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SECTION 1

EXECUTIVE SUMMARY

BACKGROUND

The Watsonville Slough System in Santa Cruz County is an extensive wetland complex which is a
regionally significant habitat area for waterfowl, rodents, amphibians and seed-eating birds. The
slough system has been altered and impacted by encroachment and by other land use and watershed
activities. It has been designated by the State Water Resources Control Board as having impaired
water quality.

In response to the evidence of water quality and other environmental degradation, the Watsonville
Slough System Water Resources Management Plan (Management Plan) was undertaken by the
Association of Monterey Bay Area Governments (AMBAG), with funding from the SWRCB and
the support of the County of Santa Cruz, the City of Watsonville and other resource agencies and
interest groups in the area. The purpose of the Management Plan was to: a) investigate and develop
baseline information on the hydrologic and water quality conditions in the slough system,; b) identify
primary sources of non-point pollution entering the wetland areas; and, c) evaluate and recommend
alternative watershed management practices and other pollution control strategies to improve water
quality while also enhancing the wetlands and water management in the system.

The Watsonville Slough System watershed contains a diverse mix of land uses, including extensive
agriculture and urban development; and it is expected that this mix of land uses will continue to exist
for the foreseeable future. It was not the intent of this study to compare the watershed effects of
urban and agricultural land uses against one another as a basis for shaping future development in the
area; each has their own effects and needs for pollutant control and water resources management.
Any attempt to use the results, conclusions or recommendations of this study to argue for or against
any particular type of future land use conversions is inappropriate.

WETLAND RESOURCES

The Watsonville Slough System is an interconnected series of primarily freshwater, palustrine
wetlands, separated from a smaller coastal salt marsh which joins the Pajaro River near its mouth.
The Watsonville Slough System is generally recognized as the largest and most significant wetland
habitat between Pescadero Marsh in San Mateo County to the north and the Elkhorn Slough in
Monterey County to the south. The slough system contains remnant but, nonetheless, significant
areas of salt-marsh and brackish marsh, riparian and oak woodlands, dune and coastal scrub
communities, bodies of open water and perennial freshwater marsh and seasonal wetlands. The great
diversity of habitats present within the relatively small watershed and its occurrence on the Pacific
Coast flyway make the slough system especially important as a refuge, feeding and resting area for
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migratory, winter and resident waterfowl.

HYDROLOGY

The Watsonville Slough System is composed of a branching network of six seasonally wet
sloughs/wetlands. Watsonville Slough is the main branch, with five other tributary arms (Harkins,
Gallighan, Hanson, West Branch of Struve and Struve Slough) that extend up the eroded valleys of
former marine terraces. About half of the urbanized areas of Watsonville and the town of Freedom
occupy land area in the watersheds of Watsonville, Struve and West Branch Sloughs. The remainder
of the watershed is dominated by primarily irrigated farmland, rural residential development and
intervening open space.

The sloughs themselves are generally shallow, open channels with accompanying broad flat
floodplain/wetland areas that hold, transport and drain the precipitation and irrigation runoff for all
or parts of the Watsonville, Freedom and Larkin Valley areas, as well as the Pajaro Valley farmlands
along Beach Road. The channels are usually less than 35 feet wide with low (two to four-foot)
banks. During the winter these channels rapidly exceed their capacity and spill over into broader
flood plains/wetland areas. Due to the low gradient and runoff velocity, the channels readily
accumulate sediments eroded from the watershed. This requires the channels to be maintained by the
landowners and by the Santa Cruz County Public Works Department (through the Pajaro Storm
Drainage Maintenance District), involving periodic dredging of accumuiated sediment and clearing
of vegetation and debris. However, to date this activity has not been carried out on a regular basis.

There are two pump stations within the sloughs system: (1) on Harkins Slough at its confluence with
Watsonville Slough; and, (2) the main Shell Road pump station, which discharges winter and summer
flows into the tidal reach. These pump stations are operated by float controls to provide winter flood
protection and positive drainage for local agricultural lands during the summer.

Soil erosion in the watershed is significant from the standpoint of sediment deposition in the sioughs
and floodplain/wetland areas, but also due to the transport of nutrients and other pollutants that may
be attached to the soil. During runoff events soils in the slough watersheds are constantly subject to
erosional forces. The Watsonville Slough System has a wide variety of soil conditions and land uses
which are affected by differential amounts of erosion. Human activities such as agriculture and
construction can greatly increase erosion rates. A portion of the hydrologic study involved a review
of existing soil conditions and the application of the Universal Soil Loss Equation {USLE) to develop
rough estimates of erosion potential from different areas of the watershed. The analysis showed the
greatest potential for erosion to be in the hilly agricultural watersheds tributary to Gallighan and
Harkins Slough. The field observation of rills and gullies in the hillsides suggests an excessive erosion
rate that likely exceeds 15 tons/acre per year in localized areas.

To help understand the occurrence and movement of water through the sloughs, a detailed water
budget was developed. The water budget is essentially an input-output model that accounts for all
of the inflow to and outflow from the slough system. It takes into account the rainfall-runoff
relationships, groundwater recharge to both the shallow alluvium and deep Aromas aquifer which
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underlies the Watsonville and Pajaro River area, agricultural irrigation, and evapotranspiration losses.
The water budget was completed and tested for “average”, “wet” and “dry” year rainfall conditions.
In average years, winter runoff peaks at about 1,600 to 1,800 acre-feet per month, and declines to
a minimum summer flow of 100 to 150 acre-feet per month, largely due to shallow groundwater
discharge and irrigation return flow.

WATER QUALITY

Historic Water Quaiity Findings

Degraded water quality conditions in the Watsonville Slough System have been documented by
several studies over the past 15 to 20 years, including on-going monitoring by the County of Santa
Cruz and periodic sampling by the Central Coast Regional Water Board. Identified problems include
those associated with pesticide accumulation in sediments and aquatic organisms, high nutrient levels,
localized algal blooms and, periodically, low dissolved oxygen and toxic levels of ammonia.

The most significant water quality concern in the Watsonville Slough System has been the
accumulation of pesticides and PCBs, which have appeared at elevated concentrations in tissue
sampling of fish and invertebrates (SWRCB, June 1991). This tissue sampling occurred between
1984 and 1993 as part of the State Mussel Watch (SMW) and Toxic Substances Monitoring (TSM)
programs. During this period, twenty-one tissue samples from the Watsonville Slough System were
analyzed for numerous toxic substances. Eleven of the twenty-one samples exhibited levels of one
or more pesticides and/or PCBs that exceeded the National Academy of Sciences (NAS)
recommended guidelines for aquatic organisms. The pesticides for which NAS guidelines were
exceeded included DDT, Chlordane, Dieldrin, Endosulphan, Toxaphene, and Hexachlorobenzene (see
Section 6 and Appendix D for a summary of the SMW and TSM results). Some of the highest levels
of pesticide contamination found in California by the TSM and SMW programs occurred in the
Watsonville Slough System.

Current Water Quality Monitoring

Under the present project water quality monitoring was conducted following compilation and review
of historic water quality data. The sampling stations were selected to verify previous data trends and
to fill "data gaps" with respect to geographic needs and uncertain water chemistry. In general, the
objective was to gather information for all sub-watersheds. Ten sampling stations throughout the
Slough System were selected for inclusion in the monitoring program.

Sampling was conducted at the end of the dry season and during, or soon after, major storm events
during the fall and early winter of 1994. Water quality sampling was completed for one non-storm
period (September 1994) and for three runoff events, one each in October, November and December.
Analyses were completed for a number of standard physical parameters (e.g., pH, conductivity,
suspended solids, etc.), ammonia, nitrate, phosphorous, several metals and various pesticide scans.
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Summary of Water Quality Problems

Based on historic data and findings from the current investigation, following is a summary of the
water quality problems in the Watsonville Slough System.

Sedimentatior. Sedimentation in the sloughs due to soil erosion is a major water quality
problem. The sediments deposited in the slough channels obstruct and alter drainage patterns,
reduce water clarity, blanket vegetation and aquatic organisms, and transport attached
nutrients and pesticides into the receiving waters. Agricultural lands are the primary source
of soil erosion; but erosion also occurs in connection with urban and rural development, as
well as naturally, due to the high erodibility of the sandy soils in the watershed.

Nutrients. Two nutrients, nitrate and phosphate, are found in Watsonville Slough System
at high concentrations. These nutrients can contribute to increased aigal growth with
consequent impairment of water quality for other organisms and from an aesthetic standpoint.
However, no definitive impact on beneficial uses can be determined from these nutrient levels,
since the water in the sloughs does not presently serve as a source of drinking water, and
extensive widespread algal growth and depressed DO levels have not been observed.

Ammonia. Ammonia levels in most of the sloughs generally exceed recommended limits for
sensitive aguatic species; but the levels are not unusuaily high for wetland water bodies where
there may be large waste contributions from wildlife and waterfowl populations. Additional
sources may also include leaching from livestock areas or manure stockpiles and, to a limited
degree, from sewer or septic system bypasses/leaks and possibly releases of ammonia
products in commercial, industrial or residential areas.

Pesticides. Pesticides, including current as well as historically but no longer used compounds
(i.e., DDT), have been occasionally detected in water quality sampling of the sloughs,
particularly during runoff periods. When detected, many of the readings have been in excess
of water quality criteria for these pesticide compounds; many pesticides do not have
established standards. The most significant evidence of water quality impairment in the
slough system is the accumulation of extremely high levels of pesticides in fish and shellfish
tissue samples. Agricultural pesticide use is the main source. Runoff from urban sources may
also contribute small quantities of pesticides to the sloughs from landscaping uses; but
sampling, to date, has not shown this to be a source. Pesticides attached to soil particles are
transported to the sloughs through erosion. The transported pesticides may be those in
current use or former pesticides that still remain attached to soil particles.

Fecal Coliform. Sampling in the Watsonville Slough System for coliform has been
conducted by Santa Cruz County from time to time. Results of routine sampling of several
different stations for the period of July 1994 - July 1995 are provided in Appendix D.
Included are stations on Watsonville Slough, Struve Slough and Harkins Slough. Spot
measurements taken in 1987 - 1992 are also listed. The data show a range of results, typically
from <100 MPN/100 ml to about 1,000 MPN/100 ml. There are also a few isolated readings
in the range of 2,000 to >11,000 MPN/100 mi. About half of the results exceed 400
MPN/100 ml, which is the maximum limit for water contact recreation waters. As another
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point of reference, samples taken by the PVWMA in April 1995 showed readings of 43 and
240 MPN/100 ml, respectively, at Harkins Slough (Pump Station) and Watsonviile Slough
(upstream of Harkins Slough). Generally the coliform data show significant levels of bacteria
in the sloughs that are likely the result of animals and waterfowl; but there could also be input
from septic systems or sewage overflows from the urban area. No surveys or site specific
sampling has been done to determine the sources of high coliform readings in the sloughs.

Heavy Metals. Copper, nickel, lead and zinc are the principal metals found consistently
throughout the sloughs at levels in excess of criteria for freshwater aquatic species. These
constituents are characteristically the primary heavy metals found in urban runoff, but
sampling in the sloughs show them to occur in both urban and agricultural drainage areas.
Copper compounds used in connection with farming activities or at specific industrial sites
are possible contributors. The County and City landfills are potential sources of heavy metals
(via leachate); but, there is no evidence that they are a current source of heavy metals to the
sloughs and both landfills have leachate control programs as well as on-going monitoring
requirements.

Oil and Grease. Detectable concentrations of oil and grease are found in the areas of the
sloughs near Highway 1 and the City of Watsonville. At the levels reported a sheen may be
visible under certain conditions. However, no exceedances of water quality standards (visible
oil sheen) were noted during this study. Motor oil leaks, exhaust and spills are the principal
sources of oil and grease at these locations. Elsewhere in the sloughs oil and grease is
nondectectable due to limited sources and the probable effectiveness of wetland vegetation
as a filtering mechanism,

Litter and Debris. Urban litter and debris accumulate in various locations of the sloughs due
to runoff from city streets, as well as direct, illicit littering and dumping in roadside ditches
and the sloughs themselves. The accumulated debris is unsightly, can contribute to the
obstruction of culverts, and possibly introduce hazardous chemicals or other deleterious
substances to the water.

Water Flow and Circulation. The sloughs contain extensive areas of stagnant and slow
moving water due to the flat gradient and additional obstructions to flow caused by road
crossing, blocked culverts and sediment build-up. The urban development int the watershed,
with associated streets, storm drains and other impervious surfaces has altered the hydrology
by increasing winter runoff peaks and reducing groundwater recharge and spring/summer base
flow contribution. However, this is off-set to a degree by the percolation and return flow
from irrigation of agricultural Jands.

MANAGEMENT OPTIONS

Based on the identified water quality problems and watershed conditions and activities, a broad range
of potential Best Management Practices (BMPs) were identified. BMPs are defined as any program,
technology, process, siting criteria, operating method, or device which controls, prevents, removes
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or reduces pollution (SWRCB, 1993). For the purposes of this project, BMPs were separated into
two categories: (1) source control measures; and, (2) downstream treatment measures. Source
control refers to specific measures that can be taken at specific locations and in the watershed area
to remove or minimize pollutants at their source. Downstreamn treatment refers to physical measures
to improve water quality or removal of pollutants within the slough system.

Source Control Measures

Source control measures (BMPs) were identified for urban, agricultural and rural residential land
uses. Examples of urban area BMPs related to such things as construction site erosion control storm
drainage design, vegetated buffer strips, oil/grease separators, public education and storm drain
signage to minimize pollutant discharges to water bodies. Agricultural area BMPs covered such
practices as erosion control practices and ordinances, irrigation water control, vegetated butfer strips,
fertilizer and pesticide management and animal waste control. Rural residential area source control
measures relate principally to septic system practices and livestock waste management.

Downstiream Treatment Measures

Following are a listing of the various downstream treatment alternatives considered for the
Watsonville Slough System,

s  Wet Detention/Sedimentation Ponds. The installation of wet detention/sedimentation
ponds (i.e., permanent ponds) can be a very effective multi-purpose water quality treatment
measure. The proper construction and maintenance of the pond will result in high removal
rates of sediment, organic matter nutrients, and trace metals.

* Drainage Modifications. This measure would entail modifying existing drainage structures
to improve water flow, circulation and increase inundation area in the sloughs. The need for
such drainage modifications is throughout the sloughs.

¢ Channel Dredging. In order to maintain flood control and channel conveyance the lower
sections of Harkins Slough and the freshwater section of Watsonviile Slough are dredged of
sediment that accumulates from erosion in the watershed and adjacent agricuitural lands.
Water quality conditions are improved by the physical removal of sediment (and attached
pollutants) from the sloughs; however, the dredging practices themselves (backhoe and
clamshell operations) also suspend large quantities of sediments, nutrients, pesticides and
metals in the water column, resulting in a temporary, but potentially significant, localized
water quality problem.

s+ Channel Filling. This management measure would involve filling portions of existing
drainage channels within the sloughs to create a more dispersed flow and shallow spreading
of water; the aim would be to increase runoff contact with soil and vegetation to improve
water quality and to expand wetland vegetation areas.
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» Constructed Wetlands. Constructed wetlands can enhance stormwater and irrigation runoff
water quality by removing oil and grease and causing the settlement of pollutant-laden
sediments. They work much the same way as wet detention structures previously described.

* Flow Diversion. This management measure would involve intercepting runoff and drainage
(e.g., tile drains and industrial site runoff) from pollutant generating sources and diverting
it elsewhere for discharge.

+ Slough/Tailwater Recirculation. A potential management measure in the lower freshwater
portion of Watsonville Slough (above Shell Road) would involve the recirculation of
agricultural return and natural flow of water in the sloughs during the summer and dry fall
months.

* Vegetative Riparian Buffers/Filterstrips. Vegetated/riparian buffer strips are most
commonly used for pollutant removal along highways and adjoining residential areas; but they
also have definite applicability as treatment BMPs in the Watsonville Slough System
watershed, especially where the historic sloughs have been converted to narrow earthen
ditches bordered closely by agricultural fields.

* Flow Augmentation. This measure would provide for the introduction of additional dilution
flows to the sloughs during the dry season. The flow within the slough could potentially be
augmented with a portion of the water diverted for the PVWMA recharge project or with
reclaimed wastewater from City of Watsonville treatment plant, if either of these projects is
implemented.

*+  Water Level Controls. This management measure would entail adjusting water levels in the
slough and/or detention structures to achieve greater pollutant removal. This could be
accomplished at road crossings within the slough system or at constructed wet detention
basins within the watershed.

RECOMMENDED MANAGEMENT PRACTICES AND FUTURE STUDIES

The alternative management measures for water quality improvements presented are based primarily
on the professional judgement of the consultant. They were compared in a preliminary manner with
regard to several factors, including: (a) effectiveness in addressing identified water quality/degraded
wetland problems; (b) engineering technical feasibility; (c) impacts to other competing water/land
management interests in the watershed; and, (d) likely ability to be implemented. From this review,
an array of conceptual management measure recommendations were developed, along with estimated
costs, illustrative diagrams, and identified steps required for implementation. Also identified are
additional studies where they appear to be warranted.

This list of alternatives and resulting recommendations was not based upon a conventional cost-

effectiveness analysis, since a specific treatment objective was not defined as a common basis for
comparison of alternatives. Rather, the analysis, in accordance with the defined scope and approach
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for the project, relied heavily on professional judgement of the consultant team to estimate the best
means of improving water quality while at the same time balancing the competing interests of many
different stakeholders.

Recommended Source Control BMPs

Neariy all of the source control BMPs identified were determined to have applicability and would
benefit the water quality improvement efforts in the Watsonville Sloughs. Clearly, some measures
would be more effective than others; some are more easily impiemented than others; and, many of
the identified BMPs are aiready in place.

Recommended Downstream Treatment Measures Summary

Downstream treatment measures in the sloughs have the potential to effect the greatest degree of
improvement in water quality and wetland conditions. From the range of alternatives evaluated the
measures recommended for implementation were as follows:

1. Constructed wetlands/wet detention or treatment of low-flow urban and highway runoff; located
on the reach of Watsonville Slough both upstream and downstream of Lee Road and at the end
of the Beach Road Ditch. However, the effects of pollutant concentration in wet pond/detention
areas are not known or predictable. Evaluation of these effects should be completed prior to the
implementation of these recommendations.

2. Slough and irrigation tailwater recirculation for high rate irrigation of a created vegetated/riparian
buffer along the Watsonville Slough downstream of San Andreas Road.

3. Vegetated channel terrace and riparian buffers along reaches of Watsonville and Harkins Slough
above San Andreas Road.

Recommended Actions and Future Studies

Water quality impairment in the Watsonville Slough System has been known to exist for the past 10
to 15 years, based largely on the State Mussel Watch and Toxic Substances Monitoring Program
findings. However, the full extent of water problems and their relationship to land use and water
management activities in the area had not been studied prior to this project. The review of historic
data, combined with additional water quality monitoring in the present study has improved the
understanding of the slough system water quality; but it has not produced definitive information on
the source(s) of specific water quality conditions (e.g., chronic high ammonia levels in Struve
Slough), nor answers to the question of the actual beneficial use impacts of certain constituents that
are above standard criteria (e.g., nitrates and several heavy metals). The downstream treatment
recommendations outlined above are, in the judgement of the consultant, the best types of measures
that can be employed to improve the water quality conditions, while also achieving stated wetland
restoration aims and minimizing adverse impacts to other water management interests in the

1-8



watershed. But these measures can only be viewed as conceptual plans and tentative conclusions,
given the lack of information or answers to several key issues, particularly in regard to the specific
sources of pollutants and the degree of impact on beneficial uses. Based on the significant costs and
other impacts involved with the implementation of these or other downstream treatment measures
identified in the study, it is only prudent that further study be completed in several areas (see below),
before a firm decision is reached on implementation of the costly downstream treatment measures
recommended by this plan. Also, other less extensive and less costly measures (e.g., source control
BMPs, water quality monitoring) can be taken immediately to address some of the site specific
problems in the watershed; this may aid in understanding the overall water quality conditions, as well
as possibly correcting some specific problems. The recommended actions and additional studies
needs are briefly outlined below.

1.

Site Specific Monitoring and Abatement Efforts. Efforts should be continued to apply BMP
measures to adjacent and nearby land uses according to the recommendations in Sections 7 and
8.1 of this report. As the Monterey Bay Sanctuary’s Water Quality Protection Program’s
components are developed and adopted by the City of Watsonville and Santa Cruz County, and
as further studies and monitoring of pollutant sources are undertaken, the information and
recommendations of this Plan should be incorporated and adapted into the City’s and County’s
programs. The objective should be to refine and apply those BMP measures that are most
effective in eliminating those pollutants identified in the Watsonville Slough System to those areas
of the watershed most likely to generate such pollutants.

In order to accomplish this and to identify and abate actual or threatened polilutants discharges
adversely affecting the water quality conditions in the sloughs, intensive water quality monitoring
and surveillance of various land use activities and operations in the watershed should be
undertaken by local officials, citizen voiunteers, and/or landowners and business operators. This
should be done systematically to cover the potential sources cited in Section 6.1 of this report,
as well as anty other sources that may be identified. A joint task force involving the City, County,
Coastal Commission, AMBAG and others could be formed and utilized to coordinate and monitor
this effort. Where actual, uncontrolled pollution is discovered, it should be reported to the
Regional Water Quality Control Board and the Department of Fish and Game, who would initiate
enforcement actions where necessary (i.e., cleanup and abatement orders, citations or fines).

Watsonville Slough System Master Plan. Development of a more comprehensive Watsonville
Slough System Master Plan should be considered to address resource issues that were not in the
scope of this study. Such a master plan could include the determination and mapping of historic
wetland extent, wildlife corridors, appropriate wetland buffers, and areas suitable for wetland or
upland habitat restoration. Also to be assessed wouid be areas for potential public acquisition
and/or access.

A wetland restoration model should be an element of any siough master plan, and shouid include
information on historic conditions, current constraints (e.g. landowner cooperation), and proven
wetland restoration methodologies. An overall master plan would more comprehensively examine
the biological, hydrological, and land use attributes of the slough system watershed than does this
report, and should derive objectives and recommendations regarding ail wetland functions --
water purification, flood water storage, animal and plant habitats and migration corridors,
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recreation and aesthetics, etc.

The master plan should recommend wetland buffer standards and strategies for
maintenance/management and interagency cooperation. While these objectives were not in the
scope of this water resources management plan, this plan would serve as the basis for the overall
slough system master plan.

AMBAG should reapply for a Clean Water Act Section 205(j) grant to complete this next phase.
If a grant is not forthcoming, other fiinding sources should be pursued. In the interim,
individualized restoration efforts, such as those described in this report on Hansons Slough and
Harkins Slough (pp. 5-17 - 5-18) should continue and be encouraged.

. Water Quality Studies. The following additional water quality studies are recommended to
guide the selection of appropriate management practices for water quality improvement:

+ Ammonia. Study ammonia toxicity thresholds for slough system aquatic species and
investigate the sources of chronic elevated ammonia levels in Struve Slough.

» Metals. Investigate metals accumulation in slough sediments and aquatic organisms to
determine the degree of toxicity and appropriate iocal objectives for copper, lead, nickel, and
zine. This should be coordinated with the soon-to-be-released toxicity studies being
conducted by UCSC.,

» Nitrate Sources and Biostimulation. Study the relationship between elevated nitrate and
phosphate levels (or other biostimulatory factors) and algae production in the slough system;
combine this with comprehensive survey of dissolved oxygen and algae blooms in shallow
stagnant water zones. Additionaily, more intensive sampling shouid be conducted to pinpoint
the sources of the periodic high nitrate concentrations, and to pursue control of these sources
as appropriate.

* Pesticides. Continue SMW and TSMP tissue analysis and correlate findings with sediment
concentration data.

» Coliform. Coliform data should continue to be collected by the County and follow-up site
investigations should be made to identify and address the sources where repeated high
readings (e.g., 1,000 MPN/100 mi or greater) are observed.

. Recommended Drainage Operation and Maintenance Practices. Better records should be
maintained of water levels in the slough system, operation of the pump system, dredging and
other operations. Staff gages and/or water level recorders and pump meters should be installed
and read regularly. Improved management of pumping regimes and water level controls could
be implemented in addition to, or instead of, flow augmentation. The possibility of installing gated
culverts at road crossing (e.g. Lee Road, Harkins Slough Rd., Walker St.) should be explored as
a means of allowing for greater human control over water levels in different portions of the slough
system (e.g. intentional impoundment of water to increase the hydroperiod for certain wetland
areas, etc).
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5. Flow Augmentation. Studies should be continued regarding the potential for flow augmentation
in the slough system during the low flow periods. This should consider reclaimed wastewater
from the City of Watsonville as one source and also potential augmentation in connection with
the PVWMA diversion/aquifer recharge project. The studies should evaluate such factors as
volumes and timing of water, the associated water quality, potential release points in the slough
system and downstream water quality effects(e.g. depressed salinity) in the estuary. There may
be competing uses for this supplemental or rectaimed water (i.e., for direct crop irrigation) which
will also have to be considered, and may make this option more costly or difficult to implement.

IMPLEMENTATION

The agency and stakehclder members of the Technical Advisory Committee should continue to meet
as the Watsonville Sloughs Management Task Force to guide implementation of the Water Resources
Management Plan and develop other efforts toward the potential future preparation of a
comprehensive Watsonville Slough System Master Plan. Participating agencies should provide staff
time for projects within their jurisdiction. Activities of the Task Force would include the following:

Water Resources Plan Implementation - Prioritize and oversee impiementation of this plan's
recommendations for site specific abatement efforts, water quality studies and additional coordinated
monitering, and flow management and augmentation studies.

Wetland Management/Restoration Plan and Objectives - Refine the recommendations of this plan inte
more specific overall objectives for water resources management; develop specific plans for wetland
ecosystem protection and restoration throughout the slough system watershed, taking into account
existing land uses and watershed activities; and subsequently implement these objectives and plans.

Evaluation and Implementation of BMPs and Protection Policies - Many of the source control BMPs

are already being implemented by the County, City and landowners. The effectiveness and degree
of implementation shouid be evaluated and augmented as needed. The following documents should
be reviewed for adequacy with respect to protection of the slough system: city and county general
plans, land development ordinances, and design criteria, the Monterey Bay National Marine
Sanctuary's Water Quality Protection Plan; and the Central Coast Regional Water Quality Control
Board's Basin Plan provisions. '

Implementation and Funding Mechanisms - The task force should seek to identify and coordinate
various finding mechanisms for this plan's implementation such as: state and federal grants and loans,
drainage (stormwater district) fees, private grant funding, use of conservation easements, and
mitigation measures for new development. The task force should also explore potential funding
sources for a Watsonville Slough System Master Plan. While an overall master plan would ease
coordination of comprehensive slough system resource management, it is not a prerequisite for the
implementation activities listed above.
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SECTION 2

INTRODUCTION AND BACKGROUND

The Watsonville Slough System is an extensive coastal wetland complex located in the southwestern
corner of Santa Cruz County. The upstream portion of the slough system consists of a branching,
interconnected network of primarily freshwater palustrine (emergent vegetation) wetlands, separated
by a tidegate (and a pump) from the downstream portion. The downstream portion consists of a
smaller coastal saltwater marsh (Watsonville Slough proper) which flows into the mouth of the Pajaro
River. Watsonville Slough discharges runoff into the Pajaro River lagoon/estuary and then on to the
Monterey Bay, which was designated a National Marine Sanctuary in 1992.

The slough system encompasses approximately 800 acres of flat wetland area, which drains a 13,000-
acre watershed (see Figure 2-1). The slough system consists of six major branches: Watsonville
Slough, Harkins Slough, Hanson Slough, Struve Slough, West Branch of Struve Slough (known as
West Branch Slough), and Gallighan Slough. The biological values of the slough system have been
acknowledged by numerous federal and state agencies, and the system have been designated as an
"Area of Special Biological Importance" by the California Department of Fish and Game (CDFG).
The sloughs have been identified by the federal Environmental Protection Agency (EPA) and the
California State Water Resources Control Board (SWRCB) and others as a water body where
beneficial uses have been impaired. The California Department of Fish and Game will soon be
designating a 109-acre parcel between Lee Road and Highway 1 as an ecological reserve.

The slough system is located along the northern edge of the Pajaro Valley, one of California’s major
agricultural regions. The climate is mild and many types of row and berry crops are grown year-
round within the slough system watershed. The watershed also includes approximately 2,400 acres
of the urban area of the City of Watsonville and the town of Freedom. The sloughs receive runoff
from a mix of urban, industrial, rural residential, agricultural and open space watershed areas.

The degraded water quality of the slough system has been documented by a number of studies,
including those authored by Greenlee and Ricker (1981), Aston (1977), AMBAG (1982), the
SWRCB Toxic Substances Monitoring Program (1991), an agricultural return flows study by Jagger
(1981), as well as on-going monitoring by the California Regional Water Quality Control Board
(RWQCB) and Santa Cruz County. High concentrations of pesticides and heavy metals from
watershed activities have been cited as one of the most significant environmental problems of the
slough system. These pollutants commonly adhere to sediments, such that erosion from agricultural
fields and urban runoff plays a significant role in the transport of pollutants and water quality
degradation of the slough system. Additionally, the low stream gradient and constricted outflow of
the Watsonville Slough System to the Pajaro River Lagoon/Estuary contribute to poor water flow
and circulation, compounding the water quality problems.

