershed.

Much of the screening analysis was
based on map interpretation. All the maps
presented in Chapter 2, “Inventory of
Resources and Problems,” were prepared in
digital format by YCCDA and incorporated
into its GIS system. Some of the map layers
were already available, some were edited
or enhanced for this study, and some were
newly created. Using the GIS system,
YCCDA created maps showing suitability
for various resource management goals
based on a composite ranking of criteria
derived from two or more of the individual
resource maps. This procedure allowed
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multiple criteria to be considered in great spatial detail.
Additional analysis techniques were used for some of the resource
objectives. The HEC-1 rainfall-runoff model that was used to characterize
existing flooding conditions was also used to investigate the relative
effectiveness of different flood control strategies. Opportunities for
minimizing erosion and sedimentation were also identified for various site
conditions that might be present throughout the watershed.
The quantitative analyses were based entirely on physical factors and
were interpreted in light of more qualitative but equally important factors
such as cost, landowner interest, regulatory restrictions, and compatibility
with adjacent land uses.

HABITAT ENHANCEMENT AND CREATION

Riparian and wetland
enhancement suitability
was based on physical,
biological, and land
use criteria.

The screening process used to determine the suitability of particular
land areas for wetland and riparian enhancement considered various physical,
biological, and land use criteria. Numerical rankings were assigned to
descriptive categories for each resource, and YCCDA combined the rankings
from each resource layer using GIS to obtain a combined suitability score.
These scores were then grouped into descriptive categories of low, moderate,
and high suitability.
The results of the screening process were used to identify the areas
within the watershed most physically suitable for various types of habitat
enhancement and creation. This information will help direct landowners
and funding agencies to locations where projects are most likely to succeed
and to be cost-effective. Conversely, less suitable areas can be avoided or
assigned a lower priority. Areas having a low-suitability rating or no rating
may still offer opportunities for habitat enhancement, but additional expense
or effort may be required to achieve the desired habitat objective. These
areas should not necessarily be excluded from further consideration,
especially since the suitability maps probably underestimate the total
opportunity. The probable underestimation results from the limited data
regarding some of the resource layers used in the screening analysis.
Ultimately, landowner interest is perhaps the most critical ingredient for
successful habitat creation and enhancement and can result in successful
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projects even in areas ranked as having low physical suitability. The screening
analysis described here can be viewed as recommendations for how best to
direct landowner interest.

WETLAND SUITABILITY
Criteria. The primary goal of the wetland suitability screening process
was to identify areas in the lower watershed that would most economically
support large areas of wetland habitat. Opportunities for wetland habitat
associated with small impoundments in the foothills and upper watershed
areas are defined principally by topographic conditions and are not reflected
in this screening analysis. Similarly, wetlands associated with tailwater ponds
could be created on any field with a pond, although success would be
achieved more easily in some locations than others. The screening analysis
for wetland suitability in the valley floor area was based on soil properties,
frequency of flooding, topography, and presence of existing habitat. The
quantitative criteria for ranking suitability are listed in Table 3-1. NRCS
has developed a similar set of Soil Interpretation Rating Guides for use in
selecting sites suitable for wetland vegetation (Hogan pers. comm.).
Several soil properties were used to determine wetland suitability,
including permeability, drainage class, hydric soil characteristics, and land
capability classification. Fine-textured soils with slow permeability and/or
soils with slowly permeable subsurface horizons that create poor drainage
are best suited to wetlands creation. Conversely, well-drained soils with
moderate permeability are poorly suited to wetlands creation. Hydric soil
status was determined using the official list of hydric soil map units prepared
by the Soil Conservation Service (U.S. Soil Conservation Service 1992).
Hydric soils are best suited for wetland creation and enhancement because
they form under conditions wet enough to support growth and regeneration
of aquatic vegetation that can tolerate anaerobic conditions in the root zone.
Land Capability Classification (Figure 2-5) is an interpretive grouping
made primarily according to the potential for, and limitations on, sustained
production of commonly cultivated crops (U.S. Soil Conservation Service
1969). Only Class III through Class VI soils, and Class II soils with
limitations due to wetness or drainage, slow permeability, and salt or
alkalinity, were considered suitable for wetland habitat. The slope of the
land was also considered in the analysis because it is easier to create a large
area of shallow water in relatively flat areas.
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Existing cropping patterns (Figure 2-4) were also considered because
of the different economic impacts of displacing high-value versus low-value
crops. Rice fields were ranked as highly suitable because of their moderate
crop value, highly suitable soils, and existing water ponding structures.
Pastures as well as field and grain crops were assigned a moderately high
ranking because of their relatively low value. Land used for truck crops,
orchards, and vineyards were assigned a low-suitability ranking because of
their high value or incompatibility with inundation. The crop map probably
underestimates the areas of rice production because it reflects cropping
patterns in 1989, when irrigation water was in limited supply because of 2
years of drought. Thus, the crop map should be considered a minimum
estimate of the amount of area suitable for wetlands based on crop
considerations.
Areas were considered suitable for wetlands if they are within an
existing flood-prone area (Figure 2-13). Flooding was considered in the
analysis under the assumption that water delivery to a wetland in a floodprone area would be more or less naturally accomplished in many years.
The map of flood-prone areas should also be considered a minimum estimate
of flooding, and hence of wetland opportunity, because information for
existing flooding patterns was limited for some parts of the study area.
Finally, areas with existing native vegetation were excluded from
consideration because they already have relatively high habitat value.
Existing habitat areas were determined using the Inventory of Wetland and
Riparian Habitats of Yolo County, prepared by Jones & Stokes Associates
for the Yolo County Community Development Department in 1990 and
modified by EIP Associates in 1995 for the Yolo County Draft Habitat
Conservation Plan (HCP) (Figure 2-17).
The areas best suited to
wetland habitat enhancement are frequently
flooded and poorly
drained areas.

Opportunities. Figure 3-1 identifies areas with high, moderate, and
low suitability for wetland enhancement and creation. The areas best suited
for wetland habitat are frequently flooded, poorly drained basin areas such
as the Cottonwood/Willow Slough basin that extends generally from County
Road 24 south to County Road 27, and from County Road 91 east to County
Road 94. These low-lying areas have historically been used predominantly
for rice production because they are very flat, lose little water to seepage,
and are adequately supplied with water. Rice fields are also well suited for
seasonal wetland enhancement because they are not considered prime Class
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I or II agricultural land and are typically planted and harvested outside of
the winter flood and migratory waterfowl seasons. It is likely that much of
this low-lying ground supported seasonal and perennial wetlands under
predevelopment conditions because the hydrologic and soil requirements
for rice and wetlands are similar. Aerial photographs taken in 1937 confirm
that much of this area was already used for rice production but that
uncultivated areas typically included wetlands. Highly suitable areas also
occur between County Roads 29 and 31 west of and including D-Q University
and near the intersection of Interstate 505 and County Road 27.
Overall wetland
Figure 3-1 underestimates the total opportunity for wetland
enhancement and creation. It identifies only those areas where factors were
known to be favorable. As stated above, since crop type data were available
only for a recent drought year, the typical amount of rice acreage is probably
greater. Similarly, the map of flood-prone areas almost certainly
underestimates the full extent of flooding because information was not
available in uniform detail for all parts of the watershed. With complete
flood information and a crop map for a more typical year, the screening
analysis would have ranked additional areas as having moderate or high
wetland suitability.

enhancement opportunities exceed those
indicated by the GIS.

This bias toward underestimating wetland suitability is demonstrated
by the partial exclusion of the saline-sodic soil area near County Roads 93
and 26 (shown as alkali wetland in Figure 2-18) from the areas mapped as
suitable for wetlands (Figure 3-1). Topography, soil type, and historical
photographs all indicate that this entire area would be suitable for wetland
restoration.
Another reason the wetland suitability map underestimates the total
opportunity is because it shows only areas where all or most of the desirable
factors for wetland creation are present. Landowners willing to compact
soils, grade slopes, or divert stormwater could successfully create wetlands
almost anywhere in the valley floor and Plainfield Ridge areas. This is
especially true for small wetlands, such as those associated with tailwater
ponds.
Constraints. Large areas of the watershed are considered unsuitable
for wetland enhancement and creation because they are composed of welldrained and highly permeable soils that will not pond water, and/or are
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located on steep slopes or high ground that is not subject to flooding. These
areas may support wetland habitat, but in smaller parcels and at greater cost.

Agricultural displacement is an important
consideration for
determining wetland

Agricultural displacement is an important consideration in any area
inundated with water for more than a few days. In the case of rice and other
fields that are fallow in winter, seasonal flooding may be compatible with
summer crop production. However, winter flooding may delay planting of
summer crops. Conversion of fields to perennial wetlands obviously
completely displaces agricultural use of those fields. The economic impacts
of converting cropland to perennial wetlands are described in Chapter 7,
“Summary of Costs, Benefits, and Effects on Related Resources.”

habitat enhancement
suitability.

Obtaining a reliable water supply during summer and drought years
could pose a constraint on wetlands intended to be perennial. The annual
water demand required to meet evaporation and evapotranspiration (ET)
demands from a large wetland approximately equals the ET demand for a
rice field, or about 3.3 acre-feet during the growing season (Central Valley
Water Use Study Committee 1987, California Department of Water
Resources 1975). Supplemental water demand for wetlands is described
more completely in Chapter 7, “Summary Costs, Benefits, and Effects on
Related Resources”. Supplemental water could be derived by collecting
additional floodwater during the winter, delivering YCFCWCD surface
water, or pumping groundwater. Additional surface water would not be
needed from YCFCWCD since surface water would have been used to
irrigate crops at the site if there were no wetlands. Groundwater would be
the most reliable supply, but probably also the most expensive.
Another approach to providing a summer water supply for wetlands
would be simply to accept a diminished water supply in dry years. Such an
approach would result in a temporary decrease in wetland area but would
mimic natural cycles of water availability under predevelopment conditions.
As long as a core area of wetland were maintained as a refuge for vegetation
and wildlife, those populations could rebound following a return to wetter
climatic conditions.

RIPARIAN HABITAT SUITABILITY
Criteria. Suitability for riparian habitat enhancement and creation is
based on proximity to existing channels, channel type, chemical and physical
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properties of soils, and presence of existing habitat. The quantitative
criteria for ranking suitability are listed in Table 3-2. NRCS has
developed a similar set of Soil Interpretation Rating Guides for use
in selecting areas suitable for riparian vegetation (Hogan pers.
comm.).
The first step in the screening process was to select a 150-foot
buffer on both sides of all channels in the watershed area. A total
corridor width of 300 feet was chosen because it is the minimum
width required for some riparian birds. However, an encroachment
of 150 feet into adjoining fields may be unacceptably large to some
landowners. In many locations, it is probably also greater than the
distance at which flow in the slough channel creates a shallow water
table, which is necessary for many riparian plant species.
The suitability of channels was also ranked according to
channel type, in the following order: natural creeks and sloughs,
YCFCWCD canals, and small unnamed drainage channels. Areas
with existing habitat were excluded from consideration.
Several physical and chemical properties of soil were factored
into the suitability determination for riparian enhancement, including
soil drainage class, soil permeability, available water-holding
capacity (AWHC), rooting depth, and saline sodic properties.
Riparian vegetation typically requires at least moderately welldrained, moderately permeable soils with an AWHC of at least 4.0
inches within the normal root-zone depth. Soils rankings increased
with increasing drainage, permeability, and AWHC. Woody riparian
vegetation also requires an adequate rooting medium above any
root-limiting layers. Soils were ranked low if the depth to a rootlimiting layer was less than 30 inches, moderate if 30-60 inches,
and high if greater than 60 inches. Soils were also ranked low if
they had high salinity or sodium content in the surface or subsoil.
Opportunities. The results of the screening analysis are shown
in Figure 3-2. Highly suitable areas generally occur along frequently
flooded benches, banks, and adjacent floodplains of natural creeks
and sloughs. The primary natural drainages in the study area that
are highly suitable for riparian habitat enhancement are Dry Slough,
Chickahominy Slough, Cottonwood Slough, Union School Slough,
and Willow Slough. Natural drainages offer the greatest opportunity
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for riparian habitat enhancement because they generally occur in or near
relatively coarse-textured floodplain soils suitable for establishing riparian
vegetation, they are more biologically significant because they already
support mature riparian vegetation over some of their course, and they are
generally not used for supplying water during the irrigation season. Natural
drainages subject to scouring floodflows would also benefit from riparian
vegetation on highly erodible banks.
The narrow exclusions indicated within some of the mapped stream
corridors are areas of existing riparian vegetation, which generally have
corridor widths of less than 300 feet.
Constraints. YCFCWCD canals and small unnamed channels are
generally less feasible for riparian enhancement and creation. The
YCFCWCD operates over 150 miles of canals and laterals that distribute
irrigation water to farmland in its service area. The District’s canal network
operates at peak capacity during the summer irrigation season. YCFCWCD
canals are less suited for riparian vegetation than natural slough channels
because they generally are smaller and must be kept relatively free of
vegetation to maintain their conveyance capacity. Also, sloughs experience
larger floodflows in winter, which would tend to promote active channel
processes favorable for a diverse riparian ecosystem. Unnamed channels
offer the lowest opportunity for riparian habitat enhancement because they
are small and their flow is more intermittent. All three types of channels are
generally less suitable if they are in soils with root-limiting layers or with
high salinity and sodicity.
In many locations, shallow water table conditions probably do not
extend 150 feet from the channel. Consequently, truly phreatophytic shrubs
and trees, such as willows and cottonwoods, would give way to species that
can tolerate a greater depth to water, such as sycamores, box elders, and
valley oaks. Soil borings would be necessary to determine the lateral extent
of shallow groundwater at specific sites where riparian vegetation
enhancement or creation is proposed.
Limited availability of water to sustain riparian areas during summer
and drought years could jeopardize the long-term survival of new or enhanced
riparian areas. Flows in the lower reaches of Willow Slough persist at a low
level throughout the summer in most years. These flows probably consist
primarily of irrigation tailwater. The flows may dwindle at the end of the
irrigation season in September and October, but at that point, soil moisture
may be adequate to sustain vegetation until the first winter rains. In drought
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years, flow is absent most of the summer because irrigation deliveries from
YCFCWCD are curtailed, as shown in Figure 3-3. Water delivery was
curtailed in several years during the 1987-1992 drought for example, and
numerous mature trees along the reach of Willow Slough between Road 99
and Highway 113 died (Timothy pers. comm.).
Increasing the amount of riparian vegetation along sloughs and canals
would increase the overall amount of water lost to ET. Because of its linear
shape, tall canopy, and relatively large overall leaf area, the ET demand of
a corridor of riparian vegetation has been estimated to be approximately 1.5
times the ET demand of an equivalent area of marsh (Central Valley Water
Use Study Committee 1987). A more complete description of water demand
for riparian areas is presented in Chapter 7, “Summary of Costs, Benefits,
and Effects on Related Resources”. In an average year, rainfall and stored
soil moisture are adequate to sustain riparian vegetation from November
through April, and supplemental water is needed only from May through
October. Potential sources of supplemental water during the dry season are
the same as those described above for wetland areas.
In essence, the dry-season water supply constraint leads to a
philosophical choice between obtaining additional water to sustain riparian
vegetation—presumably at some expense—and accepting periodic,
temporary decreases in riparian vegetation during droughts as unavoidable
and more than compensated for by the net increase in normal and wet years.

GROUNDWATER REACHARGE
Criteria. Suitability for groundwater recharge by inundating
agricultural land was evaluated based on depth to groundwater, soil
permeability, soil drainage class, and slope. The quantitative criteria used
for ranking groundwater recharge suitability are listed in Table 3-3.

Areas with highly
permeable, welldrained soils, gentle

Highly permeable, well-drained soils are most suitable for groundwater
recharge because they allow water to percolate downward at a rapid rate.
Low slopes are desirable because they allow a large area to be inundated by
a shallow pond, and total recharge is proportional to the wetted area. A
large depth to groundwater is desirable because it allows more recharged
water to be stored before the water table reaches the land surface and prevents
further recharge. A depth to groundwater of 15 feet was considered the
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minimum to avoid rejected recharge. Water levels in spring 1983, which
followed an unusually wet winter, were used in the screening analysis based
on the assumption that water is more likely to be available for recharge in
wet years than in dry years. In wet years, however, the depth to groundwater
is less than 15 feet in most of the valley floor area. Consequently, few
locations emerged from the screening analysis as suitable for
groundwater recharge.

Opportunities. Figure 3-4 shows the results of the screening analysis
and indicates the suitability for recharging groundwater by inundating
agricultural land. The only areas considered highly or moderately suitable
for groundwater recharge are along the margin of the foothills and near
Woodland and Davis. The central part of the valley floor area was eliminated
during the screening process because of a relatively shallow depth to
groundwater. The upper parts of the alluvial fans of the major sloughs and
the areas near Cache Creek and Putah Creek downstream of the Plainfield
Ridge are the only areas where relatively permeable soils and relatively
large depth to water are found in combination.
The results of the screening show that conditions are not ideal for a
project designed to percolate water at a high rate over a small area. Compared
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to the nearby zone of gravel deposits along Cache Creek, suitability for
groundwater recharge by percolating impounded water is low. Paradoxically,
however, broadly distributed percolation through the soil is the principal
source of groundwater recharge in the Willow Slough watershed under
existing conditions, and increases in total percolation would benefit the
overall groundwater supply.
It is commonly believed that seepage from Cache Creek and Putah
Creek is the principal source of groundwater recharge in the valley floor
area. However, an analysis of the groundwater budget for Yolo County
reveals that estimated average annual net percolation from the two creeks
combined is only about 46,600 acre-feet, or 11% of average annual
groundwater withdrawals (436,000 acre-feet) (Jenkins 1992). The principal
sources of recharge are deep percolation of excess irrigation water (surface
water and groundwater) and rainfall, which together provide 72% of the
total recharge. This finding indicates that the best opportunity for utilizing
storm runoff in the watershed to increase groundwater recharge is to increase
the percolation rate slightly over a broad area. One way this could be
accomplished would be to by detain floodwater in tailwater ponds or bermed
fields scattered throughout the valley floor area, allowing it to percolate
rather than run off immediately. An advantage of distributed recharge is
that it minimizes the risk of creating drainage problems and root zone
saturation that might result from large amounts of recharge concentrated in
a small area.

The principal sources of
groundwater recharge
are deep percolation of
excess irrigation water
and rainfall.

In-lieu recharge is a method of recharge well suited to areas like the
Willow Slough watershed, where heavy soils preclude direct recharge by
high-rate percolation from relatively small ponds. In-lieu recharge is achieved
by supplying surface water to farmers or municipal users who would
otherwise have pumped groundwater. The net result is an increase in
groundwater storage in the aquifer, but the physical limitations on percolation
from the land surface are avoided. This approach often requires a combination
of new infrastructure—such as extensions of surface water service areas
into areas that formerly relied exclusively on groundwater—and new
operating rules that affect the timing and amounts of surface water deliveries.
YCFCWCD is currently implementing an in-lieu recharge program to
improve the groundwater supply near Woodland.
Increased percolation would benefit water supply regardless of its
location in the watershed. In the valley floor area, recharge would accrue
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directly to the groundwater system tapped by water supply wells. The upper
watershed area is underlain by fractured rocks that store only small amounts
of groundwater compared to the valley floor alluvium. Storage is sufficient,
however, to prevent runoff by temporarily detaining infiltrated rainfall and
releasing it to creek channels as base flow. This mechanism provides the
dual benefits of decreasing flood peaks and providing more sustained flow
in the dry season. In the foothills area, the effect of increased rainfall
percolation would be a similar shift toward sustained base flow in local
creeks and additional recharge to the Tehama Formation that could potentially
benefit wells in the valley floor area.
Constraints. The principal constraint on groundwater recharge through
inundating agricultural land in the watershed is displacement of agriculture
or interference with normal agricultural activities. Permeable, well-drained
soils are best suited for recharge, but in the Willow Slough watershed, these
are also Class I soils and are, therefore, best suited for agriculture. The
possibility of groundwater recharge by means of inundating fields was not
well received by any of the farmers interviewed for this study because it
would delay planting.
On steep slopes in the upper watershed, greater rainfall infiltration
could potentially increase the risk of landslides by increasing the level of
soil saturation. However, the risk of rill and gully formation caused by sheet
flow would be correspondingly lower. The benefits of increased infiltration
resulting from rangeland improvements (not detention ponds) probably
outweigh the associated risks, and increased infiltration represents a more
natural condition for the upper watershed. However, in locations where soil
and bedrock conditions are particularly conducive to landslides, it would be
prudent not to increase rainfall infiltration.

Flood control can be
achieved by decreasing

FLOOD CONTROL

peak floodflows as well
as accepting that some
flooding is inevitable
and managing frequently inundated areas

Overall, the greatest opportunity for flood control lies in decreasing
the adverse effects of small and moderate floods on agriculture. Many
measures that would help achieve this objective would also provide the
additional benefit of decreasing roadway flooding. From an economic
standpoint, the greatest opportunity to decrease flood damages is to decrease
agricultural damages associated with relatively frequent (2-year to 10-year)

accordingly.
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flood events, which account for most of the cumulative long-term flood
damages in the watershed (U.S. Soil Conservation Service 1982).
The flood control opportunity can be divided into two different, but
equally important, approaches. The first approach is to decrease peak flood
flows and the area inundated during frequent flood events. The remainder
of this section describes strategies for implementing this approach. The
second approach is to accept that some flooding is inevitable and manage
floodwater and agricultural practices as much as possible to minimize
associated economic losses. This approach is represented by several of the
implementation measures described in Chapter 5, “Implementation
Measures.”
An economic opportunity now exists that was not available during
previous investigations of flooding in the watershed. The new opportunity
is to obtain funding for measures to benefit habitat, soil conservation, water
supply, or water quality that will simultaneously provide incremental flood
control benefits. Previous investigations have identified the most costeffective structural solutions to flooding problems, but the solutions have
never been implemented because local and outside funding support is
unavailable. One of the advantages of integrated resources management is
that more funding is potentially available when multiple objectives are
achieved.
The greatest overall constraint on flood control is the physical difficulty
of decreasing or managing the tremendous volumes of runoff that occur
during flood events. It is unlikely that the small-scale implementation
measures considered in this plan could appreciably decrease the flood risk
to urban areas in a 100-year flood event. For example, the storm in January
1995 resulted in flooding that inundated large parts of the valley floor area
and closed most roads at one or more locations. Residents of the watershed
considered it a remarkably large flood event. However, subsequent statistical
analysis by the U.S. Army Corps of Engineers (1995) found that the 3-day
rainfall total corresponded to only about a 25-year event and that the single
day of greatest rainfall—which appeared to cause most of the flooding—
corresponded to a much more frequent event. Thus, flood control may seem
more readily achievable than it really is.
A limitation of the analysis completed for this study is that it did not
indicate the change in inundated area associated with the calculated changes
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in peak flow that would result from selected implementation measures. To
reliably indicate change in urban flood risk, the changes in inundated area
would have to be calculated. In other words, although the implementation
measures clearly would decrease peak flood flows, it is not clear which
areas, if any, would no longer be inundated.
An overall constraint on minimizing agricultural flood damages is that
even in the absence of inundation by floodwaters, crops may still be damaged
by prolonged soil saturation caused by rainfall.
There are several different and complementary methods by which peak
flood flows could be decreased in the Willow Slough watershed, including
rangeland improvements, altered cultivation practices, detention of peak
flows, and increased channel capacity. Each of these methods is discussed
in the following sections.

RANGELAND IMPROVEMENTS

Numerous studies
document that decreased grazing
intensity is associated
with increased rainfall
infiltration, decreased
runoff, and decreased
erosion.