The sloughs are surrounded and impacted by many different types of land uses and their associated

land and water management practices. Because of increased development pressure and long-standing
agricultural encroachment on this area of biological significance, the AMBAG, with support from the
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County of Santa Cruz and the City of Watsonville, is endeavoring to establish a management plan and
program to appropriately manage, restore, and preserve the slough ecosystem and its water quality.
The County of Santa Cruz unanimously approved a resolution mandating preparation of a master plan
for Watsonville Slough System. They designated AMBAG as the lead agency for preparation of the
plan. The City of Watsonville adopted a motion to support AMBAG in applying for a SWRCB
205(j) Water Quality Planning grant to fund the preparation of such a plan.

Questa Engineering Corporation was hired by AMBAG in May 1994 to conduct hydrological and
water quality investigations of the Watsonville Slough System and to evaluate management practices
for water quality improvement. This report presents the results of the water quality study along with
recommended water management measures.

This project has been funded by a grant administered by the SWRCB under Section 205(j) of the
Federal Clean Water Act. This section of the Act provides funds for planning studies that provide
strategies to clean up water bodies that are impaired by non-point source pollution (i.e., polluted
runoff) as well as assist in the reduction of this type of pollution. The information and
recommendations from this project are intended to provide fundamental input for an overall
Watsonville Slough System Master Plan, which has been proposed to be undertaken subsequent to
this study, pending the availability of funding,

The purpose of the Management Plan was to: (a) investigate and develop baseline information on the
hydrologic and water quality conditions in the slough system; (b) identify primary sources of non-
point pollution entering the wetland areas; and, (c) evaluate and recommend alternative watershed
management practices and other pollution control strategies to improve water quality while also
enhancing the wetlands and water management in the system. The specific scope of this project, as
specified in the contract between AMBAG and the SWRCB, was to prepare a Watsonville Slough
System Water Resources Management Plan that will:

1. Identify the primary sources of non-point pollution entering the wetland areas.

2. Show rates of water movement and sedimentation and flood flows.

3. Include a prioritized implementation plan for improving water quality for wildlife and recreational
use in the Watsonville Slough System, with evaluations of in-channel improvements to improve
wetland removal of urban and agricultural pollutants, cost analysis of watershed and wetland

BMPs, analysis of plant distribution, and improved water supply management.

4. Provide basic hydrologic information for the future development of the Watsonville Slough
System Master Plan suggested by the County of Santa Cruz and City of Watsonville.



SECTION 3

PROJECT SCOPE AND APPROACH

The overall purpose of this study was to gather and analyze water quality, hydrologic and related
environmental information for the Watsonville Slough System, and from this develop recommended
management guidelines to integrate future water quality improvement, habitat restoration and water
resources management activities in the watershed. The key elements of the study approach are
described here,

3.1 PROJECT ORGANIZATION AND MANAGEMENT

The overall project was managed and administered by staff of the Association of Monterey Bay Area
Governments (AMBAG). This included contractual arrangements and coordination with the State
Water Resources Control Board and other involved agencies. AMBAG also administered the
contract with the project consultant, Questa Engineering, and organized the activities of the Technical
Advisory Committee (TAC) for the project. The TAC participated in the selection of the project
consultant, and met quarterly during the project to review work progress and provide direction and
input to the study. AMBAG also coordinated the public participation element of the study,
conducting public meetings and distributing informational material regarding the project.

3.2 EXISTING INFORMATION

The large volume of existing water quality, hydrologic and physiographic information pertaining to
the Watsonville Slough area was compiled and reviewed by AMBAG for use by the project
consultant. This included present and historic information on wetlands and biological resources of
the study area. Maps of sub-watersheds were also prepared to assess areal contributions of non-point
source pollutants and review existing utilization and implementation of best management practices
and ordinances.

3.3 HYDROLOGIC STUDY

A hydrologic study was conducted by the project consultant to define the overall occurrence and
movement of water in the Watsonville Slough System. This provided the basis for evaluation of
water resource management options and considered the spatial (i.e., geographical) and temporal (i.e.,
seasonal) differences in water sources and circulation patterns in the system. The key elements of the
hydrologic study included the following.



Identifying Water Sources

The background hydrologic data and watershed mapping were reviewed and water sources (i.e.,
inputs) to the system were identified and characterized. Each sub-watershed area was defined and
rainfatl-runoff characteristics were evaluated. Areas of known groundwater and slough recharge
were taken into account, as were existing land uses, vegetation, soil and geologic factors.

Water Budget

A general inflow-outflow water budget for the slough system was developed. The inflow-outflow
water budget was completed for average conditions using monthly time steps. Inflow sources include
surface runoff, direct rainfall, return flow from agricultural operations, septic system discharges and
groundwater seepage. Outflow factors included pumped discharge, deep groundwater recharge,
groundwater seepage and evapotranspiration. All available records were utilized in this analysis,
including historic Shell Road pump station records, which provided the basis for model verification.
Annual runoff from the ungaged watersheds was based on application of the Soil Conservation
Service’s Curve Number Method.

Water Management Practices

The existing inundation patterns of the sloughs were evaluated as affected by the operation of the
terminal pumps, tide gates, and other drainage facilities. Operation procedures, pumping rates, and
culvert dynamics were reviewed with respect to flooding, vegetation distribution, and water quality
effects.

Sedimentation Rates

Erosion and sedimentation processes in the slough watershed were assessed. This evaluation was
based upon available data, including historic air photos, topographic/hydrographic information, SCS
supplied data, and personal accounts. A relative comparison of potential sediment sources, according
to sub-watershed and land use activity, was made. Estimates were made by application of the
Universal Soil Loss Equation for each sub-basin,

Water Management Objectives and Policies

A review was made of the various competing water interests and policies. The basic water interests
covered were:

¢ Agricultural Uses

o Wetland/Water Quality Protection
»  Mosquito Abatement Concerns

* Drainage and Flood Control



*  Groundwater Management

For each competing water interest, the specific objectives, policies and/or requirements were
reviewed and described. This provided the basis for subsequent consideration of the effects of
various restoration or management options with respect to each water interest.

3.4 WATER QUALITY INVESTIGATION

A water quality investigation of the Watsonville Slough System was conducted, which included the
following elements:

Quality Assurance Project Plan (QAPP)

A QAPP was first prepared in accordance with EPA Guidelines. The QAPP sets forth procedures
for the collection and assessment of measurement and monitoring data, acceptable tolerances of
accuracy, precision, completeness, representativeness, and comparability of the data. Prior to
initiation of the field activities, the QAPP was reviewed and approved by the SWRCB staff.

Data Review

Sampling station location and frequency of water quality monitoring was determined based on review
of historic information and the preliminary hydrologic inventory, and known or suspected water
quality problems in the watershed. Winter stormwater sampling periods (to assess runoff) and
summer periods (to assess low-flow pollutant build-up) were determined to be necessary.

Water Quality Monitoring

A water quality monitoring program was developed and carried out, adhering to the project QAPP.
The monitoring included field measurements for pH, temperature, dissolved oxygen, turbidity, and
conductivity, as well as laboratory determinations of ammonia, phosphate, nitrate, suspended and
total dissolved solids, oil and grease, various heavy metals and several pesticide screens.

Water quality sampling efforts were conducted at the end of the dry season in September, 1994, and
during fall-early winter runoff events in October, November and December, 1994, The data
collection in this monitoring program were analyzed and compared with historic data to help establish
appropriate water quality control needs and strategies.



3.3 WATER QUALITY MANAGEMENT RECOMMENDATIONS

Water quality management alternatives were identified, evaluated and prioritized focusing on
measures to improve slough water quality, with an emphasis on cost-efficiency and realistically
achievable methods. Improvement of water quality in the Watsonville Slough System is recognized
as vital to the reestablishment of a high diversity of invertebrate life in salt marsh sections of the
slough and areas degraded by fill. Implementation of watershed best management practices,
ordinances regulating development and in-channel modifications were considered to improve and
restore the Watsonville Slough System’s aquatic habitats.

Water management alternatives considered the operation and maintenance of slough water control
structures, such as tide gates, headworks pumps (used to actively remove ditch water during winter
flooding or high tidal flows), ditches and drains. Consideration was given to agricultural and wetland
management criteria.

The implementation plan for the water quality improvement and water supply management
recommendations is intended to facilitate local jurisdiction implementation of policies, ordinances and
programs to manage the Watsonville Slough System watershed issues. Specific tasks completed for
this aspect of the study included the following:

Source Control BMPs and Wetland Restoration Alternatives

Source control BMPs and wetland restoration management alternatives for water quality
improvement were identified in this sub-task. BMPs addressed urban, agricultural and rural
residential land use activities in the watershed. Downstream alternatives included channel design
modifications to permit in-channel vegetative growth (such as along low-flow areas or flood terraces),
vegetative filter strips along channels, and water management modifications such as flow
augmentation, tailwater recirculation and water level controls, which may allow in-channel vegetation
establishment by control of depth, period, and frequency of inundation.

Feasibility Evaluation

Conceptual water quality management alternatives were screened for cost, effectiveness, and
practicality. The degree to which various BMPs and other measures are currently in effect was
reviewed.

Impacts of Water Management Measures
An analysis was made of the effect of various water management alternatives in regard to competing
water interests and needs. This analysis considered estimated benefits and adverse impacts of each

measure. The objective was to identify measures that will maximize the environmental benefits (to
water quality wildlife and wetland values), while minimizing conflicts or problems from the standpoint
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of agricultural uses, mosquito abatement and storm drainage. A matrix analysis was used to weigh
the pros and cons of each management measure against each competing water interest.

Water Quality Improvement Recommendations

Water quality improvement recommendations were developed and presented for review and
discussion with the TAC. Recommendations were based on the concepts developed and screened

in the prior tasks and were refined at this stage to include typical design elements, associated costs,
and general areas of the sloughs where they would apply.

Implementation Plan

An implementation plan was prepared, identifying necessary capital improvements, training and
educational programs, monitoring/maintenance needs, and the management agencies that would be

responsible for overseeing operations, maintenance, and management programs. Also included in the
implementation plan are potential funding sources.

3.6 DRAFT AND FINAL MANAGEMENT PLAN

Final Management Plan

A Draft and Final Management Plan (represented by this report) was prepared as the final task. The
Management Plan reflects all comments and input received from AMBAG staff and the TAC.



SECTION 4

BIOLOGICAL RESOURCES

41 INTRODUCTION

The Watsonville Slough System is generally recognized as the largest and most significant wetland
habitat between Pescadero Marsh in San Mateo County to the north and the Elkhorn Slough in
Monterey County to the south. The slough system contains remnant but, nonetheless, significant
areas of salt-marsh and brackish marsh, riparian and oak woodlands, dune and coastal scrub
communities, bodies of open water, and perennial freshwater marsh and seasonal wetlands. The great
diversity of habitats present within the relatively small watershed and its occurrence on the Pacific
Coast flyway make the slough system especiaily important as a refuge, feeding and resting area for
migratory, winter and resident waterfow!l. The slough system also is reported to support the largest
concentration of migrant and wintering raptors in Santa Cruz County (CH2M Hill, October 1990).

In addition to the waterfowl, shorebirds and song birds which inhabit the wetlands, there are a large
number of the more common amphibians, reptiles, and small and large mammals. All of these species
utilize the richly diverse habitat of the slough system.

The following discussion briefly describes the historic slough conditions, common plant and aquatic
communities, as well as species which are rare or endangered that occur in the sloughs. This section
was prepared based on compilation of readily available information from other studies. It should not
be construed as a thorough survey of biological resources of the study area, which was not authorized
or within the scope of this project.

4.2  HISTORIC CONDITIONS

During the last glacial era of about 17,000 years ago, sea level was about 100-feet below present sea
level. This era had a historically wetter climate associated with heavy rainfall and consequently
increases in surface runoff. The increased runoff allowed the ancestral streams of the Watsonville
Slough System to cut channels and form narrow valleys in the adjacent older marine terrace deposits.
As sea levels rose, following the post-glacial warming period, the valleys were inundated and
deposition of clayey sediments occurred. These deposits are the blue clays which underlie the more
recent slough deposits and cause the perching of groundwater which is largely responsible for the
present day wetland characteristics.

The coastal landscape was also rising during this period (and continues to rise) which, during some
periods, exceeded the rate of sea level advance. When the net effect of coastal rise exceeded the sea
level, shallow freshwater marshes and accumulation of the plant remnants of the tules and other marsh
plants formed the extensive peat deposits of Harkins and Struve Sloughs. Tidal marsh extended
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almost into the main Watsonville coastal plain, gradually transitioning to brackish and freshwater
marsh and seasonal wetlands, eastward toward the vicinity of Watsonville. The atluvial deposits on
this plain consist of dark and highly organic silty clays, resultant from deposits from both an estuarine
environment and from riverine flooding from the Pajaro River during periods of heavy rainfall.
Although peat deposits, including commercial quality deposits, are present in the subsurface in many
of the sloughs, the actual present day slough surface deposits are largely organic rich silts and clayey
sediments. This indicates that the slough systems were once highly saturated by flooded “bay”
environments.

Much of the native flora of the slough system has been altered by agricultural activities beginning as
early as the 1870s, so that one can only speculate about the historic conditions and extent of the
wetlands. A concept of the approximate conditions of the Watsonville Slough System in the mid-
1800s, as diagramed by Swanson {1992) is shown in Figure 4-1 . The activities which significantly
altered the slough system included the installation of the ditching system along the major stoughs,
which serve to drain surface water and lower the water table within the branch sloughs, and the
construction of the head works at Shell Road, which precluded significant tidal action above this
point. Installation of subsurface tile drains also permitted many of the soils to be farmed on the
Watsonville coastal plain. Without these drainage works, the area would have been too wet to
cultivate these soils.

Some information useful in the reconstruction of historic conditions include the 1912 U.S. Geological
Survey topographic map of the Watsonville area (see Figure 4-2), aerial photography of the
watershed from the files of the U.S.D.A. Soil Conservation Service, and interpretation of the 1910
U.S.D.A. Soil Survey of the Pajaro Valley Area.

The historic topographic maps and the old soil survey indicates that lower Watsonville Slough was
a tidal or brackish marsh to a point around the current San Andreas Road crossing, above the
confluence of Harkins Stough. Saline estuarine soils are shown in a band following the present
realigned slough in this area. Several slight meanders shown on the historic maps and visible as
historic aerial photography, have been removed through strengthening of the slough in this area.
Judging from current vegetation patterns in the lower slough, the plant community would have
consisted of alkali bulrush in the lower elevation areas, with pickleweed and jaumea, alkali heath and
saltgrass and saltbush appearing as elevations increased.

The slough bottoms were likely a diverse and complex vegetation mosaic. Dense stands of coast live
oak would have blanketed the north and northeast sides of the sloughs. Riparian forest of willows
and possibly alders were possible in upper slough bottoms. Bays and other deciduous shrub and tree
species were probably found in the slightly drier margins of the slough edges. The riparian forests
would have been interspersed with some smail shallow open water areas, and large expanses of water
loving grasses and grass-like plants such as tules, cattails, sedges and rushes.

Because of the distribution of highly organic clays and peaty soils in the sloughs, original plant cover
may have been dominated by tules and grass-like plants with a willow fringe or mosaic . Such
deposits typically are indicative of freshwater marshes where plant detritus accumulates and decays
stowly under anaerobic conditions. Remnants of these plant communities can still be seen in various
portions of the slough. Just as today, the slough system probably was responsive to annual variations
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in rainfall, with vast expanses of shallow flooded areas and deeper open waters persisting throughout
the summer months in wet years, and smaller areas of flooding and shorter duration ponding in dry
years. The hills above the sloughs were likely coastal scrub/grassland phasing into oak savanna in the
upper portions of the slough watersheds.

4.3 PLANT COMMUNITIES

A vegetation map showing plant communities of the Watsonville Slough System was prepared for
this project by Lindsey Stevens as part of a senior thesis at U.C. Santa Cruz. The map was based on
interpretation of 1992 1:12,000 color infrared aerial photography with extensive field checking. A
generalized vegetation map of the watershed developed from this work is provided in Figure 4-3.
Detailed mapping of wetlands or bottom land plant communities were abstracted from this map
source and are shown on Figure 4-4. The plant communities were based on the classification system
developed by Holland (1986). A description of several key plant communities are depicted in Figure
4-4 as follows.

Northern Coastal Salt Marsh (SM)

The coastal salt marsh community occurs along the lower Pajaro River Lagoon, where it is a tidally
influenced salt marsh, and in diked-off lands above the Shell Road headworks, where it is constdered
a brackish marsh. The tidal salt marsh supports pickleweed (Salicorna virginica) with some jaumea
(Jaumea carnosa), alkali heath (Frankenia salina), and saltgrass (Distichlis spicata) in higher areas.
The brackish marsh above Shell Road includes these same species with pickleweed in narrow bands
along former meandering channels between levees, and the later transition zone plants on slightly
higher ground which is flooded during winter months. Dense areas of poison hemlock (Conium
macuiatum) and common fennel (Foeniculum rulgare) occur on higher ground.

Salt marsh habitat is a valuable part of the ecosystem, but it is typically utilized by wildlife less
extensively than freshwater marsh, as the low cover provides less shelter and protection from
predators and the saline conditions and helophyte plants provide limited wildlife forage. Salt marsh
does provide valuable cover for several small mammals and forage and nesting habitat for birds.

Open Water (WA)

Various bodies of open water are shown on the plant communities map. These represent conditions
at the time of the aerial photography, May 1992. Open water provides breeding habitat to a number
of amphibians, as well as feeding, resting and breeding habitat for water birds. Food sources within
the ponds include small fish, invertebrates, seeds from emergent marsh plants growing in the ponds,
pond weed, algae and tubers. Several water birds nest in the emergent marsh vegetation associated
with water bodies. The largest of the freshwater bodies are in Harkins Slough and represent former
peat mining pits that are flooded with intercepted groundwater. These are several acres in size and
are deep (>five-feet) ponds, ringed by areas of shallower emergent marsh, willow forests and seasonal
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wetlands.

Throughout the slough system there are other open water bodies which are smaller and fluctuate
seasonally. In a heavy rainfall year, such as 1982-83, 1986 and 1995, more than three-quarters of the
slough systems are inundated with water depths ranging from less than one foot to three feet.
Although water levels recede slowly during the spring, in wet years there are large persistent ponds
which can extend into August. In dry years, such as the period from 1987 to 1992, water levels and
associated ponding in the slough system is reduced, perhaps to one-tenth or less of the slough
bottoms between the winter and summer months. In dry years water levels recede rapidly and are
dry by late May. It would be expected that the aerial extent of the freshwater wetland plant
community expands and contracts in response to cycles of precipitation (i.e., areas of cattails or
willows may expand). The Pajaro Lagoon represents a large area of salt to brackish open water that
also is seasonal in character, particularly in regard to water quality and salinity levels (as discussed
in Section 5).

Freshwater Emergent Marsh (FM)

The freshwater emergent marsh (FM) plant community is the most diverse and complex within the
slough system. The species composition of this community tends to be stratified by elevation into
zones corresponding to the preference or tolerance of the plants to depth, time and duration of
inundation or saturation. The community is dominated by herbaceous vegetation and emergent marsh
plants adapted to conditions of perennial or seasonal inundation and high soil saturation.

In areas with shallow, ponded water, the vegetation mosaic includes dense areas of tules (Scirpus
spp) and cattails (Typha latifolia). These can form dense impenetrable clumps. Lower elevation
areas, above areas that regularly pond water, are occupied by several smartweed (Polygonunt)
species, sedges (Carex spp.), rushes (Juncus spp.) and pacific silverweed (Potentilla anserina).
These species are typically found at elevations between about two and four feet above mean sea level
(MSL). A mixture of water tolerant annual grasses and weeds occur on slightly higher ground, also
typically between elevations two and four feet MSL. These areas flood during periods of heavy
rainfall and are transitional to seasonal wetlands. Among the common water tolerant weeds are
cocklebur (Xanthium strumarium.), curly dock (Rumex crispus) and wild radish (Raphanus sativus).
Scattered arroyo willow may be interspersed.

Waterfow] are abundant throughout the Watsonville freshwater marsh complex. In fact, for many
species, the Watsonville Slough System’s winter counts of waterfowl can rival or even surpass those
noted for the highly productive Elkhorn Slough to the south (Busch, 1985). In addition to migratory
waterfowl, migrating rails, herons and other bird species use the emergent marsh portions of the
slough system during migration and for over wintering.

Among the bird species known to breed in the slough system are the mallard, cinnamon teal, gadwall,
ruddy duck, American coot, pie-billled grebe, green heron, great egret, snowy egret, black-crowned
night heron, Virginia rail, sora, common gallinule, and long-billed marsh wren (County of Santa Cruz,
1981). American bitterns courtship behavior has been observed in slough areas and may breed in the
slough system (Busch, 1985).



Coastal wetlands are well known to be very important to migratory and wintering waterfowl, which
make use of shallow and deep open water areas and adjacent emergent marsh. Ideal habitat
conditions for breeding waterfowl is a ratio or mix between 1:1 and 2:1 emergent vegetation to open
water. In addition, the depth and seasonality of ponded water is very important.

Resident waterfowl inhabiting freshwater marshes such as mallards, cinnamon teal, herons and rails
are dependent upon permanent open water during summer months, During dry years, in particular,
resident bird populations are somewhat limited by the lack of more extensive areas of permanent open
water. In fact, many of the waterfowl leave by spring as water levels begin to drop in the sloughs.

Central Coast Arroyo Willow Riparian Forest (WR)

The riparian forest habitat occurs as scattered remnants throughout the slough complex. It is
dominated by the presence of arroyo willow (Salix lasiolepis), creek dogwood (Cornus californica),
elderberry (Sambucus mexicana), blackberry (Rubus ursinus) and poison oak (Rhus diversiloba).
Some areas have coast live oak (Quercus agrifolia) intermixed, but more often the oak is on the
upland slopes just above the slough bottoms.

Cottonwoods, sycamores, box elder and alders were likely once part of the historic mixed deciduous
riparian forest in at least parts of the slough system. Except for scattered specimens, these trees were
largely removed when the sloughs were converted to agriculture and pasture. Only the pioneering
willow has returned in any significant numbers. Rapid regrowth and expansion of the willow
community is occurring in many parts of the slough system, most notably Gallighan and Harkins

Sloughs.

The willow-dominated riparian forests of the slough system presently lack the species diversity and
structural complexity most desirable for wildlife habitat. For instance, there are few taller, higher
canopy trees which are important for raptors. Nor are there any decadent snags which provide
habitat for cavity nesting birds. However, the willow stands likely provide good habitat for a number
of songbirds.

A large number of wildlife species utilize riparian forests. Riparian forest habitat provides essential
feeding, cover and nesting sites for many bird species, particularly migratory birds (non-waterfowl)
and raptors. Birds which utilize this habitat in the Watsonville Slough area include the northern
oriole, Pacific-slope flycatcher, several sparrow species, chestnut-backed chickadee, Hutton’s vireo,
warbling vireo, bush tit, ruby-crowned kinglet, Swanson’s and hermit thrushes, wren tit, yellow-
rumped warbler, lesser and American goldfinch, and yellow, orange-crowned and Wilson’s warbiers.

Riparian trees may also serve as nestings sites for buteos and acipiters, including Cooper’s hawks and
Redtail hawks.

Amphibians are also strongly associated with riparian habitats due to the proximity to freshwater and
a moist micro-climate. All amphibians, by definition, require water for a portion of their life cycle.
The red-legged frog and yellow-legged frog, both species of special concern, may be found along
permanent water channels associated with riparian areas. The Pacific tree fog, newts and the Santa
Cruz long-toed and tiger salamanders may also be found in some riparian habitats, provided other
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components of their required habitat, such as ponds and grassy areas, are also nearby.

Although many reptiles do not require moist environments, garter snakes, ring-neck snakes and
alligator lizards prefer these environments. Riparian habitat also provides food, shelter and water for
various small mammals. Racoons, striped skunks, ornate shrew, and brush rabbits forage near
streams and slough channels and deer may come to these water sources to drink.

Coastal Oak Woodland (OW)

The woodland community occurs on the slopes above the slough bottoms and is best expressed as
protected, with moist north and east exposures. Coast live oak (Quercus agrifolia) is the tree which
defines this community. Other species include California bay, black oak, California buckeye, and
some madrone. The coastal oak woodland is often dense with a complete or nearly complete canopy
cover. It typically has an understory of coffeeberry, poison oak, other shrubs and ground cover
plants. Areas of coast oak woodland are scattered throughout the Watsonville Slough System, but
are widespread and best represented in Harkins Slough.,

Oak woodlands provide valuable habitat for a large number of wildlife species. A number of bird
species, such as the acorn woodpecker, use acorns in their diet, while others, such as the chestnut-
backed chickadee, plain titmouse, white-breasted nuthatch, and brown creeper, feed on insects
associated with oaks. Oaks also provide nesting habitat for many birds, and dead snags provide
habitat for cavity nesters.

Woodrats, gray fox squirrels, and other small mammals are closely associated with woodland habitat.
Many other mammal species, such as deer and bobcats, among others, also use the surrounding
grassland and shrub communities. Gopher snakes, rattlesnakes, western fence lizards and northern
alligator lizards, are also common at edges and openings in oak woodlands. Amphibians are generally
uncommon in this woodland type. Amphibians such as newts and salamanders are common in oak
woodlands during the winter months. The dense vegetation affords good habitat for woodrats and
other small mammals. The presence of several dominant tree species and a well-developed understory
provide vegetation, structural diversity and result in a relatively high diversity of wildlife species
within this habitat.

Lowland Grasslands (LG)

This community found on the bottom lands of many of the sloughs is characterized by seasonal
wetlands dominated by annual and perennial grasses, and herbaceous vegetation. In many places
grasslands represent a transitional or ecotone community between freshwater marsh and adjacent
grasslands on the upland side stopes of the sloughs. Many areas have been grazed or historically
farmed. These activities, in conjunction with the alteration of the slough hydrology by sediment
deposition, drainage channels, and pumping, have significantly altered the historic species
composition of the community.

In many areas, the seasonal wetlands appear to be flooded and high groundwater tables have
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saturated surface soils in years of normal rainfall into the spring and summer months. Species
observed in areas of seasonal wetlands/grasslands include annual bluegrass (Poa annua), perennial
ryegrass (Lolium perenne), rush (Carex ssp.), wiregrass (Juncus) with some areas of a native
creeping or alkali ryegrass (Leymus ssp.). Many animal species forage in the grasslands. Sparrows
and goldfinches feed on the seeds of grass and thistles, whereas horned larks, western kingbirds, and
western bluebirds forage on the many insects that inhabit grasslands. Hawks are often seen soaring
above the grassiand in search of prey. Ground squirrels, pocket gophers, voles and several species
of mice are common inhabitants of grasslands, and deer browse the grasses and forbs. Lizards and
snakes are common reptiles, and although amphibians are rare in the dry grassiand, tiger salamanders
may use abandoned burrows as refuge.

Grasslands provide valuable habitat for a variety of rodents and predators, including the burrowing
owl. Grasslands are important féeding areas for kestrels, kites, barn owls, and loggerhead shrikes
(Busch, 1985). Western meadowiarks breed and winter in the grasslands.

Raptors which are attracted to grasslands for the small mammals and seed eating birds common there
include Peregrine falcon, a federal and state listed endangered species, and Cooper’s and sharp
shinned hawks (Busch, 1985), both state species of special concern.

44 MAMMALS

A number of small mammals forage along the slough channels and remnant woodlands including
raccoons, muskrats and opossum. Other mammals active at the edge between the grassy uplands and
wetlands include striped skunk, weasel, brush rabbit, blackmail jackrabbit, and the California ground
squirrel. The grasslands are also important hunting and foraging habitat for such predatory mammals
as the gray and introduced red fox, long-tailed weasel and coyote. These species would utilize
gophers, ground squirrels, mice and voles, which inhabit the grasslands and seasonal wetlands.
California blacktail deer, resident in the wooded portions of the Larkin Valley also would utilize the
oak woodlands, grasslands, and coastal scrub uplands of the watershed.

4.5 AQUATIC HABITAT AND FISHERIES

The native fish of the streams and sloughs tributary to Monterey Bay include western suckers, hitch,
squawfish, roach, speckled dace and scuplins. Other fish were introduced purposely by the State, as
well as inadvertently by bait fisherman. These have included exotics such as carp, mosquito fish,
golden shiners, and threadfin shad. When the mouth of the Pajaro River is open to Monterey Bay,
marine species such as striped bass, starry founder, and marine bait fish travel into the tidal lagoon.

Watsonville Slough Estuary (Pajaro River Lagoon). Aquatic habitat and water quality conditions as
they affect fisheries vary significantly seasonally in the Watsonville Slough Estuary which is a branch

of the Pajaro River Lagoon, depending upon whether the mouth of the river is open to tidal
circulation, or closed and blocked by a sandbar. This sandbar is often artificially breached by
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bulldozer when lagoon water levels get too high.