Management practices for livestock in the upper watershed and foothills
areas can affect rainfall runoff processes and peak flood flows. Numerous
studies since the 1940s have documented the effects of grazing on rainfall
infiltration and runoff and demonstrated that decreased grazing intensity is
associated with increased rainfall infiltration, decreased runoff, and decreased
erosion. A key variable in all of the grazing studies was grazing intensity, as
measured by the number of animal units per acre. An animal unit equals
1,000 pounds of grazing animal, which could consist, for example, of two
steers, a cow-calf pair, one bull, or a number of sheep. Some of the earlier
studies (Rhoades et al. 1964, Rauzi and Hanson 1966, Wood and Blackburn
1981) measured the effects of continuous grazing at various intensities. The
results of these studies are summarized in Figure 3-5, which shows that
rainfall infiltration is inversely correlated with animal density and runoff is
directly correlated with animal density. Most of the studies measured
infiltration and runoff during short periods of relatively intense rainfall
generated using rainfall simulators. One study found that the relationships
were also evident in annual runoff, however. More recent studies (McCalla
et al. 1984, Warren et al. 1986, Pluhar et al. 1987, Takar et al. 1990) have
focused on the effects of grazing systems involving rotational grazing at
various intensities and frequencies. The results were less consistent but
generally indicated that heavy grazing with high animal densities resulted
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in significantly decreased infiltration, regardless of whether it occurred on
an intermittent or continuous basis.
Specific factors found to contribute significantly to changes in
infiltration and runoff included soil compaction by trampling, percent
vegetative cover, and total above-ground biomass, all of which were directly
or inversely correlated with grazing intensity. Range condition was also
found to correlate with runoff rates during experiments with intense (4 inches
in 30 minutes) simulated rainfall (Knight 1993). Only 2% of the rainfall
became runoff on ranges in good condition, whereas 14% and 73% became
runoff on ranges in fair and poor condition, respectively.
A recent NRCS study in three rangeland locations in California found
that soil compaction and vegetative cover both influenced runoff rates and
sediment yield under intense (4-6 inches per hour) artificial rainfall conditions
(Spaeth et al. 1995). There was a negligible difference in runoff rates between
ungrazed and lightly grazed areas on loamy soils that did not tend to compact.
On heavier soils with a greater tendency toward compaction, however,
differences were substantial. The infiltration rate after 1 hour of rainfall in a
moderately grazed area with greater residual above-ground cover (2,0002,500 pounds per acre residue) was over three times greater than the
infiltration rate in a heavily grazed area with the same soil type. In the upper
Stony Creek watershed west of Colusa, perennial grassland had a much
higher infiltration rate (3.8 inches per hour) than annual grassland on the
same soil type (0.009 inches per hour) after one hour of intense (4 inches
per hour) artificial rainfall.
The results of the rainfall simulation experiments indicate that grazing
intensity and range condition have a large effect on rainfall runoff processes
and probably have a significant effect on peak runoff rates during major
storms in the Willow Slough watershed. The results also indicate that range
condition affects the seasonal distribution of runoff. Decreased grazing
intensity and improved range condition tend to increase infiltration and allow
the infiltrated water to later emerge as base flow in nearby creeks. Thus,
managing the intensity of grazing would have the double benefit of
decreasing flood flows while increasing summer base flow. Both of these
effects have been observed on ranges in the Stony Creek watershed, where
decreased animal densities and rotational grazing were implemented in the
early 1990s. The timing and duration of grazing were managed to favor
perennial rather than annual grasses. Beginning in 1993, small creeks in the
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affected areas began flowing year round, which had not occurred during the
previous several decades of intense grazing. Runoff during storms
simultaneously decreased. On January 6, 1995, after the first several days
of a major storm event, the creeks were barely starting to flow and stockpond
impoundments on the creeks were still almost empty. Similar creeks on
neighboring ranches where grazing was not managed were flowing in torrents
and water was spilled from the impoundments (Gilgerd pers. comm.).
The results of the experiments described above indicate that range
improvements that decrease grazing intensity or improve range conditions
could significantly decrease flood flows in the Willow Slough watershed.

ALTER CULTIVATION PRACTICES
Numerous farmers and landowners interviewed for this study indicated
that flooding seems to be worse than that caused by comparable storms in
the past and that laser leveling and fall prebedding of fields appear to
accelerate rainfall runoff. Both of these cultivation practices have become
more widespread during the past 10-20 years. These practices offer farmers
the significant advantages of increasing irrigation efficiency and allowing
planting at the earliest possible opportunity. Virtually all of the farmers
expressed a reluctance to abandon either practice.
Cultivation practices that retard rainfall runoff from a field and increase
rainfall infiltration would tend to decrease peak flows in sloughs. Three
approaches that might be feasible on some fields are to plant cover crops,
cross-rip prebedded fields, and designate selected fields for late planting,
leaving them with a rough chiseled surface during winter. These opportunities
are described in greater detail in Chapter 5, “Implementation Measures.”

DETENTION OF PEAK FLOWS
Peak flood flows in the sloughs could be decreased by detaining some
of the runoff during storm events in impoundments. The focus of this
planning analysis is on small impoundments, such as stockponds, habitat
ponds, and tailwater ponds, that could be built and operated by individual
landowners. The effects of numerous small impoundments on stormwater
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detention and peak flood flows was investigated using the HEC-1 rainfallrunoff model. The ponds were incorporated into the model as initial rainfall
abstractions; in other words, based on assumptions regarding the number of
ponds in each subarea of the model and the amount of runoff storage capacity
that would be available in each pond at the start of a storm, a total storage
volume was calculated and that amount of water was subtracted from rainfall
before any runoff occurred. Separate simulations were performed for storage
upstream of Winters Canal, downstream of the canal, and both upstream
and downstream of the canal. For each of these conditions, results were
calculated for 2-, 10-, 50-, and 100-year rainfall events. Complete results of
the simulations are tabulated in Appendix A, “Hydrologic and Hydraulic
Modeling Study.”
Criteria. The criteria and parameters chosen to simulate the effects of
detention ponds are intended to represent a reasonable assumption of
widespread, long-term adoption of this measure by landowners throughout
the watershed.
Storage upstream of Winters Canal was assumed to consist of upper
watershed stockponds and foothills habitat ponds averaging 5 acre-feet in
capacity, of which 2 acre-feet was assumed to be empty at the beginning of
the storm and to function as a flood storage pool. The remaining 3 acre-feet
was assumed to be for habitat and to be full at the beginning of the storm.
There was assumed to be one pond per 40 acres on 20% of the watershed
area upstream of Winters Canal. These assumptions are equivalent to 176
ponds with 352 acre-feet of total flood-storage capacity spread throughout
the 55 square miles of watershed upstream of Winters Canal.
Downstream of Winters Canal, storage was assumed to be provided
by one 5 acre-feet tailwater pond per 100 acres on 40% of the watershed
area. As with the upstream ponds, 2 acre-feet of each pond was assumed to
be empty at the beginning of the storm. These assumptions are equivalent
to 348 ponds with 696 acre-feet of flood-storage capacity spread throughout
the 136 square miles of watershed downstream of the Winters Canal.
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Opportunities. The results of the simulations of runoff from a 10year rainfall event are shown in a bar graph in Figure 3-6. Peak flood flow
is shown for four locations under existing and alternative watershed
conditions. The selected locations represent upstream points (Cottonwood
and Chickahominy Sloughs at Winters Canal) and downstream points
(Willow and Dry Sloughs above their confluence) along major sloughs.
The left-hand bar in each group indicates the peak flow under existing
conditions. The second bar represents the peak flow from a simulation that
included storage upstream of Winters Canal only. The largest decrease in
peak flow was 70 cfs (5.4%) in Chickahominy Slough at Winters Canal.
There was no change in the peak flow in Dry Slough above the confluence
with Willow Slough.
The third bar from the left in each group shows the effect of tailwater
pond storage downstream of Winters Canal. As expected, downstream
storage had no effect on peak flows at Winters Canal, and the maximum
decrease in peak flow at the two downstream points was 60 cfs (1.6%) in
Willow Slough above the confluence with Dry Slough.
The fourth bar from the left in each group shows the effect of storage
above and below Winters Canal. The decrease in peak flows at the upstream
points was the same as in the simulation with upstream storage only. The
largest decrease in peak flows at the downstream points was 100 cfs (2.7%)
in Willow Slough above the confluence with Dry Slough. This decrease
coincidentally equals the sum of the decreases from the previous two
simulations. Because of differences in timing of runoff from upstream and
downstream areas, peak runoff from the two areas does not necessarily arrive
at the downstream end of the watershed at the same time. Consequently, the
effects of storage in the two areas is not necessarily additive.
Overall, the simulations indicate that the assumed sizes, distributions,
and operation of the ponds would have a beneficial but quite small effect on
peak flow. The reason the effect is small is that the combined flood-storage
capacity of the ponds is small relative to the volume of runoff during a 10year event. The ponds would fill quickly during the early part of the storm
and have little effect thereafter. The vacant storage capacity of all the ponds
combined at the start of the storm event was 1,048 acre-feet. For comparison,
the total volume of runoff in Willow Slough below Dry Slough during a 4day storm is approximately 6,800 acre-feet for a 2-year event and 40,200
acre-feet for a 100-year event (see Figure 2-12).
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A substantially larger amount of flood-storage capacity would be
needed to significantly decrease the peak flow during a 10-year flood. For
example, rainfall-runoff simulations done for a previous investigation
indicated that a reservoir with a capacity of 2,250 acre-feet on Chickahominy
Slough above Winters Canal would decrease the 10-year peak flow from
3,190 cfs to 840 cfs (U.S. Soil Conservation Service 1982). Another study
found that enlarging Chapman Reservoir (a reservoir on a tributary to
Chikahominy Slough) to a capacity of 3,100 acre-feet would decrease the
100-year peak flow in the tributary from 2,960 cfs to 320 cfs. In both these
studies, several thousand acre-feet of storage capacity was able to greatly
decrease peak flows, but only for a relatively small part of the watershed.
The extent of the opportunity to decrease peak flows by means of
stormwater detention depends on the feasibility of achieving a much larger
amount of flood storage capacity than was assumed in the simulations for
this study. More complete and optimistic assumptions regarding stormwater
storage implementation result in a substantially larger estimate of floodstorage capacity. The terrain in the foothills area is particularly well suited
for small impoundments. Assuming ponds with 6 acre-feet of storage were
present on 80% of the foothills area, the total storage upstream of Winters
Canal would increase to 2,304 acre-feet. If tailwater ponds were constructed
on 70% of the valley floor fields and operated to provide 3 acre-feet of
flood-storage capacity, total tailwater-pond storage capacity would increase
to 1,828 acre-feet. Furthermore, if one or more large wetlands totaling 640
acres were created in the valley floor area and operated to provide 2 feet of
water-level range for flood storage, an additional 1,280 acre-feet of storage
could be achieved. Finally, if 1,640 acres of rice fields were operated to
provide 0.5 foot of water-level range for flood storage, an additional 820
acre-feet of storage would be available. The total amount of storage under
these alternative assumptions would be 6,400 acre-feet, or six times more
than the maximum amount assumed in the model simulations.
This second set of assumptions reflects very widespread, but not
inconceivable, implementation of habitat ponds and tailwater ponds. It also
assumes that the flood-storage capacity of all the ponds would be available
at the beginning of each storm; for practical purposes, such a plan would
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require installation of passive, flow-limited outlet structures that
automatically release accumulated floodwater over a period of 1-2 weeks
following each storm.

Larger foothills
reservoirs would
provide substantially
greater flood storage
as well as water supply
and habitat benefits.

Larger reservoirs in the foothills area could greatly increase the total
amount of flood storage capacity. The topography surrounding some of the
major drainages in the foothills area appears suitable for constructing one
or more reservoirs with a combined capacity of thousands of acre-feet. These
reservoirs could provide water supply and habitat benefits in addition to
flood control benefits, and the cost of the reservoir could thereby be balanced
by greater overall benefits. Reservoirs can be operated for both flood control
and water supply (Folsom Reservoir on the American River is a good
example), although there typically are inherent tradeoffs between those two
objectives. An operations analysis of a specific reservoir location and capacity
would be needed to quantify the potential joint benefits. Foothills reservoirs
could be operated conjunctively with Clear Lake, Indian Valley Reservoir,
and the groundwater basin to increase the overall regional water supply.
These reservoirs might provide little or no yield during dry years. In normal
and wet years, however, the yield could substitute for existing supplies and
allow more water to be retained in the other major storage facilities for use
in subsequent dry years. Water supply reservoirs in the foothills might be
particularly useful in supplying dry-season water demand for riparian and
perennial wetland areas in the valley floor area.
Relatively large reservoirs with large water level fluctuations can
support wildlife habitat, especially where the shoreline is not steep. Spikerush
and eleocharis are particularly well suited to storm-related water level
fluctuations in winter and gradually declining water levels in summer.
This analysis does not consider the cost of constructing large reservoirs
or a large number of ponds. Previous studies have concluded that constructing
relatively large reservoirs (2,000- to 3,000-acre-feet capacity) in the foothills
is not the most cost-effective approach to providing flood control. An
advantage of a large number of small ponds is that they cost less per acrefoot of storage capacity, and they provide additional benefits, especially
habitat benefits. Thus, the overall cost/benefit ratio for small ponds is
probably much more favorable than for large flood-control reservoirs.
Although the initial simulations did not indicate that creating small ponds
for stormwater detention is a highly effective means of achieving flood
control, this concept is retained in the implementation measures described
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in Chapter 5. If stormwater detention can easily be incorporated in the design
of small impoundments, the benefits may justify the cost. Similarly, larger
reservoirs may also be cost-effective if the multiple benefits of water supply,
habitat, and flood control are considered.
Constraints. A constraint or risk specifically associated with
impoundments is the possibility of dam failure or spillway erosion during
large floods. This risk can be minimized by constructing ponds only in
locations with small drainage areas, completing engineering studies to select
appropriate pond sizes and spillway capacities, and using proper dam and
spillway construction methods.

INCREASED CHANNEL CAPACITY
A second approach to flood management is to increase the conveyance
capacity of slough channels in the valley floor area so that flood water is
more completely contained in the channels and passes out of the watershed
more rapidly. This approach was also investigated using the HEC-1 model
to simulate vegetation removal and excavation to increase conveyance
capacity.
Criteria. The HEC-1 model uses the Manning equation to simulate
the hydraulics of flow in the slough channels. The effects of vegetation on
flow are represented by a “roughness coefficient” that reflects the resistance
to flow created by dense vegetation or boulders. The effects of channel size
are represented by the wetted perimeter term in the equation.
Figure 3-7 shows three combinations of vegetation and channel size
and shape that were simulated. The channel sizes shown are for the lower
reaches of the valley floor area; slightly smaller channels were assumed for
upper reaches. No surveys of channel cross-sections were made for this
study. The assumed channel sizes and shapes appear reasonable based on
observations of slough channels at numerous locations throughout the
watershed. However, none of the channel shapes should be considered an
accurate representation of existing conditions. Instead, they represent
hypothetical channel shapes for the purpose of comparing the effects of
channel shape and vegetation on peak flows.
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Opportunities. The results of simulations of a 10-year flood event
are illustrated in the bar graph presented earlier (Figure 3-6). Complete results
of the simulations are tabulated in Appendix A, “Hydrologic and Hydraulic
Modeling Study”. The effect of clearing all trees and shrubs and creating a
smooth channel with only grass and herbaceous groundcover is represented
by the third bar from the right in each group. Because vegetation management
was assumed to be implemented only in slough reaches in the valley floor
area, there was no change in simulated flows at Winters Canal. Simulated
peak flows at the downstream points increased by 970 cfs (26%) in Willow
Slough above the confluence with Dry Slough and 750 cfs (52%) in Dry
Slough above the confluence with Willow Slough.

By enlarging slough
channels, some
inchannel vegetation
can be retained for
habitat benefits while
still achieving an
overall increase in
conveyance capacity.

One strategy for increasing overall channel conveyance and habitat
value simultaneously is to enlarge the channel to create a low bench but still
allow in-channel vegetation. The resistance to flow created by vegetation is
offset by increased conveyance capacity created by channel enlargement.
This strategy is reflected in the “habitat” channel shown in Figure 3-7. The
simulation assumed that vegetation density would actually be greater than
under existing conditions (roughness coefficient increased from 0.055 to
0.060) to verify that the increase in cross-sectional area would more than
compensate for in-channel vegetation. The effects of this strategy on peak
flows in a 10-year flood event are indicated by the second bar from the right
in each group on Figure 3-6. Peak flows increased by 670 cfs (18%) in
Willow Slough above the confluence with Dry Slough and by 120 cfs (8%)
in Dry Slough above the confluence with Willow Slough.
A final simulation was performed in which all flow was forced to
remain in the slough channels by eliminating the overbank flow areas from
the model. This simulation resulted in a large increase in peak flows at
downstream locations, as indicated by the right-hand bar in each group in
Figure 3-6. Peak flow increased by 2,350 cfs (63%) in Willow Slough above
the confluence with Dry Slough and 1,220 (84%) in Dry Slough above the
confluence with Willow Slough.
The simulated increase in peak flows does not necessarily indicate
that there would be an increase in flooding, because the channel-conveyance
capacity is also increased. The increase in conveyance capacity can more
than outweigh the increase in peak flow, resulting in an overall decrease in
flooding. For example, along the reach of Dry Slough downstream of the
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confluence with Chickahominy Slough, the overall channel capacity
was able to contain 8-, 10-, and 21-year flood flows under existing,
“habitat”, and no-vegetation conditions, respectively. To illustrate
the tradeoffs among channel size, vegetation, and conveyance
capacity, the approximated water levels corresponding to flows of
200, 500, and 1,000 cfs are shown in Figure 3-7 for each channel
type. Clearing a typical overgrown channel of all woody vegetation
increases its capacity by 70%. Enlarging the cross-sectional area
by 30% but allowing slightly denser vegetation than under existing
conditions increases the conveyance capacity by 10%. Vegetation
clearly is a major factor affecting channel conveyance capacity.
Constraints. There are several major constraints on increasing
channel-conveyance capacity as the sole means of providing flood
control. First, vegetation clearing and channel enlargement would
decrease flooding only along reaches where limited channel
conveyance capacity is the cause of overbank flooding. There are
many locations where flooding is caused by backwater conditions
upstream of inadequately sized bridges and culverts. Flooding in
these areas would actually become worse if peak flows were
increased by vegetation removal or channel enlargement along the
intervening reaches. There are approximately 170 bridges along
county roads in Yolo County, and the cost of enlarging all of them
would be prohibitive.
The capacity of the Willow Slough Bypass between Highway
113 and the Yolo Bypass is also limited. The existing conveyance
capacity with 3 feet of freeboard on the levees is estimated to be
5,200 cfs, which is slightly more than the 10-year peak flow under
existing conditions. The increased peak flows that would result from
vegetation clearing and channel enlargement in the valley floor area
would exceed the Willow Slough Bypass capacity much more
frequently than once every 10 years. The amount of channel
enlargement that would be needed to contain the increased peak
flows could be very large and expensive. For example, the
conveyance capacity would need to be increased by a factor of 6 to
contain the 100-year peak flow under the scenario of full
channelization and containment of floodflows.
A second constraint on increasing channel-conveyance
capacity is that, unless the capacity is increased uniformly along
the entire channel, it will tend to exacerbate flooding in some areas
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while decreases it in others. Flooding in uncleared or unenlarged reaches
downstream of cleared or enlarged reaches will tend to increase for the
same reason that flooding near bridges and culverts will increase, namely,
because peak flows will increase while conveyance capacity remains
unchanged. There were anecdotal reports that flooding in February 1996 at
two locations along Willow Slough was noticeably worse than flooding in
January and March 1995 because of vegetation clearing near Madison and
channel enlargement of lower Union School Slough during the summer of
1995 (Bailey and Powell pers. comm.). This example points out the value
of a watershed management plan. Haphazard slough maintenance can transfer
flooding problems to downstream neighbors. Coordinated slough maintenance
can provide flood control benefits throughout the system and allow all
landowners to plan reliably for large storms that will nonetheless cause flooding.
A final constraint on increasing channel-conveyance capacity is that it
will increase flow velocity and thereby increase channel erosion. Banks
that may be stable with existing flows and velocities could begin eroding
under higher velocities. Erosion would also tend to increase near bridges
and culverts, which would increasingly become bottlenecks for flow.

EROSION AND SEDIMENTATION
No screening process or quantitative study was conducted to determine
opportunities for erosion and sediment control. Existing erosion and
sedimentation were qualitatively surveyed during two field reconnaissance
trips to the upper watershed, through numerous field interviews with
landowners in the foothills and on the valley floor, and through discussions
with NRCS and Yolo County RCD staff. Information regarding erosion
and sedimentation problems was also acquired from erosion hazard ratings
in the Yolo County Soil Survey and from previous studies conducted in the
Buckeye and Dunnigan Creeks area, the Chickahominy and Moody Slough
watersheds, and in the vicinity of Winters (U.S. Soil Conservation Service
1979, Warner 1981, U.S. Army Corps of Engineers 1995).
Opportunities. The best opportunities for reducing erosion and
sedimentation are those measures that address areas of sediment production.
Source areas include highly erodible rangeland in the upper watershed, barren
agricultural fields, steep or unvegetated streambanks, and unvegetated
roadsides. Opportunities also exist for reducing sediment output by capturing
sediment in impoundments and in managed wetlands.

Willow Slough Watershed
Integrated Resource Management Plan

Many implementation measures are
available to decrease
erosion and sedimentation rates.

Jones & Stokes Associates, Inc.
May 3, 1996

Chapter 3. Opportunities and Constraints

3-25

Most of the implementation measures described in Chapter 5,
“Implementation Measures”, would directly or indirectly help decrease
erosion and sedimentation rates. These measures include managing rangeland
for increased annual and perennial forage cover, reconstructing farm roads
for improved drainage, stabilizing streambanks and gullies, altering
cultivation practices to slow runoff and detain sediment, constructing
impoundments and wetlands that detain runoff and sediment, and stabilizing
soils along roads and field borders with native trees, shrubs, and grasses.
Implementation of a countywide grading ordinance would also prevent
unexpected changes in local flooding patterns that could alter sediment
deposition patterns and channel maintenance requirements.
Constraints. It is evident from the low relief and fine-textured alluvial
soils in the valley floor area that the lower watershed was a depositional
environment under natural, predevelopment conditions. It can be anticipated
that sediment deposition will occur, especially in ponds designed for that
purpose. Consequently, periodic excavation of accumulated sediment will
be necessary to maintain the storage volume of ponds and conveyance
capacity of channels. Excavation generally destroys vegetation and habitat
that may have become established in the deposition area. The best strategy
for accommodating these conflicting needs is to construct ponds and channels
with areas designed to accumulate sediment and other areas that can remain
relatively undisturbed.
Because no quantitative study was conducted to identify or map
erosion-prone areas in the watershed, it is difficult to precisely identify
priority areas for erosion and sedimentation control. A more technical study
of critically eroding areas, erosion rates, and sediment delivery ratios would
help in developing land treatment plans, estimating erosion reduction
potential, and evaluating the costs of reducing sediment.
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The opportunities and constraints analysis revealed that there are
numerous opportunities to improve flooding, habitat, and groundwater
conditions in the Willow Slough watershed. Some of the opportunities require
tradeoffs among management objectives, suggesting that a balanced approach
is needed. Opportunities for improvement in one area could make conditions
worse in another, indicating a need for a coordinated approach.
Balance and coordination both require a big-picture vision of
integrated resources management in the watershed. It is a vision of people
living in harmony with each other and with the natural environment. It
is also a reflection of the wisdom people have gained from decades of
watching flooding problems get worse, wildlife populations decline,
topsoil wash away down the sloughs, and single-purpose government
programs increasingly restrict opportunities for coordinated, balanced,
and locally appropriate
management actions. The
vision reflects an ethic of
voluntary stewardship and will
serve to guide landowners in
choosing actions that will be
most effective on their land and
benefit their neighbors and the
watershed as well. It will also
serve as a reminder of the
cumulative, watershed-scale
benefits of numerous small
actions and as an affirmation that
the actions of each individual are
essential and valuable parts of
the big picture.
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This plan is an attempt to articulate and portray such a vision of
resources management. The concept of integrated resources management
includes not only an integration of physical activities in the watershed, but
an integration of science and technology with values and ethics. Accordingly,
this plan encompasses both technical rigor and philosophical expression.
One way to express the science, philosophy, and big-picture view
represented by this plan is to create a map of the watershed showing the best
opportunities for achieving integrated resources management for various
areas within the watershed. Such a map is shown in Figure 4-1. It represents
the fruits of the opportunities and constraints analysis and provides a general
answer to the question, “What works best where?”. It is not a land use
mandate dictated by local or state government, but simply a set of
recommendations to guide landowners in making their own land use
decisions. Government agencies or local groups could, however, provide
technical or financial assistance in implementing those decisions.
The map shows areas that have similar soils, landform, hydrology,
land use, and habitat potential. It serves as a geographic index to the menu
of implementation measures described in detail in the next chapter. The
basic implementation concepts can be applied in every area, but particular
approaches and designs would be more successful in some areas than in
others. Most importantly, the map shows that there are opportunities in all
areas to contribute to the overall health of the watershed.

The integration of
resources management applies at a
very site-specific
scale as well as at a
regional scale.

The opportunities and constraints analysis confirmed the validity of
the fundamental concept that individual implementation measures can
achieve multiple benefits. Detaining stormwater in impoundments, for
example, could decrease flood peaks, create seasonal or perennial wetland
habitat, and increase groundwater recharge. The extent to which multiple
benefits are achieved depends in part on the design and operation of the
implementation measure. For example, designing a pond to include a long
inflow channel for sediment deposition allows sediment to be removed
periodically without adversely affecting habitat value in other parts of the
pond. Similarly, the allocation of pond storage between habitat and flood
control purposes affects the relative benefits achieved for those two
objectives. Clearing vegetation from sloughs generally increases flood
conveyance capacity, but the way in which the vegetation is cleared greatly
affects the habitat value of the remaining vegetation. Thus, integration of
resources management applies at a very site-specific scale as well as at a
regional scale.
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Of the opportunities identified in this plan, those for habitat
enhancement are probably most uniformly achievable throughout the
watershed. Constructing impoundments and managing livestock access to
ponds and riparian areas are relatively easy measures to implement and
would provide clear habitat benefits. Riparian habitat will become established
on its own in many places, so that all that is needed is to selectively remove
vegetation to control invasive exotic plant species and maintain adequate
flood conveyance. Similarly, wetland vegetation will readily establish itself
in areas of broad, shallow ponding. In other areas, however, establishment
of riparian or wetland vegetation may require more effort and expense but
can be achieved fairly reliably.

There are numerous
opportunities for “winwin” solutions to resource
problems in the Willow
Slough watershed.

The most readily achievable opportunities for flood control are
localized measures that improve channel conveyance or redirect floodwater
by altering berm locations. Public education programs to increase public
awareness of the naturally flood-prone nature of the valley floor are — and
to modify public expectations accordingly — is also an achievable
opportunity. Decreasing flood flows by means of stormwater detention would
be a fairly expensive strategy because of the large amounts of total storage
capacity that would be needed to significantly decrease peak flows.
Fortunately, impoundments constructed for habitat, water quality, or water
supply purposes contribute toward overall flood storage capacity, and with
appropriate design and operation criteria, those additional benefits can be
enhanced. Impoundments that provide multiple benefits may be
economically more feasible than constructed solely to provide flood control.
The best opportunities for groundwater recharge are incidental
percolation from impoundments constructed principally for habitat or
stormwater detention and in-lieu recharge projects that substitute surface
water deliveries for groundwater pumping. In general, the low permeability
of most soils in the watershed limits the opportunities for generating large
amounts of groundwater recharge by percolation of impounded stormwater.
Nevertheless, impoundments constructed for other purposes will provide
some groundwater recharge that will benefit the County’s water supply
situation.
Overall, it is clear that there are numerous opportunities for “winwin” solutions to resource problems in the Willow Slough watershed. In
some cases, actions to benefit one resource will adversely affect another,
Freemont cottonwood
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but in many cases, actions can benefit multiple resources simultaneously.
Furthermore, there are many things individual landowners can do to improve
resources in the watershed. Although these individual actions may seem small,
they collectively create a healthy, productive, and beautiful landscape.
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This chapter describes specific actions landowners, groups of
landowners, or agencies can take to achieve integrated management of
floodflows, habitat, and groundwater recharge on their land. The purpose
of these descriptions is to provide a broad and complete menu of actions so
that all possibilities are considered and to provide technical information
regarding effective, economical, and safe design features. The
implementation measures are not mutually exclusive. For any given land
parcel or slough reach, it may be desirable to implement several measures
simultaneously. Potential pilot projects illustrating how these measures could
be implemented on specific parcels are described in Chapter 8, “Potential
Pilot Projects.”
The list of possible implementation measures is organized into several
general categories so that similar measures can be compared more readily.
The categories are:

•
•
•
•
•
•

construct impoundments,
manage riparian vegetation,
modify slough channels,
improve rangeland,
alter cultivation practices, and
implement other possible
measures.

The description of each measure
includes a discussion of desirable
design features, benefits, constraints,
and examples. Relevant permits and
regulations, and their applicability to
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certain types of implementation measures and site conditions, are discussed
in detail in Chapter 10, “Permits and Regulations”. Sources of technical and
financial assistance available to landowners are described in Chapter 11,
“Assistance Programs.”

Desirable design features are described for

The level of information provided here is adequate for conceptual
design purposes. In most cases, additional engineering and technical
assistance will be needed prior to actual implementation of a measure. This
is particularly true of implementation measures such as impoundments that
could potentially create new problems if improperly designed and constructed.

each implementation
measure.

GENERAL SELECTION CRITERIA
A selection process was used to identify and develop implementation
measures for this plan. The criteria used in the selection process screened
for measures that:

•

involve water or water-related habitat,

•

are physically feasible and effective,

•

integrate multiple resource objectives,

•

are small enough to be implemented by individual landowners or
groups of landowners,

•

are compatible with agricultural production,

•

are attractive to funding agencies, and

•

are generally acceptable to regulatory agencies.

CONSTRUCT IMPOUNDMENTS
DESCRIPTION
Several types of impoundments are possible within the watershed,
reflecting local differences in terrain, principal land use, and resource
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management objective. Desirable design features common to almost all of
them are shown in Figure 5-1 and include:

•

Sediment retention forebay. Bed load and suspended sediment
are most likely to be deposited near the pond inlet, where water
velocity and turbulence decrease abruptly. By designing a “forebay”
area near the inlet to enable periodic removal of accumulated
sediment, soil can be returned to the surrounding land and habitat
in other parts of the pond can remain undisturbed.

•

Habitat pool. The lower part of the pond storage capacity can be
dedicated to habitat use. Operation of the pond would seek to
continuously maintain this part of the pond storage at as full a level
as possible. Shoreline slopes at the water level corresponding to the
top of the habitat pool should be fairly shallow (less than 3H:1V) to
allow growth of emergent vegetation along the shoreline. Ideally,
the habitat pool should include some islands for waterfowl nesting
and some area with water depths greater than 5 feet to prevent
complete encroachment by emergent vegetation.

•

Flood pool. The upper part of the pond storage capacity can be
dedicated to temporary stormwater detention. This storage would
fill rapidly during storm events and should be drained gradually
over 1-2 weeks to vacate the flood storage capacity prior to the next
large storm. Draining between storms can be achieved by manual
operation of an outlet structure or a flow-restricting outlet that drains
automatically at a gradual rate. Ideally, the shoreline in the waterlevel range corresponding to the flood pool would cover a large,
relatively flat area (slopes less than about 5H:1V) to promote a
large area of seasonal wetland vegetation that provides forage for
waterfowl. Construction of additional dam height to create a flood
pool should be considered optional. In the context of the overall
watershed, the amount of flood peak reduction achieved by a few
acre-feet of flood storage capacity at any given pond is small and
may not justify the additional expense. Alternatively, additional
capacity could be allocated to habitat use.

•

Clog-proof, variable-flow outlet and spillway. To allow for waterlevel management for stormwater detention, mosquito control, or
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other purposes, ponds need outlets that can be operated to control
water levels. Debris clogging is a common problem with outlet
structures. This problem is avoided with a clog-proof design
consisting of a large-diameter, open-ended sleeve placed around a
smaller, vertical outlet pipe (Figure 5-1). To automatically drain
accumulated stormwater, a series of holes can be put in the outlet
pipe from the top of the habitat pool up to the top of the flood pool.
The upturned, open end of the outlet pipe serves as a spillway. The
debris screen prevents floating debris from reaching the outlet pipe
once water levels are high enough to reach the lowest outlet hole.
Figure 5-2 shows a debris screen around a spillway-only outlet pipe
in a habitat pond.
For discussion purposes, impoundments appropriate for integrated
resources management in the Willow Slough watershed can be grouped
into five types: upper watershed stockponds, foothills habitat ponds, tailwater
ponds, flooded fields, and large perennial wetlands. Each of these is described
below.

Stockponds can provide
wildlife habitat and
flood control benefits.

Upper Watershed Stockponds. Stockponds in the upper watershed
area are created by constructing earth dams across small swales and ravines
as shown in Figure 5-3 or by excavating shallow depressions in relatively
flat areas. Because the terrain is steep, ponds are limited to fairly small
capacities—probably less than 2 acre-feet in most cases. Because of the
high runoff rates in the upper watershed, it is advisable to build ponds only
in areas with small drainage areas (a few tens of acres at most) and barely
defined channels. Existing ponds on larger drainages have experienced
significant spillway erosion during flood events.
The principal purpose of stockponds is to provide drinking water to
livestock. With appropriate design, the ponds can also provide some habitat
and flood control benefits. In addition to the general design features described
earlier, desirable design features for stockponds include:

• A natural spillway along a side of the pond other than the dam to
prevent dam failure during large flood events.

• A pipe to convey water from the pond to a nearby watering trough,
thereby eliminating the need for direct livestock access to the pond
shoreline.
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• Fencing around most of the pond perimeter to exclude livestock
from shoreline habitat. A good location for livestock access would
be the sediment retention area at the upstream end of the pond
because this area may already need to be periodically disturbed to
remove sediment.

• A roller-compacted pond bottom or supplemental layer of bentonite
clay if seepage losses are too high. In practice, neither of these
techniques for decreasing seepage losses appears to be as effective
as choosing a pond site that has a naturally tight soil (Stone pers.
comm.).

Foothill ponds shhould
be constructed only on
small headwaters
drainages.

Foothills Habitat Ponds. Habitat ponds are similar to stockponds,
except that livestock watering is not assumed to be a principal purpose.
Foothills habitat ponds are created by constructing earth dams across small
swales. The rolling terrain in the foothills area is much gentler than in the
upper watershed and is ideally suited for numerous impoundments, many
of which could be larger than in the upper watershed area without requiring
substantially higher dams. This type of terrain is also present in the Plainfield
Ridge area. A typical foothills habitat pond is shown in Figure 5-4.
It is recommended that foothills ponds be constructed only on small
headwaters drainages. Experience with existing ponds was used to develop
“rules of thumb” for appropriate watershed area and pond capacity.
Watershed areas were measured and pond capacities estimated for nine
foothills ponds. Pond capacities ranged from 5 to 35 acre-feet, with most
between 10 and 20 acre-feet. With one exception, watershed areas were
between 22 and 112 acres and the ratio of watershed area (in acres) to pond
capacity (in acre-feet) was generally between 3 and 7. In other words, for a
60-acre drainage area, a pond capacity of 9-20 acre-feet would probably be
successful. Problems are likely to arise if larger watersheds are impounded
or the ratio of watershed area to capacity is too large. The one observed
pond with obvious erosion problems caused by excessive floodflow over
the spillway was on a creek with an upper-watershed drainage area of 484
acres and an area/capacity ratio of 19.
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These rules of thumb for selecting drainage area sizes and pond
capacities are intended to be used for preliminary site selection only.
Technical advice from an engineer or hydrologist is strongly recommended
to ensure that impoundments are sited and designed to prevent dam failure
and erosion.
Land use in the foothills is a combination of rangeland and land
enrolled in the Conservation Reserve Program, so some ponds are constructed
principally to provide drinking water for livestock while others primarily
provide waterfowl habitat. Desirable design features for habitat ponds are
the same as for stockponds, except that fencing and facilities for livestock
watering are not necessary.
Tailwater Ponds. Tailwater ponds are constructed by excavation
adjacent to or in corners of fields in the flat valley floor area. They collect
rainfall runoff from the field in winter and irrigation tailwater in summer.
An appropriate capacity is approximately 5 acre-feet per 100 acres of tributary
field area.

Tailwater ponds
provide wildlife
habitat and ratain

The principal purposes of tailwater ponds are to provide wetland habitat
and to retain sediment suspended in the runoff water. If desired by the farmer,
they can be used to improve irrigation management by installing pumping
systems that recirculate irrigation water back to the field. With appropriate
design, tailwater ponds can also provide some flood control benefits.

suspended sediment in
irrigation runoff.

Desirable design features to achieve multiple resource benefits are
shown in Figure 5-5. In addition to the general features described earlier,
these include:

• locating the pond at the low end of the field;
• locating the pond so that the flood pool can drain by gravity to a
nearby slough channel following storms. (Alternatively, a tailwater
pumping plant could be used to evacuate the flood pool between
storm events); and

• installing a tailwater pumping station with an intake in the relatively
deep, open-water part of the habitat pool.
Two tailwater ponds in the Willow Slough watershed are shown in
Figure 5-6.
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New tailwater pond on Road 88 south of 27.

Tailwater pond south of Road 27.

Vegetated tailwater pond.

Tailwater pond on Road 88.
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Examples of Tailwater Ponds
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Flooded Fields. Entire fields can be used for stormwater detention in
the flat valley floor area if berms are constructed to impound the water. This
type of impoundment would be most suitable in locations where fields
adjacent to sloughs already flood fairly frequently. Some fields already have
road berms, adjacent hillsides, or embankments created by laser leveling
along one or more sides of the field. The key is to create berms along the
downslope end and both sides of the field. Floodwater would be allowed to
overflow into the field at the upslope end. A culvert through the berm at the
downslope end of the field could release the water back into the slough
channel after flooding subsides, as shown in Figure 5-7. The culvert could
have a manually operated gate or a rate-limited, automatically draining outlet
structure like those described above for stockponds and habitat ponds (see
Figures 5-1 and 5-2).

Selected fields could
be designated to
receive more floodwater in exchanges for
removing other fields
from the floodplain.

The principal difference between this implementation measure and
existing flooding patterns is that selected fields would be designated to receive
more floodwater than at present in exchange for removing other fields from
the floodplain, as shown conceptually in Figure 5-8. Perimeter berms or
“ring levees” may be needed around some of the latter fields to keep them
from flooding.
A quarter-section (160-acre) field with a slope of 0.2% would have a
water depth of 5 feet at the downslope end if the field were filled just to the
point that water backed up to the top end of the field. The flood storage
capacity would be approximately 400 acre-feet, or the equivalent of 133
tailwater ponds each with 3 acre-feet of flood storage capacity. The
downslope berm and culvert could be designed to achieve a smaller
water depth and storage capacity, if desired, by flooding only the lower
part of the field.
The amount of time floodwater is held on the field depends partly on
the desired objectives. If the objective is only to provide flood management
benefits, the field could be drained within a few days, after the storm has
passed and water levels in the slough have receded slightly. If seasonal
wetland habitat is also desired, the water would need to be retained for
several weeks or months. The season and duration of impoundment would
affect which types of crops could subsequently be grown and when they
could be planted. This limitation on crop selection and planting date would
be similar to the limitations on agriculture in the Yolo Bypass, except that
the date for draining the field could be planned with much greater certainty.
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Large Perennial Wetlands. Large perennial wetlands would be similar
to flooded fields except that water would be retained year round with no
crop production in summer. This would allow wetland vegetation to become
permanently established and greatly increase the habitat value of the
impoundment. The principal purpose of the impoundment would be to create
wetland habitat, but if the impoundment is designed with several feet of
operable water-level range, it could provide floodwater detention benefits
as well. For example, a 640-acre wetland with only 2 feet of operable waterlevel range could provide 1,280 acre-feet of flood storage capacity.
Groundwater recharge benefits would be negligible because seepage losses
from the wetland would need to be minimized in order to minimize the
need for supplemental water in summer.
The natural land slope would provide a range of water depths if a
large area were impounded. However, some sculpting of the terrain could
substantially increase the habitat value by increasing the total length of
shoreline and creating islands for nesting.
A mechanism for manipulating water levels is highly desirable for
controlling mosquito populations. Control can be achieved without the need
for supplemental or replacement water by simply dividing the wetland into
multiple cells and pumping water from one cell into another, thereby lowering
the water level in the first cell while simultaneously raising it in the second.

EXAMPLES
There are approximately 130 stockponds on one 8,900-acre ranch in
the upper watershed area. These are mostly impoundments or excavated
catch basins substantially less than 1 acre in area and less than 10 feet deep.
They typically retain water through May or June, although a few of the
bigger ponds retain water all year. The duration of ponding is highly variable,
largely as a result of highly variable soil permeability and seepage losses.
Because the duration of ponding is fairly brief, there is little aquatic or
shoreline vegetation (Stone pers. comm.).
There are 10 or more habitat ponds near Road 29 in the foothills area.
Most of them are on land enrolled in the Conservation Reserve Program.
All of them are impounded by earth dams constructed across shallow swales
with small or nonexistent channels. The typical maximum water depths are
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5-10 feet, and the capacities are approximately 5-15 acre-feet. None have
outlet gates for water-level control, and, in most cases, the spillway is a
natural side swale or a graded-earth channel that conveys overflow to gentle
slopes below the dam. The largest habitat pond in the area (near Road 19 in
the Dunnigan Hills north of Cache Creek) has an engineered earth dam
approximately 25 feet high; this pond has a capacity of 35 acre-feet.
Two tailwater ponds with established vegetation are located along the
west side of Road 88 north of Road 27. One has a tailwater recirculation
pump. Two tailwater ponds constructed recently under Yolo RCD’s 319(h)
project are located east of Road 98 immediately south of Woodland and
east of Road 97 about 0.5 mile north of road 27.
Field flooding presently occurs on an unplanned basis throughout the
flood-prone areas. No fields are specifically designed to detain water. One
farmer sometimes puts plywood over selected road culverts for a day or two
during flood peaks to direct more floodwater to some of his fields while
keeping water out of others. Another leaves the check boards in his rice
fields to retain water and create seasonal ponds for waterfowl foraging and
nesting.
There are no large perennial wetlands in the watershed at the present
time. The 3,100-acre Yolo Basin Wildlife Refuge, which is presently under
construction, will be the nearest large wetland area.

BENEFITS
All types of ponds provide multiple benefits, including flood control,
habitat, sediment retention, groundwater recharge, and improved agricultural
conditions (Figure 5-9). The types and relative proportions of benefits for a
given pond depend on location, design, and duration of impoundment. Flood
control benefits increase with the size of the flood storage pool that is drained
between storms (see Figure 5-1), and the full benefits are achieved with
only a few days of detention time. Perennial and seasonal ponds are important
for waterfowl and other wetland birds. Permanent ponds 3 to 4 feet deep
provide ideal conditions for tules, which have greater habitat value than
some seasonal pond vegetation, such as cattails. A mixture of tules and
cattails provides high-quality habitat for many water birds, such as ducks,
rails, marsh wrens, and tricolored blackbirds. Habitat value generally
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increases the longer the water remains impounded, partly because water
impounded for only a few days solely to reduce flood peaks will not develop
wetland-type vegetation or decomposing organic matter that would provide
food and cover for waterfowl and other wetland biota. Ponds that persist
through July provide brooding habitat for young waterfowl, especially
mallards, cinnamon teal, and redheads. Ponding through August would
benefit young Canada geese. Finally, perennial impoundments or
impoundments that persist well into the summer are valuable simply because
of their scarcity.

Tailwater ponds with
return systems have
an additional benefit
of improved irrigation efficiency.

Sediment retention benefits generally increase with pond size because
there is more time for suspended sediment to settle as the water flows through
the pond. Groundwater recharge benefits can be measured in terms of the
total amount of water recharged, which is proportional to pond area, soil
permeability, and duration of inundation. Increases in any of those factors
also increases groundwater recharge benefits. Tailwater ponds with return
systems offer an additional benefit of improved irrigation efficiency by
allowing irrigation water to be advanced down the furrows more rapidly,
thereby creating a higher uniformity of application. Tailwater ponds may
also decrease farm operating expenses by allowing farmers to retain and
fully use all of the irrigation water they have purchased.
The principal benefit of intentionally flooding some fields is
improvement in agricultural operations on other fields that remain drier as a
result. This mitigation measure is a defensive strategy that attempts to
accommodate rather than avoid flooding. None of the farmers interviewed
during the planning process would choose to inundate a field if it could be
avoided because inundation either kills existing crops or delays drainage
and planting in spring. However, under even the most optimistic scenario
of integrated resources management, some flooding will continue to occur.
Intentionally flooding some fields responds to this realistic assessment by
making the best of an undesirable situation. For example, rather than having
to delay planting in eight fields partially inundated during a flood, it might
be possible to prevent flooding in four of the fields by directing floodwater
to the other four. Such a measure increases the possibility that the first four
fields can be planted early, thereby allowing better planning.

Willow Slough Watershed
Integrated Resource Management Plan

Jones & Stokes Associates, Inc.
May 3, 1996

Figure 5-9
Fields Like These Detail Flood Flows
and Provide Food for Wildlife
Willow Slough Watershed
Integrated Resource Management Plan

Jones & Stokes Associates, Inc.
May 3, 1996

Chapter 5. Implementation Measures

5-11

CONSTRAINTS

Constraints can be

Some of the constraints on the feasibility and effectiveness of ponds
can be minimized through prudent design and operations criteria, while
others reflect intrinsic tradeoffs among resource objectives. Some of the
major constraints are as follows:

minimized through
prudent design and

•

Above-grade impoundments always pose a risk of dam failure. The
risk can be minimized by proper engineering and construction of
the dam and by selecting only combinations of dam height and
pond capacity that fall below the regulatory thresholds of the
Division of Safety of Dams (see Chapter 10, “Permits and
Regulations”).

•

Wetlands are incompatible with airports. Collisions with birds are
a significant hazard for aircraft so it is not prudent to build wetlands
near airports. Any wetland within 4 miles of an airport is potentially
of concern and should not be considered without consulting the
airport manager (Wiswell pers. comm.). Airports and airfields in or
near the Willow Slough watershed include the Yolo County Airport
on Road 95 between Roads 29 and 31, The Yolo Fliers Club on
Road 94b north of State Highway 16, the U.C. Davis Airport east
of Road 98 near Road 32 (Hutchison Road), and a cropduster airfield
on Road 27 east of Highway 113.

•

Inundation is generally undesirable for crop production. Adverse
impacts can be minimized by growing crops that are planted late or
are tolerant of flooding (rice, for example), detaining floodwater only
long enough to decrease peak flows in sloughs (generally 1-3 days),
detaining floodwater on fields that are well-drained and will dry up
fast enough to avoid delays in planting, and obtaining flood easements
to offset economic impacts of flooding on agricultural production.

•

Flooding of fields can accelerate leaching of pesticides, herbicides,
and nitrogen, thereby increasing the risk of groundwater
contamination. This risk can be minimized by avoiding fall
application of agricultural chemicals. Because inundation is an
effective means of weed control, fewer herbicide applications may
be needed in the first place.

operation.
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Competition with other water users may limit the availability of
water in summer, which could limit the feasibility of creating a
perennial rather than seasonal wetland.

Small ponds are not expensive to construct. Most existing ponds were
built by landowners with their own farm equipment and labor crews in a
day or two. Because these resources are already available to the landowner,
it is difficult to assign them a monetary value. The largest pond in the area
(35 acre-feet) cost approximately $20,000, about half of which was for
earthmoving and half for engineering and the outlet works. The latter costs
may have been higher than necessary (Rominger pers. comm.).