Marine fish populations are expected to be abundant and diverse, particularly in the winter when the
mouth is open. Pacific herring, topsmelt, shinner perch, staghorn sculpins and the federally listed
endangered tidewater goby, were the most abundant fish recorded in an early summer 1991 survey
(Swanson, 1992). Striped bass were also common in late summer 1991, Steelhead trout likely use
the lagoon for juvenile rearing and growth prior to entering Monterey Bay.

After sandbar closure in mid to late summer, and in years when the sandbar is not opened, the lagoon
becomes brackish to freshwater, with periods of low dissolved oxygen and periodic aquatic habitat
stresses imposed by possibly toxic agricultural inflows, and elevated temperatures or stratified salinity
conditions. In years of significant freshwater conditions, freshwater fish spectes such as carp, hitch,
Sacramento sucker, Sacramento blackfish, and Sacramento squawfish could utilize the lagoon.

Watsonville Slough System. The aquatic resources of the freshwater portion of the sloughs is diverse
and varies with water levels. No sampling or inventories were completed for this project, however,
it would be expected that a diverse group of aquatic insects and water warm freshwater fish could
be found. Typical aquatic invertebrates would include emergent insects such as mayflies, caddisflies
and mosquitoes. Other invertebrates may include water striders, whirling beetles, water boatman and
numerous other species.

Fish species would be expected to occupy the lower and middle reaches of Watsonville and Struve
and Hanson Sloughs, as well as the open water areas of Harkins Slough, where there are deeper
ditches and ponds. Because of high summer temperatures and stagnant water conditions, the upper
Watsonville Slough System supports warm water fish species with little or no significant sport fishing,
Fish species recorded in the slough channels include Sacramento blackfish, brown bullhead, carp,
goldfish and several types of sunfish (Cooling, 1984).

4.6  SPECIES OF CONCERN

A number of sensitive species or species of special concern are also known to inhabit localized
portions of the watershed. Species of special concern include those plants and animals that are either
listed, proposed to be listed, or candidates for listing by the U.S. Fish and Wildlife Service under the
Federal Endangered Species Act, or by the State of California under its endangered species laws,
Other sensitive species include:

1. Plants on the California Native Plant Society’s rare and endangered plant list;
2. Birds protected by the Federal Migratory Bird Act; and,

3. Plants and animals on the California Department of Fish and Game’s list of Species of Special
Concern.



Several threatened or endangered species are known or expected to inhabit upland and wetland
portions of the slough. A literature search and review of the California Natural Diversity Data Base
(CNDDB, 1995) was conducted to determine known or suspected occurrences of sensitive species
and species of special concern within the Planning Area. Table 4-1 provides a list of special status
species potentially occurring with the Watsonville Slough System. The following summarizes
information on the specific species expected or known to occur or make significant use of habitats
within the Watsonville watershed.

Several species that are listed in the CNDDB have narrow habitat requirements that would preciude
their occurrence within the watershed. Monterey spineflower (Chorizanthe pungens var. pungens)
is a coastal dune species at Manresa State Beach in the northwest portion of the project area.
Monterey spineflower also occurs near the mouth of the Pajaro River. Robust spineflower
(Chorizanthe robusta var. robusta) is known at Manresa State Beach and Sunset State Beach.

The tidewater goby (Eucyclogobius newberryi) is a brackish-water fish that is known to occur at the
Pajaro River mouth and, therefore, is likely present in the estuarine portion of Watsonville Slough.
The monarch butterfly (Danaus plexippus) is known to mass during winter on certain trees or groves
of eucalyptus trees along the Santa Cruz County and Monterey County coastline and at Manresa
State and Palm Beach. Within the planning area, the monarch is known to occur at the west end of
Beach Road. The western snowy plover (Charadrius alexandrinus novosus) is known to inhabit the
tidal marsh at the Pajaro River mouth and, therefore, is also likely to occur in the estaurine portion
of Watsonville Slough. The black legless lizard (dnniella pulchra nigra) primarily uses sandy coastal
dune habitats and may potentially occur in the coastal sand dune areas bordering the watershed to the
west,

The following sensitive species and species of special concern have potential for being present in the
project area based on required habitat.

Tidewater Goby (Eucyclogobius newberry)

The Tidewater goby is a federally listed endangered species that potentially occurs within the lower
tidally influenced portion of the Watsonville Slough System. Tidewater gobies are typically found
in salt to brackish water estuaries along the West Coast. Tidewater gobies can be found in seasonally
closed river mouths along the Central Coast. These gobies can be found in other Santa Cruz
locations, such as the Waddell Creek and the Scott Creek lagoons. The goby has the ability to
withstand fluctuations in temperature and salinity in habitat. Historically gobies likely inhabited the
Pajaro River Lagoon system. '

Santa Cruz Long-Toed Salamander (Ambystoma macrodactylum croceum)

The Santa Cruz long-toed salamander is listed as endangered by the U.S. Fish and Wildlife Service
(USFWS) and by the State of California. This salamander is known to occur at only 11 locations
between Aptos, Santa Cruz County and Castroville, Monterey County (Ruth, 1994). Several
breeding populations are known to exist in the project area, including Ellicott pond near Gallighan
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TABLE 4 -1
SPECIAL STATUS SPECIES POTENTIALLY OCCURING WITHIN PROPOSED URBAN LIMIT LINE

Species Status Preforred Habitat
Plants:  Sants Cruz warpiant FC!,SE | Oramland
Cairdners yampah ¥l Grassiand
Wikl Sanis Cruz long-10ed sslamander FE, SE__| Wotland. riparisa. oak woodland
Calitornis tiger salamander | P2, SSC | Wetland. grasaland
Wesiarn pond turtle FC!, SSC | Wetland, ripsrin, osk woodland
lllck-umadm!m.m SA Wetland, ripsrian
Califorais red-legged frog FC?, $YC | Wotland
Black-shonkderad kite CP Wetland, g
Norther harrier §SC | Wetland, grasaland
Burrowing owi $8¢ Gramland
Shoti-eared owl $5C Watland, grassland
Tricolored blackdird PC, $SC | Watland, grassland,
Ooldung 58C Crassland
Ferruginous bawk FC3, $5C | Orasmland
Meriin $SC Grastland, wetland
Peregrine faloon FE. SE wuhnd._lrmhnd
Logpsrhead shrike FC? Grassland
Horosd lark rc? Crassland
Yellow warbler $SC Riparian
Sweeibead SA Streams
Sutus Explanations:

FE: Federally listed endangered
FC: anl nadid:ze
301!.-.
s:g :tm Ihted ndulmdf
s species of special contern
CP:  Califursia fully protected
SA:  Specia] Animal (Species listed by CNDDB as Special Animals, but not designated as
protected under other caiegories iisted above)
Sources: Californis Departtvent of Fish and Game (COFO) Natural Diversity Dot Base
gDDBJ 1975 Comservation Element of Wanonville Oeneral Plan: Final Environamsental Impect
for the Villages, Octoder 1990; Draft and Final Syl mtEuvlmmullugamm

for ihe Franich Anumlcu. Sepiember 1989 and May 1991; Habliat Restoration

94028

Source; Watsonville 2005; General Plan EIR, CH2MHill, 1992



Slough and the Buena Vista site near the intersection of Larkin Valiey Road and Buena Vista Drive
(M. Fusari, reported in Stevens, 1995). Long-toed salamanders spend much of the year below
ground in groves of willows or other riparian vegetation, coastal scrub, or coast live oak woodland
habitats. Following rains in early to late winter (November to February), adult salamanders migrate
during the night to temporary or semi-permanent ponds to breed. After breeding, adult salamanders
may remain in the vicinity of the breeding pond for a year or more before returning to their terrestrial
retreats. Eggs hatch within 15 to 30 days. The larvae transform into juvenile salamanders in
approximately 90 to 150 days, and reach sexual maturity after two to three years. Drainages with
dense vegetation cover are preferred as a migration corridor. Dense vegetation is also required near
or adjacent to breeding ponds, which serve as refuge for juvenile salamanders. The Santa Cruz long-
toed salamander is also thought to occur in the Struve Slough area. There is potential for occurrence
of this salamander at several of the semi-permanent small ponds and wetland areas within the project
area.

With respect to pollution effects, local and nationally-known heptologists (Dr. Stephen Ruth and Dr.
Mark Jennings) have expressed concerns about direct lethal and sub-lethal effects on the salamander
from the use of the locally-used mosquito abatement chemical - Golden Bear 11-11 oil. No research
has been completed to determine lethal doses for West Coast salamanders or possible sub-lethal
effects; but there is a strong concem in the scientific community about potential effects on endangered
amphibians. Research hepatologists suggest avoiding the use of this mosquito abatement spray in or
near potential salamander habitat until more definitive research findings are available. They are also
concerned about the use of mosquito fish in the system due to the potential predation by mosquito
fish on satamander and red-legged frog larvae.

California Tiger Salamander (Ambystoma tigrinum californiense)

This salamander is a candidate (List 2) for federal endangered species status and is a8 California
species of special concern. The California tiger salamander occurs in coastal and central California
from Santa Cruz and the Sacramento Valley south to Santa Barbara. A small breeding population
exists at Ellicot Pond and suitable habitat may be present in Struve Slough. Similar to the Santa Cruz
long-toed salamander, adults spend much of their lives underground in terrestrial uplands. They
migrate to breeding ponds during rainy nights in the period from November to February. Tiger
salamanders are restricted to locations where breeding ponds are surrounded by suitable upland
grasslands. After breeding, they return to the grassland areas (up to a half mile away), where they
find refuge in abandoned rodent burrows. These salamanders are not usually found in ponds which
have populations of bullfrogs (Rana catesbeiana) and introduced warm water fish {such as mosquito
fish), which predate the eggs and young.

California Red-legged Frog (Rana aurora draytonnii)

The red-legged frog is a candidate (List 1) for federal endangered species status and is a California
species of special concern. Its habitat includes permanent freshwater ponds, marshes and slow-
moving streams, preferring sites with extensive emergent vegetation or other dense cover along the
water’s edge. Red-legged frogs are usually absent where bullfrogs or introduced predatory fish are
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present. Red-legged frogs are conceivably present in the larger ponds and wetlands associated with
former peat mining in Harkins Slough.

Southwestern Pond Turtle (Clemmys marmorata pallida)

The Southwestern pond turtle is a federal category 1 candidate and a California species of special
concern. It is a subspecies of the western pond turtle (Clemmys marmorata). The Southwestern
pond turtle occurs in coastal hills and valleys west of the Central Valley from San Francisco south
to the San Diego area. The southwestern pond turtle is known to occur in similar habitat in Elkhomn
Slough in Monterey County and potentially may be present in the larger ponds associated with former
peat mining in Harkins Slough.

Tricolored Blackbird {(Agelaius tricolor)

The tricolored blackbird is a candidate for federal endangered species status (List 2). It is a colonial-
nesting species, primarily restricted in distribution to California. The species occurs at scattered
locales during the breeding season, inhabiting ponds, lakes or marshes with dense growths of tules
and cattails. Populations are more widespread during the non-breeding season, when large flocks
take advantage of food sources in agricultural fields and upland habitat. This species is threatened
by loss and alteration of breeding habitat. Two nesting colonies have been identified in the project
area west of Highway 1, one at Hanson Slough, the other at Struve Slough.

Black-Shoulder Kite (Elanus leucurus)

This smalt raptor is a fully protected species by the State of California. A small breeding population
occurs in Santa Cruz County. The riparian forests of Harkins Slough are historically the principal
breeding area within the County. Nesting locales include upper Watsonville Slough, Harkins Slough
and Hanson Slough.

Santa Cruz Tarplant (Holocarpha macradenia)

The Santa Cruz tarplant is a state-listed endangered species and is a candidate (List 1) for federal
endangered species status. It is typically found on sunny grassland areas with summer fog and gentle
slopes. Soils are often poorly drained heavy clays on marine terraces. Once commonly distributed
in coastal areas and throughout the San Francisco and Monterey Bay region, the Santa Cruz tarplant
is now known to occur from 13 populations in the Monterey Bay area and from three sites in Contra
Costa County. It is estimated that 90 percent or more of the remaining Santa Cruz tar plants occur
within the Watsonville Slough System watershed (personal communication - R. Morgan, Botanist -
CNPS at 10/29/95 TAC meeting) Known populations within the planning area include a grassy field
just south of the Watsonville Airport and the County Fairgrounds property, and within an area
immediately east of State Route 1 between Harkins Slough Road and West Beach Streets, among
others.



Thorough surveys should be completed for all federally listed and candidate species prior to
implementation of any project resulting from this plan that could affect a sensitive species.
Supporting documentation of such surveys should be provided to the U.S. Fish and Wildlife Service.
Specific mitigation measures should be proposed to minimize harm and offset the potential loss of
all Federal endangered, threatened, proposed, and candidate species and their associated habitats.
To determine whether the mitigation efforts are successful, mitigation measures should be
implemented prior to any project activity.

4.7 DEGRADED WETLAND AREAS WITHIN THE WATSONVILLE SLOUGH
SYSTEM

An aim of this project was to coordinate water quality improvement with measures to enhance or
restore degraded wetland and riparian habitat in the Watsonville Slough System and highlight the
degraded areas within the slough complex that would be considered candidate areas for restoration
efforts. The identification of degraded areas was based on field studies and mapping provided by
Lindsey Stevens, along with observations made during water quality monitoring and reconnaissance
surveys of the watershed by the Questa study team.

Areas within the slough system were judged to be degraded based on the observation of one or more
of the following: (1) invasive or exotic species dominant the channe! and slough bottom area; (2)
land use encroachment has significantly reduced or eliminated wetland and/or channel habitat, (3)
blanketing of wetland vegetation due to sedimentation; and, (4) removal of vegetation. Figure 4-5
shows the main areas of the sloughs where degraded wetlands are evident.

Invasive species degrade the slough habitat by crowding out or out-competing native species.
Disturbance aids in the exotic plant establishment. Exotic plants do not normally provide suitable
food sources and/or habitat for local wildlife. One good example is the establishment of Poison
Hemlock within some of the sloughs. Poison Hemlock, a native of Europe and West Asia, was
introduced as a garden plant. The plant competes very well with native species; however, the plant
produces alkaloids which are toxic to most animal species. Hemlock can be eradicated through
properly timed, once-a-year mowing, over a two-year period.

Land use encroachment has degraded large areas of the sloughs. Farming in and around the sloughs
has been conducted since the early 1900s, and most of the sloughs have been channelized, drained
and used for agricultural production. At present only portions of the slough areas are used for
agriculture. Some sections have been abandoned long ago and have returned to a semi-natural state.
Most of the encroachment in the sloughs is a result of intensive agricultural production immediately
adjacent to the sloughs, leaving little or no buffer between crop land and slough channel. The lower
portions of Watsonville, Harkins, and Struve Sloughs have been impacted to the greatest degree. In
these areas, the slough has been fundamentally altered both from a vegetation and hydrology
perspective and all that remains is a trapezoidal channel with little or no vegetative cover.
Additionally, some of the earthen drainage channels may have been dug in areas that were not
formerly slough wetland areas.”
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The upper portions of the slough system have been impacted by land use, but to a lesser degree than
the lower sections. Portions of Harkins Slough, above Harkins Slough Road, have been altered by
grazing animals and channelization of the slough. While agriculture has been a dominant land use in
the watershed for over a century, the slough system is currently becoming more urbanized. Urban
uses can have deleterious effects on the slough system that are different than agriculture that may
irreversibly alter the system’s environmental health or ability to function; and, as urbanization
increases, impacts associated with urban uses may increase or expand. For the most part, the urban
areas of Watsonville have been set back from the slough bottoms consistent with Department of Fish
and Game recommendations, which may or may not be adequate for protection of the slough system.
Small portions of the headwaters of the sloughs have been developed with shopping centers, trailer
parks and residences; but urban development has generally proceeded along the ridge lines that divide
the sloughs. Also, in a positive vein, the urbanization process has resulted in: (a) reclaiming lost
wetland from agricultural use (e.g., Struve Slough near Main Street); (b) dedication of slough land
for open space {e.g., Willow Creek Subdivision, Crossroads Shopping Center, etc.), (c)
implementation of erosion and runoff controls (for nearly all new development projects); and, (d)
slough enhancement through revegetation with native species in new development in conjunction with
the California Department of Fish and Game (e.g., Crossroads II).

Some portions of the sloughs are degraded due to flooding and stagnant water conditions which is
accompanied (or caused by) sedimentation. These areas are located upstream of many of the road
crossings such as Lee Road and Harkins Slough Road. Erosion from the watershed combined with
possible settlement of the roads has caused the culverts to fill with sediment, greatly restricting the
natural drainage and water flow through the wetland area. Shallow water trapped in these areas can
become stagnant, warm and produce nuisance, aquatic growths. Metals and other pollutants
concentrate in these areas during the dry season. Mosquito breeding and oders also can be problems
in these poorly drained areas. However, it is not universally agreed that these conditions constitute
degraded wetlands; some people and organizations involved with wetlands management in the
Watsonville Slough System believe these conditions are beneficial to overall wetlands restoration and
enhancement goals for the area by virtue of the flooded conditions they create, regardless of water
flow and circulation.

In the lower portions of the sloughs, especially Watsonville Slough and Harkins Slough, vegetation
removal and dredging has a large impact on wetland habitat. Periodically, the channel is partially
dredged by the Santa Cruz County Department of Public Works to maintain channel conveyance and
flood control. This activity removes most if not all, of the vegetation in and around the channel and
also causes temporary suspension of sediments and associated pollutants.



SECTION 5

HYDROLOGIC STUDY
5.1 WATERSHED CHARACTERISTICS

The Watsonville Slough System is an extensive coastal wetland complex, containing the largest
contiguous wetlands area in Santa Cruz County. The sloughs are located in the southwestern corner
of Santa Cruz County between the ocean mouth of the Pajaro River and the City of Watsonville. The
slough system is an interconnected series of primarily freshwater, palustrine wetlands separated from
a smaller coastal salt marsh by a headworks with pump station and tide gates near the ocean. The
various branches of the slough system include Gallighan, Harkins, Hanson, West Branch, Struve, and
Watsonville Sloughs - collectively referred to as the Watsonville Slough System. The wetland
complex is a regionally significant habitat area for numerous species, including waterfowl, rodents,
amphibians, and seed-eating birds. The rich prey base supports a very high diversity of raptors,
herons, and other predators.

The freshwater and tidal marshlands of the Watsonville Slough System and the Pajaro River have
been identified in studies by the California Water Quality Control Board, Central Coast Region
(Regional Water Board), and other agencies as impaired water bodies with adversely affected wildlife
and recreational uses. Although the Watsonville Slough System’s wetland habitats are designated
for protection by numerous federal, state, regional, and local programs, the sloughs' significant
wildlife populations - including several Candidate Species for the Federal List of Threatened or
Endangered Species, numerous Species of Special Concern and Locally Unique species - continue
to be impacted by polluted runoff, drainage practices, and watershed land uses.

Climate and Topography

The Watsonville Slough System is located in southern Santa Cruz County, on the northern edge of
the Pajaro Valley of Centra! California, adjacent to Monterey Bay (approximately 100 miles south
of San Francisco). The climate of the southern Santa Cruz County coastal zone is "marine
Mediterranean", with mild, wet winters, cool summers, and frequent summer fog along the coast.
Mean annual precipitation varies within the region because of the proximity to the coast, typical
rainfall amounts average from 35 to 40 inches in the Santa Cruz Mountains and 16 to 22 inches near
the Ocean. The mean annual precipitation at Watsonville is about 22 inches.

The Pajaro Valley is an alluvial basin formed by a structural geologic depression and erosional
processes which have resulted in its spoon-like shape and in the evolution of the complex slough
system on the northern edge of the basin (Esmaili, 1978). Watsonville Slough System is composed
of a branching network of six seasonally wet sloughs. The Watsonville Slough is the main branch,
draining its five arms (Harkins, Hanson, West Branch, Struve and Watsonville Sloughs) that extend
up the eroded valleys of the marine terraces. About half of the urbanized areas of Watsonville and
the town of Freedom occupy land area in the watersheds of Watsonville, Struve and West Branch
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Sloughs. Watsonville is the major city in the area, with a population of approximately 33,000
residents. Taken together with the town of Freedom and other unincorporated areas around
Watsonville, the entire population of the area is about 51,400 (1990 U.S. Census).

The Watsonville area is characterized by low-lying, rounded hills, composed of geologically young,
sedimentary deposits, deposited during the Pleistocene epoch, 1.8 to 5 million years ago (Bergolar,
1990). The elevations within the slough watershed range from 10 to 400 feet above mean sea level
(MSL). Most areas of the sloughs are found below elevation 20 feet (MSL), yet the head waters of
some of the sloughs are as high 80 feet (MSL).

The sloughs themselves are generally shallow, open channels with accompanying broad flat floodplain
areas that hold, transport, and drain the precipitation and irrigation runoff for all or parts of the
Watsonville, Freedom, and Larkin Valley areas, as well as the Pajaro Valley farmlands along Beach
Road.

Water Flow and Circulation

The hydrology of the slough system is complex, involving a variety of hydrologic processes, such as
hilislope runoff, pump discharge, flood plain retention, deep groundwater recharge and shallow
groundwater return flow. The sloughs occupy broad valleys with low to moderate slopes. Many of
the slough bottom lands contain small, shallow man-made channels, which contain water year-round
and were created to facilitate drainage of agricultural lands. These channels are usually less than
thirty-feet wide with low (two to four-foot) banks. During the winter these channels rapidly exceed
their capacity and spill over into the broad floodplains within the slough bottoms. The main flow
channels in the slough bottoms do not widen through erosion due to the low gradient and low runoff
velocities. High runoff conditions (i.e., storm discharges) do not provide sufficient scouring action
to transport deposited sediments and maintain deep well-defined channels within the sloughs. The
tow-flow channels within the sloughs are maintained sporadically by the landowners and by the Santa
Cruz County Public Works Department. This involves periodic dredging of accumulated sediment
and clearing of vegetation and debris.

The sloughs can be best described according to two separate drainage networks: (1) the east sloughs
drainage network, comprised of Watsonville Slough, Hanson Slough, Struve Slough, and West
Branch Slough; and, (2) the west sloughs drainage network, comprised of Harkins Slough, Gallighan
Slough and the Larkin Valley. A general watershed map is shown in Figure 5-1, mapping of key
drainage features and structures is provided in Figure 5-2.

» East Sloughs Network. The east sloughs network generally drains the Watsonville urban
areas and the flat lying agricultural fields along Beach Road. The upper portions of the east
sloughs network are within the City of Watsonville. Rainfall runoff is collected on the streets
of Watsonville and is delivered to the city storm drains, which discharge to the sloughs at
numerous locations in the upper portions of Struve, West Branch and Watsonville Sloughs.
Struve Slough runs through the middle of Watsonville; and there are several road crossings
and urban land use encroachments within its broad bottom. West Branch Slough only has
minor amounts of urbanized area and, for the most part, is one of the best preserved sloughs
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in the system. Moving downstream, but still within the city limits, West Branch and Struve
Sloughs begin to widen and become flat broad valleys. 1In this area there are numerous
roadway crossings, many of which are flooded and closed during the winter months when
water levels rise in the sloughs. West of Highway 1 the land use around the eastern sloughs
network changes the character of the sloughs. Extensive agricultural development has
covered most of the old slough wetland system and channels have been created to confine
the runoff into trapezoidal ditches bordering the agricultural fields. This portion of the
eastern slough network is managed extensively. Periodically, the constructed slough
channels are dredged and cleaned to provide increased channel capacity and flood control
to reduce overbank flooding into the agricultural fields. There are no pump stations within
this section into the siough system. Runoff flows by gravity to the lower section of
Watsonville Slough where it is pumped, at Shell Road, to the estuarine portion of
Watsonville Slough which flows into the Pajaro River estuary and, ultimately, the ocean.

West Sloughs Network. The west sloughs network is dominated by Harkins Slough and
the Larkin Valley, which comprises the upper watershed of Harkins Slough. This portion
of the system is different from the east section due to the predominance of open space,
agricultural and rural residential land uses in the watershed. Little urban runoffis discharged
to the west sloughs network. The Harkins Slough begins as a meandering stream channel,
draining hillside areas of the Larkin Valley. Here the channel is somewhat incised and only
experiences overbank flooding for short durations and during large magnitude runoff events.
The channel then passes under State Highway 1 through a box culvert, after which the
character of the channel changes. Below Highway 1 Harkins Slough takes on the character
of the other slough channels in the east sloughs network, i.e., a small channel within a
relatively large broad floodplain in the valley bottom, where streamflow velocity decreases
considerably. There are two major channel structures in this part of Harkins Slough: (1)
Harkins Slough Road, with a small box culvert; and, (2) the Southern Pacific Railroad tracks,
with a 40-foot wide trestle bridge. Downstream of the Harkins Slough Road crossing is the
junction with Gallighan Slough. Gallighan Slough originates in the northwestern portion of
the watershed and drains primarily hillside agricultural fields, the City and County landfill
sites, and scattered rural development. Gallighan Slough flows through a broad, flat riparian
forest with small, shallow stream channels occupying the bottom. Downstream of the
confluence with Gallighan, Harkins Slough terminates at the junction with Watsonville
Slough, where two pump stations lift water from Harkins Slough to the Watsonville Slough
channel. The pumps were designed to operate simultaneously. The discharge from these
pump stations are 1,600 and 2,200 gallons per minute (gpm), respectively, which equates to
3.5 and 5 cubic feet per second (cfs). The total combined discharge of the pumps is 3,800
gpm (personal communication, Charlie McNiesh, PVWMA, 2/6/95). The pumps are used
primarily in the growing season to drawdown water levels in the lower portions of Harkins
Slough to allow farming on the adjoining fields in the area downstream of the railroad tracks.

Shell Road Pump Station. Downstream of the Harkins Slough - Watsonville Slough
confluence, water flows by gravity to the main pump station, located at Shell Road. This
County owned/operated facility separates the downstream tidally influenced portion of the
Watsonville Slough from the freshwater section. Runoff from the sloughs is pumped into the
tidal portion of Watsonville Slough by two large pumps. The rated capacity of these two
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CHANNEL CONDITIONS AND DRAINAGE FEATURES

Shell Road Pump Station - two pumps draining Watsonville Slough.

Harkins Slough Pump Station - one pumps lifts water from Harkins Slough to Watsonville
Slough.

Junction of Harkins Slough and Southern Pacific Railroad - a 40 to 50-foot wide trestle bridge.

Southern Pacific Railroad Crossing at Watsonville Slough - two 5.5-foot corrugated metal
pipes (CMP).

Beach Road Ditch Outlet - 5.5-foot culvert drains into lower Watsonville Slough.
Watsonville Slough at Lee Road - channelized slough passes through two 5.5-foot CMPs.
Struve Slough at Lee Road - multiple small culverts underline roadway.

Watsonville Slough at Highway 1 - large, concrete overspan bridge.

Watsonville Slough at Harkins Slough Road - multiple metal culverts underlie roadway.
Highway 1 at Struve Slough - large, concrete overspan bridge.

Harkins Slough Road at Struve Slough - two CMP culverts underlie low roadway.
Harkins Slough Road at West Branch - multiple CMP culverts.

Harkins Slough Road at Harkins Slough - approximately 6 x 6 box culvert underlie roadway.
Gallighan Slough at City Dump.

Buena Vista Drive at Gallighan Slough - large concrete culverts.

Ramport Road at Harkins Slough - multiple culverts under road.

Main Street at Watsonville Slough - box concrete culverts.

Main Street at Struve Slough - large concrete culverts.

Highway 1 at West Branch - large box culvert.

Highway 1 at Harkins Slough - large box culvert.

Buena Vista Drive at Harkins Slough - multiple culverts.

Upper Harkins Slough - intermittent CMPs underlying cross streets.

Pennsylvania Drive at Struve Slough - CMPs under roadway.

94(28FIG.5-2




T =% 4 WATSONVILLE
- - ."/ o . / CITY BOUNDARY
. / .\' =t r" i k!
SEALE 1T = 4000 i .--‘ J' H
. LRVt 1 )

WATERSHED BOUNCARY

GALLIGHAN A«

SLOUGH

. WATERSHED

e BOUNDARY

LEGEND: e e
INTRODUCED VEGETATION (1}

LAND USE ENCROAGHMENT /
REMOVAL OF VEGETATION {2 & 4)

FLOODING § BLANKETING OF
WETLAND YEGETATION (3)

QUESTA EMGIMEERNG, UORPORAT R
POINT RICHMKOND, CALIFGRNMA

WATSOWVILLE SLOUGH SYSTEM |

DEGRADED WETLAND AREAS ; 4 - 5
OF THE SLOUGHS i




SCALT 17 = 4000

HARKING SLOUGH
SUE-BASIN

WATERSHED BOUNDARY \

Lanl S
-
.

ro—./"".,_f "\\-)

)

LEGEND
e e = WATERSHED BOUNDARY

 Siusne

]
-
,_r-{. — \

GALLIGHAN SLOUGH
SUB-BASIN
SHELL

~ o
GAL - ~
TSRS Sa, N3

SUB-BASIN

J‘?Qq o

WATSONVILLE SLOUGH
ESTUARY

WATSONVILLE SLOUGH

\
WATERSHED
\‘ " mcunory .
\

OUESTA ENGINEERING, CORPORATION
PONT RICHMOND, CALFORMA

WATSONVILLE SLOUGH SYSTEM

WATERSHED BASIN
DIVIDED INTO SUB-WATERSHEDRS:

ll FIGURE
1

5-1




Ay e e SUBANATERSHED BOUNDARY

LOGATION DESCRIFTION
{SEE ATTACHED SHEET)

- BLOUGH
¥ GHANNELIZED EARTHEN SLOUGH

AREAS OF FERENIAL, OPEN WATER

AREAS PRONE TO FLOODING OR
T o= PONDING WATH SEASONAL RAINS

I

T
%
S
ECALT: VT = 40D
LEGEND: -

WATSONVILLE

/' CITY ROUNDARY

WATERSHED BOUNDARY - /
~ .