MANAGE RIPARIAN VEGETATION
The foothills, valley floor, and Plainfield Ridge areas of the Willow
Slough watershed include several hundred miles of natural creeks and
sloughs, drainage canals, and smaller unnamed channels, of which 82 miles
were mapped in the HCP as having existing riparian vegetation. These
channels and their narrow floodplains support nearly all of the remaining
wetland and riparian habitat in the area. The ecological significance of these
channels has increasingly come in conflict with their utility as conduits for
stormwater and irrigation flow.
Landowners, Yolo County Public Works maintenance crews, and
YCFCWCD staff often remove riparian vegetation from the channel bed
and banks to improve floodflow conveyance and maintain efficiency in
irrigation canals, as illustrated in Figure 5-10. Routine maintenance includes
mechanically excavating and scraping vegetation from the channel bed and
banks, disking and broad-spectrum herbicide treatment of channels and
rights-of-way, and dredging sediment from channel bottoms. Although
conventional maintenance increases flow conveyance, it is costly and may
result in increased bank erosion, higher downstream flood peaks, and longterm loss of habitat. This section addresses measures that involve vegetation
pruning, removal, or planting only. Measures that include earthmoving are
described in the next section, “Modify Slough Channels.”

Arroyo willow

An integrated approach to vegetation management employs selective
removal, thinning, and planting of woody and herbaceous vegetation to
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a. Vegetation completely removed from the South Fork Willow Slough
b. Complete removal of understory and low branches along Dry Slough
c. Vegetation selectively removed from channel and understory along Dry Slough.

Figure 5-10
Examples of Complete Removal of Understory
and Low Branches along Slough Channels
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create desirable hydraulic and ecological conditions. The long-term goal of
integrated vegetation management is to create a self-sustaining, lowmaintenance riparian system that provides substantial conveyance capacity
and habitat value. The objectives of integrated riparian vegetation
management are to:

•

reduce channel bank and bottom vegetation that impedes flow,

•

reduce debris accumulation,

•

reduce channel and canal maintenance costs,

•

reduce channel bank erosion and channel sedimentation,

•

reduce fire hazards produced by accumulation of vegetation and
plant litter,

•

enhance riparian and aquatic wildlife values, and

•

increase public awareness.

VEGETATION MANAGEMENT TECHNIQUES FOR MAXIMUM BENEFITS
Management for Flood Benefits. Selectively removing native shrubs
and trees from parts of the channel can improve channel conveyance capacity.
This procedure consists of selectively removing vegetation based on its
hydraulic characteristics. Targeted for removal are debris piles, logs, shrubs,
trees, and herbaceous vegetation that present the greatest amount of direct
flow obstruction, deflect flow energy towards the streambank, or tend to
accumulate debris. The remaining vegetation can be pruned to provide open
areas parallel to the flow. Vegetation removal is necessary only below a
level equal to the top of the banks. Tall trees provide shade that suppresses
dense understory growth, and they can be left in place with pruned lower
limbs (Figure 5-10). Mature trees and tree-like shrubs should be selectively
thinned if they occur in dense stands within the channel. This thinning should
be done in such a way that the trunks of the remaining trees are approximately
aligned parallel to flow. Young trees (saplings of valley oak, walnut,
cottonwood, ash, and box elder) and large shrubs (willow species and
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elderberry) within the channel may be pruned over time into tall, singletrunked trees with few low branches that resist flow.

Naturalized exotic

Naturalized, exotic species that aggressively compete with more
desirable native species should be removed from riparian systems. Introduced
species, such as tamarisk and giant reed, produce seeds prolifically, spread
rapidly, and persist indefinitely. These species have low habitat value for
native wildlife, greatly impede flow with their dense foliage, and, in most
cases, transpire large amounts of water.

species such as tamarisk
an dgiant reed should be
removed from riparian
systems.

An integrated vegetation management plan should also include nontraditional measures for the control of herbaceous weeds. Table 5-1 lists
common herbaceous weeds that occur in the Willow Slough watershed.
Weed management measures may include establishing a stable, permanent
cover of native, low-growing grasses, rushes, and sedges; using selective
growth-regulating chemicals instead of broad-spectrum herbicides; and using
strategically timed bank mowing or burning to benefit native grasses. The
benefits of these measures include decreased maintenance costs, reduced
bank erosion and siltation, improved water quality, and reduced fire hazard.
Vehicle access to many densely vegetated slough reaches is difficult.
Access roads may be needed to conduct maintenance, monitoring, and
emergency work without repeated removal or disturbance of vegetation.
Roads constructed on the north side of channels will minimize interference
with tall vegetation on the south bank that shades the low-flow channel and
suppresses the growth of shrubby vegetation.
Management for Habitat Benefits. Habitat restoration and
enhancement can also be an integral part of a vegetation management plan.
Establishment of desirable native species that out-compete invasive weeds
helps reduce herbicide use and its potential adverse effect on habitat.
Establishing an overstory of tall riparian trees in previously unvegetated
reaches helps to suppress the germination and growth of herbaceous and
shrubby species, many of which are intolerant of shade. Establishment of
flood-tolerant species, such as meadow barley, creeping wildrye, spikerush,
and Santa Barbara sedge, helps stabilize banks and shallow channel bottoms.
Long-term revegetation goals may also include increasing the width and
continuity of riparian corridors and enriching species diversity.
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Increasing the width of riparian corridors tends to favor sensitive
wildlife species, such as thrushes, vireos, warblers, and tanagers. The
populations of such species are declining throughout the region. Small
“islands” of habitat and narrow corridors favor species that prosper on the
edges of riparian habitat, such as opossums, raccoons, skunks, and cowbirds.
These edge species adversely affect the interior species through predation
and nest parasitism. Quantitative relationships between corridor width and
wildlife diversity and abundance cannot be precisely defined, but a total
corridor width of 300 feet is considered optimal. Some bird species, such as
yellow-billed cuckoos, are found only in wide areas, but most species do
not require as much width. Increasing the corridor width by as little as a
single tree canopy can create observable benefits for riparian wildlife species.
Stream confluences are often good areas to create wide patches of
riparian vegetation.
Increasing the continuity of the riparian corridor also substantially
improves its habitat value. Continuous corridors favor interior rather than
edge species. The abundance and diversity of woodland bird species, for
example, are correlated with canopy height and canopy closure. Gaps in the
riparian corridor inhibit wildlife movement because of the greater exposure
to predators in open areas between patches of riparian habitat. Fragmented
habitat supports a lower diversity of terrestrial vertebrate wildlife; mobile
species can successfully use fragmented corridors, but sedentary species
may face population declines or local extinction. Continuous corridors of
habitat are also more attractive to migratory songbirds as resting and foraging
areas during their spring and fall migrations.
Vegetation structure also influences habitat quality. For optimal
habitat value, it is important to have a multi-layered vegetation community,
including herbs, shrubs, small trees, and tall trees.

METHODS AND TECHNIQUES
Vegetation control can involve one or all of the following methods:
manual control, chemical control, mechanical control, and biological control.
Management techniques are developed for individual species based on their
season of germination, growth habit, location in the channel or bank, and
resistance to flood flow. Scheduling of vegetation management should be
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based on the window of opportunity created by biological constraints, flow
constraints, and the life cycle of target problem plant species.
Manual control methods include removal or pruning using hand tools.
Chemical control methods include post-emergent and pre-emergent
herbicides applied manually or aerially. Mechanical control methods include
excavating, cutting, mowing, or intensive grazing. Biological control
techniques involve establishing species with desirable characteristics
(preferably natives) that prevent the invasion or expansion of undesirable
plants. Ideally, restoration can be used as a vehicle for achieving biological
control. In most cases, integrated vegetation management requires a
combination of methods to replace undesirable species with desirable species
that require less maintenance.

EXAMPLES
With funding provided under Section 319(h) of the Clean Water Act,
the Yolo County RCD has been working with local landowners to implement
a coordinated set of practices to improve water quality in the Willow Slough
watershed, including construction of tailwater retention basins and
management of riparian vegetation. Projects include planting and seeding
native grasses, sedges, and rushes along 1 mile of the Yolo Central Canal
and 0.25 mile of the Winters Canal, and widening, reshaping, and planting
native vegetation along a section of the south fork of Cottonwood Slough.
Intensive goat grazing was also used to control giant reed along a segment
of Dry Slough near Road 95.
DWR’s Division of Flood Management has replaced the traditional
maintenance practices of mechanical mowing and burning with a chemical
mowing program on a levee of the Sacramento River. The program uses a
combination of pre-emergent herbicide application in fall and spring to
suppress annual weeds and allow naturally occurring stands of sod-forming
perennial grasses to expand. Cover increased from 15% to 90% on monitored
sites after 2 years of treatment.
Glenn-Colusa Irrigation District planted and currently maintains stands
of spikerush in the bottom of some canals to prevent invasion by cattail and
tule, reduce sediment deposition, and provide habitat.
The Marin County Public Works Department improved the conveyance
capacity and habitat value of Arroyo San Jose by implementing a vegetation
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management program designed to eradicate non-native species and
selectively thin shrubs and trees within the bank full channel. Marin County
also incorporated restoration of riparian vegetation into a flood control project
on Miller Creek.

CONSTRAINTS
Local agencies and landowners must incur the initial costs associated
with developing an integrated vegetation management plan, training field
staff, acquiring special equipment, constructing access roads and channel
modifications, and developing a monitoring plan. Initial management
treatments are intensive and associated labor costs are often high until the
desired riparian system becomes self-sustaining. Once established, however,
maintenance costs tend to be lower. Also, some riparian and aquatic habitat
values will inevitably be compromised when vegetation is removed to
provide flood conveyance capacity.
Many farmers clear vegetation using their own equipment and laborers
during periods when farming tasks are not urgent. Thus, it is difficult to
assign a monetary value to the cost of slough maintenance. In recent years,
YCFCWCD has offered to clear slough vegetation using its equipment and
teams of laborers from the California Division of Forestry for $0.50 per
linear foot of channel. A number of large landowners have participated in
the program (Barton pers. comm.).

INSTITUTIONAL CONSIDERATIONS AND COORDINATION
Allocation of responsibility for slough maintenance among landowners
and agencies was an issue in many discussions held during the plan
development process. There were allegations that agencies were not fulfilling
their responsibilities, complaints that regulations now prohibit formerly
routine maintenance activities or fees are charged for them, and expressions
of general uncertainty about who should or could do what. To further elicit
landowner opinions on this subject, a questionnaire was circulated at one of
the public meetings asking about present slough maintenance practices and
preferences for future maintenance programs. Responses were varied. Most
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landowners presently use their own equipment and laborers to clear
vegetation every 1-4 years and sometimes team up with neighbors to clear a
long reach all at once.
Most landowners were receptive to implementing a coordinated
approach to slough maintenance, either by having a local agency do the
work, doing the work themselves according to standardized guidelines, or
hiring a landscape contractor who would also follow the guidelines. There
was no clear consensus about how slough maintenance should be funded,
except that most respondents needed or preferred financial assistance if they
do the work themselves.
A coordinated slough maintenance program would have advantages
from a practical standpoint. It would give landowners the option of
having a local agency or contractor do the work, thereby avoiding the
need to personally learn the details of applicable regulations and the
nuances of desirable habitat characteristics. It would also allow
vegetation conditions to be more balanced along the entire length of the
sloughs, thereby decreasing the likelihood of local flooding caused by
alternating cleared and uncleared reaches.

A coordinated slough
management program
would have practical
advantages.

A coordinated program would be easier if there were a
streamlined permitting system for Streambed Alteration Agreements,
Section 404 permits, endangered species and cultural resource
clearances, and other regulatory requirements, as proposed in
Chapter 10, “Permits and Regulations.”

MODIFY SLOUGH CHANNELS
Excavation can be used in addition to vegetation management to
increase conveyance capacity, increase riparian habitat, and decrease erosion
in unstable areas along slough channels. In many cases, more than one of
these objectives can be achieved simultaneously. For example, increasing
the cross-sectional area of a channel by creating a bench next to the lowflow channel can increase the conveyance capacity of the channel even if
riparian vegetation is allowed to grow on the bench.

Willow Slough Watershed
Integrated Resource Management Plan

Jones & Stokes Associates, Inc.
May 3, 1996

Chapter 5. Implementation Measures

5-19

DESCRIPTION

Creating a bench
next to the low-flow

Virtually any enlargement of the cross-sectional area of a channel will
increase its conveyance capacity. Channel modification strategies to decrease
erosion at selected problem areas include decreasing the slope of unstable
banks and realigning the channel to eliminate sharp bends. For maximum
benefits, enlarging a channel to create habitat benefits involves more complex
criteria:

channel can increase

•

widening the channel to create a bench next to the low-flow
channel;

•

widening on the north side of the channel only if tall shade-casting
vegetation exists on the south bank;

•

creating a bench surface 1-2 feet above normal summer water level
in the low-flow channel;

•

creating a bench at least 8 feet wide, if possible, to allow vehicle
access during construction and maintenance;

•

grading the upper bank above the bench at less than a 2H:1V slope
up to the surrounding field level to minimize erosion potential;

•

creating a berm along one or both sides of the channel, using the
excavated material and installing gated culverts through the berm
to allow regulation of floodflows leaving the channel and runoff
from adjacent fields entering the channel;

•

stockpiling topsoil during excavation and replacing it on the finished
surface to improve growing conditions for riparian vegetation; and

•

planting a low groundcover of grasses, sedges, and rushes on the
bench and along the low-flow channel to prevent the establishment
of shrubby vegetation that tends to impede flow.

the conveyance
capacity of the
channel even if some
riparian vegetation
is retained for
habitat.

Desirable channel design features for riparian habitat are shown in
Figure 5-11.
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EXAMPLES
Most slough reaches in the valley floor and Plainfield Ridge areas are
narrow, steep-sided channels without benches. Benches with riparian habitat
are present in a few locations, however, including Dry Slough at Road 99
and the small slough channel shown in Figure 5-12. A local landowner also
excavated and revegetated a benched channel along Union School Slough
near the Winters Canal. With funding obtained under the Section 319(h)
grant program of the Clean Water Act, the Yolo RCD is creating a bench
along a reach of the South Fork of Cottonwood Slough near Road 93
(Figure 5-12).

BENEFITS
Perhaps the greatest benefit of channel modification is that it allows
some vegetation to be present in the channel without increasing the overall
resistance to flow. That is, the additional conveyance capacity created by
enlarging the cross-sectional area can more than compensate for the flow
resistance created by the in-channel vegetation. Through a balancing of
vegetation and excavation, any desired conveyance capacity can be achieved.
Beneficial decreases in erosion are achieved by diffusing areas where stream
energy tends to strike the bank and by decreasing bank slopes to avoid
slumping under saturated conditions.

CONSTRAINTS
Excavation also leaves an exposed, disturbed soil surface that will be
relatively vulnerable to erosion until vegetation becomes established. If
topsoil is not stockpiled and returned to the graded surface, the exposed
subsoil may be a relatively poor growing medium and hinder the
establishment of vegetation along the channel. The Yolo County RCD has
compiled descriptions of recommended plant types and planting methods
for revegetation of these types of areas.
Channel enlargement will not alleviate local flooding if the flooding
is caused by backwater behind a downstream obstruction. This is not so
much a constraint on channel enlargement as a recognition of its limitations
under certain circumstances. Undersized bridges and culverts are obvious
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a. Existing channel with a high bench.
b. Creating a bench along South Fork Cottonwood Slough.

Figure 5-12
Benched Channels Provide Additional Habitat Value
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obstructions, but the obstruction can simply be a downstream reach with a
small channel or overgrown vegetation. In these situations, enlarging the
channel upstream of the obstruction can actually exacerbate flooding by
conveying a larger peak flow to the obstructed area. This potential problem
underscores the need to achieve balanced conveyance capacity along the
entire length of each slough.
Heretofore, most channel excavation has been to remove accumulated
sediment and restore channel capacity rather than enlarge it. One farmer
recently paid approximately $800 for dredging one side of a slough channel
along a 3/4-mile reach.

IMPROVE RANGELAND
The upper watershed area and parts of the foothills area have been
intensively grazed by sheep and cattle for more than 100 years. The climate
and vegetation of the upper watershed provide forage year round and shade
in summer. Stockponds filled with winter runoff provide a water supply
that lasts at least partway through the summer in most cases. These resources
can be quickly degraded by overgrazing and poor land management practices
that result in reduced diversity of plant species and cover; reduced infiltration
and increased rainfall runoff; accelerated erosion from terracing, gullying,
and hillslope instability; and loss of riparian habitat.
The majority of the upper Willow Slough Watershed is encompassed
within five large ranches ranging in size from 4,200 acres to 8,900 acres.
Range condition in the upper watershed was observed during field visits to
one of the ranches, through discussions with other landowners, and by
information obtained from recent reports and studies by the SCS and the
Corps (U.S. Soil Conservation Service 1979, Warner 1981, U.S. Army Corps
of Engineers 1995). Rangeland quality varies from ranch to ranch based on
past and present grazing management, but most of the upper watershed area
would probably benefit from implementing one or more of the conservation
practices described below.
Field Fencing. Large pastures can be divided into smaller grazing
units by installing additional fencing. Smaller pastures are necessary to
implement planned grazing systems, such as deferred, rotation, deferred-
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rotation, rest-rotation, and short-duration grazing. These planned grazing
systems generally allow rotation of season of use, better distribution of
livestock, increased uniformity of range utilization, increased forage
production, and protection of sensitive natural resources.
Riparian Fencing. Livestock tend to concentrate in riparian areas
where they find shade, water, and vegetation to browse. Unrestricted
livestock access to riparian areas may result in loss of riparian and aquatic
vegetation, increased streambank instability, and degradation of water quality
(Figure 5-13).

Controlling livestock
access to streams helps
protect and restore

Fencing installed parallel to the riparian corridor to exclude or limit
livestock access helps protect and restore stream channel processes and
riparian habitat. Fencing establishes the riparian zone as a separate pasture
in which the time, length, and intensity of grazing use can be managed.

stream channel processes and riparian
habitat.

Stock Pond Habitat Enhancement. Ponds in the upper watershed
are constructed primarily to capture runoff during the winter and hold it for
stock watering during the dry summer months. Unrestricted livestock access
to ponds often results in denuded shorelines, less aquatic vegetation in
shallow near-shore areas, and less plant cover on adjacent slopes due to
trampling, browsing, erosion, and sedimentation.
Habitat in small stockponds can be dramatically improved by installing
perimeter fencing that restricts livestock access to specific locations.
Emergent plants plug planted or seeded in the shallow near-shore areas
provide wetland habitat. Container plants or live cuttings planted along the
shoreline provide riparian cover, while upland slopes seeded with perennial
grasses and native forbs help stabilize the soil surface and decrease pond
sedimentation.
Livestock access to ponds with exclusionary fencing may be
accommodated by leaving part of the shoreline accessible or by conveying
pond water through a pipe to a nearby watering trough.
Erosion and Sediment Control. Parts of the upper watershed area
experience various degrees of accelerated erosion resulting from poor grazing
management, road construction, and stream incision. Accelerated erosion
includes sheet erosion on rangelands with low standing forage and residual
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Figure 5-13
Unrestricted Livestock Access to Riparian Areas
Can Result in Diminished Habitat Value and Increased Erosion
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dry matter, stream incision and gully erosion resulting from concentrated
runoff, and mass slope failure partially induced by terracing and
compaction of hillslopes.
Grade stabilization, channel reshaping, and revegetation can help
reduce or reverse stream incision and gully erosion. The cause of the erosion
should be identified and treated. For example, poorly designed dirt roads
and pond spillways can cause gullies. Grazing on steep slopes with shallow
soils during the wet season can accelerate erosion and lead to mass slope
failures. Slope instability cannot be eliminated, but it can be reduced by
excluding livestock from highly erodible areas. Rangeland seeding,
fertilization, and implementing grazing management practices that result in
increased standing forage and residual dry biomass help minimize sheet
erosion. Establishment of native, sod-forming perennial grasses tends to
stabilize the soil surface, facilitate infiltration, maintain forage value, and
provide wildlife habitat.
Effective controls for sedimentation include constructing ponds that
trap sediment, constructing straw-bail or geotextile dams along swales and
small drainages where erosion is occurring, and generally decreasing
sediment sources through erosion control.

Stockponds promote
uniform range utilization, detain
stormwater, capture
sediment, and provide
habitat.

Development of Watering Facilities. Lack of water may prevent
proper utilization of forage. Large numbers of animals may use a single
watering point, resulting in denudation and erosion. Watering sources may
be created by constructing additional impoundments and developing natural
springs. Impoundments may be constructed at the corners of pastures so
that a single pond provides stock water to multiple pasture units.
Impoundments for watering stock also detain stormwater, capture sediment,
and provide habitat.

EXAMPLES
NRCS, in cooperation with local agencies and landowners, developed
a plan in July 1989 for reducing soil erosion and sustaining livestock and
agricultural production in the Stony Creek Watershed in Colusa, Glenn,
and Lake Counties. Practices include deferred grazing, stock water
development, and fencing to improve grazing distribution on heavily utilized
rangeland. Gullies in rangeland and those associated with roads have been
treated with grade stabilization structures, shaping, and seeding. Banks along
Stony Creek and tributary streams have been treated and stabilized by
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revegetating with trees and shrubs. Plant species diversity and cover have
been increased by mechanical treatment, range seeding, and fertilization.
The Soil Conservation Service, in cooperation with the Coastal San
Luis Resource Conservation District and the California Coastal Conservancy,
prepared an enhancement plan for the Morro Bay Watershed in San Luis
Obispo County. An erosion and sediment study was first conducted to
determine critically eroding areas and treatment measures. The Morro Bay
Watershed Enhancement Plan was developed to identify land treatment and
structural measures to reduce sediment deposition in Morro Bay. The plan
includes 23 specific conservation measures for roads, brushland, gully
control, riparian management, rangeland, small pastures, and conservation
cropping.

ALTER CULTIVATION PRACTICES
Existing cultivation practices are carefully selected by farmers and
reflect years of experience and testing. Farmers interviewed during the
planning process were reluctant to substantially modify existing practices.
For example, prebedding of fields in fall accelerates rainfall runoff during
winter because the prebedded field surface is smooth and channelized.
Leaving the field with a rough, chiseled surface in winter would decrease or
retard rainfall runoff. Fall prebedding offers considerable operational
advantages to farmers, however, including making use of equipment and
labor at a time when they are relatively available and allowing fields to be
planted as early as possible in winter and spring.
Some cultivation practices can be altered to
increase overall resource
benefits without substantially disrupting farm
activities.

Because implementation of this plan is voluntary, alternative cultivation
practices were sought that would provide flood control or other benefits
without substantially disrupting existing farm activities. The practices
described below were considered those most likely to fit into existing farming
operations. Although they may not be suitable for all situations, they represent
reasonably feasible measures that could be implemented in many situations.
Several farmers indicated in their questionnaire responses that they use one
or more of these measures on some of their fields.
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DESCRIPTION
•

Cross-rip prebedded fields. Cross-ripping a field (dragging a
single-toothed, deep-penetrating plow behind a light tread-type
tractor) creates small checks in the furrows that allow rain to pond
rather than run off immediately, as shown in Figure 5-14. The rip
also promotes deep infiltration of water. Assuming 7-inch-high beds,
the spacing between rip lines that results in complete wetting of the
furrow depends on the slope of the field, as follows:

Field slope (%)
0.1
0.2
0.3

Recommended
rip spacing (ft)
600
300
100

•

Grow cover crops. Cover crops can increase infiltration of rainfall
by slowing runoff and maintaining an open, uncompacted soil
structure (Gulick et al. 1994). Clovers are popular in orchards
because they attract pollinating insects, fix nitrogen, and are self
sowing (Robins pers. comm.). On an organic field, a vetch and oat
cover crop is tilled into the soil in spring as a green manure
(Rominger pers. comm.). A winter cover crop can delay planting of
summer grain or vegetable crops if the soil must first dry out
sufficiently to till in the cover crop. In some cases, the cover crop
can simply be mowed and seedlings transplanted into the stubble
without the soil being tilled at all.

•

Grow crops with waterfowl food value. Crop residue in cereal
crop fields often attracts large numbers of waterfowl, which feed
on grain that was missed during harvest (see Figure 5-9). These
crops include rice, wheat, corn, oats, and barley. Residual grain in
corn and rice fields is estimated to provide 165 and 250 pounds of
waterfowl food per acre, respectively (Bautista and McBean 1994).
For comparison, unmanaged wetlands typically produce 300-500
pounds per acre, and managed wetlands can produce as much as
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2,000 pounds per acre. Less well known is the food value of flooded
tomato fields. A farmer in the Delta found that a flooded tomato
field had consistently greater numbers of waterfowl than adjacent
flooded corn and grain fields (Paullin pers. comm.). The birds may
feed on tomato seeds as well as the large populations of invertebrate
decomposers that are present during the period between harvest
and flooding. NRCS has Soil Interpretations Rating Guides to help
landowners select crops that provide food and cover for wildlife
(Hogan pers. comm.).

•

Plan field planting sequence. Recognizing that flooding will still
occur in many years, farmers can target selected fields for early
planting and use berms to keep them free of inundation. Other fields
will then need to receive additional floodwater, and those fields
can be designated for later planting. Even in years without floods,
farmers cannot plant all fields simultaneously because of equipment
and labor limitations. This implementation measure reflects an
acceptance of these limitations and achieves the best operational
advantage under the circumstances. Basically, it would be preferable
to have four unflooded fields and four completely flooded fields
than to have eight half-flooded fields (see Figure 5-8).

BENEFITS AND CONSTRAINTS
In addition to retarding runoff, cover crops offer benefits by
providing soil nitrogen, attracting pollinating insects, and decreasing
sediment and pesticide runoff. Foraging waterfowl can help break down
crop residue by trampling it into the soil. Inundating fields to attract waterfowl
suppresses winter weed growth. Designating selected fields for late planting
would allow them to provide seasonal habitat benefits in winter without
interfering with summer crop production.
Cover crops in orchards and vineyards can increase total water
consumption by 10-30% (Pritchard et al. 1989), so this implementation
measure could be constrained by availability of irrigation water. Crossripping and floodwater detention increase the duration of ponding and can
delay soil drainage and planting in spring. All of these measures are standard
agricultural practices, and none of them would require a permit. The Farm
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Services Agency’s Agricultural Conservation Program currently provides
funding for implementation of cover crops.

OTHER POSSIBLE IMPLEMENTATION MEASURES
Several other possible measures for implementing integrated resources
management were identified that do not fit into any of the above
categories:

Willow Slough Watershed
Integrated Resource Management Plan

•

Public education. Flooding problems are not a purely physical
occurrence; they are a reflection of expectations held by landowners
and rural residents. Most long-time residents recognize that the
valley floor area is naturally flood-prone. They are accustomed to
flooded fields and roads and have been careful to build structures
on high ground. Many newer residents, however, have relocated
from urban areas and expect high levels of flood protection. Public
education efforts that target new or prospective rural residents could
avoid some of the problems and complaints that have been caused
by inappropriate expectations or poorly planned development. The
Yolo County Floodplain Management Working Group is actively
pursuing public education opportunities related to flooding.

•

Grading guidelines. Seemingly minor changes in local topography,
such as berms along fields, laser-leveled fields, elevated roadways,
and berms of material deposited during channel dredging, can
substantially affect local flooding problems. In many cases, the
effects on flooding may be unintentional. Grading guidelines that
provide uniform standards and a checklist of potential problems
could help minimize adverse flooding impacts. In some cases, simply
shifting a low field berm from one side of a road to the other would
completely eliminate a local flooding problem (see Figure 2-9).
Colusa County has a grading ordinance that regulates field leveling.
Public education programs can also help avoid unintended impacts
of grading.

•

Development restrictions in flood-prone areas. The Yolo County
Floodplain Damage Prevention Ordinance is intended to prevent
development in flood-prone areas. Presently, it targets large
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developments and uses the FEMA 100-year floodplain as the basis
for identifying flood-prone areas. The effectiveness of the
ordinance could be enhanced by expanding the coverage to
include more frequently flooded areas (as shown, for example,
in Figure 2-13) and by instituting a mechanism to convey that
information to individuals considering construction of a new
building on their property.

•

Capay Dam. YCFCWCD’s new inflatable diversion dam on Cache
Creek near Capay affords an opportunity to divert water during
periods when diversions formerly would not have been possible
because of high flows. This capability could be used, for example,
to fill wetlands and provide groundwater recharge during storm
events in relatively dry years. The feasibility of additional diversions
would be subject to water rights constraints and the need to provide
water to existing YCFCWCD users.

•

Monitoring programs. Monitoring programs that record physical
and biological variables in the watershed would provide critical
information needed to prioritize resource management needs and
to identify the most effective measures for meeting those needs.
Monitoring programs are discussed more completely in Chapter
12, “Watershed Monitoring.”
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ECONOMIC EFFECTS
This section presents an assessment of the economic effects of
implementing the integrated resources management measures described in
Chapter 5, “Implementation Measures,” on individual landowners, Yolo
County’s agricultural economy, and property tax revenues. The assessment
assumes that numerous measures would be implemented on a fairly
widespread basis throughout the watershed. In effect, these assumptions
reflect the long-term impacts of a gradual shift toward integrated resources
management. Specific assumptions regarding conversion of agricultural land
to habitat use are essentially the same as the assumptions used in the
simulations of flooding impacts in Chapter 3, “Opportunities and
Constraints.” These include the following:

• A total of 2,440 acres of
actively farmed cropland
would be converted to
tailwater ponds, riparian
corridors, or large
perennial wetlands. This
is approximately 3.5% of
the active cropland in the
watershed and 0.5% of
the active cropland in the
county.
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•

Tailwater ponds would be constructed on approximately
1,220 acres (2 acres converted per 100 acres of cultivated
area over 70% of the valley floor portion of the watershed)
and would affect all crop types in proportion to their total
acreage in Yolo County.

•

Riparian corridors would be widened to 30 feet along both
sides of approximately 80 miles of slough channels and
major irrigation canals, resulting in the conversion of
approximately 580 acres of farmland distributed over all
crop types in proportion to their total acreage.

•

Large perennial wetlands would be constructed in two or
three areas, resulting in the conversion of approximately
640 acres of farmland used for the production of relatively
low-value crops, such as rice, alfalfa, and pasture.
Substantially larger wetlands could be created without
significantly altering the conclusions of the economic analysis.

•

Participation by landowners in implementation measures
would be voluntary.

CROP PRODUCTION
In 1994, approximately 490,800 acres of cropland with a crop value
totaling $287 million were harvested in Yolo County. Total agricultural
production, including livestock and miscellaneous other products, had a
value of approximately $297 million. (Yolo County Agricultural
Commissioner’s Office 1995.)
As shown in Table 6-1, acreage of harvested cropland ranged from
369,000 acres for field crops to 440 acres for nursery crops. Vegetable crops
were the most valuable, with a production value of $132 million, followed
by field crops at $92 million. Per-acre production value ranged from $10,200
for nursery crops to $250 for field crops.
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Table 6-1. Yolo County Crop Acreage and Production Value in 1994

Implementation of the project would result in the conversion of
approximately 2,440 acres of cropland (Table 6-2). This conversion would
represent approximately 0.5% of harvested cropland for the county in 1994
and less than 1% of the land under production for each crop type (Table 6-1).
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Table 6-2. Estimated Loss of Production for Major Crop Types in Yolo
County with Substantial Implementation of Integrated Resources
Management

As stated above, the combined value of fruit and nut crops, field crops,
vegetable crops, organic crops, nursery crops, and seed crops grown in Yolo
County in 1994 totaled approximately $287 million (Table 6-1). Conversion
of 2,440 acres of crop land would result in an annual loss of approximately
$1.3 million in production value measured at the farm gate (Table 6-2).
This amount represents less than 1% of the total annual production value of
crops grown in Yolo County and less than 1% of the annual value for each
crop type.

The overall cost of lost
agricultural production
at the individual farm
level would be small.

Farmers choosing to convert cropland would experience a loss in
income as a result of lower production rates. However, because these
losses would be distributed among many fields, the overall cost of lost
production at the individual farm level would be small. Even if highvalue crops were displaced in some areas to widen slough channels and
riparian corridors, the economic impacts would be small. For example,
in 1992, the 367 farms in Yolo County planted with orchards reported
annual sales of approximately $454,300 (U.S. Bureau of the Census
1994). The conversion of approximately 78 acres of orchards would
result in an annual loss of approximately $137,300 in overall production
value. If this loss were spread over all 367 farms planted with orchards,
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the loss in annual production value per farm would be only
approximately $370.
Losses at the farm level as a result of conversion of cropland could be
offset by benefits associated with tailwater ponds, riparian corridors, and
large wetlands. These benefits could include:

•

reducing irrigation costs by storing and reusing water in tailwater
ponds;

Cropland conversion

reducing operation and maintenance costs associated with
maintaining slough channels;

would be offset by

•

providing new opportunities for recreation-related income,
including wildlife observation and hunting associated with large
wetlands; and

the farmer.

•

maintaining soil productivity by decreasing loss of topsoil.

•

economic benefits to

Employment. Hired farm labor in Yolo County totaled approximately
6,400 workers in 1992 (U.S. Bureau of the Census 1994). Employment in
the agricultural sector that year represented approximately 6% of the total
employment in Yolo County (California Employment Development
Department 1994). Approximately 3,700 agricultural workers were
employed for 150 days or less.
As described above, conversion of agricultural lands to tailwater ponds,
riparian corridors, and permanent wetlands would be spread among different
crop types and would probably not result in a substantial reduction in farm
income or the overall value of crops produced in Yolo County. Similarly,
conversion of cropland would not result in a substantial reduction in employment
associated with processing agricultural crops because of the small, incremental
change in production. On-farm employment would probably also not be reduced,
based on the average size of farms in Yolo County (954 acres) and the
assumptions that most conversions would be distributed proportionately over
all crop types and that the total cropland converted would be small compared to
the total acreage under production for all crop types. In other words, the relatively
small amounts of land converted on each farm would not substantially reduce
the demand for farm labor. In addition, some labor would be needed to construct,
operate, and maintain wetlands.
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Property Tax Revenues. Implementation of the project could result
in a slight reduction in the amount of property tax collected by Yolo County.
Constructing tailwater ponds and widening riparian corridors would not
affect property tax revenues generated by parcels on which these project
components are located as long as the property remained under private
ownership. If the conversion from cropland to tailwater ponds or riparian
corridors would benefit agricultural production, the tax rate of the lands
converted would not be reassessed by the County Assessors Office (
Donaldson pers. comm.).
Conversion of agricultural land to large perennial wetlands (640 acres)
could result in a small reduction in county tax revenues, assuming these
lands are sold to a public entity. Property tax revenues generated in Yolo
County from rural lands totaled approximately $911 million in 1995 (Hand
pers. comm.). The average market value of farmland in Yolo County was
$2,160 per acre in 1992 (U. S. Department of Commerce 1994). Assuming
a 1% tax rate, if 640 acres were removed from the tax roles, the property tax
revenue loss would total an estimated $13,800 annually. This loss represents
substantially less than 1% of the annual property tax collected for rural
lands by Yolo County. Also, land conversion could potentially have small
beneficial effects on public revenues and expenses, such as increased sales
tax revenue from hunting and recreation purchases and decreased
expenditures on vegetation maintenance along sloughs and roadsides.

WATER SUPPLY
The implementation measures considered in this plan would have a
variety of effects on Yolo County’s water supply. Some measures would
increase or decrease water supply while others would increase or decrease
water demand. The net effect cannot be estimated accurately at this point
because it depends on which measures are implemented, where they are
located, and how they are operated.
Stormwater impoundments in the upper watershed and foothills areas
would tend to increase local groundwater recharge. Much of the recharged
water might emerge as base flow in sloughs and creeks rather than flow
underground to the aquifers in the valley floor area. Increased base flow
would be beneficial, however, because it would sustain habitat, be available
to irrigators along the valley floor reaches of the sloughs, and potentially
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provide additional groundwater recharge in the valley floor area through
percolation from the slough channels. There are some locations along the
foothills reaches of the sloughs where larger reservoirs would be physically
feasible, with capacities of perhaps several thousand acre-feet. In addition
to providing significant opportunities for flood peak reduction, the
reservoirs could be operated to provide an additional water supply during
the summer months.
Tailwater ponds and furrow puddles created by cross-ripping fields
would increase groundwater recharge in the valley floor area if the ponded
area, soil permeability, and duration of ponding combined is greater than
would otherwise occur through rainfall ponding or slough overflow.

Foothills reservoirs
could provide a water
supply in addition to
habitat and flood
control benefits.

Flood management measures that decrease the extent or frequency of
flooding would tend to decrease groundwater recharge. Most of the
groundwater recharge in the watershed is from infiltration of water through
field soils. Much of the infiltration is from deep percolation of rainfall and
applied irrigation water, but a significant percentage could be from
floodwater. The amount of recharge from floodwater is approximately
proportional to the area inundated. Consequently, measures that decrease
flooding, such as ponds and reservoirs or slough channel enlargement, will
inevitably decrease any groundwater recharge associated with flooding.
Flood management measures that do not decrease the frequency or
total area of inundation but simply direct floodwaters to planned inundation
areas would not tend to decrease overall groundwater recharge. It may also
be possible to change flood management strategies during prolonged
droughts to maximize the recharge benefits of occasional wet periods, such
as the “Miracle March” storms of 1991.
Under predevelopment periods, the broad topographic basins in the
Central Valley that supported extensive wetlands were typically areas of
groundwater discharge. In other words, the wetlands were supported by
groundwater rather than the other way around. With existing rates of
groundwater use, however, groundwater levels in the basin areas are
generally below the land surface. Groundwater no longer discharges, and
any surface water ponding provides some increment of recharge. Because
soil permeability is typically very low in areas suitable for wetlands, the
amount of groundwater recharge that would be provided by surface water
ponding in a large wetland would be relatively small.
Willow Slough Watershed
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Wetland areas that displace cropland could increase overall water
consumption, depending on the type of crop displaced. The estimated
consumption of irrigation water by crops in Yolo County is shown in Table
7-3. The ET rate of marsh land is approximately equal to the ET rate for rice
fields, which in turn is 1.01-1.28 times reference evapotranspiration (ET)
during summer (Central Valley Water Use Study Committee 1987). If
wetlands displace rice fields, there would be no significant change in
consumptive water use. Annual consumptive use in excess of rainfall (in
other words, ET of applied water) is about 3.3 acre-feet per acre for rice, 2.9
acre-feet per acre for pasture, 2.6 acre-feet per acre for alfalfa, 1.7 acre-feet
per acre for tomatoes, and 1.4-1.8 acre-feet per acre for grains (California
Department of Water Resources 1975). Large wetlands are most likely to
displace rice, alfalfa, and pasture. Assuming an equal mix of those three
crops, the additional consumptive use for a 640-acre wetland would be 235
acre-feet per year, or 0.03% of annual agricultural consumptive water use
in Yolo County by agriculture.
Tailwater ponds could potentially be built on all types of fields and
thus displace all crops uniformly. Assuming widespread implementation of
tailwater ponds a total of 1,220 acres of cropland, for example, might be
converted to ponds and associated natural vegetation (2 acres converted per
100 acres of cropland over 70% of the valley floor area). Dry-season
consumptive water use on the converted acres would increase from the areaweighted average for all crop types (1.6 acre-feet per acre) to the rate for
marsh (3.3 acre-feet per acre), and the resulting increase in overall
consumptive use in the watershed would be 2,070 acre-feet, or 0.3% of the
average annual countywide consumptive use (Table 7-3).
Increasing the amount of riparian vegetation along sloughs and canals
would also increase the overall amount of water lost to ET. Because of its
linear shape, tall canopy, and relatively large overall leaf area, a corridor of
riparian vegetation has an estimated ET demand of approximately 1.5 times
that of an equivalent area of marsh (Central Valley Water Use Study
Committee, 1987). Thus, the dry-season consumptive use would be
approximately 5.0 acre-feet in an average year. Widespread riparian
restoration and enhancement might result in 80 miles of riparian corridor
with an average width of 200 feet, for a total of 1,940 acres of riparian
vegetation. Assuming this vegetation effectively displaces cropland with
an average dry-season consumptive use of 1.6 acre-feet, total consumptive
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use in the watershed would increase by 6,600 acre-feet, or 1.1% of countywide dry-season consumptive use. Because some of the riparian vegetation
already exists, however, the actual increase would be smaller.
As a percentage of overall water demand, all of the estimated increases
in demand to achieve habitat benefits are small. Nevertheless, there is already
a great deal of competition for surface water during droughts. Groundwater
would be available but would be more expensive. It may not be necessary
to meet the optimal water demands of wetlands and riparian areas during
droughts. Decreases in water availability in wetlands and sloughs during
droughts would probably result in some vegetation mortality—as appears
to have occurred during the 1987-1992 drought—but much vegetation would
probably survive. Vegetation undoubtedly was subject to droughts under
predevelopment conditions, so a variable future water supply would not be
unnatural. Whether the benefits of having additional habitat in most years
outweighs decreases (back to existing conditions) in a few years is essentially
a philosophical question.
In sum, there are several choices for managing habitat areas during
droughts. Supplemental water could be obtained, or it could be seen as
acceptable for some of the wetland and riparian vegetation to die. The strategy
chosen could vary from location to location within the watershed and
could be adjusted at any time to reflect evolving management priorities
and constraints.

MOSQUITOS

mosquito

The Willow Slough watershed is within the boundaries of the
Sacramento-Yolo Mosquito and Vector Control District. Mosquito
populations commonly occur in rice fields, seasonal wetlands, and natural
and artificial wetlands. Populations of mosquitoes can also occur in irrigated
pasture lands, poorly drained or over-irrigated agricultural fields, and
irrigation tailwater ponds that do not support mosquito fish. Mosquito
reproductive strategies are well adapted to temporary water sources;
consequently, such sites are the primary focus of most mosquito abatement
efforts. Stable, permanent wetlands and open water bodies tend to produce
fewer mosquitoes than do frequently disturbed, temporarily flooded sites or
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ponds with large amounts of surface vegetation or dense cattail stands,
especially during warm weather (Jones & Stokes Associates, 1991).
California law specifies that when mosquito breeding habitat is created
by human actions, the responsible party is liable for the cost of abatement.
Mosquitoes in the study area can transmit malaria, equine encephalitis, and
St. Louis encephalitis. The threat of mosquitoes as pests or human health
hazards, however, depends less on the number of mosquitoes produced in a
location than on the number of people residing near the mosquito source.
Mosquito populations are controlled naturally by mosquito predators
(e.g., mosquito fish and dragon-fly nymphs), parasites, and diseases that
occur in mosquito breeding habitats. Abatement measures involve
eliminating or reducing water sources on sites that produce mosquitoes.
Biological larvicides (e.g., Bacillus thuringiensis Israeliensis) are applied
to mosquito sources to destroy the insects at larval stage, and adulticides are
used to eliminate mature mosquitoes. However, biological controls are
expensive and less effective in water with a high nutrient content. Chemical
larvicides and adulticides are generally used as a last resort when natural,
biological, or management control measures are ineffective at preventing
large concentrations of adult mosquitoes.
Ecological control methods reduce peak mosquito population
densities without substantially altering the ecological uses of a site. These
methods include introducing mosquito fish into small permanent ponds,
designing irrigation systems to apply and remove water rapidly, manipulating
water levels in wetlands, and maintaining good water quality. Small
permanent ponds or deep pools can be created within slough channels,
irrigation ditches, and tailwater ponds to retain viable mosquito predator
populations when the rest of the slough or channel is dry. This method
would reduce the need for manual inoculation of waters. Irrigation channels
could also pass through natural permanent wetlands to inoculate the water
with mosquito predators. Rapid fluctuation of water levels during critical
periods of the mosquito life cycle can serve as an effective control measure,
especially stepwise water-level declines during the warm season (Collins
and Resh 1989). However, problems such as insufficient water supplies and
conflicts with wildlife objectives may be encountered with this method (U.S.
Fish and Wildlife Service and Central Valley Habitat Joint Venture 1990).
For example, lowering the water level in a wetland may increase undesirable
vegetation types, and raising the water level may decrease waterfowl habitat.
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Wetland basins and tailwater ponds should be contoured to minimize the
density and width of stands of emergent or floating aquatic vegetation (e.g.,
cattails and water hyacinth). Dense wide stands of vegetation can prevent
natural mosquito predators from reaching larvae.

RECREATION AND AESTHETICS
Wetland and riparian habitat areas potentially offer a variety of
recreational opportunities, including hiking, birdwatching, and hunting
(Figure 6-1). Restoration of riparian areas might improve habitat conditions
for fish and create some opportunities for fishing. However, the type, size,
and population of fish would probably be limited because flows in summer
are low and are unreliable during droughts.
Public opportunities for hiking and hunting depend entirely on land
ownership. Except for road rights-of-way and a few scattered public facilities,
almost all land in the watershed is privately owned and would not be
accessible to the public. If interested, some landowners could develop
commercial recreation businesses, such as duck clubs or campgrounds, as a
supplemental source of income. Also, wildlife management agencies might
purchase a few parcels for wetland restoration and allow public access. Even
on public lands, public recreation should be controlled to avoid undesirable
side effects, such as excessive traffic or litter.

California quail

Any new opportunities for hiking or walking in a natural setting would
be valuable because few such opportunities presently exist in or near the
watershed. Levee roads and a trail along the UC Davis Putah Creek Riparian
Preserve near the southeastern corner of the watershed provide some
opportunity for walking in a riparian setting. There are plans for a hiking
trail from Cache Creek to Putah Creek along the crest of Blue Ridge and
Rocky Ridge, but only a small part of the trail has been completed. Otherwise,
the nearest large wetland and riparian areas available for hiking are the
American River Parkway and Cosumnes River Preserve, located 20 and 60
miles south and southeast of Highway 113, respectively.
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Public birdwatching opportunities would increase even without direct
public access to habitat areas because many of the areas would be visible
from public roadways. Birds would also forage in fields near the habitat
areas, where they would be visible from roadways. Many of the rural residents
interviewed reported with sadness a long-term decline in the frequency of
sighting waterfowl, pheasants, and other types of wildlife.
The Willow Slough watershed area features a mix of agricultural, rural
residential, and natural landscape elements. The western portion of the
watershed is visually diverse, consisting of rolling hills laced with numerous
small drainages and covered with diverse patterns of vegetation, including
oak woodlands, shrublands, and grasslands. The eastern two-thirds of the
watershed is fairly flat and open and dominated by agricultural uses. Orchards
occur on the higher ground extending along the base of the hills. Much of
the remaining lowland area contains cultivated fields with fences, roads,
and scattered farm buildings and rural residences. Many of the drainages
flowing from the hills have been straightened and contain little vegetation.
Views of the area are primarily from public roads because the area is
mostly privately owned and there are few public facilities (e.g., trails and
parks) that provide viewing opportunities. Several important travel routes
extend through the area that provide significant views to travelers and
recreationists; these include Interstate 505 and State Highways 16, 128, and
113. Numerous county roads that criss-cross the area provide views mostly
for local residents and some bicyclists.

New opportunities for
hiking or walking
through natural areas
within the watershed
would be valuable to
the public.

Many features proposed as part of this project would blend with the
existing visual character of the area and improve its overall visual diversity
and quality. For both local residents and visitors, views of open water and
wetland and riparian vegetation would increase. Such changes would increase
visual diversity and complexity, increase views of natural vegetation, and
improve the overall visual quality of the area. Because of the added amount
and diversity of habitats, views of wildlife in the area would increase. These
visual improvements would be apparent in foreground views for people
traveling along roads and highways in the area and in long-distance views
from surrounding areas. The tall riparian trees and dense vegetation proposed
along many of the drainages would be highly visible throughout the area.