I S e
Pl -
Fd

r-u_/"'\_,p n\.)

]

.~ WATERSHED

L BOUNDARY

WATSONWVILLE
SLOUGH ESTUARY

FiURE
‘ WATSONVILLE SLOUGH SYSTEM

DUESTA ENGINEERING. CORFORATIGN | CHANNEL CONDITIONS AND 5 2
POINT RICHMOND, CALIFORNIA . -
I, DRAINAGE FEATURES




pumps are 10,000 gpm (or 22.28 ¢fs), and 10,750 gpm (or 24 cfs), respectively. These
capacities are based on Santa Cruz County measurements taken in 1986 (Charlie McNiesh,
PVWMA, personal communication, 2/6/95). However, in January 1995 PVWMA installed
water meters at the two Shell Road pumps, which indicated pumping rates of 6,600 gpm and
8,500 gpm, respectively. The mode of pump operation depends upon the situation. In the
winter months the pumps are set to operate 24 hours a day, to maintain slough water levels
below flood stage. The pumps are activated by water level controls (a set of electrodes),
which signal to the automatic start-up and shut-off of the pumps. These electrodes are set
to prohibit flooding of Shell Road (personal communication, Terry Reynolds, 2/9/95).;
although, the water in the estuary can at times overtop the Shell Road tidegates and flow
“backwards” into the lower slough. Throughout the rest of the year, pump operation is
varied according to the levels of high tide and the amount of irrigation runoff into the
sloughs. The pump goals are to keep the adjacent farmland dry, while still maintaining as
much water as possible in the sloughs (Terry Reynolds, 1995).

As a general matter, the County does not maintain good records or set schedules for the
operation of the pump stations. Summer pump operation is largely done in response to calls
from farmers. Better records would allow a more thorough analysis of the pumping
operations and their relationship to water level conditions in the sloughs.

Road Crossings. The sloughs are crossed by numerous roads. These crossings are
important because of their flow restricting influence on inundation regimes during the dry
season. Within the slough areas there are a wide variety of crossings including full-span
trestle bridges, single corrugated metal pipes (CMP) culverts, and multiple-culvert crossings.
Because the sloughs are broad and the flow through them is slow, sediment readily
accumulates within them. This is very apparent at the culverted road crossings, where many
of the culverts are partially or completely full of sediment. According to the County Public
Works staff, the observed culvert blockages may also be at least partly attributable to
settlement of the roads (and culverts) in the peaty, organic soils in the slough bottoms
(personal communication, Terry Reynolds, 5/4/95). In the upper portions of the watershed,
where gradients are steeper, the culverts and road crossings generally remain clear of
sediment and do not normally constrict the flow of runoff. The exception would be during
high, intensive storm events, when culvert capacity is exceeded; and then the flooding lasts
for a short duration only. During the winter and spring most of the broad low-lying areas
of the sloughs are flooded. As a consequence, many of the road crossings within the slough
system are inundated throughout the winter and into late spring or early summer. During the
summer the constricted flow conditions at these crossings cause water to be retained behind
them, and can serve to some extent as low-flow summer dams. These portions of the
sloughs then function essentially as seasonal ponds/wetlands throughout much of the
summer.

Tidal Influences of Watsonville Slough. The lower section of the Watsonville Slough
System (downstream of the Shell Road Pump Station) is tributary to the Pajaro River
estuary. This and other tributary sloughs and marshes are remnants of a historically larger,
mixed freshwater/estuarine wetland system (see Figure 4-1, Section 4). Water levels and



flow in the lower slough are dependent upon the channel and beach depositional dynamics
of the river mouth, tidal conditions and outflow from the Watsonville Slough System.

The Pajaro River mouth is typical of a California coastal stream estuary. The system
experiences dynamic changes from season to season. In the winter, when stream flows are
high, the river mouth is typically open to full tidal inundation as river water discharges to the
ocean. The force of the stream flow keeps the mouth open against the forces of beach sand
littoral sedimentation. As the spring progresses, flows in the river are reduced and it
becomes increasingly difficult for the river to maintain a constant opening and connection to
the ocean. The River may break through during moderate to high rainfall events; but, soon
thereafter, beach sand will be deposited and the mouth will be closed as flows decline. By
late spring/early summer the flows in the river drop significantly and the river mouth is
closed to tidal influences until stream flows increase enough in the fall to break through the
beach sand barrier again. Throughout the summer, the impounded flows in the low Pajaro
River cause the water level in the estuary to rise. During this period, the water quality of the
estuary undergoes a basic change. Salinity declines due to the decreased tidal inflow and
the impoundment of freshwater flows. Wind helps to mix the freshwater and remanent salt
water together forming a brackish lagoon. This is the natural cycle of small coastal estuaries
such as this.

However, often because of discharges (e.g., agricultural return flow and dewatering of the
slough channels) within the river and slough watershed, lagoon levels continue to rise
throughout the summer and have the potential to flood the neighboring areas. Flooding also
inundates the salt marsh areas of the slough with predominately freshwater. This can have
a detrimental effect on the salt marsh plant communities, because of their inability to tolerate
long periods of freshwater inundation. When the flooding is severe Santa Cruz County will
breach the sandbar at the mouth to drain the lagoon to ease potential flooding problems.
But, this also can have other adverse environmental consequences. This is a development
activity that requires a coastal development permit. The summer breaching allows tidal
inundation for short periods of time and creates a stratified water column in the lagoon and
slough system. The stratification occurs because the more dense sea water will flow to the
bottom of the estuary, while the inflowing freshwater remains above the salt water. These
stratified conditions cause problems for fish and other aquatic organisms that do not have
high tolerances to salinity and temperature fluctuations. To address such impacts interim
emergency breaching criteria were established in April 1992 and are embodied in the May
1993 Pajaro River Lagoon Management Plan. Santa Cruz County now has contracted with
a consultant to develop a permanent, environmentally sensitive program, the Pajaro River
Corridor Management and Restoration Plan, due for completion in 1997.

5.2 GROUNDWATER RESOURCES

Water-Bearing Formations

The Watsonville Slough System lies above the boundaries of the Pajaro Valley Groundwater Basin.
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Water supply in the Pajaro Valley comes from three water-bearing units: (1) the Quaternary
alluvium; (2) the upper and lower Aromas Red Sands; and, (3) the basal Purisima Formation. A
generalized schematic cross-section of these formations and their relationship to the Watsonville
Sloughs system is shown in Figure 5-3. The main production of groundwater in the Pajaro Valley
is pumped from the stratigraphic sections of the Aromas Red Sands. The Aromas Red Sands and the
Purisima Formations are overlain by layers of blue clay which act as a confining layer, inhibiting the
free vertical movement of the groundwater from the overlying Quaternary allavium. Water quality
differs significantly between the deeper, confined Aromas Sands and Purisima Formation and the
shallow semi-perched groundwater in the upper alluvium (Brown, et al, 1976); the deep groundwater
is of better quality and is the preferred source for local water supply uses.

Quaternary Alluvium - to 100 feet. The Quaternary Alluvium has three distinct sub-units:
terrace deposits, alluvium, and dune sand units, The Alluvium unit ranges from
approximately 50 to 300 feet in thickness (FIP, 1993), beneath the Watsonville Slough
System area, it is about 100-feet thick. The terrace deposits consist of unconsolidated basal
gravel, sand, silt, and clay. The alluvium deposits consist of inter-layered beds of
unconsolidated finer grained sands, gravel, and clay deposited by the Pajaro River and
coastal streams to the north. A 50-foot thick basal gravel layer underlies the blue clay
marker bed and is hydraulically connected to the Aromas Red Sands. The blue clay is a
continuous unit beginning four-miles west of the Pajaro Gap and extending to the coast (EIP,
1993). This clay layer, where it occurs, precludes direct precipitation recharge of the
underlying Aromas Reds Sands aquifer; this creates the perched groundwater which supports
the extensive wetland conditions within the siough bottoms.

The Aromas Red Sands - 100 to 800 feet. Underlying the alluvium and blue clay layer are
the Aromas Red Sands. These sands consist of fluvial (i.e., river) and eolian (i.e., wind)
deposits which hold discontinuous confining layers of interbedded clay, gravel, and silty clay
(Luhdorff and Scalmanini, 1987). The confining clays dominate in the fluvial deposits of the
Aromas Formation where the clay layers thicken westward (PVWA44, 1993). This primary
water-bearing unit ranges in thickness from 100 to 800 feet and outcrops in a discontinuous
ring around the periphery of the Pajaro Valley Groundwater Basin and within the Watsonville
Slough System watershed. The Aromas Formation outcrops can be found in the
northwestern and north portions of the Gallighan and Harkins Slough watersheds. Where
these outcrops of the Aromas Formation occur, they potentially create a direct avenue for
percolating rainfall (and other applied water) to recharge the deep aquifer, bypassing the
slough system.

The Purisima Formation - below 800 to 900 feet. The Purisima Formation underlies the
Aromas Red Sands and consists of three main units of marine deposits. These units are
comprised of interbedded sands, silts, clays, and shale. This formation has been tectonically
warped into a broad shallow spoon-shaped depression that opens southward, toward
Monterey Bay (Esmaili, 1978). The upper section of the formation is a very fine to fine sand
with clay and silt interbeds. The middle section is a fine to medium sand with clay, silt, and
gravel interbeds. The lower section consists of sand with clay and shale interbeds. A 150-
foot thick shale marker bed, lying approximately 600-feet below the top of the lower unit,
exists continuously throughout the valley (PVWMA, 1993). The Purisma sediments lying
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beneath the center of the Pajaro Valley are finer-grained due to the greater distance from the
source areas (Green, et al, 1979). The grain size within the formation tends to increase near
the source areas and outer fringes of the basin. Beneath the central part of the valley the
Purisma Formation is 1,000 to 2,000-feet thick and generally thins to the southeast.

The deep aquifer of the Purisma Formation in the Pajaro Valley vicinity is considered
restricted regarding its capacity to yield fresh, clean water. These restrictions are caused by:
(1) lithologic variations, i.e., thinning or fining toward the basinal/depositional axis, (2)
discontinuity of units; and, (3) the location and distance away from the recharge areas
(Luhdorff and Scalmanini, 1987). The Purisma Formation's geologic extent, slope, and
shape influence overlying bedforms and drainage patterns at the surface and restrict vertical
movement of groundwater below the surface (Esmaili, 1978).

Wells in the Water-Bearing Units

The main production of groundwater in the Pajaro Valley is from the Aromas Sands (Luhdorff and
Scalmanini, 1987). The largest production wells generally extend to about 800 feet below the ground
surface, i.e., to the top of the underlying Purisma Formation (Luhdorff and Scalmanini, 1983).
Existing production wells in the deeper sections of the Purisma Formation are tapped in the Soquel
area and the Salinas Valley (Luhdorff and Scalmanini, 1987). Wells have not tapped the Purisima
Formation in the Pajaro Valley because of the assumed difficulties involved with this deep aquifer
and the fact that the Aromas Sands are known to produce the highest yield.

Groundwater Recharge

The groundwater of the deep aquifers in the Pajaro Valley area is recharged mainly by the direct
percolation of precipitation through the soils, accounting for 90 percent of the total recharge to the
basin (Johnson, 1982). The other 10 percent of recharge is attributed to seepage from the headwater
areas of Corralitos Creek, infiltration from the Pajaro River and other tributary streams, along with
the continuous underflow between adjacent areas (Brown et al, 1976). The primary groundwater
recharge areas lie in the regions of accessible unconsolidated sands, sandstones, gravel, or silts of high
permeability on the outskirts of the Pajaro Valley basin. The areas of the highest recharge potential
to the Aromas Sands are located in the coastal dune facies, north and south of the Pajaro River and
along Corralitos Creek above the town of Freedom (EIP, 1993). These recharge zones correspond
with areas of eolian and alluvial sediment deposition, where there is no confining clay layer to restrict
downward movement of rainfall percolation. Figure 5-4 shows the groundwater recharge areas of
the Watsonville Slough System watershed.

In the Watsonville Slough System area, percolation of surface water into the underlying aquifer is
affected by the overlying system soil. In general, the presence of near-surface confining and semi-
confining clay layers in the sloughs and surrounding floodplain impede the downward flow of water
into the deeper aquifers. Consequently, the sloughs do not account for significant recharge to the
deep aquifers of the Aromas Sands.
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The spoon-like shape of the basin allows for groundwater to flow away from recharge areas and
toward the central northeast-southwest axis of the Pajaro Valley and westward, toward Monterey
Bay. The Aromas sand is the major vehicle for groundwater recharge where groundwater flow is
toward the valley floor. The permeability diminishes rapidly landward due to the contrast of coastal
eolian deposits and the inland fluvial fine-grained deposits (Esmaili, 1978).

Groundwater Flow into the Sloughs

Shallow groundwater flow from the Quaternary alluvium drains into the slough bottoms. This
groundwater flow is derived from rainfall and irrigation drainage into the soils and subsequent
migration downslope into the sloughs. Shallow groundwater in storage is depleted at the end of the
summer and gradually builds throughout the winter rainy season, with discharge into the sloughs
continuing through the spring and summer months.

5.3 EROSION AND SEDIMENTATION

During runoff events soils in the slough watershed are constantly subject to erosionai forces. Soil
erosion is a complex process affected by numerous variables, including soil type, soil texture, rainfall
intensity, slope, slope length, water velocity, vegetative cover, and antecedent soil moisture. The
Watsonville Slough System has a wide variety of soil conditions and land uses which are affected by
differential amounts of erosion. Human activities such as agriculture and construction can greatly
increase erosion rates. There is clear visual evidence of soil erosion in the upland portions of the
watershed which ultimately results in downstream sedimentation in the slough channels. Where these
sediments are not removed by dredging or scouring (e.g., by flood flows), the sediment accretion can
cause perennial wetlands to evolve further toward seasonal wetlands.

A portion of the hydrologic study involved a review of existing soil conditions and the application of
the Universal Soil Loss Equation (USLE) to develop rough estimates of erosion potential from
different areas of the watershed.

Soil Conditions

The surface soils within the Watsonville Slough System watershed have been classified and grouped
by hydrologic soil group (see Figure 5-5) in accordance with published maps contained in the Soil
Survey of Santa Cruz County. The hydrologic soil groups were determined through soil identification
charts of the Soil Conservation Service (SCS) National Engineering Handbook, 1986. Soils of
Hydrologic Groups B, C and D occur in the watershed; there are no Group A soils in the project area.

+  Hydrologic Soil Group B. Group B soils have moderate infiltration rates and consist chiefly
of moderately deep to deep, moderately well to well drained, moderately fine to moderately
coarse textured soils. The western and northwestern portions of the watershed area are
dominated by this soil group, including the sub-watersheds of Gallighan Slough and the
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upper regions of Harkins Slough. The hills surrounding Gallighan Slough and bordering
lower Watsonville Slough consist primarily of Baywood loamy sands and Elder sandy loams.
The Group B soils in the upper reaches of Harkins Slough and encompassing Larkin Valley
Road, consist of mainly Elkhorn sandy loam, Pfeiffer gravelly sandy loam, and Elkhorn-
Pfieffer complexes. A small sector in the southeastern corner of the Watsonville Slough sub-
watershed is mapped as Conejo loam.

The Baywood loamy sands and Elder sandy loams are very deep, excessively well drained
soils and range in slopes of 0 to 50%. The Baywood sands formed in eolian deposits.
Surface runoff in this soil range from moderate to rapid, and the hazard of erosion varies
from moderate to high, depending upon the slope of the land. Areas of steep slopes within
the Baywood sands are subject to extensive rill and gully erosion. The Elder loam formed
in mixed alluvium. Surface runoff on the Elder loam is determined as slow to medium with
a hazard of erosion of slight to moderate. The Baywood and Elder soils were used
extensively for agriculture, the main crops being strawberries and flowers (both field and
greenhouse). Brussel sprouts and bushberries are of secondary importance in terms of
acreage and value. A few areas are used as rangeland or are being developed as residential
sites,

The Elkhorn sandy loam and Pfeiffer gravelly sandy loam are very deep weli drained soils on
old alluvial fans and marine terraces. These soils range in slopes of 15 to 50 percent.
Surface runoff on the Elkhorn loam ranges from medium to rapid with the hazard of erosion
being high. The Pfieffer loam formed in material weathered from granitic rock, sandstone,
and marine sediments. Surface runoff on the Pfeiffer gravelly loam is rapid and the hazard
of erosion is high. The steep slopes of the Larkin Valley draining into Harkins Slough result
in the high rates of erosion for these loams. The majority of Group B loams in the upper
Harkins Slough are used as rangeland with a few areas used for crops, such as apples,
bushberries, strawberries, and brussel sprouts.

The Conejo loam is a very deep well drained soil on alluvial fans and plains. These soils have
slopes of 0 to 2 percent. Surface runoffis slow and the hazard of erosion is slight. Irrigated
row crops and urban land uses occur on these soils.

Hydrologic Soil Group C. Group C soils have low infiltration rates when thoroughly
wetland and consist chiefly of soils with a layer that impedes downward water movement.
Group C encompasses the southern region of the watershed and interfingers upslope through
Harkins Slough into the mid-section of the watershed, involving the upper regions of Harkins
and Watsonville Slough sub-watersheds. Group C refers to fine textured soils ranging from
loams to clays. Group C includes Clear Lake clay and the Pinto loam. The Clear Lake clay
lines the Watsonville and Harkins Slough channels and floodplains, and dominates the
southern stretch of the Watsonville sub-watershed. The Pinto loam occurs in various
locations upslope of Hanson, West Branch, and Struve Sioughs.

The Clear Lake clay is a very deep moderately wet soil that occurs in atluvial basins. Slopes

range from 0 to 2 percent. These soils are artificially drained by underlying tile drains,
diversion ditches, and pumps in order to avoid extensive saturation and flooding. The
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permeability of the clay is very slow. In the low-lying area, the water table is usually at a
depth of 36 to 72 inches below the ground surface. Surface runoff is very slow and the
hazard of erosion is slight. The Clear Lake clay is used mainly for irrigated row crops ie.
brussel sprouts, broccoli, and cauliflower.

The Pinto loam is a very deep, moderately well drained soil found on coastal terraces and old
alluvial fans. Slopes range from 0 to 15 percent. Within the Pinto soils, water tends to be
seasonally perched above the compacted subsoils. Surface runoff is slow and the hazard of
erosion is slight. These soils are cultivated with apples, bushberries, and row crops and
surround the Watsonville Airport and neighboring urban regions.

Hydrologic Soil Group D. Group D sotls have high runoff potential and low infiltration
rates when thoroughly wet. They consist mainly of clay soils with high swelling potential.
Group D occupies the areas of Hanson, West Branch, and Struve Sloughs and continues
northward, lining Gallighan Siough and spanning Larkin Valley along Harkins Slough.
Group D includes the Cropley silty clays, Diablo clays, and Aquents that extend throughout
the southern regions of the watershed, lining Hanson Slough, West Branch Slough, Struve
Slough, portions of central Harkins Slough and upper Watsonville Slough, and their
associated ridges. Gallighan Slough and the upper portion of Harkins Slough are lined with
organic peat soils. The upper Watsonville Slough sub-watershed and the central and upper
regions of the Harkins Slough sub-watershed contain soils of the Watsonville loam and
Tierra-Watsonville complex.

The Cropley silty clay is a very deep well drained soil on alluvial fans and benches. Slopes
range from 2 to 9 percent. Permeability of the soil is slow and surface runoff is slow or
medium with a slight hazard of erosion,

The Diablo clay is a well drained soil found on hills and formed in material weathered from
sandstone and shale. Slopes range from 9 to 30 percent. Permeability of the soil is
dependent upon the existing moisture content within the soil, i.e., the wetter the soil, the
slower the permeability rate. Surface runoff is medium to rapid and the hazard of erosion
is moderate to high.

The organic peat soils of Harkins and Gallighan Sloughs occur in the open channels and
floodplains. These soil complexes consist of sandy clays and peats that are frequently
inundated by runoff water. Drainage is very poor and the runoff is very slow. There is no
hazard of erosion except when runoff is rapid. Depth to the water table ranges from 10
inches in the winter months to 40 inches during the dry summer months (Santa Cruz County
Soil Survey). These soils have historically been mined for peat resources - most recently (in
the early 1980s) in the lower reach of Harkins Slough, between Harkins Slough Road and
the railroad trestle.

The Tierra-Watsonville complex and Watsonville loam are rather poorly drained soils located
on marine terraces. Slopes range from 2 to 50 percent. Permeability of the soils is very slow
and the available water capacities range from four to five inches. Water is seasonally perched
above the clay layers within these soils. The runoff ranges from slight to rapid. The hazard
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of erosion is dependent upon the slope and cover type of the land and ranges from moderate
to high. A few gullies have formed in the steep areas of these clays.

USLE Soil Erosion Estimates

Estimates made according to the USLE should be taken as an indication of the relative amounts of
soil loss possible within given areas of the sloughs watershed. Predicting actual sediment loss in a
precise manner is very difficult and requires extensive long-term monitoring data; erosion can vary
radically from year to year, in response to rainfall frequency, cultivation practices, and many other
factors.

The USLE is an empirical model developed by the U.S. Department of Agriculture to estimate sheet
and rill erosion from agricultural lands. It is an equation that calculates an erosion rate. The equation
consists of five variables based largely upon soil conditions.

The general form of the equation is:

A=RxKxLSxCxP

where:
A = soil loss rate, tons/acre/yr
R = rainfall erosion index, 100 fi-tons/acre-inches’hour
K = soil erodibility factor, tons/acre per unit of R
LS = slope length and steepness factor, dimensionless
C = vegetative cover factor, dimensionless
P = erosion control practice factor, dimensionless (Goldman et al, 1986).

Soil conditions are a principal factor in determining the erosion potential for a given area or site. As
described in the preceding paragraphs, the Watsonville Slough System has areas of varying soil
characteristics with distinct differences in soil erodibility. For the purposes of this USLE analysis,
the Watsonville Slough System was divided into sub-watersheds related to the individual sloughs.
Each slough watershed was divided into categories according to similarities in land use, soil
erodibility, and slope length and steepness of the land. A soil loss rate was calculated for every
category for each individual slough watershed. An annual soil loss amount was then estimated by
multiplying the erosion rate by the corresponding area for each specific category. Adding the annual
soil loss quantities for each category then resulted in an estimated soil loss for the sub-watershed, the
tables showing the calculations for each sub-watershed are included in Appendix A.

The R, K, and C variables within the USLE were obtained by tables prepared by the U.S. Department
of Agriculture. The Highly Erodible Land (HEL) Classes List for Santa Cruz County determines an
R value of 50 for the Watsonville study region. The HEL and the Soil Survey of Santa Cruz County
correlate soil names with related erodibility, or “K”, factors (see Figure 5-5). The Watsonville
Slough sub-watersheds contain soils of erodibility values of .15, 0.17, 0.24, 0.28, and 0.32. The
vegetative cover factor (C) is dependent upon the land use within the sloughs, agricultural or open

5-11



space. The HEL indicates the C value of agricultural land within the slough system to be 0.1, areas
of 90 percent cover. The C value for roadside and ditch conditions involving exposed soils within
the agricultural fields was estimated to be 1. The C value for open space/native vegetation
corresponds to a numerical value of 0.01.

The surface condition of the land determines the P value. Agricultural land use has a P value of 0.9,
based on contour plowing, parallel to topographic contours. Regions of native vegetation have P
values of 1, indicating undisturbed open space.

The transport of soil particles over an area is strongly influenced by the slope gradient and siope
length of the land. Slope gradient and slope length are used to determine an LS value for the desired
region. Topographic maps were used for the calculation of percent slopes and slope lengths within
the set categories of the sloughs. Table A-1 (provided in Appendix A) relates the slope gradient and
slope length to predict an LS factor. LS values are small, less than 1.00, on slopes less than 5 percent
with slope lengths less than 300 feet. On steep slopes, soil movement increases dramatically. For
example, portions of the strawberry fields of Gallighan Slough are located on hills of 18-percent
slope, with slope lengths of 1,000 feet, this results in an LS value of 9.56.

Using the USDA constant of R and C values while categorizing the sloughs on the basis of land use,
erodibility factors, and LS values yields a detailed estimation of potential soil loss for the different
sub-watersheds of the sloughs. The results of this USLE analysis are summarized in Table §-1,
showing the estimated erosion rates on the basis of: (a) tons/acre/year; and, (b) total tons/year for
each of the sub-watershed areas. The percentage contribution from each area is also indicated. It
is apparent from this generalized analysis that agricultural areas represent a much greater source of
potential erosion to the Slough System than do the urban areas.

For comparison purposes, typical soil loss rates for the kinds of land use conditions in the Watsonville
Slough System watershed are as follows:

» openspace/grasslands - <1 ton/acre/year
s graded areas - 3 to 30 tons/acre/year
o rowcrops, flat terrain - <3 ton/acre/year
» row crops, hillside areas - 3 to 30 tons/acre/year

However, according to Rich Casale, with the NRCS, rills don’t start forming until the loss rate is 15
tons/acre/year; and rills as well as large gulleys are evident in some places in the watershed. This
suggests a loss rate of much more than 15 tons/acre/year, at least in these localized areas. This
topsoil loss rate equates to about an inch in every 25 years, this is excessive since it is much greater
than the rate of topsoil formation.

5.4 WATER MANAGEMENT PRACTICES AND INTERESTS

Water management activities in the Watsonville Slough System involves a diverse and sometimes
competing group of interests and practices. Following is an overview of the key management
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Table 5-1: Erosion Estimates for the Sub-Watersheds by USLE
|

Sub-Watershed| Erosion Estimate | Sediment Loss Percent of Total
Slough Area (acres) (Tons/acre) (Tons/year) {Annual Sediment Loss
Gallighan 1375 2.7 3731.2 32.3% |
Harkins 5300 1.2 6542.7 56.6%
Hanson 318 0.7 230.3 2.0%
West Branch 552 0.3 181.7 1.6%
Struve 917 0.1 101.4 0.9%
Watsonville 2152 0.4 765.9 6.6%

Total Annual Sediment Loss for 11553.2

the Watsonville Slough System




elements that need to be considered in devising a long-term management plan for the watershed.

Agriculture

Agriculture is the predominant industry in the project area and is the main water user. Water
management issues of concern to agriculture include: (2) irrigation water supply, (b) drainage; (¢)
flood control; and, (d) soil erosion.

Irrigation Water Supply. Irrigation water supply in the Watsonville Slough System area
comes almost exclusively from deep wells in the Aromas Sands aquifer. As such, it is not
affected by water quality conditions or flows in the sloughs; however, the Aromas Sands are
recharged in part by deep percolation of rainfall which occurs in portions of the Gallighan
Slough and Harkins Slough watersheds. The current groundwater pumping from the Aromas
Sands does not affect the sloughs; but plans currently under consideration by the PVWMA
(see discussion below) to divert runoff for groundwater recharge could create a new linkage
between irrigation uses and overall slough hydrology and water quality.

Drainage. Agricultural lands in low-lying areas of the Pajaro Valley (e.g., along Beach
Road) and the Watsonville Slough System require subdrains to control the water table and
provide subsurface drainage. Subdrains have been installed throughout the fields in this area
which discharge directly to roadside ditches and to the sloughs. This drainage practice is
critical to the agricultural lands; but it also represents a significant potential source of
pollutant discharge to the sloughs during the irrigation season. In the winter, when only
minor irrigation occurs, these subdrains discharge primarily rising groundwater due to rainfall
percolation.

Flood Control. Some low-lying agricultural lands adjacent to the sloughs are potentially
subject to flooding during winter runoff. Measures taken to protect the farm fields from
flooding include periodic cleaning of man-made channels (both sediment and vegetation) and
operation of the Harkins Slough and Shell Road Pump Stations to maintain acceptable water
levels and facilitate outflow from the sloughs.

Soil Erosion. Soil erosion primarily affects hillside agricultural operations, where the soil
erodibility hazard is high. Erosion from these fields tends to accumulate in roadside ditches
and downstream channels, causing drainage maintenance problems and contributing to the
overall sediment and pollutant loading to the sloughs. In addition to on-site control of
erosion, farmers are required by the County Public Works Department to clean and recover
sediment which accumulates in the roadside areas bordering the fields. If this is not done,
the farmers are levied the costs by the County to do the cleaning, but no penalties are
assessed.