Willow Slough Watershed
Integrated Resource Management Plan

Jones & Stokes Associates, Inc.
May 3, 1996

Figure 6-1
Habitat Ponds Provide Opportunities
for Hunting and Bird Watching
Willow Slough Watershed
Integrated Resource Management Plan

Jones & Stokes Associates, Inc.
May 3, 1996

Chapter 6. Summary of Costs, Benefits, and Effects on Related Resources

EDUCATION
Hands-on environmental studies projects are quickly becoming a
popular educational tool among public and private school teachers. There
are examples throughout California and other states of educators using nearby
natural areas to teach students of all grade levels about soils, wildlife,
fisheries, botany, water quality, and hydrology. Cooperative projects between
community organizations and private landowners can facilitate a greater
understanding of agricultural land use, stewardship, and local wildlife habitat.
Landowners interested in participating in educational programs can involve
students in planting vegetation, measuring water quality, establishing
fisheries, and monitoring the establishment and growth of their projects
through time.
Landowners within the Willow Slough watershed may also seek
opportunities to involve local civic and environmental organizations in
habitat restoration activities, including planting riparian cuttings, seeding
embankments, building wildlife nest boxes, and monitoring wildlife
populations. Activities involving the community can be instrumental in
bridging gaps of understanding between urban and rural citizens. Local
organizations that may be interested in cooperative stewardship activities
include the Explorit! Science Center in Davis, the Yolo Audubon
Society, the Riparian Improvement Organization, and scout troops in
all neighboring communities.

valley oak acorns
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A number of potential pilot projects were identified that could serve
to initiate implementation of this plan by providing on-the-ground
demonstrations of the planning concepts and implementation measures. Each
pilot project also offers opportunities to test new techniques and ideas.
Successful demonstration projects can do more to overcome doubts and
skepticism than any amount of theoretical analysis and rhetoric. A few
pioneering landowners have already been experimenting with habitat and
tailwater ponds. Their efforts have attracted curiosity and gradual acceptance
inside and outside the rural community. NRCS’s Agricultural Conservation
Program supports on-farm conservation measures including or similar to
measures described in this plan. A number of local farmers have signed up
for assistance in selecting and implementing conservation measures. The
projects described in this section could accelerate both the rate of acceptance
of integrated resources management strategies by a broader group of
landowners and the refinement of various implementation measures.
The landowners at the project
sites are all voluntary participants.
Most are eager to proceed, and the
visibility provided by inclusion in
this plan may help them obtain
support to implement their projects
and begin reaping benefits on their
land and throughout the watershed.
All of the landowners who
expressed an interest in
implementing measures on their
land are included in the list of
potential pilot projects presented in
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this section. Due to budget constraints on this planning study, it was not
possible to develop conceptual implementation plans for all of the sites.
Instead, a few were selected for more complete development to illustrate
how the planning concepts and implementation measures can be applied to
a specific site. The following criteria were used to select the featured pilot
project sites:

•

the project involves an implementation measure or combination of
measures that have not yet been tried;

•

the landowner of the project site is interested and willing to
participate in the project, or the land at the project site is for sale;

•

likely sources of funding for implementing the project can be
identified;

•

regulatory permitting for the project appears feasible; and

•

the collection of proposed pilot projects reflects a variety of
implementation measures and locations within the watershed.

For example, the pilot project list does not include tailwater ponds
because a number have already been successfully built and because a
concurrent Yolo County RCD project supported by 319(h) funding is already
building and monitoring several tailwater ponds.
The following descriptions of the featured potential pilot projects
include the site location, the planning concepts and design features of the
project, the resource benefits that would be achieved by the project, and any
unusual conditions or constraints at the project site. Programs to monitor
the effectiveness of the pilot project are also suggested in some cases.
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NORTH FORK WILLOW SLOUGH WETLAND WITH
SRORMWATER DETENTION
LOCATION

T

The potential pilot project site is located on the North Fork Willow
Slough where it crosses Road 95, about 0.5 mile north of Road 25. The site
is a 60-acre pasture in a swale along the slough channel west of the road
(Figure 7-1). The pasture parcel was for sale at the time this plan was prepared.

O

PROJECT CONCEPT AND DESIGN

O

The project would consist of a low berm along the west side of Road
95 that would form an impoundment to create a small perennial wetland
and temporarily detain stormwater over a larger area. The roadway is elevated
several feet above the pasture and already impounds water to some extent
during moderate and large flood events. This project would expand the
stormwater detention capacity and create a perennial wetland occupying
approximately 15 acres at the low end of the pasture adjacent to the road.
Clog-proof, variable-flow outlet and spillway structures would be fitted onto
the two existing culverts that convey water under the road. If the top of the
embankment is at a level 2 feet above the roadway, the pond could hold
approximately 200 acre-feet and inundate approximately 110 acres when
full, including part of the adjoining parcel to the west.

M

The tributary area upstream of the site is quite flat, but the total drainage
area is large (1,100 acres), so the percentage decrease in peak flow achieved
by the project may be small. Nevertheless, any decrease would be beneficial
because the slough frequently floods Road 25 a short distance downstream
and has caused considerable erosion along the shoulder of the road.
The wetland area would be created by excavation, and the dirt removed
would be used to construct the berm along the road. The opportunities and
constraints analysis ranked the site as having high suitability for wetland
creation. Although soil permeability at the site is naturally low, the bottom
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of the excavation would be compacted to minimize seepage and maximize
the retention of stored winter runoff. The pond would also serve as an
effective sediment trap, thereby decreasing sedimentation problems in
downstream areas. An existing onsite well could be used to sustain the
wetland during summer and drought years. The average rate of supplemental
water demand during May-October would be approximately 61 gallons per
minute (gpm), for a dry-season total of 50 acre-feet.

O

T

Road 95 is one of the busier county roads, and the wetland would
provide scenic benefits to numerous passing motorists. This project site
could also offer an exceptional opportunity for public recreation because it
is located adjacent to a tract of rural residences.

O

Because the parcel that includes the site is for sale, it is assumed that
the parcel would need to be purchased to implement the project. Except for
the wetland, the parcel would still be suitable for agricultural use. It could
be leased for farming or sold with a flood easement to an interested farmer.

M

Potential constraints on the project include mosquito breeding near
residential areas and the reported presence of vernal pool vegetation on part
of the site (Anderson pers. comm.).
A worthwhile monitoring program for this project might include
documenting sediment retention by measuring sediment deposition rates in
the forebay area and differences in suspended sediment between the inlet
and outlet during storm events. Because the tributary area upstream of the
site consists entirely of fields in the valley floor and Plainfield Ridge areas,
sediment monitoring would also provide a useful indicator of topsoil erosion
rates under normal agricultural practices. This site also offers opportunities
to measure the effects of stormwater detention/habitat projects on mosquito
populations, flood peak reduction, and wildlife use.
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MANAGEMENT OF EXISTING WILLOW SLOUGH RIPARIAN
VEGETATION
LOCATION
The potential pilot project site involving a management of existing
Willow Slough riparian vegetation is located along the reach of Willow
Slough between Road 99 and Highway 113. The landowner on the south
side of the slough is interested in a pilot project because of flooding problems,
including significant flood risk to his home, as shown in Figure 7-2.

PROJECT CONCEPT AND DESIGN
This project would demonstrate techniques for riparian vegetation
management that increase channel conveyance capacity while retaining
maximum habitat value. The channel contains dense, mature riparian
vegetation and includes a number of downed trees and debris piles. The
channel is fairly large and some vegetation has been cleared along the first
0.2 miles downstream of Road 99. Beyond that point, however, the channel
narrows and vegetation density increases. This transition may create a
backwater effect that is partially responsible for overband flooding closer to
Road 99. The Road 99 and Highway 113 bridges do not appear to be
bottlenecks for flow, so overbank flooding along this reach is presumably a
function of channel conveyance capacity.
Vegetation management techniques that would be employed at this
site include:

Willow Slough Watershed
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•

removing debris piles,

•

removing logs oriented perpendicular to the flow direction,

•

removing non-native shrubby vegetation,

•

retaining tall, shade-casting trees, especially on the south bank,
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•

selectively removing shrubs and trees to create open areas parallel
to the flow direction,

•

removing lower limbs of remaining trees, especially if they are
oriented perpendicular to the flow direction, and

•

removing a small number of trees that tend to accumulate debris piles.

The benefits of this project would retain most of the in-channel
vegetation and habitat value while substantially increasing flood
conveyance capacity.
Potential constraints on this project include the possibility of increasing
flooding along downstream reaches as a result of increased conveyance
capacity in the managed reach. It is recommended that an evaluation of
channel hydraulics and downstream flood patterns be completed prior to
implementing the project. It is also recommended that the project be
implemented in conjunction with one or more of the potential pilot projects
that would provide stormwater detention farther up Willow Slough and cause
a compensating decrease in peak flow.
A worthwhile monitoring program for this project might include:

• surveying the hydraulic grade line of the February 1996 flood using
high water marks and repeating the survey for a post-project flood
to determine whether vegetation along the reach creates a backwater
effect,

• comparing bird and wildlife use of the managed reach with use in a
nearby unmanaged reach,

• mapping the sites of debris piles from the February 1996 flood and
comparing them with the locations of any debris piles that form
during post-project floods, and

• documenting the cost per mile of the vegetation management
program.
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WILLOW SLOUGH ENLARGEMENT AND MANAGEMENT OF
EXISTING VEGETATION
LOCATION
This potential pilot project site involving the enlargement of Willow
Slough and management of existing vegetation is located along Willow
Slough immediately downstream of Road 27. During the storm of February
1996, a flow split developed about 1,000 feet downstream of Road 27 and
the slough began carving a new channel through the field on the east side.
Substantial overbank flow and deposition also occurred in the wedge-shaped
northwest corner of the same field. Existing conditions at the project site
are shown in Figure 7-3. The individual who farms the fields on both sides
of the slough wants to retain the habitat value of the slough but eliminate
the erosion caused by the channel split and the deposition in the corner
of the field.

PROJECT CONCEPT AND DESIGN
This project is similar to the potential pilot project along Willow Slough
near Road 99 except that it would also involve grading and channel
modification. The cause of the flow split appears to be a combination of
dense in-channel vegetation and a relatively sharp bend in the channel. This
pilot project would combine the following implementation measures:

•

constructing a berm across the northwest field corner from the
YCFCWCD canal culvert under Road 27 south to Willow Slough
to prevent the canal from serving as a conduit to divert flood flows
into the field;

•

planting riparian vegetation in the field corner between the berm
and the slough;

•

realigning the slough channel in the vicinity of the flow split to
create a more gradual curve;

•

selectively removing shrubby in-channel vegetation to create open
areas parallel to the flow direction;
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•

retaining tall trees along the southwest bank that shade the channel
and suppress understory growth, but removing any low tree limbs
that could obstruct flow or develop debris piles;

•

removing debris piles, logs, or in-channel trees that create obvious
obstructions to flow;

•

constructing and selectively revegetating benches along the northeast
bank of the channel at locations that have particularly limited
conveyance capacity; and

•

widening the riparian corridor along reaches that will continue to
overflow to create a sediment deposition zone between the channel
and the adjacent field.

The benefits of this project would be to decrease erosion and
sedimentation problems associated with overbank flow, increase the overall
area of riparian habitat, and improve the amount and uniformity of
conveyance capacity in the channel.
A potential constraint on this project is an increased likelihood of
overbank flow onto the field southwest of the slough or along reaches of
Willow Slough farther downstream. It is recommended that an evaluation
of channel hydraulics and downstream flood patterns be completed prior to
implementing the project. It is also recommended that the project be
implemented in conjunction with one or more of the potential pilot projects
that would provide stormwater detention farther up Willow Slough and cause
a compensating decrease in peak flow.

RIPARIAN RESTORATION ON CHICKAHOMINY CREEK
LOCATION
The potential pilot project involves enlarging the channel and restoring
riparian vegetation along Chickahominy Creek in the northwest corner of
D-Q University, north of Road 31 and west of Road 95. This restoration
was proposed in the Habitat Restoration and Management Plan developed
for D-Q University’s Ecological Preserve (WESCO 1994), and the university
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a. Riparian vegetation along slough.

b. Breeched channel bank resulted in flooding,
scour, and sedimentation of an agricultural
field adjacent to Willow Slough.

Figure 7-3
Potential Pilot Project: Willow Slough Enlargement
and Management of Existing Vegetation
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is eager to proceed with implementation of the plan. The reach of the creek
northwest of the main D-Q University access road was rated as having high
suitability for riparian vegetation in the opportunities and constraints analysis
but presently is devoid of riparian vegetation (Figure 7-4).

PROJECT CONCEPT AND DESIGN
This project would create benches along the creek channel, and riparian
vegetation would be planted. It differs from the potential pilot project on
Willow Slough near Road 27 because there is no existing riparian vegetation.
Topsoil removed during excavation would be redistributed on the bench
surface to improve growing conditions for the new vegetation. Because the
reach is fairly straight and uniform, the site offers an opportunity to
systematically test factors that affect the success of riparian restoration by
using different bench elevations, plant mixes, and planting techniques at
various locations along the reach.
The principal benefit of this project would be increased riparian habitat.
There would not be a substantial change in overall conveyance capacity
because the increased cross-sectional area of the channel would be more or
less offset by the hydraulic roughness associated with the in-channel
vegetation. Therefore, there would not be a substantial change in local
flooding, which is largely caused by other sources anyway.
Availability of water supply during summer and in drought years could
pose a potential constraint on this project. Flow in Chickahominy Creek
probably extends at least until mid-summer in normal and wet years as a
result of tailwater inflows. In drought years, there probably is no flow during
the dry season. The supplemental water demand during May-October of a
corridor of mature riparian vegetation 200 feet wide and 2,500 feet long is
approximately 57 acre-feet.
A monitoring program for this project could focus on the relative
success of various revegetation strategies implemented at different
locations along the reach, including measurements of canopy height
and cover, trends in plant species composition, and trends in wildlife
use of the newly created habitat.
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LARGE VALLEY WETLAND WITH STORMWATER DETENTION
LOCATION
The physical features of the lower Willow Slough watershed indicate
that a poorly drained, seasonally flooded basin located west of the Plainfield
Ridge once supported extensive wetlands and provided natural floodwater
detention. Excavation of the South Forks of Cottonwood and Willow Sloughs
has improved drainage in the basin, and the formerly vast wetlands have
been replaced with rice production. The basin’s physical properties remain
relatively unchanged and provide an excellent opportunity to restore a large
area of wetland waterfowl habitat at a critical location along the Pacific
Flyway. The basin is generally located south of Road 25 and north of Road
27 and is bisected by Road 93 (Figure 7-5).

PROJECT CONCEPT AND DESIGN
The basin’s low topographic position and soils with high clay content,
low permeability, high salt and sodium content, and near-surface mottling
indicate frequent and prolonged winter flooding with a period of summer
seasonal drying. Black-and-white aerial photographs from August 1937
illustrate the basin’s historical condition. As the South Forks of Cottonwood
and Willow Sloughs approached the basin, they spread out into a series of
ponds near the intersections of Roads 25 and 93 and Roads 26 and 93, and
northeast of the intersection of Roads 27 and 93. These ponded areas were
drained by a network of smaller, more sinuous channels that eventually
coalesced to re-form the two main drainages as they cut through the Plainfield
Ridge. Farmers from the 1920s referred to a portion of this area as “Hells
Half Acre” because it was extremely difficult to drain or cultivate and was
impassable during the wet season. By 1937, flooding in the basin had already
been significantly reduced by diversion of the North Fork of Cottonwood
Slough to the South Fork of Willow Slough (approximately 1 mile east of
the intersection of Road 24 and Interstate 505), and by excavation of the South
Fork of Willow Slough through the Plainfield Ridge.
The proposed pilot project would include restoration of a large area of
wetlands and managed seasonal flooding of rice fields within the historic
basin defined by saline-sodic soils (Willow Marley Variant, Pescadero, and
Willows series). Restored wetlands and rice fields could be supplied with
water by a diversion from the South Fork of Willow Slough where it crosses
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a. Existing Chickahominy Creek channel would b ebenched andplanted with riparian
vegetation.
b. Existing seasonal wetland south of Chickahominy Creek.

Figure 7-4
Potential Pilot Project: Riparian and
Wetland Restoration along Chickahominy Creek
Willow Slough Watershed
Integrated Resource Management Plan

Jones & Stokes Associates, Inc.
May 3, 1996

Chapter 7. Potential Pilot Projects

7-11

Road 93 between Roads 24 and 25. Floodflows could be diverted in a flood
overflow channel that would be constructed along Road 93, crossing under
Road 25. Floodwater would be detained in restored wetlands and flooded
rice fields and slowly discharged back to the South Fork of Cottonwood
Slough. Water could also be obtained from the South Fork of Cottonwood
Slough, although flood flows in that slough are not large.
Cost and Funding. The refuge would be funded, designed, and
constructed by a collaboration of local landowners and local, state, and federal
agencies. A local entity such as the YCFCD or Yolo County RCD would
manage the refuge in perpetuity.
Constraints. Willing sellers of fee title property or flood easements
must be identified in the potential refuge area and within the supply and
return canal corridors. Several parcels were for sale in the vicinity of Road
93 and Road 26 at the time this plan was prepared. Road 25 would require
a new bridge or culvert where it crosses the new diversion channel from the
South Fork of Willow Slough. Road 93 may require modifications or levees
to allow through traffic. Studies would be required to determine the
availability of floodwater in the South Forks of Willow and Cottonwood
Sloughs for filling the wetland in the fall and of supplemental water during
the dry season.

MULTIPLE RANGE IMPROVEMENTS INI UPPER WATERSHED
LOCATION
Rangeland improvements would be implemented on the 8,900-acre
Stone Ranch. The ranch is located in the upper watershed and foothills areas
west of Roads 25 through 29 and encompasses three principal drainages
originating in the vicinity of Edgar Peak: Cottonwood Canyon, Perkins
Canyon, and Salt Creek (Figure 7-6).
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PROJECT CONCEPT AND DESIGN
This potential pilot project would include measures to improve water
quality, enhance wetland and riparian habitat, and improve overall range
condition. Individual measures include the following:

•

repairing outlet culverts from Perkins Pond into the dewatered reach
of Perkins Canyon and repairing gully erosion associated with the
spillway outfall into an adjacent meadow (Figure 7-6),

•

installing over 2 miles of electric fencing in a 195-acre field to create
three smaller pastures for rotational grazing,

•

repairing and enlarging an existing pond site for more efficient
watering of three pastures and improving habitat along the pond
shoreline (Figure 7-6),

•

installing exclosure fencing to protect riparian habitat along Perkins
Canyon, and

•

installing exclosure fencing around two existing ponds to limit
livestock access and improve wetland habitat (Figure 7-6).

Additional long-term components of the project include installation
of fencing to divide the 5,600-acre Cottonwood field into smaller units,
controlled burning by the California Department of Forestry and Fire
Protection, construction of additional ponds for stock watering and sediment
detention, wetland habitat enhancement at several existing ponds, native
perennial grass restoration in select fields, a paired watershed study to
evaluate the effectiveness of management practices, and development of
tourism and recreational opportunities.
The landowner has negotiated a long-term cost-share agreement with
the Yolo County RCD to begin implementing the project. AT&T has offered
to assist with erosion control near a major communications line, and NRCS
will provide technical assistance. Additional funding is being sought to enable
timely implementation of the project.
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a. Gully formed in Windmill Flat downstream of Perkins Reservoir will be
filled and replanted.

b. This breached dam will be reconstructed to provide stock watering and
wetland habitat.

c. Exclosure fencing will enhance wetland
habitat.

Figure 7-6
Potential Pilot Project:
Multiple Range Improvement in the
Upper Watershed Area
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FOOTHILL STORMWATER DETENTION AND WILDLIFE
HABITAT POND WITH STORAGE OPERATION CAPABILITY
LOCATION
The potential pilot project involving creation of a pond with storage
operation capability would be located on a small drainage in the foothills
area approximately 0.6 mile south of Road 29 and 1.5 miles west of Winters
Canal (Figure 7-7). The land is currently enrolled in the Conservation Reserve
Program. The landowner has constructed a number of habitat ponds in nearby
parts of the foothills area.

PROJECT CONCEPT AND DESIGN
This pond would differ from existing habitat ponds in the foothills
area because it would include a clog-proof, variable-flow outlet and spillway
that would divide the pond is storage capacity into a flood pool and a habitat
pool. The pond design would include all of the features recommended for
habitat ponds in Chapter 5, “Implementation Measures”. A relatively deep,
open-water area in the habitat pool would be created from the borrow pit
used to obtain earth for the dam. The bottom of the habitat pool area would
be compacted to minimize seepage losses and retain stored winter runoff
for as long as possible into the summer months.
This project would provide useful information regarding the types of
vegetation that will successfully grow in the shoreline area inundated by the
flood pool. The valley floor upstream of the dam site is fairly flat, so water
level fluctuations during storms would inundate a large area. The gradational
change in inundation frequency and duration from the top of the habitat
pool to the top of the flood pool would result in concentric zones of vegetation
suitability, ranging from emergent wetland to rarely inundated grassland.
The drainage area above the dam site is 100 acres, and the estimated
pond capacity would be 20-30 acre-feet, approximately half or two-thirds
of which would be allocated to flood storage.
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This project would offer an opportunity to measure rainfall-runoff
relationships, erosion rates, and the effectiveness of this type of pond design
in attenuating flood peaks and retaining sediment. Recording stream gages
and suspended sediment samplers could be installed downstream of the pond
and in the adjoining drainage to the south, which is approximately the same
size and has similar soils, terrain, and vegetation. Runoff hydrographs and
sediment discharge could be compared for the two drainages for storms of
various magnitudes, and the results could be used to calibrate part of the
HEC-1 model and to better estimate the cumulative effect of constructing
ponds throughout the foothills area. The rate of water level decline in the
habitat following the rainy season could be monitored, separated into
evaporation and seepage components, and used to further improve design
specifications for maximizing habitat benefits of future ponds in the
foothills area.

OTHER SITES WITH LANDOWNERS INTERESTED IN PILOT
PROJECTS
Several other landowners came forward during the plan development
process and expressed an interest in implementing some type of integrated
resources management on their land. In many cases, an existing problem
with flooding, erosion, or lack of habitat motivated them to pursue integrated
management. The amount of information about existing site conditions was
highly variable at the time this plan was prepared, and the extent to which
appropriate combinations of implementation measures could be selected
was limited. With a site visit and a small amount of conceptual design effort,
plans for these sites could be developed to the same extent as the featured
sites described above.

•

Willow Slough Watershed
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Lower Union School Slough Channel Modification and
Revegetation. Enlargement and complete vegetation removal along
a reach between Road 29 and the confluence with Willow Slough
in summer 1995 has redirected flood overflow and caused erosion
near a 90-degree bend in the channel alignment. This project would
create a stream terrace that cuts the sharp corner and allows a
smoother hydraulic transition. Excavated subsoil would be used to
rebuild eroded sections of dirt road and build new berms in scoured
areas. Topsoil would be placed on the terrace, and riparian vegetation
would be planted. A tailwater pond could be constructed on the
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terrace because the sharp bend in the channel is at the low corner of
the adjacent field. A second culvert would be installed where the
dirt road crosses the terrace to decrease overbank flooding along
the upstream reach.
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•

Habitat Pond at Rural Residence. A rural resident on Road 97
near Willow Slough would like to convert half of a 2-acre parcel
into habitat, including a pond. Rainfall runoff from an adjacent field
is available to supply a pond in winter. Tailwater may be available
in summer. This project could demonstrate opportunities for
integrating onsite drainage management with habitat enhancement
in a rural residential setting.

•

Rich Fields Farm. This small farm on Dry Slough near Road 30
has experienced flooding and erosion problems in recent years. The
owners are interested in channel modifications and revegetation to
create a small shallow water habitat area and a hedgerow and to
decrease their use of agricultural chemicals.

•

Union School Slough. Union School Slough is congested with
cattails, blackberries, and accumulated sediment between Roads 95
and 96, resulting in significant flooding of adjacent fields in 1995
and 1996. Historical realignment of the channel where it crosses
Road 96 resulted in several sharp bends that are also prone to
overbank flow. The landowner would like to remove shrubby inchannel vegetation, retain larger trees for shade, and create a terrace
along the north bank of the cannel. Ideally, the Yolo County Public
Works Department would install a new culvert under Road 96 to
eliminate the sharp bend in the channel alignment.

•

Scott Ranch. This 1,400-acre ranch near Road 29 along the
headwaters of Union School Slough includes rolling foothills ideally
suited for habitat ponds and an area of blue oak woodland. Much of
the ranch is already enrolled in the CRP, but there are opportunities
for habitat ponds and range improvements.
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This watershed plan is not the first effort on the part of local landowners
to investigate and implement improved resource management techniques.
Information about existing programs and concurrent projects related to
integrated resources management was collected to ensure that the various
efforts are coordinated and do not unnecessarily duplicate each other. Table
8-1 lists recent, current, and planned habitat restoration projects in or near
the Willow Slough watershed. The table includes only major projects; small
projects such as tailwater ponds, hedgerows, roadside strip revegetation,
and canal levee revegetation are not included.

This plan complements
exiting resource
menagement efforts.

Several efforts are currently underway to manage flooding in Yolo
County. The U.S. Army Corps of Engineers (Corps) completed a
reconnaissance study that investigated flooding and related water resources
problems along the westside tributaries to the Yolo Bypass, including Cache
Creek, Willow Slough, and Putah Creek (U.S. Army Corps of Engineers
1994). Although this study included the Willow Slough watershed, the
level of analysis was broad. The Corps has continued with follow-up studies
of Cache Creek and Putah Creek. The Willow Slough watershed was
dropped from further analysis because of insufficient funding and a smaller
risk of urban flood damage. The Corps’ studies of Cache Creek have been
divided into two parallel efforts. One is to develop a Coordinated Resource
Management Plan for the Cache Creek watershed, with YCFCWCD as the
local sponsor. The other is a feasibility-level analysis of flood protection
measures for the City of Woodland. Both of these studies were in progress
at the time this plan was prepared. The Corps also completed a
reconnaissance report investigating flooding in the town of Winters (U.S.
Army Corps of Engineers 1995). The City of Winters has volunteered to be
the local sponsor for a feasibility-level analysis of flood control alternatives
(Cowan and Davies pers. comm.).
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The Yolo County Floodplain Management Working Group was formed
in 1995 in response to the large floods in January and March of that year.
The group is a coalition of agencies with interests in flood management,
including YCFCWCD, YCPWTD, California Office of Emergency Services,
NRCS, and staff representatives from all of the cities, towns, and reclamation
districts in the county. In addition to developing local strategies for flood
management, emergency response, and public education, the group is
preparing coordinated applications for funding from the Federal Emergency
Management Agency’s Hazard Mitigation Grant Program to design and
build flood control structures. Some of the key projects for which funding
has been requested are listed in Table 8-2.
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Construction of ponds, alteration of vegetation or channel shape along
sloughs, and activities affecting flooding or endangered species are regulated
under local, state, and federal ordinances and statutes. Many of these activities
require permits in some or all cases. The large number of agencies and
regulations that would potentially be involved in obtaining approval for
implementing one of the management measures described in this plan is a
significant deterrent for landowners interested in improved resource
management.

The permitting process
is not necessarily as
difficult as is commonly
believed.

The permitting process that landowners are supposed to follow is not
necessarily as difficult as is commonly believed. Although many of the
activities included in the implementation measures fall within the purview
of various regulations, they would not create the kind of adverse effects the
regulations are designed to prevent. For example, Section 404 permits
regulating stream channel modifications are designed primarily to prevent
decreases in stream conveyance capacity, whereas the implementation
measures considered here would only increase capacity. Similarly, the state
and federal Endangered Species Acts are designed to prevent habitat
destruction, whereas these implementation measures would almost always
result in an overall increase in habitat.
Permitting agencies also have considerable discretion in choosing when
and how they enforce regulations and selecting terms and conditions for
permits. Because the explicit purpose of integrated resources management
is to improve flooding, water supply, and habitat conditions, agencies will
tend to look favorably on landowners’ applications and issue permits readily
and without burdensome requirements.
The principal regulations that might apply to the implementation
measures described in this plan are shown in Table 9-1 and are described
below. These descriptions present the specific legal requirements in order
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to accurately inform landowners and local agencies of their potential legal
obligations and liabilities. In practice, the regulations allow room for
interpretation, and agencies are often more moderate and reasonable in
enforcing the regulations than the descriptions might imply.
Fortunately, landowners and many agencies agree that the regulatory

process for watershed management activities is unnecessarily complex and
onerous. The regulatory maze actually hinders good projects that would
benefit resource management and the environment. The second part of this
chapter describes opportunities for streamlining the regulatory process that
have been viewed favorably by several of the affected agencies.
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RELEVANT EXISTING PERMITS AND REGULARIONS
CALIFORNIA ENVIRONMENTAL QUALITY ACT
CEQA Requirements. The California Environmental Quality Act
(CEQA) requires state and local government agencies to consider the
environmental consequences of projects over which they have discretionary
authority before taking action on those projects (Pub. Resources Code 21000
et seq.). Although some of the measures described in this plan could be
implemented directly by public agencies (e.g., DFG might purchase land or
easements to create habitat areas), the issuance of permits and provision of
funding for projects are also considered discretionary actions, which in
practice would apply to most of the implementation activities envisioned in
this plan. In addition, state permits or funding are not required for a project,
CEQA review is not needed. For example, farmers could install tailwater
ponds at their own expense without needing any permits or
environmental review.

CEQA is triggered
when a public agency
has discretionary
authority over a
project.

Activities Exempt from CEQA. Selected activities are exempt from
CEQA review, as described in Article 19 of the State CEQA Guidelines,
Sections 15300 through 15329. Implementation measures of the Integrated
Resource Management Plan that could be considered exempt from CEQA
review include:

•

normal agricultural practices on private land,

•

minor alterations to land, and

•

purchase of land for the purpose of preserving or restoring natural
conditions.

Normal agricultural practices on private land, such as prebedding
practices and cross-ripping of fields, would be exempt from CEQA. Creation
of low berms by a landowner to manage floodwater would be exempt as
long as the change does not require a permit under the Yolo County Flood
Damage Prevention Ordinance, which is described below. Construction of
tailwater ponds would also be a normal agricultural activity exempt from CEQA
as long as the amount and duration of stormwater detention does not require
holding a water right from the State Water Resources Control Board (see below).
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Other activities considered exempt include minor alterations in the
condition of land, water, and/or vegetation that, except for forestry and
agricultural purposes, do not involve removal of mature scenic trees,
including grading on land with a slope of less than 10% and excluding
wetlands and waterways (State CEQA Guidelines, Section 15304). This
exemption would apply to field-grading activities but not to vegetation
clearing or grading in slough channels.
Purchase of land or easements and transfers of ownership for the
purpose of preserving or restoring natural conditions are exempt from CEQA
review (State CEQA Guidelines, Sections 15313 and 15325). This exemption
would apply, for example, to the purchase of a parcel of agricultural land by
a public agency for the purpose of creating a permanent wetland or to public
funding of seasonal flood easements to create seasonal wetlands.

An appropriate
CEQA document for
this plan would be a
program EIR.

Use of Program EIRs and Actions Requiring Subsequent CEQA
Review. This integrated resources management plan, for example, would
be considered a program that envisions implementation of numerous actions,
such as constructing impoundments, modifying slough channels, and altering
natural vegetation. An appropriate CEQA document for this plan would be
a program EIR that would evaluate the potential environmental impacts of
such projects, both individually and cumulatively. If, after completion of a
program EIR, a landowner later came forward with a proposal to create a
pond at a particular location or to clear or plant riparian vegetation along a
particular reach of slough, no further CEQA compliance would be required
if the lead agency for the program EIR finds that no new impacts could
occur or no new mitigation measures would be required. Subsequent small
projects that represent actions considered in a program EIR do not need
site-specific CEQA compliance (i.e., a negative declaration or a focused
EIR) unless they would create environmental impacts not considered in the
program EIR.
In the context of this plan, the most likely reason for needing
subsequent, project-specific CEQA compliance would be the occurrence of
site-specific conditions not identified in the program EIR, such as the
presence of an endangered species at the site. State CEQA guidelines
recommend that the lead agency use a written checklist or similar device to
document the evaluation of the site and the activity to determine whether
the environmental effects of the activity were covered in the program EIR
(Section 15168[c][4]). Because a principal purpose of this plan is to improve
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overall habitat conditions throughout the watershed, the plan would generally
be “self-mitigating” for localized adverse impacts, although additional
mitigation may be needed if endangered species are found at the site or other
significant impacts in other resource areas would result from the activity.

STREAMBED ALTERATION AGREEMENTS
Any person or governmental agency proposing any activity that will
divert or obstruct the natural flow or change the bed, channel, or bank of a
river or stream, or proposing to use any material from a streambed, must
first notify DFG of the proposed activity. Based on the information submitted
by the applicant and a possible field inspection, DFG will negotiate a
Streambed Alteration Agreement with the applicant that is designed to protect
and conserve fish and wildlife resources. Several aspects of the Agreement
program are particularly important to this plan:

Streambed Alteration
Agreements are not
intended to prevent
channel maintenance
for flood control.

•

The intent of the program is not to prevent landowners from
undertaking essential activities to maintain flood conveyance
capacity in a channel, for example, but rather to work with the
landowner to perform the activities in a way that minimizes adverse
effects on habitat.

•

DFG interprets its jurisdictional authority to include any work within
the 100-year floodplain of a stream. For slough channels in the
Willow Slough watershed, this jurisdiction can be presumed to
include the entire stream channel.

•

Because Streambed Alteration Agreements are non-discretionary,
DFG may not deny an agreement. From a CEQA standpoint, because
issuance of an Agreement is not a discretionary action by a public
agency, CEQA review is not required.

•

If DFG and the landowner cannot agree on the terms of the
agreement, the landowner can request an arbitrator to resolve
differences and reach a mutual agreement.
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The applicant is required to pay a nonrefundable application
fee of $132, plus a processing fee of up to $1,059, depending on the
cost of the project.

SECTION 404 PERMITS
Under Section 404 of the Clean Water Act, the Corps has jurisdictional
authority over placement of dredge or fill material in waters of the United
States. In the case of the Willow Slough watershed, waters of the United
States include any channels that convey natural runoff, including intermittent
streams, even if they have been historically realigned. Artificial channels
that convey only irrigation water are not included.
Within stream channels, a Section 404 permit would be needed for
any discharge activity below the ordinary high water level, which is the
water level at a flow equal to the mean annual flood event. The term
“discharge activity” includes excavation, vegetation removal, placement of
structures, and any activity that would affect the surface water conveyance
or capacity of the channel.
Section 404 provides for exemptions from permitting and general or
“nationwide” permits that are easier to obtain than individual permits.
Exemptions are granted for:

•

normal farming practices (plowing, seeding, harvesting) in areas
that are already cultivated,

•

maintenance of existing dams and dikes,

•

construction or maintenance of stockponds and irrigation ditches,

•

maintenance of nonjurisdictional drainage ditches, and

•

construction of farm roads.

Nationwide permits are a type of streamlined Section 404 permit that
applies to certain types of activities. Nationwide permits that could be
applicable to implementation measures described in this plan include:
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•

Nationwide Permit 13 - Minor Bank Stabilization. This permit
applies to bank stabilization activities necessary to prevent erosion.

•

Nationwide Permit 14 - Minor Road Crossings. This permit applies to road crossings with culverts or bridges that affect less than
_ acre of waters of the United States and no more than 200 linear
feet of fill in wetland areas.

•

Nationwide Permit 26 - Isolated Waters and Headwaters. This
permit allows placement of fill in small headwaters streams that
have a mean annual flow of less than 5 cfs and for projects affecting less than 10 acres of waters of the United States. Dams constructed on small drainages in the foothills area, for example, may
qualify for authorization under this permit. The valley floor reaches
of the major sloughs might have mean annual flows greater than 5
cfs, but data are not available to confirm this possibility.

•

Nationwide Permit 27 - Wetland Restoration Activities. This
permit allows fill by private landowners in altered or degraded
nontidal wetlands for the purpose of restoration. It requires a binding agreement with USFWS or NRCS.

Most of the implementation measures described in this plan would
not require a Section 404 permit. Stockponds created by small dams or
excavation in uplands are exempted. Habitat ponds in the foothills may be
considered stockponds in some cases. In any case, they would likely qualify
for a Nationwide Permit 26. Tailwater ponds constructed in existing fields
would not affect existing wetlands or waters of the United States and are
also exempt because they are a normal farming activity. Seasonal or perennial
flooding of existing agricultural fields for wetlands would not likely adversely
affect existing wetlands. Vegetation removal or channel enlargement above
the ordinary high water mark would not likely be regulated under Section
404. The range improvement measures considered in this plan do not involve
fill or excavation of wetlands or channels.

Most of the implementation measures would
not require a Section
404 permit or would be
covered under a
Nationwide Permit.

The only implementation measures considered in this plan that appear
to require a Section 404 permit are vegetation removal and channel
enlargement activities that occur below the ordinary high water mark in
major slough channels in the valley floor area.
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Section 404 permits can be obtained by contacting the Corps office in
Sacramento and completing an application. Typical processing time is 1
month for a Nationwide Permit and 60 days to 1 year for a regular permit.
There is no fee.
Pursuant to a memorandum of understanding between the Corps, U.S.
Fish and Wildlife Service, U.S. Environmental Protection Agency (EPA),
and NRCS, NRCS has the authority and responsibility for making wetland
delineations on agricultural lands. Landowners who wish to retain their U.S.
Department of Agriculture benefits may not destroy or alter the hydrology
of these wetlands.
The State Water Resources Control Board (SWRCB) reviews all
Section 404 permit applications and can deny them or attach additional
terms and conditions. Through this mechanism, compliance with state
and federal nonpoint source pollution regulations is incorporated
into Section 404 permits.

DAM SAFETY

Few, if any, ponds or
wetlands would be

Impoundments with a capacity of 15 acre-feet or less (regardless of
dam height) or a dam height of 6 feet or less from the thalweg at the
downstream toe of the dam to the maximum possible water surface elevation
(regardless of capacity) are not regulated by the California Department of
Water Resources, Division of Safety of Dams (DSOD) (California Water
Code Division 3, Sections 6000-6470). Dams up to 25 feet high are not
regulated as long as the capacity is less than 50 acre-feet. Thus, few if any
stockponds and flooded valley floor projects that would be considered under
this plan would be regulated by DSOD.

regulated by DSOD.

WATER RIGHTS
A water right issued by the SWRCB is required for storage of more
than 5 acre-feet of runoff or streamflow for periods greater than 30 days.
The landowner or agency proposing to store the water must file an application
with the SWRCB describing the amount of the proposed storage, the location
of the point of diversion, the season of diversion, the type of use, and other
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relevant details. The SWRCB publicly announces the application, which is
subject to protest. Typically, competing local water users, centrally located
downstream water users, and environmental groups file protests. Because
the impoundments envisioned in the watershed plan would be detaining
only stormwater during the rainy season, there would not likely be any
competing local water users. Water users in the Delta routinely protest water
rights applications for any streams in the Sacramento River basin. The
SWRCB requires that DFG review all applications and that CEQA
documentation be completed and mitigation measures identified prior to
approving a water rights application.
The applicant is required to pay a $100 application fee to the SWRCB
and an additional fee to pay for DFG review (approximately $850). Obtaining
final approval for a water right application can require anywhere from several
months to many years, depending on the number and complexity of protests
that are filed.

ENDANGERED SPECIES ACT
The federal Endangered Species Act (ESA) and California Endangered
Species Act (CESA) prohibit the “take” of any species listed by the USFWS
or DFG as threatened or endangered. This includes actions that directly kill
the organism or that adversely modify its habitat or jeopardize its continued
existence at the site. The ESA requires that federal agencies consult with
the Secretary of the Interior to determine whether their proposed actions
would jeopardize listed species. An “incidental take” exemption can be
granted if the taking is incidental to a project’s purpose and if approved
mitigating terms and conditions are met.
CESA is similar to ESA. It directs state lead agencies to reject proposed
projects that would jeopardize listed species or destroy habitat essential to
their existence if reasonable and prudent alternatives are available. Unlike
ESA, CESA does not protect rare plants. It also has a narrower definition of
“take” that prohibits only hunting, pursuing, capturing, or killing the listed
animal. Habitat modification is not prohibited. Incidental take permits are
not provided for under CESA.

Willow Slough Watershed
Integrated Resource Management Plan

Jones & Stokes Associates, Inc.
May 3, 1996

Chapter 9. Permits and Regulations

The “Safe Harbor”
program protects
landowners from
future liability under
ESA and CESA.

9-10

DFG and USFWS are developing a “safe harbor” program to protect
landowners who create new habitat from future liability under ESA and
CESA. Under this program, existing conditions on the landowner’s property
are documented and serve as a reference condition for future comparison. If
the landowner creates new habitat from cultivated or fallow agricultural
fields and later decides to clear and recultivate that land, the landowner is
protected from prosecution in the event that an endangered species has
become a resident of the habitat area. This program does not allow clearing
of habitat areas that existed at the time of the agreement. In the case of
rangeland, a qualified biologist must first verify that the rangeland does not
already host a listed species (such as a Swainson’s hawk) prior to
development of new habitat. The protection afforded by the safe harbor
program also extends to cultivated or fallow land on neighboring parcels
within one-half mile of the applicant’s new habitat area.
The safe harbor program is being developed for the San Joaquin Valley
and is expected to be available to interested landowners in 1996. There is
interest among landowners and within DFG to extend the program as soon
as possible to include the Sacramento Valley (Zezulak pers. comm.). For
many local landowners, implementation of a safe harbor program that
includes the Willow Slough watershed is considered an essential prerequisite
for their participation in habitat improvements on their land.

HISTORICAL PRESERVATION

blue elderberry

If federal land, funding, or permits are involved in a project, such as a
Clean Water Act Section 404 permit from the Corps for slough channel
enlargement, the involved federal agency is responsible for complying with
Section 106 of the National Historical Preservation Act (NHPA). Compliance
with the NHPA is triggered as much by which agencies are involved in the
project and whether other permits are needed as by the type and location of
the project. If the project has the potential to adversely affect cultural
resources, Section 106 requires that a cultural resources survey of the
potentially affected area be completed. A report documenting the results of
the survey must be submitted to the federal agency that is funding or
permitting the project. This agency then submits the report to the State
Historic Preservation Officer (SHPO). If the survey and report are found to
be adequate, SHPO submits an approval letter to the lead federal agency,
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thereby allowing the agency to proceed with permitting or funding the
project. SHPO also files the report with one of the regional information
centers of the California Historical Resources File System.
Implementation measures considered in this plan that might need to
comply with Section 106 rules include enlargement of slough channels,
inundation of new areas, and construction of ponds. Measures that are
exempted from other regulations as normal agricultural activities may by
extension be exempted from compliance with NHPA.
The presence of cultural resources is not always obvious. Native
American artifacts or remains from more recent settlers may be buried
beneath the land surface. Even canals and ditches can qualify as cultural
resources. Similarly, adverse impacts may not be apparent. For example,
inundation usually leads to rapid decomposition of buried artifacts.
The steps for completing a cultural resources survey that meets the
requirements of Section 106 are as follows:

•

define the area of potential effects (APE),

•

notify traditional cultural leaders of Indian tribes and other potentially interested parties,

•

conduct a records search to see if the APE has already been surveyed or if there are any recorded sites in the APE,

•

conduct a site survey of the APE if one has not already been performed,

•

document any artifacts that are found during the survey,

•

develop recommendations for additional survey or preservation
work if cultural resources are found during the survey, and

•

complete a cultural resources report documenting all of the above
actions.

Evaluation of potential impacts on cultural resources is also required
by CEQA. Thus, if there is no federal involvement, the CEQA lead agency
is responsible for protecting cultural resources. Section 106 rules are more
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stringent than CEQA requirements, so EIRs may simply incorporate or refer
to the cultural resources report prepared under Section 106. If a Section 106
report has not been completed, it is prudent to assume that it will eventually
be needed so the cultural survey for the EIR should be completed according
to the Section 106 standards. An EIR might also include mitigation measures
to protect cultural resources, such as requiring that construction cease and
an archaeologist be consulted if artifacts are found.

YOLO COUNTY FLOOD DAMAGE PREVENTION ORDINANCE

The focus of the flood
ordinance is on
preventing development of structures in
the 100-year floodplain.

This ordinance requires that a development permit be obtained from
the YCCDA for all subdivisions, construction, and development in special
flood hazard areas. Special flood hazard areas include all areas classified as
zones A, AO, AI-30, and AE on the 1988 (or subsequent) Flood Insurance
Rate Maps for Yolo County. However, the ordinance allows the Board of
Supervisors to include additional flood-prone areas based on the results of
flooding studies and the recommendation of the YCCDA. Development is
interpreted to include grading and any alteration or relocation of a
watercourse. The principal focus of the ordinance is to prevent the placement
of new or substantially improved structures in areas where the lowest floor
is below the 100-year flood level.

OPPORTUNITIES TO STREAMLINE EXISTING
REGULATIONS AND PERMITTING PROCEDURES
Ironically, most of the regulations that apply to implementation
measures considered in this plan were created to achieve the same objectives
as this plan; namely, to decrease flooding problems, manage water supplies,
and protect habitat. Thus, one would expect that regulatory agencies would
in general not find the measures objectionable and would readily issue
permits. Furthermore, when viewed as a whole, the plan would probably be
considered self-mitigating. That is, localized or temporary impacts such as
selective vegetation clearing or excavation for channel enlargement would
be more than mitigated by the overall, long-term increase in habitat that
would be achieved throughout the watershed. Finally, issuing individual
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permits for each of the numerous small projects that would be initiated to
implement this plan would be tedious and expensive for the agencies. Thus,
because of the shared resource management objectives, the self-mitigating
nature of the plan, and the opportunity to reduce paperwork, agencies would
probably look favorably on proposals to simplify or streamline the
permitting process.
Conceptually, the permitting process could be simplified in two ways.
These are shown diagrammatically in Figure 9-1. Under the present system,
represented by the upper diagram, landowners are responsible for
determining which permits are needed and obtaining their own individual
permits from each of the regulatory agencies.
One alternative approach, represented by the middle diagram, would
be to have a blanket permit for the entire watershed issued by each permitting
agency to a single local agency. Individual landowners would then need to
contact only the local agency and subscribe to the terms and conditions of
the blanket permit to receive authorization to proceed with the permitted
activity. This approach would be especially appropriate in cases where the
terms and conditions for individual permits would be more or less the same
for all locations in the watershed. The advantage to this approach from a
landowner’s perspective is that the local agency would have already
completed most of the work needed to obtain permits from the agencies,
almost no processing time would be needed, and fees would be greatly
reduced or eliminated (assuming that the local agency needs to pay only
one fee to obtain the blanket permit).
A second alternative approach, represented by the lower diagram,
would be to issue individual permits to individual landowners but have a
local agency serve as an ombudsman or broker for the various permitting
agencies. From a landowner’s perspective, the permitting experience would
be similar to that of using a real estate broker to buy a house. The broker
would be familiar with all of the applicable regulations and would have all
of the necessary paperwork assembled to enable the landowner to file for all
of the permits at once. If the local agency assembled several applications
and submitted them in one batch, the administrative workload at the
permitting agencies would be streamlined.
In the course of preparing this plan, several of the permitting agencies
were contacted to determine whether they would be receptive to either of
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these alternative procedures for the Willow Slough watershed. The response
was mixed. In some cases, opinions even differed among staff of the same
agency. It appears, however, that some of the agencies would definitely
consider a proposal to implement one of the alternative approaches. One
official at DFG was enthusiastic about the idea of issuing a blanket permit
for vegetation management along sloughs. This official suggested that a
memorandum of understanding (MOU) could be signed with a local agency
that would supersede the Streambed Alteration Agreement Process and
specify watershed-wide terms and conditions for vegetation management
along sloughs. To be covered under the MOU, landowners would simply
agree to abide by the terms and conditions of the MOU and cosign it at the
local agency office (Zezulak pers. comm.). The same official also suggested
the possibility of including the Safe Harbor program procedures within the
same MOU. Officials at the SWRCB supported the idea of streamlining the
water rights application process for large numbers of small impoundments
in the same watershed, but they differed in their opinions about the most
feasible streamlining strategy (Dito and Falkenstein pers. comms.). One felt
that the SWRCB might entertain a proposal to issue a blanket permit for
some total amount of water storage in the watershed a reasonable procedural
details could be worked out with SWRCB attorneys. Another felt that the
blanket permit approach might not be feasible, partly because the point of
diversion and amount of storage must be exactly identified under the existing
water rights system and partly because some environmental concerns cannot
be addressed except at a site-specific level.