Peat Harvesting. In 1982 Anderson Peat Company (the Old Fort Industries) received a
coastal development permit from the California Coastal Commission to mine peat from up
to 300 acres in portions of the Harkins, Hansons, Gallighan, West Branch Struve, and
Watsonville Sloughs in phases over an 8 to 16-year period. The mining involves draining the
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Slough waters and results in more open water areas after harvesting. Mined areas are to be
restored and deeded to the California Department of Fish and Game.

County Roads and Flood Control

Santa Cruz County is responsible for maintenance of roads and drainage/flood control facilities in the
unincorporated portion of the Watsonville Slough System watershed. This is carried out through two
separate maintenance districts - Santa Cruz County Flood Control District - Zone 7 and the Pajaro
Storm Drainage Maintenance District. The major drainage responsibility lie with Zone 7, a special
district formed to manage the existing pump stations and other facilities. In this regard, their primary
water management activities are: (a) pump station operations; (b) channel maintenance; and, (c) road
crossings.

Pump Stations. Zone 7 operates and maintains the main pump station at Shell Road, as well
as the Harkins Slough pump station. The pump stations are operated contiruously in the
winter to prevent flooding of low-lying roads and adjacent lands. During the dry season
pumps are operated on an as-needed basis to assure positive drainage from the farm lands,
while maintaining permanent water in the sloughs.

Channel Maintenance. A major activity and concern of the County is the sedimentation
of drainage channels and road culverts in the sloughs. Dredging and removal of accumulated
sediment is routinely required to keep the channels open. The County estimates that
approximately 500 cubic yards of sediment are dredged about every three years. This
equates to an annual sediment removal rate of about 200 tons/year. The majority of the
maintenance activity takes place in the lower portions of Harkins and Watscnville Slough,
downstream of Highway 1. In many locations, maintenance cannot keep pace with the rate
of sediment deposition; and culvert replacement or enlargement has been required. New
culverts will temporarily fix the problem; but, continued sedimentation (combined with road
subsidence) will eventually obstruct the flow through new culverts.

Road Crossings. Road crossings in the slough bottoms are routinely closed during the
winter runoff season when the flows overtop the roads. This occurs due to the nature of the
road construction (essentially at grade through the slough bottoms) and the limited or
constricted flow capacity of the road culverts. These seasonal road closures occur well
upstream of Shell Road and are not affected by the pump station operations and water level
controls at the mouth of the Watsonville Slough. Operation of the Harkins Slough pump
station, on the other hand, can affect water levels at the Harkins Slough Road crossing.
Zone 7 has a 20-year goal to replace/expand many of the inadequate road culverts that
contribute to the need for extended road closures; but, specific projects and implementation
details have not been developed as yet.
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City of Watsonville

The City of Watsonville lies in the eastern portion of the Watsonville Slough System watershed and
has limited involvement in the management of water resources in the sloughs. The potential water
issues of concern are: (a) storm drainage/flooding; (b) urban runoff pollutant controls; and, (c)
wastewater treatment facilities.

+  Storm Drainage/Flooding. Presently there are no major flood hazard areas within the City
caused by the slough system. The City maintains a network of storm drains, most of which
discharge (via pump stations) to the Pajaro River and some of which discharge by gravity to
the Watsonville Slough System. Flooding is potentially an issue for future development in
portions of the City which lie in low-lying, flood-prone areas adjacent to the sloughs, or
which may be affected by the periodic closure of traffic routes through the sloughs. Flood
protection, drainage and traffic circulation issues for such development would be a site
specific consideration during project review.

s Urban Runoff Controls. Urban runoff from the City is a source of non-point pollution to
the sloughs, for which the City and individual properties (e.g., industrial sites) have current
and future management responsibilities. A variety of control measures, such as industrial
discharge requirements, sewer line maintenance, public education, street sweeping, storm
drain signage and maintenance, and other maintenance type procedures are currently in place.
The need for urban runoff controls may be increased as part of the long-term water quality
management program for the sloughs. Also, as a land use agency, the City has control of
urban development, wetland protection and buffer protection, all of which can have
significant impacts on water resources (see also discussion in Section 4.7)

»  Wastewater Treatment Facilities. The City collects all wastewater in its jurisdiction and
operates an advanced primary treatment plant with discharge to Monterey Bay at the 19.5
meter depth contour. This facility currently has no water management significance to the
Watsonville Slough System; however, consideration may be given to upgrading the system
to an advanced wastewater treatment (AWT) facility, in which case reclaimed wastewater
would potentially be available for irrigation use, groundwater recharge, or possibly stream
discharge (e.g., for flow augmentation) into the Watsonville Slough System. Any of these
potential reclamation uses could affect the hydrology, water quality and overall water
resources management in the sloughs.

Pajaro Valley Water Management Agency (PYWMA)

The PVWMA'’s interest in the Watsonville Slough System, stems from a possible focal groundwater
recharge project that is currently under study. This project is in connection with their overall efforts
to counter groundwater overdraft and sea water intrusion in the Pajaro Valley Groundwater Basin.
The project would invoive diversion of winter flows from Harkins Slough for direct recharge of the
Aromas Sands aquifer via percolation ponds or wells in the hills west of San Andreas Road. The
diversion would only intercept winter flows which otherwise discharge through the sloughs into the
ocean. The potential water resources management implications for the Watsonville Siough System

5-15



have not been fully evaluated; but, clearly such a streamflow diversion project would have the
potential to affect the winter flow regime for the sloughs by removing runoff and reducing the winter
time flushing action in the lower portions of Watsonville Slough and Pajaro River Estuary. This
could further degrade water quality conditions by depriving the sloughs of existing dilution water.
However, it may be possible to structure a diversion and recharge project that would also return a
portion of the flows to the sloughs during the dry season, i.e., as flow augmentation for improved
circulation and water quality conditions. This could be a significant benefit to the sloughs.

Mosquito Abatement

The Santa Cruz Mosquito Abatement and Vector Control District (District) has an active program
to control the mosquito population in the sloughs. The District uses three types of mosquito
larvacides; a lightweight oil, BTI and methoprene, which can be applied by air or with ground
equipment. The oil, which contains surfactants, forms a very thin film on the water surface and
essentially suffocates both the larval and pupal stages of the mosquito. The oil also impacts other air
breathing aquatic insects, such as backswimmers, water boatman and some beetles. The oil tends to
dissipate within three to four days, depending on climatic conditions.

BTI (Bacillus thuringlensis israelensis) is a naturally occurring bacterial pathogen of mosquitos. It
is most effective against the first three of the four larval instars and is not effective against the non-
feeding pupal stage. BTI has minimal impact on non-target organisms and is approved by the U.S.
Fish and Wildlife Service for use in sensitive habitats.

Methoprene is an insect growth regulator which prevents the mosquito from developing from the
pupal to the adult stage. It is most effective against third and fourth instar larvae and will not affect
the pupal stage. Extensive research has demonstrated that methoprene has very little impact on non-
target organisms, and the U.S. Fish and Wildlife Services has given the District permission to use
methoprene in habitats where the endangered Santa Cruz long-toed salamander is present.

Generally, the District’s annual control program within the Watsonville Slough System consists of
one or two aerial applications of BTI, methoprene or, if pupae are present, oil. Aerial applications
are usually required in late winter or spring when there is extensive breeding of Aedes washinoi, a
vicious, day-biting mosquito. Mosquitos can be found almost year-round in the sloughs, and the
District uses ground equipment, such as backpack sprayers, for point applications of larvicides.
Contro! efforts focus on mosquito habitats that are adjacent to urban areas.

From a water management standpoint, mosquito abatement is facilitated by having convenient access
to ponded water areas, and minimizing the occurrence of shallow, standing water conditions. Deep,
open and free flowing water allows predators to aid in control of mosquito breeding. However, these
conditions are not typical of the Watsonville Slough System, where extensive shallow, stagnant water
areas predominate in the spring and summer months. Expansion of the wetland areas of this type
would increase the need for mosquito abatement, unless accompanied by improved water circulation
and water level control strategies to help combat mosquito breeding cycles.
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Water Quality and Biotic Resources

The general public as well as various local, state and federal agencies have an interest in the
protection and preservation of water quality and biotic resources in the sloughs. However, the
identifiable management practices are largely site specific controls or mitigations imposed on new
development projects or waste discharges in the watershed. A synopsis of pertinent water quality
and wetland protection policies and regulations (prepared by AMBAG) is included in Appendix B.
Goals and regulations for wetland preservation and enhancement exist, as do water quality objectives
and standards. But, there is no comprehensive program or action plan to achieve the desired water
quality and environmental enhancement goals. In generai, these goals are aligned with land and water
management practices which tend to reduce or eliminate pollutant sources, expand or restore natural
environments, and generally provide for safe water quality conditions and a healthy ecosystem.

Section 6.1 of this report provides a listing of established beneficial uses of the waters in the
Watsonville Slough System which forms the basis for the Regional Water Board’s policies and
regulation of water quality in the watershed. Also included in Section 6.1 is a listing and map of
individual facilities which operate under permits (“Waste Discharge Requirements”) issued by the
Regional Water Board. However, beyond these permitted facilities, the Regional Water Board also
has broad authority to take enforcement actions for any identified pollution situation. This is
primarily done through the issuance of a “Clean-up and Abatement Order”; but, the Regional Water
Board also relies heavily on administrative directives and voluntary compliance whenever possible.
The Regional Board also has authority for water quality certification of Clean Water Act (CWA)
Section 404 Army Corps permits, pursuant to CWA Section 401. Initial review of water quality
certification applications is the responsibility of the Regional Board, and certification is made by the
Executive Director of the State Water Resources Control Board.

Another water quality program of note is the planning effort being lead by the Monterey Bay National
Marine Sanctuary office. The Water Quality Protection Program (WQPP) implements a key
provision of a Memorandum of Agreement adopted by eight federal, state and local agencies in
September 1992 when Congress and the President established the Sanctuary. The goal of the WQPP
is to restore and maintain the chemical, physical and biclogical integrity of the Sanctuary. This
program, using a watershed approach to address coastal water quality, will investigate a broad range
of problems including toxic pollutants in sediments, fish and shellfish; human health problems;
sedimentation and low flows in rivers and streams; wetlands alteration and habitat loss.

The Protection Program will develop and carry out a plan containing specific strategies and actions
that address these problems while sustaining the region’s economic viability. Strategies might include
public education, technical assistance, research and monitoring, and regulations and enforcement,
where necessary.

One major component of the WQPP will be the development of a Model Urban Runoff Program.
Two Model Urban Runoff Ordinances will be drafted addressing water quality issues and possible fee
structures. The program will include education and technical training. Another component of the

WQPP will be the development of an Agricultural Runoff Management Program.
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With respect to wetland restoration and enhancement, there is presently no overall plan or goals that
have been established for the Watsonville Slough System. As a result, it is not possible to cite or
describe the “optimal” wetland hydrology regime. Many options are possible depending upon the
degree of management and control that is exerted over the system. Also, different biological
objectives have different water needs. To some, large expanses of open water may be the primary
objective for waterfowl. A complexity of shaliow and deep water lagoons with seasonal wetlands
may be equally or more beneficial biologically. Section 7.4 of this report presenis a review of
wetland-biological enhancement measures applicable to the Watsonville Slough System. Future
wetland enhancement/restoration planning for the Watsonville Slough System (as recommended at
the end of this report) can utilize these general guidelines in establishing more specific plans for the
system:.

Examples of some of the specific wetland restoration/protection projects in the Watsonville Slough
System include the following:

s Harkins Slough. Harkins Slough has been under a management plan with California Fish
and Game for approximately 15 years. This authority was established by agreement with
Anderson Peat Company (formerly Old Fort Industries), the owner, and the State
Department of Fish and Game. State Fish and Game will become the owner of almost all of
the slough between Southern Pacific railroad tracks and the County of Santa Cruz property
within approximately five years. A signed deed to Fish and Game is at Santa Cruz Title
Company in Santa Cruz. Harkins Slough is not neglected and has significant special
management authority presently in place.

» Hansen Slongh. Hansen Slough is owned primarily by Lee Harkins Ranch, Ltd., (Landmark
Real Estate Company, Inc. is the Ranch Manager and its affiliate, Heritage Corporation is
the General Partner.) Hansen Slough has been managed by Landmark for the past 15 years.
Landmark has been conducting an on-going voluntary management and restoration plan
during that time. Hansen Slough cattle grazing and comn farming was stopped when
Landmark took over management. All surrounding land is farmed organically and has grass
buffer areas around all wetlands. Livestock are fenced out of all wetland areas, and all
farming has been stopped in the peat bottom area back to Harkins Slough Road.

During the past two years, Lee Harkins Ranch, Ltd. Has been working with Dr. John Oliver
on an active slough restoration program, which includes:

(1) Water diversion and retention systems have been created.

(2) Noxious weeds are being eradicated.

(3) Willow trees and other wetland natives have been planted.
(4) Fenced grazing prohibition zones have been implemented.

All of the work has been financed be Lee Harkins Ranch, Ltd., and Dr. John Oliver’s
programs. All work has been proactively conducted because of knowledge and desire of
conducting slough management stewardship by the property owners and managers.



» Watsonville Wildlife Area. This 109-acre wildlife preserve, owned and operated by
California Department of Fish and Game is located on the West Branch of Struve Slough.
The property is bounded by State Highway 1, Harkins Sfough Road, and Lee Road. This
property is presently undergoing studies toward the development of a management plan that
will define future improvements and appropriate public use.

3.5 WATER BUDGET ANALYSIS

To help understand the occurrence and movement of water through the sloughs a detailed water
budget was developed. The water budget is essentially an input-output mode! that accounts for all
of the inflow to outflow from the slough system. It takes into account the rainfall-runoff
relationships, groundwater recharge to both the shallow alluvivm and deep Aromas aquifer,
agricultural irrigation, and evapotranspiration losses. This section describes the methodology and
assumptions used to develop the water budget, followed by a presentation and comparison of the
results against historic data.

Methodology and Assumptions

The water budget was constructed using monthly time steps. This is consistent with traditional water
budget approaches, allows for convenient use of available monthly hydrologic data, and provides the
best illustration of seasonal changes in the system.

A schematic flow chart illustrating the various hydrologic parameters and their interrelationships is
provided in Figure 5-6. Following is & description of the data, assumptions and calculations for each
element of the water budget, along with the supporting rationale and general workings of the model.

Rainfall is the driving force in the hydrology and water budget for the sloughs. Average monthly
rainfall within the slough system was calculated from 14 years of record based on the Fowles
Reservoir rain gage (in Freedom). These averages are presented in Table §-2. The average annual
rainfall is approximately 22.5 inches; this is based on 14 years of rainfall data at this station.

» Runoff. Rainfall runoff into the sloughs can vary greatly depending on numerous factors
including rainfall amount, rainfall intensity, frequency, duration, antecedent soil moisture
factors, and soil type. In order to develop the general runoff relationships within the slough
system, the SCS TR-55 computer model was utilized. The TR-55 was developed by the
U.S. Department of Agriculture, Soil Conservation Service and was designed for analysis of
urbanizing watersheds with mixed land-uses. The program was selected for the analysis
because it has the ability to estimate total amount of runoff as well as peak storm discharge.

A key term used in connection with the SCS method is the "Curve Number” (CN). The
runoff curve number is a rainfall runoff rating set by the U.S. Soil Conservation Service for
use in determining the expected runoff rate from a watershed, based on surface conditions.
The larger the curve number, the greater the percentage of runoff for a given rainfall. The
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TABLE 5§5-2

Average Monthly Rainfall - Watsonville Slough System Watershed
(as measured at Fowles Reservoir, near

the Watsonville Airport)
Average Rainfall
Month (inches)
September 0.3
October 1.1
November 3.25
December 325
January 4.5 i
February 3.75
March 45
April 1.5
May 0.4
June 0
July 0




curve number for a particular site is based on vegetative cover, cropping technique, soil
properties, and the amount of impervious surface area.

For the water budget analysis, the project area was divided into three separate watersheds:
(1) Gallighan Slough; (2) Harkins Slough; and, (3) Watsonville Slough, including Struve,
Hanson and West Branch Sloughs. Antecedent soil moisture conditions were accounted for
by reducing or increasing the CNs according to procedures described by Schwab, et al
(1964). This adjustment was done for all areas except for the impervious surfaces within the
watersheds. For fall storms, CNs were adjusted downward to compensate for dry soil
conditions; winter storms were modeled with higher curve numbers to simulate saturated soil
conditions.

In developing the CN estimates, land uses within the each of the slough watersheds were
divided into four categories: urban commercial, urban residential, open space, and
agriculture. These categories were further divided into sub-categories based on the
underlying soils’ hydrologic properties. All categories were then assigned a CN based on
land use and soil properties (i.¢., the hydrologic soil group described in Section 5.3).

With established CNs, the TR-55 program was then used to determine the percentage of
runoff from each watershed for various storm rainfall amounts. Historic rainfall records were
inspected to determine typical storm rainfall totals during “average” rainfall years. These
storms were then used in the TR-55 model to simulate typical storm runoff. Every winter
month was simulated by a series of storms that amounted, cumulatively, to the average
monthly precipitation. For example, the average rainfall for the month of January, based on
14 years of record, is 4.5 inches. Three storms were simulated dropping 1.0, 1.5, and 2.0
inches of precipitation. Runoff was calculated for each of the storms and was totaled. This
total was then compared to average monthly rainfall to calculate the percentage of runoff for
the month, Runoff percentage was determined to vary from a high of 72 percent from urban
areas to a low of 7 percent from open space with sandy soils. Once the runoff percentage
was determined from each land use/soil association in each watershed, all of the computed
runoff was totaled to derive the total monthly runoff for the respective watershed.

Evapotranspiration Losses. Rainfall not lost to direct runoff is subject to
evapotranspiration. Evapotranspiration refers to the absorption and use of water by plants
to respire and photosynthesize, as well as evaporation from the soil.

For this analysis, the estimated “actual evapotranspiration” rate was used, based upon
calculations contained in the U.S. Weather Bureau’s “The Climate of Santa Clara and Santa
Cruz County” for the Watsonville area. Actual evapotranspiration (ET) is defined as the
computed amount of water loss under existing conditions of temperature and precipitation.
For the Watsonville area actual ET is approximately 14 inches per year.

Deep Groundwater Recharge. After accounting for runoff and evapotranspiration, the
balance of the rainfall percolates into the soil. As previously discussed, portions of the
Watsonville Slough System watershed are located over areas which provide recharge to the
Aromas Sands aquifer. Rainfall percolating into the soil in these areas is assumed not to
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return into the slough system, but rather to percolate into the Aromas Sands aquifer which
is not hydrologically connected to the slough system. To determine the amount of water
within the system which is lost, via recharge to the Aromas Sands, the surface area of these
recharge zones was determined (from the County maps) and the percolation component in
these areas was subtracted from the overall water budget of the sloughs.

Shallow Groundwater Return Flows. A significant aspect of the slough system is the
shallow groundwater return flow. Precipitation that is not lost to runoff or
evapotranspiration percolates into the soil and recharges the shaliow groundwater of the
watershed. Once in the ground the percolating water may either: (a) contribute to the
recharge of the deep Aromas Sands aquifer; or, (b) enter the shallow aliuvium that eventually
discharges into the slough bottoms. Areas not overlying the deep aquifer recharge zones
were considered to be sources of shallow groundwater return flow to the sloughs.

The monthly amount of water entering the shallow groundwater zone was determined simply
from rainfall minus the runoff and evapotranspiration components. However, determining
the rate at which this groundwater reaches the sloughs was more involved. By examining
historic pump station records and comparing them to actual rainfall and estimated runoff
rates for the same time period it was determined that there is an approximate 60-day lag
between the rainfall peak and the pump discharge peak. It is assumed that this reflects the
delayed contribution from shallow groundwater return flow. Accordingly, assuming a
normal distribution curve, 25 percent of the percolating water was assumed to reach the
sloughs as return flow in 30 days, 50 percent was assumed to discharge in 60 days and the
remaining 25 percent in 90 days.

Agricultural Return Flows. The sloughs also receive water inputs that are not associated
with precipitation, one of which is irrigation water. In the Watsonville area many crops are
grown year-round and many, if not all, of the fields are irrigated during the dry summer
months. Farmers use deep groundwater wells for irrigation water, Because the deep
Aromas aquifer is not connected to the slough groundwater this irrigation water represents
an importation of water into the slough system. The potential evapotranspiration rate (ET)
is the amount of water that a given crop or plant uses to photosynthesize and grow.
Typically, farmers irrigate their crops beyond the potential ET of the crop in order to flush
the soils of salts and other constituents that reduce the productivity of the fields. The excess
irrigation water percolates and becomes shallow groundwater return flow. An obvious
example of return flows are the extensive tile drains that discharge into Watsonville Slough
along Beach Road. These drains collect excess irrigation water that has percolated through
the soil and subsequently discharge it into the slough. During the winter the majority of the
water collected by these drains is rainfall that has infiltrated through the fields, however,
during the irrigation season (generally April to October) these drains are discharging water
that has been imported into the slough system from the deep groundwater aquifer.

To determine the amount of irrigation return flow into the sloughs, it was assumed that in
any month that precipitation exceeds the crop ET there is no irrigation and, thus, no
agricultural return flow. During the irrigation months, the monthly ET rate (potential) was
subtracted from the estimated total monthly irrigation, The difference between ET and
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irrigation was multiplied by the crop area and from this the amount of return flow (in acre
feet) was determined for each crop. These return flows were analyzed by crop and by slough
to determine the overall monthly and annua! contribution of agricultural return flow to the
water budget. Crop irrigation amounts and crop ET rates were obtained from U.C.
Agricultural Extension and Pajaro Valley Water Management Agency estimates. A copy of
the U.C. reference data is provided in Appendix C.

» Septic System Return Flows. The majority of the urban and residential areas within the
sloughs are within the Watsonville City limits. The sewer service of these areas is supplied
by the Watsonville Municipal System. Sewage is delivered to the Watsonville sewage
treatment plant for treatment prior to discharge to Monterey Bay via an outfall pipe.
However, there are numerous homes and businesses which are not connected to the city
sewer system, but instead rely on on-site septic systems. The water that is used for industrial
or domestic consumption is either provided by the City of Watsonville, or by groundwater
wells. In either case this domestic water can be thought of as imported water in the slough
watershed when it is eventually discharged via a septic system. Each home is assumed to
discharge approximately 150 gallons per day (on average) into the soil through leachfield
systems. Tt was assumed that there are approximately 250 homes within the watershed area
that have septic systems (more precise figures were not readily available from the County’s
data base system). This equates to approximately three acre feet of wastewater effluent, per
month, which is imported into the slough system. Overall, this represents a relatively small
percentage of total return flows within the slough system.

Water Budget Results

Using the above described data and assumptions, monthly water budgets (in a spread-sheet form)
were constructed for each of the three major watersheds (Gallighan, Harkins and Watsonville
Slough). Printouts, by month, for each watershed are provided in Appendix C. These individual
watershed results were then combined into a single “master” water budget for the entire system, the
results of which are presented in Table 5-3. The total outflow from the sloughs for average rainfall
conditions predicted by the water budget is plotted graphically in Figure 5-7. A similar table and
graph for the Harkins Slough watershed are provided, respectively in Table 5-4 and Figure 5-8, these
would be of importance in assessing any winter diversion recharge scheme for the sloughs. These
water balance calculations are for “average” rainfall conditions, based on average monthly rainfall as
determined from the Fowles Reservoir rain gauge data (note: average rainfall is based on 14 years
of records). In Figure 5-7 actual monthly pumping data for the Shell Road pump station are plotted
for comparison for the 1978-79 and 1979-80 water years. Rainfall in these two years was 21 and 28
inches, respectively; i.e., slightly below and slightly above average conditions.

The water budget results displayed in Figure 5-7 show reasonably good correlation with actual
conditions for the two “near” average rainfall years for which data were available. The general shape
of the outflow hydrograph (i.e., showing seasonal trends) is good, as is the cumulative annual runoff.
The individual monthly differences result from the difference between actual rainfall totals
(represented by the pumping data) and “average” conditions; “average” conditions throughout the
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Table 5-3. OVERALL WATER BUDGET FOR THE WATSONVILLE SLOUGH SYSTEM
FOR AN AVERAGE YEAR AT THE SHELL ROAD PUMP STATION

GwW LOSS TO | RETURN ET LOSS
SEEPAGE ! DEEP {(SHALLOW)| SEPTIC AG FROM SEASONAL] OUTFLOW OF
PRECIP { PRECIF | RUNOFF LOST GwW GW* RETURN [RETURN WETLANDS |SLOUGH SYSTEM
MONTH (IN) (AC-FT) | (AC-FT) | (AC- (AC-FT) | (AC-FT} | (AC-FT) | (AC-FT) (AC-FT) (AC-FT)
SEPT 0.3 2728 275 0 0.0 0.0 3.0 188.1 43.7 174.8
OoCT 1.1 1000.1 100.7 0 0.0 0.0 3.0 117.0 22.1 198.6
NOV 325 2054.8 428.6 0 193.2 0.0 3.0 0.0 431.6
DEC 325 2954.8 767.5 6 2753 139.9 3.0 0.0 904.4
JAN 4.3 4091.3 1107.0 6 468.6 295.0 3.0 0.0 1399.0
FEB 3.75 3409.4 1075.4 6 170.4 546.6 3.0 0.0 1619.0
MAR 4.5 4091.3 1107.0 6 166.3 598.6 3.0 0.0 1702.6
APR 1.5 1363.8 342.5 6 0.0 3393 3.0 131.0 809.8
MAY 04 363.7 67.6 6 0.0 31.7 3.0 154.6 160.5 20.4
JUN ¢ 0.0 0.0 Q 0.0 0.0 30 2271 157.3 72.8
JUL 0 0.0 0.0 0 0.0 0.0 3.0 2187 152.5 69.2
AUG 0 0.0 0.0 0 0.0 0.0 3.0 107.3 72.2 38.0
TOTAL 22.55 205017 | 50238 36.0 1273.7 1951.1 36.0 1143.7 608.4 7510.3
*Note; "Return Shallow GW" is from rainfall percolation; total shallow groundwater return flow (in figure 5-6) includes "Ag Return” column.
For complete accounting of water inputs and outputs please sec the month to month calculations provided in the appendix




Figure 5-7. WATSONVILLE SLOUGH SYSTEM
Water Balance Model Comparison

SEPT NOV JAN MAR MAY JUL

—m— Average Year Model - ® 1978-79 data —o- 1979-80 data




Table 5-4. WATER BUDGET FOR HARKINS SLOUGH
FOR AN AVERAGE YEAR AT THE HARKINS SLOUGH PUMP STATION

GW LOSS TO| RETURN ET LOSS
SEEPAGE | DEEP (SHALLOW| SEPTIC AG FROM SEASONAL} OUTFLOW OF
PRECIP { PRECIP } RUNOFF LOST GwW GW RETURN [ RETURN WETLANDS [SLOUGH SYSTEM
MONTH (IN} (AC-FT) | (AC-FT) | (AC-FT) | (AC-FT) | (AC-FT) | (AC-FT) [ (AC-FT) (AC-FT) {AC-FT)

SEPT n.3 176.2 2.6 6 0.0 -171.3 3.0 37.6 7.8 355
OCT 1.1 645.9 9.7 6 0.0 -88.7 30 23.4 KR 322
NOV 3.25 1908.3 93.5 6 193.2 -2.2 3.0 0.0 96.5
DEC 3.25 1908.3 339.8 6 259.4 67.5 3.0 00 404.3
JAN 4.5 2642.3 506.5 6 442.1 2123 3.0 0.0 715.9
FEB 3.75 2201.9 513.8 6 162.3 3854 10 0.0 896.2
MAR 4.5 20423 506.5 6 157.8 423.3 3.0 0.0 9269
APR 1.5 880.8 155.4 6 0.0 261.6 3.0 26.2 440.3
MAY 0.4 2349 345 6 0.0 726 3.0 309 285 106.5
JUN 0 0.0 0.0 6 0.0 -43.4 3.0 45.4 279 20.5
JUL 0 00 0.0 6 0.0 -50.3 .30 43.8 27.1 19.7.
AUG 0 00 | 00 6 0.0 -T16.7 3.0 6.1 12.3 38

TOTAL 22.55 13240.6 | 2162.4 72.0 1214.7 984.2 36.0 213.4 3690.4



| Figure 5-8. Estimated Month to Month Outflow
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year rarely occur. It should also be noted that substantial land use changes (especially expansion of
the urban area) have occurred in the watershed since the late 1970s, adding further uncertainty to
these comparisons with historic runoff data. Also, the pumping data themselves are estimates based
upon electrical use records; they do not account for gravity outflow (through tide gates or over the
top of Shell Road) which can occur from time-to-time when slough water levels are very high. No
information was available to determine how often this might occur and how much outflow it would
represent. Overall, the water budget gives a reasonable picture of the slough hydrology and can be
used to test different management strategies that may affect water flow and occurrence in the
watershed.

After validating the water balance model for average conditions, computations were also made for
representative “wet” and “dry” year conditions. Actual rainfall data for 1981-82 and 1986-87,
respectively, were selected for the wet and dry year simulations. The results are plotted in Figure
5-9, along with the average year results. The only modifications in the water balance made for these
calculations was in the wet year scenario; the irrigation season was assumed not to start until May,
and the areas used for calculation of wetland ET was increased by 10 percent. Water balance
calculations are provided in Appendix C. The total annual rainfall for the 1981-82 wet year was 39.4
inches; the rainfalt for the 1986-87 dry year was 14.4 inches.

These additional wet and dry year hydrologic simulations for the watershed reveal the following:

+  Inwet years, the groundwater return flow into the sloughs has a substantial effect well into
the summer; irrigation return flow does not dominate until late summer and early fall (e.g.,
August-September). This implies substantially better water circulation and water quality
conditions except for two or three months during the year.

o Indry years irrigation return flow dominates the flow regime beginning early in the spring,
and extends through the fall. Poor water flow, stagnant conditions and poor water quality
may exist for over half the year. However, even in dry years significant winter runoff and
flow through the sloughs occurs, nearly to the same level as in average rainfall years.



Figure 5-9. OUTFLOW COMPARISON FOR
AVERAGE, WET, AND DRY RAINFALL YEARS
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SECTION 6

WATER QUALITY INVESTIGATION

This section presents the results of the water quality investigation conducted for the management
plan. The purpose of the investigation was to review historic water quality information and to
augment these data with additional monitoring to fill “data gaps” and expand the overall
understanding of water quality conditions in the sloughs.

6.1 BACKGROUND WATER QUALITY INFORMATION

Beneficial Uses

Definition and designation of beneficial uses of water resources is a fundamental aspect of the State’s
water quality protection and management program. Designated beneficial uses provide the basis for
determining appropriate water quality standards and protection criteria for given water bodies. Table
6-1 lists the designated beneficial uses (all of which are existing uses) for the Watsonville Slough
System, as adopted in the February 1994 amendments to the Water Quality Control Plan for the
Central Coast Basin. Definitions for the applicable beneficial use categories are noted below the
table. As indicated by these designations, in-stream recreational and habitat uses are extensive and
cover all defined use categories. The Watsonville Slough System has no present uses (or designation)
as a source of water supply; but the potential for water diversion from Harkins Slough for water
supply and groundwater recharge (per the plan being studied by the PVWMA) may warrant a change
in this beneficial use designation.

WATER QUALITY

Historic Water Quality Findings

Degraded water quality conditions in the Watsonville Slough System have been documented by
several studies over the past 15 to 20 years, including on-going monitoring by the County of Santa
Cruz and periodic sampling by the Regional Water Board, Identified problems include those
associated with pesticide accumulation in sediments and aquatic organisms, high nutrient levels,
localized algal blooms and, periodically, low dissolved oxygen and toxic levels of ammonia. The
findings from tissue sampling of aquatic organisms as well as water column testing are summarized
here,



‘TABLE 6-1
DESIGNATED BENEFICIAL USES FOR WATSONVILLE SLOUGH SYSTEM

BENEFICTAL USES
WATER BODY
MUN | AGR | PRO | IND | GWR | REC] | RECZ | WILD | COLD | WARM | MIGR | SPWN | BIO | RARE | EST.
WATSONVILLE
SL.OUGH X X X X X X X X
Struve Stough X X X X X X X X X
Hanson Slough X X X X X X X X
Harkins Sleugh X X X X X X X X
Gallighans Slough X X X X X X X
DEFINITIONS
Source: Amendment of the Central Coast Water Quality Control Plan, February 1994.
MUN -  Municipal and Domestic Supply. Uses of water for community, military, or individual water supply systems inchuling, but not limited to, drinking water supply.
AGR - Agricultural Supply. Jses of water for farming, horticulture, or ranching including, but not Limited to, irrigstion, stock watering, or support of vegetatio: for range grazing.
PRO - Industrial Process Supply. Uses of water for industrial activities that depend pnimarily on water quality.
IND - Industrisl Service Supply. Uses of water for industrial sctivities that do not depend primarily on water quality including, but not limited to, mining, cooling water supply,
conveyance, pravel washing, fire protection, or all well repressurization
GWR - Ground Water Recharge. Uses of water for natural o ertificial recharpe of ground water for paarposes of fithire extraction, maintenance of water quality, or halting of saltwater intrusia
into freshwater aquifers.
REC1 -  Water Contact Recreation, Uses of water for recreational activities involving body contact with water, where ingestion of water is reasonably possible. These uses includé, but ar
not limited fo, swimming, wading, water-skiing, skin and scuba diving, surfing, white water activities, fishing, or use of natural hot springs.
REC2 -  Non-Comiact Water Recreation. Uses of water for recreational activities involving proxirmity to water, but not normally involving body contect with water, where mgesticmn of wate

is reasamably possible. These uscs include, but ere not limited to, picnicking, sunbathing, hiking, beach combing, camping, boatmg, tidepoot and marine life study, humting, sightseeing
or aesthetic enjoyment in conjimetion with the above activities.

WILD - Wikdiife Habitat Uses of water that support terrestrial ecosystens inchuding, bt not limmited to, preservation and enhancernent of terrestrial habitats, vegetation, wildlife (c.g., mammals
birds, reptiles, amphibians, invertebrates), or wildlife water and food sources.

COLD .  Cold Freshwater Hahitat. Uses of water that support cold water ecosysterns tncluding, bist not limited to, preservation or enhancement of aquatic habitats, vegetation, fish, or wildlifi
including invertebrates.

WARM -

Warm Freshwaler Habltat. Uses of water that support warm water ecosystems inchuding, bt not limited to, preservation or enhancement of aquatic habitats, vegetatio, fish or
wildlife, including inveriehrates.

MIGR -  Migration of Aquatic Organisms. Uses of water thet support hebitats necessary for migration or other temporary activities by aquatic orgmisms, such as anadromous

SPWN . Spawning, Reproduction and Early Development. Uses of waler that support high quality acquatic habitats suitsble for reproduction and early development of fish.

BIO - Preservation of Biological Habitaiy of Special Significance. Uses of water that support designated areas or habitais, sach as established refuges, perks, sanctuarics, ecological
regerves, of Areas of Specia] Biological Sigmificence (ASBS), where the preservation or cohancement of natural resources requires speciel protection.

RARE -  Rare, Thresiened, or Endangered Specles. Uses of water that suppott habitats necessary, at least in part, for the survival s successfill mammtenance of plapt or animal species
established under state or federsl law as rare, threatened, or endangered.

EST - Estuarine Habitat. Tses of water that suppott estusrine ecosystems including, but not limited to, preservation or enhancement of estusrine habitats, vegetetion, fish, shellfish, or wildlif

{¢.g., estuarine mammals, waterfowl, shorebirds).

94028MP.T61
- ow En @ S R E B S0 S an a S Bl Il BN NN W aEn



Tissue and Biotic Sampling

The most significant water quality concern in the Watsonville Slough System has been the
accumulation of pesticides and PCBs, which have appeared at elevated concentrations in tissue
sampling of fish and invertebrates (SWRCB, June 1991). The tissue sampling occurred between
1984 and 1993 as part of the State Mussel Watch (SMW) and Toxic Substances Monitoring
(TSMj) programs. During this period, twenty-one tissue samples from the Watsonville Slough
System were analyzed for numerous toxic substances. Eleven of the twenty-one samples
exhibited levels of one or more pesticides and/or PCBs that exceeded the National Academy of
Sciences (NAS) recommended guidelines for aquatic organisms. The pesticides for which NAS
guidelines were exceeded include DDT, Chlordane, Dieldrin, Endosulphan, Toxaphene, and
Hexachlorobenzene (see Section 6 and Appendix D for a summary of the SMW and TSM
results). Some of the highest levels of pesticide contamination found in California by the TSM
and SMW programs occurred in the Watsonville Slough System.

Fish tissue samples from Harkins Slough and Watsonville Slough were analyzed on a nearly
annual basis between 1984 and 1988 under the SWRCB Toxic Substances Monitoring Program
(TSM) Program. As noted above, the testing has shown high levels of several pesticides,
including chlordane, DDT, dieldrin, endosulfan and toxaphene. In nine of the ten TSM
samplings, the detected levels of one or more of these pesticides have exceeded guidelines
established by the National Academy of Sciences (NAS) for toxic substances in fish. The NAS
guidelines are intended to protect the fish as well as other species that consume the fish. The
findings of the fish tissue sampling under the TSM program have been the basis for the SWRCB’s
designation of Watsonville Slough as an impaired water body.

Watsonville Slough has also been included in sampling under the California State Mussel Watch
(SMW) Program between 1982 and 1993. Several different sampling points in Watsonville
Stough and Harkins Slough have been monitored using freshwater clams. Tissue samples from
clams are used as indicators of water quality problems because of the bioaccumulation of
poliutants within the organism. This method of pollution study is followed because
concentrations of many toxic substances are often too low or transitory to be reliably detected
through traditional sampling of the water column. Also, many toxic compounds are not water
soluble, but are found associated with sediment or organic matter. The findings from the SMW
are important in understanding the water quality conditions in areas where toxic substances may
be present. The results do not provide absolute values on toxic pollution in water; however, they
are useful as an indicator of trends over time and in comparison with other water bodies.

The results of the SMW sampling for Watsonville Slough and Harkins Slough have shown
extremely elevated levels of several toxic organic substances. Specifically, samples have
exceeded the EDL 95 for dacthal, DDT, dieldrin, endrin, endosulfan and toxaphene. The “EDL
95" stands for Elevated Data Level-95th percentile, based on the complete array of data collected
statewide under the SMW. This means that the concentrations have been within the highest five
percent of all values recorded in the SMW program over the past 15 years. The SMW results
for the Watsonville Slough system also exceeded the NAS guidelines for DDT in 1986 and again
in 1993.



In addition to the noted tissue sampling studies, results of benthic invertebrate surveys in the
lower, tidally-influenced portion of Watsonville Slough have demonstrated low species diversity
and concentrated populations of pollution-tolerant organisms {personal communication, Dr.
John Oliver, September 1992). Contaminated shellfish and animal tissue samples indicate
potentially adverse effects on recreational fishing and hunting within the stough system. In the
early 1980s, a fish-kill occurred in Harkins Slough which was believed to be caused by observed
toxic levels of ammonia, the source(s) of which was not confirmed (personal communication,
John Ricker, May 1995).

Presently, aquatic toxicity studies in the Watsonville Slough System are and the lower Pajaro
River being conducted by researchers at the University of California, Santa Cruz (UCSC); but
there are no published results that were available for review and incorporation into this project
{personal communication, Brian Anderson, U.C.S.C., March 1995). Future studies and water
quality planning for the Watsonville Slough System should be coordinated with this ongoing
UCSC research and should make use of the results.

Water Quality Monitoring

Since the late 1970s several different locations in the Watsonville Stough System have been
monitored for water quality by various entities, including the Central Coast Regional Water
Board, Santa Cruz County, the City of Watsonville, and the operators of the two landfills in the
watersheds. Standard sampling locations have included Watsonville Slough near San Andreas
Road and in the tidally-influenced reach below the outfall from the Beach Road Ditch. Limited
data have also been collected periodically at the Shell Road pump station, on Gallighan Slough
(downstream of the landfills) and at spot locations on Harkins and Struve Slough and the upper
portion of Watsonville Slough near the urban area.

Despite the findings of toxic organic accumulation in the fish and shellfish tissues, historic water
column data for Watsonville Siough near San Andreas Road and at the Shell Road pump station
generally indicate acceptable water quality for warm water aquatic organisms as indicated by the
following standard parameters.

» pH. The pH is consistently within the range of six to nine.

» Temperature. Temperature in the sloughs varies seasonally, with winter time lows of about
10°C (50°F) and summer-time highs up to about 25°C (77°F).

+ Dissolved Oxygen (DO). The DO levels are generally in the acceptable range of 5 to 10
mg/l; but occasionally DO has been monitored at extremes of less than 3.0 mg/], and also as
high as 18 to 20 mg/l, indicating a probable diurnal fluctuation due to algae growth. Low
dissolved oxygen is not uncommon in normally functioning wetland areas; and the observed
fluctuations may not necessarily be indicative of a water quality problem. The historic data
do not indicate any widespread or chronic DO problems; however, there are likely localized
areas of shallow and/or stagnant water where DO levels may be depressed due to algae
production. Delineation of these areas would require comprehensive DO surveys throughout
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the sloughs during the warm summer season; and, to date, this has not been done.

Turbidity and Suspended Solids. Turbidity levels in the sloughs vary widely, from less
than 1.0 JTU to more than 100 JTU (note: JTU stands for Jackson Turbidity Units). Values
in the range of 10 to 50 JTU are most common, which is fairly turbid but not uncharacteristic
for sloughs. Suspended solids concentrations (for which there is limited data) also vary
widely, from less than 10 mg/l to more than 700 mg/l. The highest levels reported were for
winter sampling events, indicating the influence of soils and other particulate matter
contained in storm runoff.

Nutrients. Nutrient levels (specifically nitrogen compounds) have historically been very high
in the Watsonville Slough System. Nitrate levels have been found typically in the range of
10 to 70 mg/l (as NO,), dropping to less than 5.0 mg/l at times. Total nitrogen
concentrations of 5 to 15 mg/l are common. These observed nutrient levels are very high by
most standards for natural waters. But, algae growth is not apparently a widespread
phenomenon or problem in the slough system, and factors other than nitrate must be limiting
the growth (e.g., light penetration, substrate water temperature, etc.). Further study is
needed of the nutrient-algae relationships in the slough system to determine how nitrate
concentrations are of any significance to water quality.

Ammonia. Ammonia concentrations in the sloughs have been found at potentially toxic
levels, sometimes as high as 2 to 4 mg/l. Most results are in the range of 0.1 to 1.0 mg/l.
Ammonia toxicity is dependent upon the pH and temperature of the water (which determines
the unionized, NH,, fraction). Data for the Watsonville Slough System show routine
exceedance of the chronic ammonia toxicity limit of 0.02 mg/l (NH;), which is for the
protection of sensitive fish species. The one reported fish kill in the slough system was
suspected to being related to very high ammonia levels; but elevated ammonia levels have
occurred at other times without any apparent fish kills. Therefore, the cause of the high
ammonia levels as well as the tolerance of the aquatic organisms in the slough system to
ammonia needs further investigation.

Heavy Metals. Historical data for heavy metals in the Watsonville Slough System is very
sketchy. Ofthe few metals analyzed, only copper has appeared routinely at concentrations
that exceed criteria for freshwater and saltwater aquatic organisms. No study of the specific
sources of copper or the local aquatic toxicity effects has been completed to determine if the
observed concentrations represent an on-going problem and serious threat to the aquatic
organisms in the slough system.

Pesticides. Pesticide water quality data for the Watsonville Slough System are very limited.
No detection of pesticides in water column samples has been reported, despite the high
pesticide concentrations found in aquatic organisms. As noted earlier, this may be due to the
fact that pesticides adhere to soil particles and tend to rapidly settle out rather than remain
in the water column.

Fecal Coliform. Sampling in the Watsonville Slough System for coliform has been
conducted by Santa Cruz County from time to time. Results of routine sampling of several
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different stations for the period of July 1994 - July 1995 are provided in Appendix D.
Included are stations on Watsonville Slough Struve Siough and Harkins Slough. Spot
measurements taken in 1987 - 1992 are also listed. The data show a range of results,
typically from <100 MPN/100 ml to about 1,000 MPN/100 ml. There are also a few isolated
readings in the range of 2,000 to >11,000 MPN/160 ml. About half of the results exceed
400 MPN/100 ml, which is the maximum limit for water contact recreation waters. As
another point of reference, samples taken by the PVWMA in April 1995 showed readings
of 43 and 240 MPN/100 ml, respectively, at Harkins Slough (Pump Station) and Watsonville
Siough (upstream of Harkins Slough). Generally the coliform data show significant coliform
levels in the sloughs that are likely the result of animals and waterfowl; but there could also
be input from septic systems or sewage overflows from the urban area. No surveys or site
specific sampling has been done to determine the sources of high coliform readings in the
sloughs.

Historical data for the lower, tidally-influenced reach of Watsonville Slough conforms very closely
to the above-described conditions for the freshwater portion of the sloughs. The only noticeable
differences are with regard to mineral content; salinity (i.e., electrical conductivity and total dissolved
solids) values for the tidal area are routinely higher, as would be expected because of the brackish
conditions.

In summary, the historic data for the Watsonville Slough System show convincing evidence of toxic
organic accumulation in fish and shellfish residing in the waters; and, these findings are the basis for
the SWRCB's designation of the slough system as an impaired water body. On the other hand, the
water column data show generally acceptable water quality for warm water aquatic species, with
occasional incidences of low DO, high (toxic) levels of ammonia, and elevated copper concentrations.
None of these appear, from historic data, to be chronic conditions that on their own would merit
designation of the slough system as an impaired water body. Nevertheless, they do represent existing
or potential water quality problems that, at least periodically, affect aquatic habitat conditions in the
slough system.

Potential Pollutant Sources

The potential sources of contamination in the Watsonville Slough System include erosion (which can
transport contaminants that adhere to soil particles) agricultural return flows, animal wastes, landfill
leachate, on-site sewage disposal systems, sewage spills, and urban runoff. The slough drains a 21-
square mile watershed in south Santa Cruz County, including four square miles of urban lands within
the City of Watsonville. A listing of the various point source discharges within the watershed that
presently operate under Waste Discharge Requirements adopted by the Regional Water Board is
provided in Table 6-2. A map showing their respective locations in the watershed is provided in
Figure 6-1.

Based on background watershed studies and input obtained from TAC meetings and workshops, the
following specific land use activities have been identified as being potential contributors of pollutants
to the Watsonville Slough System. It should be understood, however, that no water sampling was
conducted at or around any of these particular sites as part of this project to verify the nature or
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TABLE 6-2

EXISTING WASTE DISCHARGE FACILITIES
IN WATSONVILLE SLOUGH WATERSHED

KEY NAME OF FACILITY PERMIT TYPE AND NUMBER
RWQCB Waste Discharge Permittees (Groundwater Discharge)
1 Santa Cruz County Medium Security Jail WDR Order No. 91 - 33
2 California CoPackers Corporation WDR Order No. 91 - 78
(NPDES No. CA 004 9662)
3 Western Farm Services (Greengro Facility) WDR Order No. 90 - 63
4 Western Farm Services (Watsonville Facility) { WDR Order No. 90 - 67
5 Phillips Driscopipe WDR Order No. 90 - 03
(NPDES No. CA 004 8330)
6 Watsonville Class IIT Landfill WDR Order No. 94 - 02
7 Santa Cruz County Buena Vista Landfill WDR Order No. 90 - 005
8 | Exxon Company, United Flight Service WDR Order No. 90 - 105
9 Apple Growers Ice & Cold Storage WDR Order No. 93 - 10
Company (NPDES No. CA 004 7708
10 Spectra-Mat WDR Order No. 89 -123
(NPDES No. CA 004 8976)
11 Buena Vista Migrant Farm Labor Camp WDR Order No. 93 - 118
12 | Ultramar WDR Order No. 87 -118
13 | Richard Shaw/Dean Foobs WDR Order No. 89 - 120
14 | Matthew & Sons Mushrooms WDR Order No. 86-218
NPDES Industrial Stormwater Permittees (Surface Water Discharge)
A Columbia Pacific Aluminum Corporation NPDES No. 3448 00 1723
B Dean Foods NPDES No. 3448 00 2995
C HADCO NPDES No. 3448 00 3579
D Farmer’s Processing NPDES No. 3448 00 1662

94028MP-T62




TABLE 6-2(cont’d)

EXISTING WASTE DISCHARGE FACILITIES
IN WATSONVILLE SLOUGH WATERSHED

NPDES Industrial Stormwater Permittees (Surface Water Discharge)

E New West Food NPDES No. 344S 00 9683
F Norcal-Crosetti NPDES No. 3448 00 0105
H Santa Cruz Buena Vista Landfill NPDES No. 3448 00 1258
I Watsonville Airport NPDES No. 3448 00 3032
J Watsonville Class III Landfill NPDES No. 3448 00 3031
K Watsonville Concrete NPDES No. 344S 00 6080
L Watsonville Co-Generation Facility NPDES No. 3448 00 2233
M | West Coast Circuits NPDES No. 3448 00 4243
NPDES Industrial Process Water Permittees (Surface Water Discharge)
2 California Co-Packers Corporation NPDES No. CA 004 9662
5 Phillips Driscopipe NPDES No. CA 004 8330
9 Apple Growers Ice & Cold Storage NPDES No. CA 004 7708
10 | Spectra-Mat NPDES No. CA 004 8976

94028MP-T62
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extent of any actual water quality impacts from these facilities. They are listed here simply to give
a better understanding of the activities and sources that could produce water quality impacts on the
slough system.

* two landfills; _

» mushroom growing facilities (e.g., one just west of Lee Road and north of Struve Slough);

» two wrecking yards; (one on the east side of Lee Road just north of Watsonville Slough
channel, and the other off Errington Road on the east shore of the upper Watsonville Siough
wetland area south of Harkins Slough Road),

» farm chemical distribution facility in upper Harkins Slough;

 industrial land uses along West Beach Street and Lee Road; with occasional spills,

» self-serve car wash facility on the north side of Main Street, just west of the Watsonville
Slough channel (where people sometimes dump used motor oil);

» confined animal facilities (in particular, the one in the headwaters area of Hansen Slough
north of Harkins Slough Road, which drains into both Hanson and Harkins Sloughs);

+  Watsonville Airport, which drains into the upper portions of Struve and possibly Harkins
Sioughs; and,

*  major commercial uses around the intersection of Green Valley Drive and Main Street, which
have large parking areas that drain into Struve Slough.

6.2 WATER QUALITY MONITORING PROGRAM DESIGN

Quality Assurance Project Plan

Prior to undertaking the water quality monitoring work a Quality Assurance Project Plan (QAPP) was
prepared. The QAPP was prepared according to guidelines described in “Interim Guidelines and
Specifications for Preparing Quality Assurance Project Plans” (EPA Document 600/4-83004,
February 1983). A QAPP is a written document which presents, in specific terms, the policies,
organization (where applicable), objectives, functional activities, and specific quality assurance (QA)
and quality control (QC) activities designed to achieve the data quality goals of a specific project(s)
or continuing operation(s). The QAPP is required for each specific project or continuing operation
(or group of similar projects or continuing operations). The QAPP is typically prepared by the
responsible program office, regional office, laboratory, contractor, grantee, or other organization, and
reviewed and approved by the oversight agency (in this case the State Water Resources Control
Board). The QAPP for this project was completed in August 1994, copies of which are on file with
AMBAG, the SWRCB and the Department of Fish and Game (Monterey Office).

Sampling Stations

The field sampling stations were located following compilation and review of historic water quality
data. The sampling stations were selected to verify previous data trends and to fill "data gaps" with
respect to geographic needs and uncertain water chemistry. In general, the objective was to gather
information for all sub-watersheds. The selection of sampling stations considered the following:
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Proximity to potential contaminant sources of interest;
Access and safety considerations;

Defined channel conditions; and,

Historic data.

Following is a description of the ten sampling stations selected for inclusion in the monitoring
program. The station designation (e.g., “A44" etc.) was based upon the conventions established in
previous water quality sampling programs in the watershed. A map showing the location of the
various sampling stations is provided in Figure 6-2.

Station A44 (Beach Road) - This sampling site was located in the Beach Road drainage
ditch near the intersection of Beach Road and Shell Road. The ditch runs parallel to Beach
Road and drains the irrigation runoff and discharge from tile drains from the agricultural
fields located primarily to the south of Beach Road. The ditch is a man-made open earthen
channel. A sump pump discharges pulses of agricultural runoff from field tile drains directly
into the irrigation ditch at the sampling site. The Beach Road drainage ditch and discharges
directly into the tidally influenced portion of Watsonville Slough.

Station A41 (Shell Road) - This sampling site was located at the Shell Road pump station
on Shell Road. The Shell Road pump station discharges accumulated runoff in the
Watsonville Slough System across Shell Road and into the tidal/estuarine portion of
Watsonville Slough. The samples were taken at the upstream face of the pump station.
Agricultural fields line Watsonville Slough immediately upstream of the site. This sampling
station represents the integrated effect of runoff from all land uses in the watershed.

Station A32 (San Andreas Road) - This sampling site was located in Watsonville Slough
upstream of its confluence with Harkins Slough, just east of San Andreas Road. Harkins
Slough discharges into Watsonville Slough via the Harkins Slough pump station. This
portion of the Watsonville Slough is an open earthen channel without vegetative cover which
receives direct runoff and tile drainage from the surrounding agricultural lands. In addition
to the immediately bordering agricultural lands, sampling at this site represents the combined
runoff from Watsonville urban area and other agricultural lands draining to Watsonville,
Hanson, West Branch and Struve Sloughs.

Station A21 (Harkins SL) - This sampling site was located at the crossing of Harkins
Slough by Harkins Slough Road. The samples were taken on the north side of the road.
This portion of Harkins Slough is comprised of a large, broad wetland with extensive
ponding and seasonal flooding. The contributing watershed includes hillside and lowland
agricultural uses which border the slough, plus the rural residential and open space areas of
the Larkin Valley.

Station A13 (Gallighan SL.) - The sampling site was located at 629 Harkins Slough Road
in the upper portion of Gallighan Slough. The samples were taken in the active open channel
of the slough. The immediate area of the sampling site is dominated by riparian forest
comprised of Arroyo willows and associated wetland vegetation. The contributing
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watershed area includes the County and City landfills, hillside agriculture and large on-site
wastewater disposal facilities for local housing and the County jail.

Station A29 (Larkin Valley) - The sampling site was located in the upper Harkins Slough
between Racehorse and Moon Valley Ranch Roads just off of Larkin Valley Road. There
exists a large cement culvert which directs surface runoff under Highway 1 and into the open
channel of Harkins Slough. Harkins Slough parallels Larkin Valley Road and continues
south. The channe] in this area is an incised drainage ditch lined by native vegetation and
trees. The contributing watershed largely rural residential with scattered small agricultural
uses and open space. Limited sampling was completed at this station due to the lack of
runoff except during the larger flow events.

Station A34 (Watsonville SI. @ Lee Road) - The sampling site was located at the
intersection of Lee Road and Watsonville Slough where large culverts allow a continual flow
of water within the slough. The open channel has rather steep banks lined with grasses and
exposed soil. The land uses in the site vicinity are primarily urban-industrial with some
agricuiture. The samples were taken on the west side of the Lee Road overpass.

Station A61 (Lower Struve Sl.) - The sampling site was located at the crossing of Struve
Slough and Lee Road. The sampling area is a flat, seasonally-ponded wetland. This region
of Lee Road is subject to flood inundation during the winter and spring. The level elevation
of the vicinity along with the inputs of both West Branch and Struve Slough creates a large
area of ponding, The samples were taken on the northwest side of Lee Road near the road
culverts. The watershed upstream from this point includes the highway and urban, residential
and commercial land uses above the large wetland area,

Station A62 (Upper Struve SL) - The sampling site was located at the crossing of Harkins
Slough Road and upper Struve Slough. A series of small culverts convey the water
undemneath the road. The slough is dominated in wetland vegetation at this location.
Seasonal ponding occurs in this portion of Struve Slough, The samples were taken
downstream of the culverts on the south side of Harkins Slough Road. This sampling site
receives intermittent runoff from an urban area, upstream of the large wetland area sampled
by Station A61.

Station A42 (Upper Watsonville SL.) - The sampling site was located at the intersection of
Harkins Slough Road and Watsonville Slough. This portion of Watsonville Slough is a broad
open natural channel filled and lined with wetland vegetation. The samples were on the
downstream side of Harkins Slough Road. This sampling site receives runoff from a large
urban area of Watsonville.

Water Quality Sampling Procednres

Surface water samples were collected by either subsurface grab samples, utilizing cleaned/unused
polypropylene containers, or manually depth-integrated samples (see below) collected at various fixed
points across defined channel sections. The appropriate preserved aliquots (i.e., bottles) were filtered
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and filled in the field and transported to the laboratory facility. Additionally, field blaﬁks, duplicate

and split samples were delivered to the analytical laboratories for quality control (QC) purposes.

Adhesion of pesticide residue to sediment, and the eventual movement of these sediment particles off
the treated fields, has been demonstrated (Wauchope, 1978, Weaver et al, 1990). This transport
mechanism may play a significant role in the eventual fate of pesticide applied to a field. Based on
this information, it was determined to be important to collect representative samples of suspended
sediment in slough waterways. This was done with the use of depth-integrating samplers which allows
for uniform collection of water and sediment through a given section of a stream. The sampling
device used for this was the hand-held modified DH-48 sampler (developed by Burgy, 1972) which
was adapted to allow the use of plastic or glass sample bottles and a rigid extension rod for immersion
in the streamflow.

Sampling was conducted at the end of the dry season and during, or soon after, major storm events
during the fall and early winter of 1994. Water quality sampling was completed for one non-storm
period (September 1994) and for three runoff events. But, only a limited amount of sampling was
conducted during October due to the very low amount of runoff generated.

Analytical Methods

The water quality analysis included field characterization for physical parameters, and laboratory
analysis for nutrients and selected metals and pesticides. All laboratory chemical analysis was
completed by accredited laboratories under the California Environmental Laboratory Accreditation
Program (ELAP) and using approved EPA methods or, in the case of some pesticide compounds,
methods developed and approved by the California Department of Food and Agriculture (CDFA).
Physical parameters (e.g., sediment, field measurements) followed the recommended procedures of
the U.S. Geological Survey. Analyses were completed for the following parameters:

o Physical Parameters. pH, conductivity, temperature, turbidity, and dissolved oxygen
measurements were completed in the field. Total suspended solids (TSS) and total dissolved
solids (TDS) were analyzed in the laboratory.