A single MOU could
satisfy the substantive concerns of the
various regulatory
agencies.

In light of the above review of regulatory requirements and the input
from agency officials, it appears that the substantive concerns regarding the
implementation measures considered in this plan are that the overall quantity
and quality of riparian and wetland habitats in the watershed be maintained
or enhanced, that endangered species and cultural resources not be adversely
impacted, and that flood hazards not be increased. A MOU signed by DFG,
USFWS, the Corps, SWRCB, SHPO, Yolo County, and the designated local
agency might satisfy the substantive concerns and meet the objectives of
the regulations if it covered the following components:
•

Willow Slough Watershed
Integrated Resource Management Plan

Program EIR. A program EIR would be completed to evaluate
the overall impacts of the plan at the watershed scale. YCCDA would
be an appropriate lead agency for such an EIR.

Jones & Stokes Associates, Inc.
May 3, 1996

Chapter 9. Permits and Regulations

9-15

•

Individual site inspections. Endangered species and cultural resources impacts are very site-specific and cannot be adequately
addressed by a program EIR. After an individual site has been identified for vegetation removal or habitat enhancement, a DFG biologist would visit the site. In the case of vegetation removal, the purpose of the visit would be to ensure that no existing endangered
species would be adversely affected beyond the amount agreed to
in the overall plan. In the case of habitat enhancement, the purpose
of the visit would be to document baseline conditions for enrolling
the site in the Safe Harbor program. After sites have been identified
that involve excavation or dam construction, a qualified archaeologist would visit the site to survey it for cultural resources and give
appropriate guidance to meet the objectives of NHPA. These inspections would meet the need for complete environmental review
under CEQA and address the principal concerns of DFG, USFWS,
and SHPO.

•

Design criteria for implementation measures. The MOU could
include itemized terms and conditions specifying design criteria
and implementation methods for removing vegetation along sloughs,
modifying slough channels, and constructing impoundments, as
requested by the signatory agencies.

•

Limitation on channel modifications. Implementation measures
whose sole purpose is to increase flood conveyance capacity in
channels, such as vegetation removal and channel enlargement to
create benches with riparian habitat, would be approved on a blanket basis. Impoundments would be limited to combinations of dam
height and storage capacity that do not require approval by the
DSOD. In-stream impoundments on major sloughs to provide
stormwater detention would be reviewed by a qualified engineer to
ensure that the risk of flood damage is not increased for any nearby
buildings, roads, or other structures. This review would address the
principal concerns of the Corps and the Yolo County Flood Damage Prevention Ordinance.

•

Periodic implementation reports. The designated local agency
would periodically report on the cumulative extent of plan implementation. In particular, the report would document the amount
and type of habitat created or enhanced under the plan and the

Willow Slough Watershed
Integrated Resource Management Plan

Jones & Stokes Associates, Inc.
May 3, 1996

Chapter 9. Permits and Regulations

9-16

amount of vegetation clearing completed in sloughs to ensure that
there is a net improvement in overall habitat conditions. The report
would also record the locations and amounts of storage developed
in the watershed for habitat and flood control purposes. The results
of monitoring programs could also be included to document increases in wildlife populations, improvements in water quality, decreases in slough maintenance costs, decreases in flood problems,
and other indicators of successful resources management. The periodic reports would meet the needs of SWRCB to approve water
rights issues and of all agencies requiring mitigation of impacts.
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Habitat enhancement is not a high priority for most farmers in the
watershed, and slough maintenance is felt to be a burdensome task. Although
most farmers would be happy to have improved habitat conditions on their
land and would greatly appreciate improved flood management, they have
little time or money available to pursue those objectives themselves. Without
outside assistance, many farmers would simply be too busy to implement
resource enhancement measures, even in the absence of regulatory
restrictions. Fortunately, there are numerous state, federal, and private
programs to assist landowners in implementing such measures. All of the
implementation measures described in Chapter 5, “Implementation
Measures,” could potentially receive funding or technical assistance by one
or more of these programs.

There are numerous
state, federal, and
private programs available to assist landowners
in implementing resource anhancement

It is clear that two key ingredients for improving conditions in the
watershed are present: landowner willingness and agency support. An
important purpose of this plan is to bring those ingredients together so that
integrated resources management can become a reality.

measures.

Table 10-1 describes a number of public and private conservation
programs designed to provide economic incentives for natural resource
conservation on private lands. The table also indicates the name of the
managing agency; the type, amount, and term of available assistance; and
whether funds can be matched with those from other programs. The programs
provide incentives for water quality protection and improvement, flood
hazard reduction, groundwater recharge, erosion and sediment control, and
habitat protection and restoration. The programs include a variety of incentive
mechanisms such as tax breaks, wetland easements, direct financial
assistance, and technical assistance. The desirability of a particular approach
depends on the landowner’s needs, the location of the property, the type of
wildlife habitat in the area, the types of measures to be implemented, and

Willow Slough Watershed
Integrated Resource Management Plan

Jones & Stokes Associates, Inc.
May 3, 1996

Chapter
10.Permits
Assistance
Programs
Chapter 9.
and Regulations

10-2

land use on the surrounding lands (California State Coastal
Conservancy 1994). For example, the conservation issues and
potential implementation measures for rangeland in the upper
watershed differ from those affecting agricultural land on the valley
floor, and there may be corresponding differences in the most
appropriate assistance programs. In most cases, government
programs and those of private conservation organizations
complement each other and provide the private landowner with
many alternatives from which to choose. An excellent source of
additional information on assistance programs is “Options for
Wetland Conservation: A Guide for California Landowners”
(California State Coastal Conservancy 1994).
In recent years, many conservation programs have shifted their
emphasis from single purpose, site-specific practices to integrated
resource management on a watershed scale. In particular, projects
that forge partnerships among private landowners and local agencies
throughout the watershed have a better chance of receiving financial
and technical support.
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Monitoring of physical and biological conditions in the watershed
would be extremely valuable as a means of further understanding and
documenting resource problems, improving the accuracy of analysis tools,
evaluating the effectiveness of integrated resources management
implementation measures, and detecting long-term trends in the health of
the watershed. Specifically, monitoring is needed to:

Monitoring is needed to
understand resource
problems and evaluate

•

continuously record basic hydrologic and water quality variables
such as meteorology, streamflow, sediment discharge, and pollutant concentrations,

•

measure relevant parameters at specific project sites to evaluate the
effectiveness of implementation measures, and

•

measure variables related to
erosion and sedimentation to
identify the dominant factors
affecting those processes in
the watershed.

the effectiveness of
implementation measures.

Several programs and projects
are already in place that are directed
toward fulfilling some of these
monitoring needs. A “grassroots
team” of technical staff in the
Division of Water Quality at SWRCB
has recently taken on the role of
providing technical assistance to local
agencies to develop watershed
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monitoring programs to improve water quality management related to
nonpoint- source pollution. The team has selected the Willow Slough
watershed for one of its first projects and is working with the Yolo RCD to
develop a monitoring program. The team recently submitted a proposal to
the EPA, Region 9, for funding under the Pollution Prevention to States
program. The team’s proposal is consistent with EPA’s new emphasis on
watershed-scale monitoring (Liu pers. comm.).
The Center for Ecological Health Research at U.C. Davis has substantial
expertise in measuring and interpreting environmental parameters. The
Center has joined the SWRCB’s effort to develop and implement a
monitoring program for the Willow Slough watershed (Rolston pers. comm.).
The grassroot team’s proposal focuses on monitoring the effectiveness
of implementation measures. Their proposed program would include
program design as well as various types of field measurements, sample
collection, and data interpretation. The latter activities would be
performed primarily by the Center for Ecological Health Research. The
program does not include long-term monitoring of some basic parameters
such as streamflow.
Yolo RCD is also sponsoring a small program to train local volunteers
to measure streamflow, sediment transport and channel morphology, and
stability along sloughs. The instructor is Eric Larsen, a fluvial
geomorphologist at U.C. Davis.
The process of completing the technical analysis for this plan provided
substantial insight into the quality and completeness of existing data on the
watershed. It also revealed areas of substantial uncertainty or lack of
understanding regarding the condition of the watershed and the physical
processes that operate within it. With this knowledge, a set of
recommendations were developed for the most useful parameters,
measurement locations, and analysis methods to meet the three monitoring
objectives listed above. These recommendations are presented in Appendix
B, “Watershed Monitoring Program.”
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Cohen, State Water Resources Control Board.
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Transportation Department, Woodland, CA. October 10, 1995 - meeting
with Gus Yates.

Willow Slough Watershed
Integrated Resource Management Plan

Jones & Stokes Associates, Inc.
May 3, 1996

Chapter 12. Citations

12-9

Wiswell, Austin. Manager. Yolo County Airport, Woodland, CA.
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This plan reflects the participation and contributions of many
individuals throughout the planning process. Without their dedication and
enthusiasm, it would not have been possible to prepare a complete and
accurate plan that truly reflects the wishes of the community. Active
participants are listed here to acknowledge them for their efforts.

STATE AND LOCAL AGENCIES
YOLO COUNTY RESOURCE CONSERVATION DISTRICT
Katy Pye
Paul Robins
Chris Rose
John Anderson
Bruce Rominger
Fritz Durst
Tom Muller

CALIFORNIA STATE WILDLIFE CONSERVATION BOARD
Marilyn Cundiff-Gee
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YOLO COUNTY FLOOD CONTROL AND WATER CONSERVATION DISTRICT
Christy Barton
Jim Eagan
Charlie Pully

YOLO COUNTY COMMUNITY DEVELOPMENT AGENCY
Steve Jenkins
Kevin Yarris

YOLO COUNTY DEPARTMENT OF PUBLIC WORKS

AND

TRANSPORTATION

Tom Tracy
Bruce Newmann
Tom Wade

NATURAL RESOURCES CONSERVATION SERVICE
Phil Hogan
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CONSULTANTS
JONES & STOKES ASSOCIATES, INC.
Greg Sutter .......................................................... Principal in Charge
Gus Yates .........................................Project Manager and hydrology
Jay Stallman ............................... Soils, physiolography, and funding
Sheri Brown ................................................ botany and graphic artist
Gregg Roy ......................................................................... economics
Ed Whistler ............................................................................ wildlife
Lisa Larrabee ................................................................. permit issues
Dana McGowan ............................................................ permit issues
Barry Scott .................................................................... permit issues
Ellyn Davis .................................................................... permit issues
Kathryn McDonald ................................................................... editor
John Anderson ................... word processing and desktop publishing
Mary Engbring ......................................................................graphics
Tony Typich .......................................................................... graphics
Bev Fish ....................................................................... reprographics

BORACALLI & ASSOCIATES, INC.
Lee Frederiksen
Dan Tibbitts

LANDOWNERS, FARMERS, AND THE GENERAL PUBLIC
The following individuals completed questionnaires, commented
on the draft plan, supplied written information, or were interviewed
during the course of the planning process. Over 50 additional people
attended the public meetings.
Richard Bailey, Taffy and Everett Bandman, Howard Beeman Jr., Mike
Beeman, Jim Borchard, Michael Bowling, Stuart and Deanne Buchan, Heath
Carney, Duane Chamberlain, BillDoughty, David Dumars, John Freeby,
Joe Gnoss, Jim Heidrick, Joe Heidrick, Dan and Sarah Hrdy, Kenneth Kerr,
Bob and Patti Powell, Turid Reid, Lois Richerson, Charlie Rominger, David
Scheuring, Rogers Seed Co., Renee Sharokh, John Stephens, Scott Stone,
Hank Stone, Ken Tate, Randy Timoty, Tony Turkovich, John Yates.
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Yolo County RCD .......................................... Figures 2-14, 5-2, 5-3, 5-4,
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5-10 (upper left), 5-12 (upper), 7-2(a), 7-5
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Concepts developed to date for watershed monitoring are described below
and can be divided into three general categories: routine monitoring of “vital
statistics” for the entire watershed, monitoring to document the effectiveness of
specific implementation measures, and monitoring to investigate erosion and
sedimentation processes.

ROUTINE MONITORING OF “VITAL STATISTICS”
A. Streamflow
It would be relatively feasible to gage runoff from the upper watershed area
because the drainage networks for each principal slough converge into a single
large channel upstream of Winters Canal. Overall runoff from the valley floor part
of the watershed would be very difficult to gage because of the numerous
interconnecting laterals, overland flow between sloughs during floods, potential
inflow from the Cache Creek system via Moore Canal, and losses of flood flows to
Putah Creek in the vicinity of Winters. Thus, it is difficult to maintain conservation
of mass except along short reaches of individual sloughs. Nevertheless, a downstream
station would be useful to quantify the net result of these various inflows and outflows.
Runoff from the valley floor may be easier to estimate by monitoring selected
fields and extrapolating to larger areas. See the monitoring recommendations for
pilot projects.
1. Locations
Chickahominy Slough above Winters Canal
Cottonwood Slough above Winters Canal
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Willow Slough near Highway 113 (mass balance would be more nearly conserved if the gage were above the confluence with Dry Slough, thereby eliminating the effects of most of the overflows to Putah Creek)
2. Method
Standard, continuously-recording streamflow gaging station.
B. Sediment Discharge
Bedload and suspended sediment must both be measured to obtain total
sediment discharge. Monitoring is recommended at the same locations as the
streamflow gages. Because of the same conservation-of-mass issues that apply to
flow monitoring, sediment yield from the valley floor might best be monitored by
sampling individual fields. The methods used by the US Geological Survey to
measure sediment discharge in Cache Creek would be appropriate (Harmon 1989)
for this watershed.
1. Locations
Chickahominy Slough above Winters Canal
Cottonwood Slough above Winters Canal
Willow Slough near Highway 113
2. Methods
a. Suspended sediment
Periodically sample water collected at various flow levels throughout the year.
Create a hydrograph of daily suspended sediment load by interpolating with
respect to time and discharge.
b. Bedload
Sample bed material, measure the grain size distribution, and apply the MeyerPeter and Muller method to calculate bedload discharge from measured flow
characteristics.
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C. Biota
A variety of biota types should be monitored to characterize the overall
status of the watershed and to detect trends in biological status.
1. Vegetation
Use some combination of aerial photography and on-the-ground monitoring (revisiting transects or using some form of point sampling at
random locations) to document types, age structure, and percent cover
of vegetation. It might be useful to do this at the same time and DWR
surveys crops (approximately every 7 years). Rephotographic surveys
(pictures taken from the same location over a period of years) would
also be useful.
2. Invertebrates
Sample creeks and wetlands at a number of selected monitoring sites
for benthic, aquatic, and terrestrial invertebrates. Record number and
type of each invertebrate found. Annual surveys are recommended.
3. Fish
Willow Slough is not renowned for its fishery, but some fish probably
reside there. Electroshocking at the same sites as the invertebrate
samples might be the best means of sampling. Annual surveys are
recommended.
4. Birds
The existing programs of the local Audubon chapter might suffice to
indicate the variety and abundance of various bird species. For example, the annual “Christmas count” and birdathons might provide
good geographic coverage and a consistent long-term database for
trend analysis.
5. Wildlife
Some combination of landowner reporting of wildlife sightings and
periodic systematic sampling (track plates, traps, flash-photo “traps,”
etc.) might provide a useful indication of wildlife populations and
distribution.
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6. Other water quality constituents of concern
In addition to sediment, periodic (at least annual) sampling of bacteria, nitrogen, mercury, and selected agricultural chemicals at the gaging stations would
provide a useful indicator of the status and trends of water quality constituents
of concern.
7. Groundwater quality
Groundwater levels are already routinely monitored by YCFCWCD and DWR,
but groundwater quality is not. California Department of Food and Agriculture has a program for monitoring of pesticides. It would be useful to monitor
constituents of known concern that have widespread occurrence, including
dissolved solids, nitrogen, boron, and selenium. Concentrations of these constituents probably change gradually, and sampling a number of wells once
every two to three years would provide a good database for trend analysis.

MONITORING THE EFFECTIVENESS OF IMPLEMENTATION MEASURES
The Willow Slough Watershed Integrated Resources Management Plan
describes a number of implementation measures that would help decrease flooding,
erosion, and sedimentation and increase wetland and riparian habitat and groundwater
recharge. The plan also describes a few recommended pilot projects that will test
and showcase some of these measures. Although it can be deduced from principles
of hydrology and biology and studies done in other areas that the measures will
have beneficial effects, the magnitude of those effects is difficult to estimate.
Systematic monitoring of the effects of the pilot projects would provide a muchneeded basis for identifying the most successful or cost-effective implementation
measures for conditions in Yolo County.
The list of pilot projects is still preliminary. Some of those actively being
considered are listed below, along with thoughts on the most useful type of
monitoring.
Large Seasonal or Perennial Wetland in the Saline-Sodic Soil Area.
This project would provide an opportunity to test or compare various
techniques for establishing a perennial wetland ecosystem in a former
rice field or alternating between winter seasonal wetlands and summer
rice cultivation. These techniques are not the principal focus of our
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study. Some monitoring of performance standards would be appropriate, such as type and quantity of vegetation or amount of waterfowl use.
Stormwater Detention Operation of Field in Lowland Part of the Watershed
This project would include a sediment-retention forebay and a permanent habitat pond. The upper two to three feet of the habitat pond would
provide “operable” flood storage. That is, water above the normal “habitat” water level would be evacuated to the nearest slough by gravity or
pumping between storms.
A useful monitoring program would compare runoff and sediment yield
from the field with the pond and a similar field without a pond. Routing
the outflow from the control field and from the pond through pipes with
totalizing flow meters and manually recording the meters frequently
during storms would be the simplest way to record runoff hydrographs.
Differences in suspended sediment yield could be measured by collecting runoff water samples from both fields during storms and measuring
suspended sediment concentration. Differences in bedload sediment yield
could be estimated by the rate at which the sediment-retention forebay fills
with sediment during storms and during the irrigation season.
Restoration of Riparian Vegetation without Channel Modification
As with the wetland project, we are not proposing new techniques for
establishing vegetation, although this project could be an opportunity
to test some new techniques. The principal need for monitoring would
be to verify that performance standards are met.
Channel Modification for Riparian Habitat and Increased Flood Conveyance
Same as for riparian restoration without channel modification.
Implementation of Multiple Measures in Small Part of Upper Watershed
This project on the Stone Ranch would implement a number of measures simultaneously in a limited area: fencing riparian corridors to
limit livestock access; fencing stock ponds to allow shoreline habitat to develop and piping water from the pond to a nearby trough for
the livestock; converting annual to perennial grassland; enforcing shortduration or seasonally-specific grazing rotations; improving road
drainage design and facilities.
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The best monitoring would be a paired-watershed study in which
streamflow and sediment discharge are monitored at the bottom ends of
the treatment and control watersheds. Monitoring of biota would also
be useful. From a scientific standpoint, our proposed project would not
allow clear isolation of variables because several measures would be
implemented simultaneously.
Foothill Stormwater Detention/Wildlife Habitat Pond with Storage
Operation Capability
The principal difference between our proposed project pond and existing foothills ponds would be the inclusion of a gated outlet that could
regulate water levels and outflow rates in the pond to provide flood
storage.
The parameters most worth monitoring for this project would be pond
outflow hydrographs and differences in shoreline vegetation between
the operable pond and a non-operable control pond. Outflow measurement on the control pond might require installation of a flume and data
logger downstream of the pond.

MONITORING TO INVESTIGATE EROSION AND SEDIMENTATION PROCESSES
I. Purposes
·
·
·
·

Estimate erosion rates at selected field sites
Extrapolate sample data over entire watershed
Identify and rank critically eroding areas
Identify potential land treatment measures and their potential for reducing
erosion
II. Field Work
A. Sheet and Rill Erosion

·

Grid topographic quadrangle in representative portions of watershed (1 inch
cells = 91.8 acres). Sample soils at grid intersections.

·

Use the Universal Soil Loss Equation to estimate sheet and rill erosion rates:
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A = RKLSCP where
A = soil loss in tons per year
R = rainfall factor
K – soil erodibility factor
L – length of slope from point where overland flow begins to point
where overland flow stops or becomes concentrated
S = percent slope
C = cover
P = conservation practice or management measure
B. Streambank Erosion
·

Screen aerial photographs fro representative stream reaches based on stream
order and degree of erosion.

·

Walk each representative reach. Record type and cause of erosion, length
and height of bank, lateral recession rates, and stream order.

·

Estimate erosion based on direct volume method:
Erosion = Eroding Area x Lateral Recession Rate x Bulk Density
2,000 pounds/ton

·

Convert into tons per bank mile per year.

·

Categorize sample segments into non-eroding, slight, moderate, and severe
streambank erosion.

·

Determine percent of sampled streambank miles slight, moderately, or severely eroding.
C. Roadbank Erosion

·

Screen aerial photographs and topographic maps for representative roadbanks.
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·

Walk each representative roadbank. Record type and cause of erosion, length,
height, and lateral recession rates.

·

Estimate roadbank erosion using direct volume procedure described above.

·

Convert into tons per roadbank mile per year.

·

Categorize into non-eroding, slight, moderate, and severe erosion.

·

Calculate percentage of each class for each sample site.
B. Gully Erosion

·

Inventory gullies using aerial photographs and ground truthing.

·

Categorize as small, medium, or large.

·

Sample each of these types in the field. Record type and cause of erosion,
length, height, and lateral and headward recession rates.

·

Apply direct volume method to estimate erosion of headcut and gully banks.

·

Convert size classes to slight, moderate, and severely eroding gullies with
corresponding erosion rates.
III. Extrapolation of Sample Data to Remainder of Watershed
A. Sheet and Rill Erosion

·

Add all of the sample erosion rates for each cover type and divide by the
number of samples to derive an average erosion rate for each cover type
(tons per acre). Multiply the average rate by the acres of each cover type in
the watershed area.

·

See Erosion and Sediment Study of Morro Bay Watershed for second
method-Map Overlay and Statistical Systems (MOSS) used to identify where
problem areas are located.
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B. Streambank Erosion
·

Determine bank miles in the watershed area using GIS

·

Multiply bank miles in the entire watershed by the percentage values for
different classes of streambank erosion severity to convert percentage to
total bank miles eroding. (Assumption is that sample data are representative
of all streams in the watershed.)

·

Multiply bank miles eroding by the erosion rates derived for each class to
calculate tons per year of streambank erosion for each class.

·

Sum total erosion for each class to calculate total streambank erosion in
watershed area
C. Roadbank Erosion

·

Using GIS, determine total miles of roads

·

Multiple total miles of roads by percentage values for each class and erosion rates for each class to calculate total roadbank erosion for each class.

·

Sum erosion for each class to determine total roadbank erosion for watershed.
D. Gully Erosion

·

Determine number of gullies in each size class in watershed and convert to
erosion severity class

·

Multiply number of gullies in each class by the erosion rate for each class

·

Sum to provide total gully erosion in watershed.
IV. Conversion of Erosion Data to Sediment Yield

·

Soils erosion multiplied by sediment delivery ration (SDR) gives sediment yield.
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Use slope continuity method. Draw ten cross sections across the watershed
perpendicular to the main streams. Identify sediment producing and depositional areas based on slope. The SDR equals the total length of producing
areas divided by the total length of the cross sections.
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