« Nutrients. Nutrient analysis inchuded ammonia, nitrate, and phosphorous compounds, since
nutrient have been reported at high concentrations in the watershed and are known
biostimulants associated with agricultural operations and urban runoff.

« Metals. Metals analysis included the following, which are known to be associated with
urban runoff and have some level of aquatic toxicity: cadmium, chromium, copper, lead,
nickel, zinc, silver, arsenic, selenium and mercury.

« Pesticides. Testing was conducted for select organo-phosphorous, organo-chlorine, and
carbonate pesticides, including some historic/persistent pesticides and pesticides currently
in common usage in the strawberry and lettuce fields in the Watsonville area. Pesticide
analyses were completed for all stations in the late summer sampling and the second two
rainfall runoff sampling events. The first runoff event (in October) generated very little flow;
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and pesticide analyses were only run on samples from station A44 at Beach Road. Analytical
methods followed those developed and in use by the California Department of Food and

Agriculture.

6.3 MONITORING RESULTS

Sampling Events

Four sampling events were carried out in the 1994 fall and early winter season. The first sampling
event was in September at the end of the irrigation season. The other sampling events were
conducted for three separate storms, one each in October, November and December 1994. Table
6-3 provides a listing of the sampling dates, days since previous storm, storm duration and rainfall
totals.

Also listed for reference in Table 6-4 during the 1994-95 winter season are the sampling dates for
monitoring work conducted by the PVYWMA in the Watsonville Sloughs. The PVWMA monitoring
was done as part of their on-going investigations of stream diversion - groundwater recharge
alternatives. The PVWMA sampling was done at a limited number of sampling stations, most of
which correspond with the sampling sites for the Watsonville Sloughs project; and the results are
presented in this report for comparison and to expand the water quality information base.

Tables 6-5, 6-6 and 6-7 show, respectively, results obtained from Questa’s sampling for metals,
mineral/nutrient/physical parameters and pesticides. Table 6-8 lists the pesticide sampling results
obtained from the monitoring by PVWMA. Discussion of these various data tables follows.

Metals

The results of analyses for metals are listed by sampling station and sampling date in Table 6-5, with
a listing of the corresponding water quality criteria (i.e., limits) for freshwater and salt water aquatic
life at the end of the table. The “MDL” at the top of the table shows the analytical detection limit for
each metal. Highlighted in bold-faced type are the sample results that exceed either the short-term
(mc) or long-term (cc) water quality limit for either freshwater, salt water aquatic life, or both.

Inspection of these sampling data show no detection of mercury, selenium or silver, and show
consistently low readings for cadmium, chromium, and arsenic. The four metals found at elevated
concentrations, above water quality criteria, were copper, lead, zinc and nickel. A summary of the
number of results (out of 30 total samples) exceeding water quality criteria for each of these
constituents is as follows:



TABLE 6-3

SUMMARY OF SAMPLING EVENTS

Days Since Storm Duration { Total Rainfail
Sampling Event Sampling Date | Previous Storm (Days) (in.)*
1 9/7 - 9/8/94 45 1 0
2 10/5/94 73 1 0.97
3 11/15/94 6 3 0.55
4 12/14/94 4 3 1.04

* Data obtained from the Fowle Reservoir Station in Freedom, CA (Watsonville
Water Division, 1995).

TABLE

6-4

SUMMARY OF WATER QUALITY SAMPLING
BY PYWMA FOR 1994-1995 WINTER SEASON

Sampling Station
Sampling Date | Harkins Slough San Andreas Beach Road
Pump Station Road Shell Road Ditch
(HS) (A32) (A41) (Ad4)
10/18/94 m m m
11/15/94 f m
12/8/94 m m
1/21/95 f f m f
2/18/95 m m m m
2/25/95 p*
3/7/95 p*
4/3/95 £* * m m

f= full analysis, including minerals, metals, and pesticides (per Questa)

=
I

RS,
[T

minerals analysis only
pesticides only (Questa screens plus organochlorine herbicide screen)
“f* plus organochlorine herbicide screen.




WATER QUALITY SAMPLING RESULTS FOR METALS

TABLE 6-5

September 7 and 8, 1994
ANALYTES
Station

m Cd Cr Cu Pb In Ag As Se Hg ’ Ni
MDL 1.0 20 50 | 50 1.0 1.0 2.0 20 0.5 2.0
A2l ND ND | N | ND | ND | ND ND ND ND 7.4
A6l ND 8.0 60 | ND 37 ND 5.0 ND ND 23
Ad2 11 68 290 | 490 | 1800 | ND 6.0 ND ND 220
A34 ND 2.5 55 | ND 20 ND 5.1 ND ND 3.2
A32 ND 13 24 10 100 | ND 4.5 ND ND 39
A4l ND 3.5 6.2 | ND 10 ND 34 ND ND 11
Add ND 3.0 ND | 7.1 16 ND 43 ND ND 13

October 5§, 1994*

Aot ND 5.1 16 | ND 97 ND 3.7 ND ND 16
A34 ND 4.7 10 | ND 51 ND 7.5 ND ND 8.9
A42 ND 4.3 15 17 260 | ND 4.1 ND ND 17
Ab2 ND 33 94 | ND 170 | Nb | ND ND ND 42

November 15, 1994

A62 ND 4.9 ND | ND 51 ND 2.8 ND ND 22
A6l ND 2.8 56 | ND 65 2.2 ND ND 11
A42 ND 2.2 55 | ND 34 ND 2.6 ND ND 4.7
Add ND 12 19 10 47 ND 2.5 ND ND 29
Adl ND 13 20 9.4 41 ND 4.1 ND ND 36
Ald ND 54 17 11 170 | ND 3.3 ND ND 8.5
A32 ND 8.3 21 7.8 130 | ND 4.2 ND ND 28
A2l ND 50 11 22 47 ND 3.3 ND ND 23
Al3 ND 43 11 58 41 ND ND ND ND 17




TABLE 6-6(Cont’d)

WATER QUALITY SAMPLING RESULTS
FOR MINERAL, NUTRIENT AND PHYSICAL PARAMETERS

November 15, 1994
Hardness
ND
A6l 20 630 320 1.0 6.71 0.7 1.5 1.75
Ad2 20 320 75 0.2 7.35 0.7 15 4.05
Ad4 580 2500 880 ND 78 ND 8.9 1.21
Adl 340 1800 760 0.4 7.96 ND 90 0.47
A4 140 220 100 0.4 7.54 1.1 12 0.87
A32 600 1700 510 0.5 7.85 ND 220 0.82
A21] 330 1000 560 0.8 6.69 ND 270 0.48
Al3 220 540 270 0.2 6.9 ND 44 0.77

December 14, 1994

Station ID
ND
Abl ND 570 270 1.3 6.7 6.8 <] 6.3 I
A42 ND 240 74 0.1 6.9 1.3 1.2 1.3 g
Add 60 2700 750 ND 7.9 ND 315 3.3
Adl 42 1500 660 0.3 7.7 ND 170 24
A34 16 460 160 0.3 7.2 ND 16.4 2.0
A32 210 1100 410 0.5 6.9 ND 13 0.45
A2l 70 580 320 0.5 6.9 ND 13 0.43
Al3 24 700 190 0.2 6.9 ND 17 0.56
A29 ND 340 140 0.3 7.0 ND 14 0.93
u =




WATER QUALITY SAMPLING RESULTS FOR PESTICIDES

TABLE 6-7

September 7 and B, 1994

s
Sampling Organochlorine Organophosphate Carbamate Concentration MDL Water Quality
Screen Screen Screen Criteria (u

A2l ND ND ND NA NA

A6l ND ND ND NA NA NA

Ad2 ND ND ND NA NA NA

A42 ND ND ND NA NA NA

A34 ND ND ND NA NA NA

A32 ND ND ND NA NA NA I

Add ND ND ND _IN.IIA_ NA NA I

October 5, 1994

Add DDD 0.77 0.1 0.00083 (HH.)
DDE 0.95 0.04 0.00059 (HH.)
DDT 287 0.1 0.00059 HH.)

0.13 (salt, MC)
1.1 (Fresh, MC) i
0.001 (CC)
Dicloran
(Botran) 0.67 0.1 NE
Endosulfan
Sulfate 1.52 0.04 0.93 (HH)
Iprodione
(Rovral) 3.53 0.1 NE
Dimethoate
(Cygon) 21.1 0.5 NE
ND NA NA NA

Organochlorine
Screen

Carbamate
Screen

Organophosphate
Screen

Concentration

Water Quality
Criteria (u

*




TABLE 6-3{(Cont’d)
WATER QUALITY SAMPLING RESULTS FOR METALS
December 14, 1994
ANALYTES
Station
ID Cd | Cr | Cu Pb In Ag As Se Hg Ni
MDL 1.0 | 20 | 50 5.0 1.0 1.0 2.0 2.0 0.5 2.0
A62 ND | 21 | ND | ND 23 ND ND ND ND 9.2
A6l ND | ND | ND NI 24 ND ND ND ND 8.5
A42 ND | ND | ND ND 21 ND ND ND ND 34
Ad4 ND 4.5 17 ND 14 ND 2.9 ND ND 19
Adl ND 2.7 5.4 ND 19 ND 2.7 ND ND 13
A34 ND | ND | ND | ND 30 ND ND ND ND 5.5
A32 ND { 40 | 7.7 | ND 48 ND 4.2 ND ND 17
A21 ND | 23 | ND | 65 23 ND 4.7 ND ND 16
Al3 ND | 28 | 85 | ND 23 ND 4.5 ND ND 13
A29 ND | ND | ND | ND 19 ND ND ND ND 7.7
Results in parts per billion (ppb)
ND: Not Detected
MDL: Minimum Detection Limit
* Due to lirnited rainfall and resulting runoff, only samples in upper watershed were analyzed.
Renefical WATER QUALITY CRITERIA (u “
Use
Pb Zn A As
Water
Aquatic
MC 39 1700 18 82 120 4.1 360 20 24 1400
CcC 1.1 210 12 3.2 110 - 190 5 0.012 160
Salt Water
Aquatic
MC 43 - 29 220 95 2.3 69 300 2.1 75
CC 9.3 - 29 85 86 - 36 71 0.025 8.3
Drinking
Water i0 50 1,000 50 5,000 50 50 10 2.0 -
MC - Maximum Concentration. The highest concentration of a pollutant to whick aquatic life can
be exposed for a short period of time (one hour average) without deleterious effects.
CC - Continuous Concentration. The highest concentration of a pollutant to which aquatic life

can be exposed for an extended period of time (four days) without deleterious effects.



TABLE 6-6

WATER QUALITY SAMPLING RESULTS
FOR MINERAL, NUTRIENT AND PHYSICAL PARAMETERS'

September 7 and 8, 1994

Adl 66 1800 780 0.1 NA ND 158 1.1
A61 1300 1100 840 12 NA 53 1.5 9.4 i
A34 25 800 580 ND NA ND 66 1.0

A42 920 1000 710 2.1 NA 07 23 56 I
Add 82 680 350 0.5 NA ND <] 1.5 I
A32 720 1200 630 0.3 NA ND 36 5.1 I
A2l 7 1800 790 ND NA ND 286 <0.1 I

October 5, 1995

A34 NA NA 320 NA 7.5 ND NA NA I
A42 NA NA 270 NA 6.7 1.1 NA NA E
Ab62 NA NA 310 NA 53 ND NA NA !
Adl NA NA * NA 83 » NA NA
Add NA NA * NA 7.5 * NA NA
A32 NA NA * NA 6.7 * NA NA

1. Applicable Drinking Water Standards:

+  TDS - 500 mg/l, recommended

1,000 mg/l, upper limit
+  NO, - 45 mg/l, maximum



TABLE 6-7(Cont’d)

| WATER QUALITY SAMPLING RESULTS FOR PESTICIDES

November 15, 1994
s ]
Organochlorine Organophosphate Carbamate Concentration
Screen Screen Screen *
Dacthal
{Chlorthal) 0.38 0.04 14,300
Oxyfluorfen
{Goal) 1.89 0.04 NE
A Iprodione
{Rovral) 1.07 0.1 NE
ND ND NA NA NA J
A2 ND ND ND NA NA NA
A6l ND ND ND NA NA NA
A42 ND ND ND NA NA NA
A34 Dacthal _
~ (Chlorthal) 0.40 0.04 14,300
DDE 0.18 0.04 0.00059
DPT 0.42 0.1 0.00059 (H.H.)
0.13 (salt, MC)
1.1 (Fresh, MC)
0,001 (CC)
Iprodicne
(Rovral) 3.08 0.1 NE
Diazinon 1.33 0.05 0.009
Movinphos (Phosdrin} 0.59 0.5 NE
ND NA NA NA
A32 DDE 0.36 0.04 NE
ND ND NA NA NA
Adl ND ND ND NA NA NA
Ad4 Dacthal
{Chlorthal) 0.38 0.04 14,300
Oxyfluorfen
(Goal) 1.89 0.04 NE
ND ND NA NA NA




TABLE 6-7(Cont'd)

“WATER QUALITY SAMPLING RESULTS FOR PESTICIDES

December 14 1994
P
Sampling | Organochlorine | Organophosphate Carbamate Concentration
Station Screen Screen Screen
Al3 ND ND ND NA NA NA
A29 ND ND ND NA NA NA
A32 ND ND ND NA NA NA
A4l ND ND ND NA NA NA
Oxyfluorfen
Ad4 {Goal) 0.43 0.04 NE
ND ND NA NA NA

ND - Not Detected
NA - Not Applicable

NE - Not established.

MDL - Minimum Detection Limit

*Source - Central California Regional Water Quality Control Board, EPA Recommended Maximum Levels in fresh water.
HH. - Human health criterion.

Salt, MC. -  Saltwater aquatic life criterion, maximum.

Fresh, M.C. -  Freshwater aquatic life criterion, maximum.

CC. - Continuous concentration criterion, saltwater and freshwater.



TABLE 6-8

PESTICIDE RESULTS FROM PVYWMA SAMPLING

Pesticides
Sampling Station Sampling Date Concentrations
Detected
HS 11/15/94 ND
1/21/95 Dieldrin* - 0.096 ppb
3/7/95 ND
4/3/94 ND
A32 1/21/94 Dacthal - 0.056 ppb
Dieldrin* - 0.040 ppb
2/25/95 DDE - 0.18 ppb
(raw water)
DDE - 0.08 ppb
(filtered water)
4/3/94 ND
Ad4 1/21/95 Dacthal - 0.41 ppb
Dieldrin* - 0.07 ppb
DDT -0.13 ppb

ND - No pesticides detected
* May be DDE rather than Dieldrin




Metal S&l&t: Water Crﬂlt%m Fé'%shwater Criteﬁi%
Copper 21 21 9 5
Lead 7 1 9 5
Zing 7 7 5 5
Nickel 24 1 1 0

CC - Continuous Concentration; MC - Maximum Concentration

From these data it is clear that both aquatic organisms in the freshwater portion of the slough system
as well as downstream in the estuarine reach are potentially at risk from the presence of these four
heavy metals. With respect to geographic distribution, exceedance of the water quality criteria were
found at every sampling station except A29-Larkin Valley, which was only sampled once. Elevated
copper and nickel concentrations were found at all sampling stations. Elevated levels of lead were
found at all stations except on Struve Slough (Stations A61 and A62). Zinc was not found at
elevated levels in Harkins Slough (A21), Gallighan Slough (A13) or at Shell Road (A41).

Over the course of the four sampling events the concentrations of all metals generally declined, from
peak levels in September to minimum values in the December sampling. This is most probably
attributable to the dilution effect from storm runoff. Even so, copper and nickel concentrations
detected during the December sampling event at several stations remained above at several stations
the water quality criteria limits for salt water aquatic species, which are the most sensitive with
respect to these metals.

Mineral, Nutrient and Physical Parameters

Results of analyses for various mineral, nutrient and physical water quality parameters are listed
in Table 6-6, and summarized as follows:

» Total Suspended Solids (TSS). Results for TSS showed wide-ranging concentrations, from
non-detectable to 1,300 mg/l. Generally, the readings were in the range of 20 to 600 mg/],
which corresponds closely to the reported historic data. The concentrations were highest
during the November runoff event and lower in December; this may have been due to the
timing of sampling during the storm or the effect of dilution. The urban stations (A61, A62,
A42 and A34) were all substantially lower during the December sampling due, presumably,
to prior wash-off of sediments and other materials from these areas. It should be noted that
the three highest TSS readings were in September, during a non-runoff period. Water levels
were extremely low at several sampling stations in September and these results are
attributable to apparent suspension of bottom sediments which occurred in the process of
obtaining samples from shallow water areas. This disturbance of sediments may have
contributed to the high metals concentrations observed in the September sampling,
particularly at Station A42.
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Total Dissolved Solids (TDS) and Hardness. The TDS results showed concentrations in
the range of about 200 to 1,000 mg/l in the upper, freshwater sections of the sloughs,
increasing to as high 1,800 to 2,700 mg/], respectively, at Shell Road and Beach Road Ditch,
where tidal influence occurs. Notably higher concentrations of TDS were observed during
the September sampling at the upstream sampling stations; this may be attributable to the
effect of irrigation drainage-return flows into the sloughs at this time of year along with the
concentrating effect of evaporation in shallow water areas. The TDS concentrations were
lowest at stations most influenced by urban runoff (e.g., A34, A42, A6], A62 and A29)
during the November and December samplings. Water hardness readings showed similar
trends as the TDS results: that is, increasing from upstream to downstream locations and
declining substantially in response to the fall and early winter runoff.

pH. The pH readings ranged from a low of 5.69 at Station A62, to & high of 8.3 at Station
Ad41. Generally, the pH was in the acceptable range (for aquatic habitat) of 6.0 to 9.0 at all
stations. The exceptions were measured at A62 (Struve Slough), where two low readings
of 5.3 and 5.69 were recorded in September and November, respectively. The pH was 6.6
at this station during the December sampling. The reason for the two abnormally low
readings was not determined; no other exceptional water quality readings (e.g., related to
metals, ammonia, etc.) occured at this station during these sampling times.

Qil and Grease. Oil and grease were nondetectable with the exception of samples taken
from the urban area stations (i.e., A61, A42 and A34). At these stations the oil and grease
concentrations ranged from 0.7 to 6.8 mg/l. The highest readings were consistently at
Station A61 (Struve Slough) which is located downstream at Highway 1. The high readings
of 5.3 and 6.8 mg/1 are high enough to be of concern locally in this part of the slough system,
however, the effects do not appear to extend very far downstream, due to a combination of
wetland filtering and dilution.

Ammenia. Ammonia concentrations in the range of 0.1 to more than 1.0 mg/l were
observed throughout the slough system during all sampling events. The only samplings
where ammonia was nondetectable were during November and December at Beach Road
(A44) and once each at upper Watsonville Slough (A34) and Harkins Slough (A21), the
latter two results were during the September sampling. The highest ammonia readings were
consistently recorded at the A61 sampling station on Struve Slough. All three readings
(September, November and December) were 1.0 mg/l or more, which is abnormal and is of
concern from an aquatic toxicity standpoint. Generally, all other stations reported
concentrations of 0.5 mg/l or less, with the exception of a reading of 2.1 mg/l at station A42
(upper Watsonville Slough) in September and 0.8 mg/ig at A21 (Harkins Slough) in
November. There was no observed correspondence between the ammonia concentrations
and the nitrate readings (see below).

Nutrients. Nitrate and phosphate are essential nutrients for aquatic plants; and high
concentrations can stimulate and accelerate algae production to nuisance levels, depending
upon other factors such as water temperature, sunlight, substrate, etc. Also, nitrate is a
hazard to public health when occurring at concentrations of 45 mg/l or more in dnnking
water supplies.
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The nitrate and phosphate data in Table 6-6 show an extremely wide range of results for the
slough system. The nitrate readings varied from less than 1 (i.e., nondectable) to 315 mg/l;
and both of these results occured at the Beach Road Ditch sampling point (A44) at different
times. The lowest reading occurred in September and the highest in December, likely a result
of nitrates flushing from the agricultural soils and drains. The overall lowest nitrate readings
were found at the lower Struve Slough sampling station (A61), where the readings were 1.5,
1.5 and less than 1.0 mg/l for the three sampling times. As noted earlier, this is the same
station where ammonia readings were consistently the highest (greater than 1.0 mg/l); this
is unusual. One possible explanation for this is that there is very little watershed nitrate
contribution to Struve Slough (Station A62 also showed low nitrate readings of 1.9 and 1.3
mg/l), and that the wetlands are an efficient nitrogen sink where denitrification rates are able
to keep pace with nitrate inputs. The high ammonia readings may possibly be related to
direct inputs of ammonia (e.g., from wildlife, water fowl, or livestock) or respiratory
reduction of nitrate to ammonia. In any event, the data clearly show Struve Slough to have
an ammonia problem which is unrelated to nitrate concentrations.

The highest nitrate readings were found at sampling stations downstream of irrigated
agricultural fields, namely Beach Road Ditch (A44), Shell Road (A41), San Andreas Road
(A32) and Harkins Slough (A21). All of these stations recorded nitrate concentrations in
excess of 150 mg/! at one sampling time or another. Nitrate readings for the other sampling
stations at Gallighan Slough (A13), Larkin Valley (A29) and Upper Watsonville Slough (A34
and A42) were below 25 mg/], with the exception of a 44 mg/l reading at Gallighan Slough
in November, and 66 mg/l at Watsonville Slough (A34) in September.

Phosphate sampling results showed different trends than the nitrate data. The highest
phosphate readings were at the urban area sampling stations on Struve Slough and Upper
Watsonville Slough; they did not coincide with high nitrate concentrations. The phosphate
readings at these stations ranged as high as 6.3 and 9.4 mg/l at A61, and 4.0 and 5.6 mg/] at
A42; these occured during ron-runoff and runoff sampling periods. The phosphate readings
for the agricultural drainage areas were generally less than 1.5 mg/l, with the exception of
values of 2.4 and 3.3 at Shell Road (A41) and Beach Road (A44), respectively, during the
December runoff event. The recorded phosphate levels are more than ample for algae
production; but, they have not other known water quality impact.

Pesticides. The results of pesticide analyses listed in Table 6-7 show no detectable
concentrations in the water during the September dry season sampling, followed by a
significant number of detections in October (at Beach Road Ditch) and November, and then
declining detections in December. The PVWMA sampling results (see Table 6-8) through
the rest of the winter runoff season showed additional detection of a limited number of
pesticide compounds (mainly DDT, DDE and Dacthal) during January and February, with
no further detections in March and April samplings.

As would be anticipated, the detection of pesticides occured most frequently at the stations

influenced by runoff or return flow from agricultural fields, namely Beach Road Ditch (A44),
Watsonville Slough (A32 and A34), Harkins Slough (A21) and Gallighan Slough (A13). No
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pesticides were detected at the upstream urban/residential sampling stations (A61, A62, A42
and A29). Interestingly, there was also no detection of pesticides at the Shell Road Pump
Station, the most downstream sampling point on Watsonville Slough.

With respect to the specific compounds found, DDT and its derivatives DDE and DDD were
most prominent, along with repeat occurrences of Dacthal, Iprodione, Oxyflurofen; all of
these compounds are organochlorines which have the greatest longevity in the environment.
DDT has not been in use for many years; but the other pesticides are currently used
agriculturally within the watershed. No carbamate pesticides were detected in any samples
and there were only single detections of three or organophosphates-dimethoate, diazinon,
and movinphos.

Water quality criteria for the pesticides detected have only been established for DDT/DDE,
dacthal, endosulfan and diazinon. The detected concentrations for endosulfan and diazinon
exceeded the freshwater and salt water aquatic protection criteria for these compounds; also
all eight of the DDT/DDE concentrations (including PVWMA sample results) were above
the established “average” concentration limit; but only one exceeded the freshwater
maximum limit. All other detected pesticides were below established water quality criteria,
or no criteria have been established.

Quality Control

Results of quality control samples were reviewed during the course of the sampling program to verify
the adequacy of field and laboratory methods. Generally the blank, split and duplicate samples
showed close conformance with the reported results; however, there were some exceptions noted.
These were believed to be caused by the influence of suspended sediment on various constituent
concentrations. Many constituents, particularly metals, adhere to sediments and particulate matter,
such that variations in sediment concentration or simply different sediments (from one sample to
another) can be responsible for different analytical results. Also, due to the very low detection and
reporting concentrations (i.e., parts per billion), differences in results may seem large on a relative
(i.e., percentage scale), while being small to insignificant in absolute terms (i.e., in parts per billion).
Overall, the quality control results show the monitoring data to be valid, consistent with historic data
and supportive of the conclusions reached by this study.

6.4 WATER QUALITY SUMMARY

Following is a discussion of the water quality monitoring data obtained from this investigation and
a comparison with historic findings. F should also be recognized that the water quality results in this
study are subject to the inherent limitations of instantaneous runoff sampling (e.g., the extreme
variability of water quality concentrations during storm events).
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General Physical Parameters

Field and laboratory measurements for temperature, pH, DO, EC and turbidity showed results
consistent with historical data for the Watsonville Slough System. There were no remarkable
measurements, and the data generally reflect adequate conditions required for warm water fisheries.
As previously noted in the text, the current sampling showed two pH readings below 6.0 (5.3 and
5.69) at the upper Struve Slough sampling station (A62).

Nutrients

Two nutrients, phosphate and nitrate, were found at high concentrations, consistent with historical
results. Phosphate readings were generally in the range of 0.5 to 5.0 mg/l, with a few higher values.
The highest readings were at stations representative of urban runoff (A42 and A61), and at the Beach
Road Ditch (A44). Phosphate readings were generally highest in the September (dry season)
sampling; but high readings at some of the individual sampling stations were also noted for the
November and December runoff events.

Nitrate readings were typically in the range of 10 mg/l to more than 200 mg/l (as NO,) for each
sampling period. The high readings appeared more frequently and were more widespread than
indicated by historic data. The notable exception was Struve Slough (Stations 61 and 62) which had
consistently low nitrate readings of less than 2.0 mg/ at all sampling times. The high nutrient
concentrations were not accompanied by depressed DO levels or noticeable algae; thus, it appears
that turbidity, temperature, substrate conditions or other factors (and not the abundant supply of
nutrients) control the growth of algae in the slough system. It is also possible that algae growth may
be a seasonal (e.g., spring, early summer) occurrence that does not coincide with the fall-winter
sampling program for this study.

The most significant finding of the nitrate water quality data is the great variation in concentrations
from Struve Slough (where nitrate is essentially absent), to the extremely elevated levels downstream
of the irrigated agricultural fields. However, no definitive impact on beneficial uses can be
determined from these nitrate levels, since the water in the sloughs does not presently serve as a
source of drinking water, and extensive widespread algae growth and depressed DO levels has not
been observed. Further investigation is needed to determine the seasonality and significance of the
nutrient-algae relationships in the slough system and to gain a better understanding of the
uncharacteristically low nitrate readings from Struve Slough.

Ammonia

Ammonia readings in the 0.1 to 0.5 mg/l range were observed throughout the sloughs, similar to
historic data; these are above the generally accepted chronic toxicity levels for fish (0.02 mg/! as
NH,). However, the toxicity in a given water body varies based on other factors and the tolerances
of local aguatic species. The highest ammonia readings were in Struve Slough (Station A61) and
upper Watsonville Slough (Station 42), these exceeded 1.0 mg/l which are clearly cause for concern
for aquatic organisms. From these data, it is clear that ammonia is common and persistent in the
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sloughs; but the source is not clearly evident. It is possible that the wildlife and waterfow! within the
slough system contribute ammonia (through waste products) sufficient to explain many of the
observed readings. Leaching and runoff from manure stockpiles and leakage from industrial sites
(e.g., refrigerants) are other possible sources. These potential sources are more likely to explain the
several high (greater than 1.0 mg/l) readings for Struve Slough (A61) and the Upper Watsonvilie
Slough station (A42). There is also the possibility that respiratory reduction of nitrate to ammonia
(along with denitrification) may be occurring in Struve Slough or other locations in the system. The
data collected from this study are consistent with historical findings that show potential ammonia
toxicity problems. The source(s) cannot be specifically identified; future study efforts should be
focused on Struve Slough.

Pesticides

The sample results for September yielded no evidence of pesticides in the water column at any of the
stations, consistent with historical data for the water column. However, during runoff events
pesticides were found at several sampling stations - primarily in locations bordering and downstream
of agricultural areas. Pesticides detected included DDT and its derivatives, which are no longer in
use; plus several currently used pesticides. Table 6-9 summarizes the pesticides detected, along with
the corresponding locations and cross-reference to the various types of crops for which the particular
pesticide is known to be used. The sampling data show clear evidence that pesticides from past and
current agricultural practices are closely associated with sediments in the sloughs, as they tend to
occur more widely and peak with erosion-producing runoff events. The preponderance of pesticides
were detected in the November and December sampling events.

Historically, the most significant finding of water quality impairment in the slough system has been
the evidence of pesticide accunmlation in fish and shellfish tissue. Of the pesticides found in the tissue
samples, DDT (and derivatives), dacthal, and possibly, dieldrin were also detected in the water quality
monitoring for this project and by PVWMA. Other pesticides detected in tissue samples, e.g., endrin
and toxaphene, were not found in any of the water quality samples. Because of the persistence of the
various pesticide compound found in tissues (all of which are organochlorines), they are likely to
remain in the slough sediments or on the agricultural fields for long periods of time. Since all
detected pesticides in tissue samples, except dacthal and endosulfan, are no longer in use, their
detection in water quality samples must be attributable to suspension of slough sediments or erosion
from farm fields where they were used in the past. This study did not identify the specific sources of
these pesticides, beyond the general conclusion that they are derived from either present or past
runoff and erosion from agricultural fields. Their continued detection in fish and shellfish tissue (as
recently as 1993) is evidence of a remaining water quality impairment of the Watsonville Slough
System.

Heavy Metals

Copper, especially, as well as nickel, lead and zinc were found at concentrations in the sloughs that
are of concern for freshwater aquatic organisms. Copper was routinely found to exceed criteria for
freshwater and salt water species. Lead and zinc also had numerous values above the applicable
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water quality limits. Nickel, while routinely detected, was generally at acceptable concentrations for
freshwater aquatic habitat, but in excess of water quality criteria for saltwater species. All of these
constituents are typically associated with urban runoff, but, while some of the highest reading were
at the urban runoff sampling stations (e.g., A42), occurrence of these metals was not restricted to
these locations. All sampling stations, from urban and agricultural areas alike, with the exception of
the Larkin Valley site (A29), showed multiple instances of heavy metals concentrations in excess of
water quality criteria. Thus, a specific source or land use activity cannot be identified as the cause.

A notable aspect of the sampling results was the significant decline in the concentration of heavy
metals in response to the early season runoff events. The most noticeable change with time was at
station A42, representative of runoff from the Watsonville urban area.

The present data for heavy metals are more complete than the historic data. They show evidence of
potential acute and chronic toxicity problems by virtue of the exceedance of established water quality
criteria for aquatic life, for both freshwater and salt water. Whether or not the observed
concentrations are exerting toxic effects on the aquatic species is unknown; and the system should
be investigated further. It is possible that some of this can be accomplished or coordinated with the
current UCSC toxicity studies to determine the significance of heavy metals concentrations on the
specific aquatic organisms in the slough system.

Oil and Grease

Detectable concentrations of oil and grease are found in the areas of the sloughs near Highway 1 and
the City of Watsonville. At the levels reported a sheen may be visible under certain conditions.
However, no exceedances of water quality standards (visible oil sheen) were noted during this study.
Street runoff containing motor oil residue is the logical explanation for this. Elsewhere in the sloughs
the oil and grease is nondetectable due to limited sources, dilution and the effectiveness of wetland
vegetation as.a filtering mechanism.

There is no established numerical limit for oil and grease in surface waters. The standard contained
in the Regional Board’s Basin Plan is a narrative objective which states that:

“Waters shall not contain oil, greases, waxes or other materials in concentrations that result in
a visible film or coating on the surface of the water or on objects in the water, that cause
nuisance, or that otherwise adversely affect beneficial uses.”

The higher concentrations observed in the study (e.g., 5 and 6 mg/1) are sufficient to create a visible
oil sheen and, thus, would be considered in excess of the water quality standard. Adverse effects on
aquatic organisms can occur at oil and grease concentrations of less than 1.0 mg/l if the oil is of
petroleum origin, as opposed to natural animal or vegetable oil sources. In general, the
“nondetectable” oil and grease readings for the slough system indicate suitable water quality
conditions; but, the locations consistently showing measurable levels of oil and grease represent
potential problems that warrant continued vigilance in the urban drainage areas tributary to these
parts of the slough.
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Litter and Debris

Urban litter and debris accumulate in various locations of the sloughs due to runoff from city streets,
as well as direct, illicit littering and dumping in roadside ditches and the sloughs themselves. The
accumulated debris is unsightly, can contribute to the obstruction of culverts and can possible
introduce hazardous chemicals or other deleterious substances to the water. No specific sampling
was conducted for litter and debris; but observations during water quality sampled noted significant
accumulation of litter, particularly at road crossings on Harkins Slough and Struve Slough.

Water Flow and Circulation

The sloughs contain extensive areas of stagnant and slow moving water due to the flat gradient and
additional obstructions to flow caused by road crossing, blocked culverts and sediment build-up. The
urban development in the watershed, with associated streets, storms drains and other impervious
surfaces has altered the hydrology by increasing winter runoff peaks and reducing groundwater
recharge and spring/summer base flow contribution. However, this is offset to a degree by the
percolation and return flow from irrigation or agricultural lands. Shallow, slow-moving and stagnant
water conditions were noted during water quality sampling and other watershed field studies; but no
specific testing was done to document and correlate these conditions with water quality parameters
such as DO and temperature. This should be done in the future to assess the significance of stagnant
water areas on the overall slough system water quality.

Drinking Water Suitability

Drinking water standards differ substantially from criteria for aquatic organisms. Generally, drinking
criteria are more lenient for minerals and metals (see Tables 6-5 and 6-6) and more stringent for
pesticides (see Table 6-7). The results of the water column analyses give rise to three main areas of
potential concern: nitrates, coliform bacteria and pesticides. The proposed PVWMA groundwater
recharge project is presently the only envisioned beneficial use for which drinking standards would
be relevant. If implemented, this project would chlorinate and filter water diverted from the slough
system before delivering it to spreading basins for recharge. This treatment process should remove
coliform bacteria and pesticides, but it would not reduce nitrate levels significantly. Therefore, the
observed high nitrate readings represent a potentially significant problem to be considered in the
timing and location of water diversions for this proposed project.



SECTION 7

WATER QUALITY MANAGEMENT ALTERNATIVES

This section describes and reviews the range of potential management measures available for
improvement of water quality conditions and wetland restoration within the Watsonville Slough
System. The analysis and review of alternative management practices in this section provides the
basis for the recommended management measures and follow-up studies which are presented in
Section 8.

7.1 SOURCES OF WATER QUALITY PROBLEMS

Section 6 summarized the historical water quality findings and the results of the water quality
monitoring completed as part of this project. From the evidence, eight basic water quality problems,
which are summarized below, are related in a matrix format to potential contributing watershed
sources in Table 7-1. The field studies conducted under this project were not directed at locating
and documenting site-specific poliutant sources in the watershed. Therefore, the information
presented here must be understood to represent our best estimates, based upon: (1) the present and
historic data; (2) known watershed activities; and, (3) literature findings relative to urban, rural and
agricultural non-point source pollution. Table 7-1 lists a broad range of land and water management
activities or factors which are specific to the Watsonville Sloughs and indicates which factors are
likely or known contributors to specific water quality problems.

Sedimentation

Sedimentation in the sloughs due to soil erosion is a major water quality problem. The sediments
deposited in the slough channels obstruct and alter normal drainage patterns, reduce water clarity,
blanket vegetation and aquatic organisms, and transport attached nutrients and pesticides into the
receiving waters. Pesticide accumulation in fish and shellfish tissues are the basis for the designation
of Watsonville Slough as an impaired water body. Agricultural lands are the primary source of soil
erosion; but erosion also occurs in connection with urban and rural development, as well as naturally,
due to the high erodibility of the sandy soils in the watershed. However, erosion rates associated with
land development and agricultural operations greatly exceeds that from natural landscapes, unless
very strict erosion control practices are followed.

Nutrients

Two nutrients, nitrate and phosphate, are found in Watsonville Slough System at high concentrations.
These nutrients can contribute to increased algal growth with consequent impairment of water quality
for other organisms and from an aesthetic standpoint. It appears, from the lack of extensive algae
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TABLE 7-1

CONTRIBUTING SOURCES OF WATER QUALITY PROBLEMS
KNOWN AND POTENTIAL TO WATSONYILLE SLOUGHS

WATER QUALITY PROBLEM

CONTRIBUTING WATERALAND
MANAGEMENT FACTORS Heavy Water
Sedimeniian Nulrenia Ammenia Peacicid Metals | Oil & Grense Debrria Flow/Circulaiion

ITLLSIDE AGRICULTURE

« Tillage 1 x - X .

v Access Roads X x X - .
* Fertilizers K. - - - - -
» Pesticides B - X . .

» hrigation x x X . X
+ (Ground waier Pumping - - - X - - . .
VALLEY FLOOR AGRICULTURE

+ Tidlage x T ¥ - .
+ Agcess Rouds X X - H - - -
v Fextilizary - x - i - - -
» Pesticides . x - . -
* Irrigarion x T [ - xt
* Groundwater Pumping - - - - .
v Tile Drains . x " - - !
RURAL RESIDENTTAL

+ Septic Systema - % - - - - .
+ Ready x - - 5 - 1
¢ Livestock x x T ., - -
» Houstheld Chemicals - x 3 13 K - -
+ Groundwater Pumping -

URBAN AREAS

+ Swnitary Sewer L ¥p - x x . X x

+ Household Chemizals - X X Ed x X

= Motor Vehicles - B - X . .
» Sireet Surfaces - - - - M - a
* Yurd Liter 2nd Landscaging - x L3 - x

* Service Stations - - - -

« CommercialTndustrial Sites X x ® x x

* Impervious Surfaces [ x - - x - *
* Sraem Druing - x L] X x
» Gienerat Liner & Debris j . - . ¥ ]
OTHER LAND USE ACTIVITIES

» Blicit Dumping X d d x * d Ml
= Isolaied Indusiral - ] 4 % % x

» Highway | - - - L] x -
» Landfills x - ’ [ x -
= Livestock Operntions 1 x = - - -
FLOOD CONTROL

» Pumnp Operetions . - . . o
» Dredging/Channet Muintasance x - x ¥ N
WATER SUPFLY

+ Growndwater Pumping, - .

» Proposed ARS Project - - - - X
NWATURAL SOURCES x X x - M x

SMUINHHT T-1

1 Positive cFfect on water flow in slouuhs; adverse downaiream effec tn Paizra River Esivary



problems in the sloughs, that turbidity, inappropriate substrate, temperature or other conditions,
rather than nutrients, may presently be the limiting factor. The water quality data indicate the sloughs
to be rich in nutrients, due primarily to agricultural fertilizer use; but nutrients are also derived from
natural sources in the sloughs (e.g., plant decay, wildlife and waterfowl), urban runoff (i.e., fertilizer
used in landscaping), fivestock and, to a small extent, septic systems. There is a great difference in
nitrate levels in portions of the sloughs receiving agricultural runoff (high) as compared with the other
areas (low).

Ammonia

Ammonia levels in most of the sloughs generally exceed recommended limits for sensitive aquatic
species; but the levels are not unusually high for wetland water bodies where there may be large waste
contributions from wildlife and waterfow! populations. Microbial conversion of nitrate to ammonia
(via respiratory reduction) is another possible source (NAS, 1978). Natural sources may be the cause
of the high ammonia readings in Watsonville Sloughs; but additional sources may also include
leaching from livestock areas or manure stockpiles, from sewer or septic system bypasses/leaks and
possibly releases of ammonia products in commercial, industrial or residential areas. Consistently
higher and alarming levels of ammonia have been documented in Struve Slough at Lee Road.
Sources other than natural sources must be suspected at this location, but nothing specific has been
documented thusfar.

Pesticides

Pesticides, including current as well as historically used compounds (i.e,, DDT and DDE), have been
occasionally detected in water quality sampling of the sloughs, particularly during runoff periods.
When detected, most of the readings have been in excess of water quality criteria for these pesticide
compounds. The most significant evidence of water quality impairment in the slough system is the
accumulation of extremely high levels of pesticides in fish and shellfish tissue samples. Agricultural
pesticide use is the main source. Runoff from urban sources may also contribute small quantities of
pesticides to the sloughs from landscaping uses; but sampling to date has not shown this to be a
source. Pesticides attached to soil particles are transported to the sloughs through erosion. The
transported pesticides may be those in current use or former pesticides that still remain attached to
soil particles.

Heavy Metals

Copper, nickel, lead and zinc are the principal metals found consistently throughout the sloughs at
levels in excess of criteria for freshwater aquatic species. These constituents are characteristically the
primary heavy metals found in urban runoff, but sampling in the sloughs show them to occur in both
urban and agricultural drainage areas, Copper compounds used in connection with farming activities
or at specific industrial sites are possible contributors. The County and City landfills are potential
sources of heavy metals (via leachate); but, there is no evidence that they are a current source of



heavy metals to the sloughs and both landfills have leachate control programs as well as on-going
monitoring requirements.

Qil and Grease

Measurable concentrations of oil and grease are found in the areas of the sloughs near Highway 1 and
the City of Watsonville. Motor oil leaks, exhaust and spills are the principal sources of oil and grease
at these locations. Elsewhere in the sloughs oil and grease is nondectectable due to limited sources
and the effectiveness of wetland vegetation as a filtering mechanism.

Litter and Debris

Urban litter and debris accumulate in various locations of the sloughs due to runoff from city streets,
as well as direct, illicit littering and dumping in roadside ditches and the sloughs themselves. The
accumulated debris is unsightly, can contribute to the obstruction of culverts, and possibly introduce
hazardous chemicals or other deleterious substances to the water.

Water Flow and Circulation

The sloughs contain extensive areas of stagnant and slow moving water due to the flat gradient and
additional obstructions to flow caused by road crossing, blocked culverts and sediment build-up. The
urban development in the watershed, with associated streets, storm drains and other impervious
surfaces has altered the hydrology by increasing winter runoff peaks and reducing groundwater
recharge and spring/summer base flow contribution. However, this is off-set to some degree by the
percolation and return flow from irrigation of agricultural Jands. Water quality study of isolated
stagnant water areas has not been completed to verify the extent of this problem. -

7.2 ALTERNATIVE BEST MANAGEMENT PRACTICES

Based on the identified water quality problems and watershed conditions and activities, a broad range
of potential Best Management Practices (BMPs) were identified. BMPs are defined as any program,
technology, process, siting criteria, operating method, or device which controls, prevents, removes
or reduces pollution (SWRCB, 1993). For the purposes of this project, BMPs are separated into fwo
categories: (1) source control measures; and, (2) downstream treatment measures. Source control
refers to specific measures that can be taken at specific locations and in the watershed area to remove
or minimize pollutants at their source. Downstream treatment refers to physical measures to improve
water quality or removal of pollutants within the slough system. The end of this section also includes
a description of measures specifically for the enhancement and protection of wetlands and other
biological resources in the slough system. It should be noted that many of the following urban,
agricultural, and rural residential source control BMPs are already being used, as are some of the
following downstream treatment measures. Listing of the identified BMPs and their applicability to
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specific water quality problems are provided in Tables 7-2 and 7-3. In Table 7-3, the estimated
effectiveness of the various downstream treatment measure alternatives is rated. Following is a brief
description of each of the BMPs. Further information on these measures is found in EPA’s G
guidance document cited in Appendix B, Part IVB1. This document also has information about the
costs and effectiveness of various control measures.

The relative ratings in Table 7-3 are based upon the professional judgement of the consultant,
considering available literature and applicability of the treatment measure to the conditions presented
by the Watsonville Slough System. Of particular note are the following cases where a measure is
rated as having a “high degree of effectiveness”.

» Wet detention/sedimentation basins are effective for control of sedimentation by the very
nature and design of this measure.

+ Drainage modifications and flow augmentation have the greatest potential to improve the
flow and circulation of water in the system.

¢  Channel dredging is presently employed to control or respond to sedimentation problems in
the system.

o  Slough/taitwater circulation would be highly effective in addressing nutrients, pesticides and
heavy metals by physically removing these constituents from the sloughs in areas where they
occur at high concentrations, and redepositing them on land where they can be absorbed and
retained; water circulation can also be enhanced by a recirculation pumping scheme.

»  Vegetative buffers are well accepted as a means of intercepting and retaining various types
of surface runoff pollutants. At a minimum, they would be highly effective for filtering oil
and grease; depending on their width and design, they potentiaily may be very effective as
traps for sediment, nutrients, pesticides and heavy metals also.

Urban Source Control BMPs

Public Education. A public education and participation plan provides a strategy to educate city
workers, industry, and the general public about the importance of protecting the surrounding water
resources of the area. The program can make people aware of the hazards of commonly used
materials and what kind of impact they can have on the environment. Watsonville currently provides
public education explaining how pollutants enter the slough system. Advertisements for clean-up
days, toxic recycling and curb side pick-up programs are placed in the local newspaper. City
personnel participate in outreach programs in the schools in regard to water conservation and water
quality. Pamphlets explaining non-point source pollutants are also distributed as billing inserts, and
could be written in English and Spanish. Other examples of education programs include signage or
labels at storm drain inlets (see below), slough crossings, and parking areas that warn against the
dangers of dumping a toxic materials into the storm drain system or sloughs.




TABLE 7-2 7

SUMMARY OF
SOURCE CONTROL BMPSs
WATER QUALTTY PROBLEM ADDRESSED
SOURCE CONTROL BMPs Ol and Water
Sedimentation Nutrients | Ammonia | Pesticides | Heavy Metals | Grease | Debris | Flow/Circulation
URBAN AREAS
* PUBLIC EDUCATION x X - x X X X
¢ OW/TOXIC RECYCLING - - - X X x x
« HOUSEHOLD HAZARDOUS WASTE COLLECTION - - - x x X
« STORM DRAJN SIGNAGE - - X - X x X X
= TRASH RECEPTACLES/SIGNAGE @ PUBLIC ACCESS AREAS - X - x x X X
+ SANITARY SEWER LEAKS/SPILL PREVENTION - x X X X
= VEHICLE USE REDUCTION x X
+ STORM DRAIN CLEANING - X - X x
« YARD DEBRIS PICK-UPS - X - X
« IMPERVIOUS SURFACE LIMITS FOR NEW DEVELOPMENT x X X X
» INDUSTRIAL SITE RUNOFF CONTROLS - x X X X X X
=« STORM DRAIN DESIGN PRACTICES . .
- INFILTRATION DRAINAGE X x - x x x X X
- DETENTION x x - X b x X x
- VEGETATED FILTERS (BIOFILTERS) x X - x X X x
- OIL/GREASE SEPARATORS x
= CONSTRUCTION SITE EROSION CONTROL - % x x
« STREET SWEEPING % X - - x - x -
AGRICULTURE
+ VEGETATED FILTER STRIPS X x - X x
« PESTICIDE MANAGEMENT - - - x -
* RRIGATION CONTROL x X x X X X
= FERTILIZER MANAGEMENT - x X -
» EROSION CONTROL X X - X X -
RURAY RESIDENTIAL
= SEPTIC - x x
= LIVESTOCK CONFINEMENT PRACTICES x X X
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TABLE 7-3

RATING OF MANAGEMENT MEASURE EFFECTIVENESS

WATER QUALITY PROBLEM ADDRESSED
DOWNSTREAM TREATMENT MEASURE
Heavy Water
Sedimentation | Nutrients | Ammonia | Pesticides Metals Oit & Grease Debris Flow/Circulation

« WET DETENTION/SEDIMENTATION BASINS - 1 2 2 2 2 2 2 2
* DPRAINAGE MODIFICATIONS 2 2 2 2 2 2 2 1
» CHANNEL DREDGING 1 3 3 3 3 3 2 2
« CHANNEL FILLING 2 2 2 2 2 2 2 3
« CONSTRUCTED WETLANDS 2 2 2 2 2 2 2 2
« FLOW DIVERSION 2 2 2 2 2 2 2 3
s SLOUGH/TAILWATER RECIRCULATION 2 1 2 1 1 2 3 1
* VEGETATED RIPARIAN BUFFERS/FILTER .

STRIPS 2 2 2 2 2 1 2 3
* FLOW AUGMENTATION 3 2 2 2 2 2 3 1
*« WATER LEVEL CONTROLS 3 2 2 2 2 2 3 2
RATING CODE:

1 = High degree of effectiveness
2 = Moderate degree of effectiveness
3 Little ar no effectiveness

il
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Qil and Toxic Material Recycling. Recycling programs are intended to make it easier and more
convenient to dispose of used motor oil and other toxic compounds used in the home. Usually
municipal collection centers are set up and funded by the city. This may include payment of
incentives to the local automotive service industry to recycle oil and automotive products. The City
of Watsonville currently sponsors a curbside pick-up program for used motor oil and filters and has
co-operative oil recycling programs with several automotive stores.

Household Hazardous Waste Collection. Improper disposal of hazardous household chemicals can
adversely affect surface and groundwater quality. Collection programs, similar to recycling programs,
provide and encourages people to properly dispose of their household hazardous waste. This can
be accomplished by mobile collection centers, curbside collection, or a combined program. The aim
is to get people to dispose of their hazardous compounds in a simple, easy, appropriate way. The
County landfill currently has a program in place that allows residents to make appointments to drop
off and dispose of their household hazardous waste.

Storm Drain Signage. This practice is part of a public education campaign to teach people about
where the storm drainage system leads. This is accomplished by marking the storm drain inlets with
markings that say, for instance, "No dumping - drains to Bay/Watsonville Slough". This is designed
to stop illegal and inappropriate dumping of materials such as waste motor oi! or radiator fluid. The
City of Watsonville has implemented a storm drain signage program. Currently, over 80 percent of
the City storm drains have painted signage in both Spanish and English; however, many are in need
of re-painting.

Trash Receptacles/Signage at Public Access Areas. This practice includes placement of signs and
trash receptacles in areas that have traditionally been used as dumping spots for household waste,

construction spoils, and yard debris. The aim is to discourage people from dumping material into the
slough areas. This is currently a problem, especially in and around the urban interface in Watsonville,
Struve, and West Branch Sloughs. Watsonville has placed some signs within the slough areas;
however, many of the access areas are privately owned. The City is working with land owners to
clean-up and prevent trash from accumulating in these areas.

Sanitary Sewer 1eaky/Spill Prevention. This is a normal activity of the City or sanitary district which
entails the implementation of control procedures for identifying, repairing, and remediating sewer
blockages, infiltration and inflow (I & T) of groundwater and runoff into the sewer lines, and wet
weather overflows from sanitary sewers into the storm drain system. This is implemented by
identifying and correcting areas with high I&I or inadequate sewer line capacity, and conducting
routine maintenance. As a consequence of the 1989 Loma Prieta earthquake, the City of
Watsonville, with assistance from the Federal Emergency Management Agency (FEMA), is
implementing a multi-million dollar sewer repair and upgrade program.

Vehicle Use Reduction. Automobiles are a major contributor of non-point source pollutants.
Reducing their use can have a substantial effect on pollutant load. Reducing automobile use may
include sponsoring ride share programs, providing bike lanes and easy access for alternative
transportation, establishing trip reduction programs for major employers of the area, and encouraging
land use patterns that enhance the use of alternative transportation modes (i.e., compact, mixed-use
development). The City of Watsonville has adopted a trip reduction ordinance and is participating
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in a variety of regional efforts to reduce automobile trips, including founding sponsorship of the
Pajaro Valley Transportation Management Agency (PVTMA).

Storm Drain Cleaning. This practice covers the routine or special cleaning of the storm drain system
to remove debris, sediments and other materials before they are washed into the sloughs. The City
would locate areas where accumulating debris and sediment is a problem and put them on a routine
maintenance program. This would include any grease traps and catch basins which are currently not
well maintained. Watsonville presently carries out limited storm drain cleaning in connection with
its sewer rehabilitation program.

Yard Debris Pickups. This is a program to make it easier and economical for people to remove and
dispose of yard debris and junk. Usually, cities sponsor spring and early fall clean-up days, where
debris and junk is picked up from the curb at no charge. Watsonville currently sponsors and
promotes clean-up days. These are usually advertised in the local newspapers.

Impervious Surface Limitations. This practice would involve restrictions on the amount of paved
area and/or impervious surfaces for new development. By reducing impervious surfaces, such as
roadways, driveways, parking lots, etc., the amount of pollutants that may accumulate on them and
subsequently be washed off into the storm drain system is reduced. This is also intended to maintain
infiltration - groundwater recharge rates as close to native conditions as possible. Providing
vegetated breaks between impervious surface areas can also reduce peak runoff rates and associated
erosion. An example would be to route the flow from roof gutter down spouts to vegetated or rock
lined areas rather than to paved driveways.

Industrial Site Runoff Controls. This covers runoff controls for industrial activities such as storage
yards, wash off areas, fueling areas and other industrial outdoor work areas. Control measures such
as berming and confining area runoff, constructing roofed areas, diverting surface runoff into the
sanitary sewer, and providing oil and grease separators are some of the common techniques used to
control runoff from industrial areas. These controls are typically implemented in connection with
Waste Discharge Requirements (WDR) and National Pollutant Discharge Elimination System
(NPDES) permits issued by the Regional Water Board (in San Luis Obispo) for certain types of
industrial activities. A listing of existing facilities in the Watsonville Slough System area with WDRs
and NPDES permits is provided earlier in this report (Section 6). The City has considerable
interaction with industries regarding runoff controls. The majority of industries have NPDES
stormwater permits and submit copies of annual reports to the City Source Control Program. The
City has provided equipment, site evaluations and seminars on this subject to the industrial
community.

Storm Drainage Design Practices. This relates to various types of designs and drainage measures to
reduce non-point source pollutants,. Common techniques include infiltration drainage trenches/basins,
soil filtration, settlement ponds, vegetated buffer strips, grassed swales and ditches, and oil and grease
traps. All of these techniques are designed to remove or settle pollutants picked up by runoff before
they enter the storm drain system. These practices may either be installed by the City and/or
mandated as conditions of approval for new development projects.



Construction Site Erosion Contrgl. When an area is denuded of vegetation, the soil is more
susceptible to the erosional forces of the runoff. This BMP deals with erosion control during the
construction phase of a development project. Techniques such as seeding exposed slopes, building
on-site sediment retention devices, and restricting grading or other activities are commonly used.
Typically, this BMP is implemented through an adopted ordinance that mandates that a erosion
control plan be prepared and implemented as condition of a building or grading permit. Usually both
local and regional organization require erosion control to be conducted as a condition for a grading
permit. Compliance with local building ordinances as well as NPDES approval is required for
projects involving the grading of more than five acres. These permits, and the accompanying required
erosion control practices, are designed to prevent erosion from large grading projects (i.e., home and
commercial development construction) to impacts receiving water bodies such as Watsonville, Struve
and West Branch sloughs.

Street Sweeping. Street sweeping reduces the discharges of pollutants to storm water from street
surfaces by removing dirt and accumulated debris on a regular basis. Mechanical, vacuum and
combination sweepers are used to remove the build-up of pollutants on the streets and parking areas
of the urban area. The City of Watsonville currently conducts regular cleaning of City streets. The
entire City undergoes sweeping every two weeks, with the downtown area receiving sweeping four
times a week.

Agricultural Source Control BMPs

Erosion Control Practices. Agricultural areas have similar needs for erosion control as construction
sites. The main differences are that erosion control practices for agricultural areas are usually
permanent or semi-permanent structures or practices. Examples of these practices include the
following:

*  Proper Tilling Practices. The way a field is tilled and the alignment of rows on hillsides is
important for soil conservation and erosion control. Rows should be oriented perpendicular
to the direction of the slope. Rows parallel to slope allow for concentrated flow and
accelerated velocities which gully formation and accelerated erosion.

» Road Stabilization. Numerous studies and observations show that road grades produce and
have accelerated rates of erosion. Proper drainage, proper grading, and roadside ditch
stabilization can minimize road erosion, as can the use of grasses as a roadway cover crop.
Native bunch grasses are particularly effective because of their durability when driven on.

+ Drainage Contrel. Drainage control measures are designed slow down and spread runoff
on the hillsides, since concentrated flow creates erosion. The installation of features such as
water bars, energy dissipators, flow diversions, terraces and proper drainage structures all
aid in reducing erosion. When concentrated runoff is unavoidable, techniques such as the
armoring of channels and/or the installation of drop structures, check dams reduce water
velocities and scour potential.

+ Sedimentation Ponds. These are created ponds or basins which collect runoff from the
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agricultural areas. The basins are designed to induce suspended sediment to deposit in the
basin prior to leaving the site.

» Cover Crops. Short-lived annual grasses, usually planted in the fall, after the irrigation
season, can be used to protect the soil in fallow or otherwise bare fields from rainfall impact
and stabilize it against runoff-included erosion.

+ Irrigation Water Management. Proper scheduling of irrigation applications along with
proper design of irrigation systems to achieve uniform and efficient application of water can
aid substantially in reducing unnecessary runoff from irrigated fields. Reducing this runoff
also minimizes the transport of agricultural chemicals and soil into drainage ways and the
bordering sloughs.

*  Critical Area Stabilization. This practice covers the special erosion control efforts needed
for critical erosion sites or features on specific sites. This may include repair and control of
gullies, stream bank erosion protection, slope terracing and vegetation/revegetation of
disturbed areas.

The NRCS estimates that currently about 70 percent of the farmers employ some BMPs, about 15
percent employ all available and applicable BMPs, and about 15 percent do not employ any
agricultural of which to speak BMPs. There has been no monitoring or evaluation of the
implementation of these BMPs on their effect on the Slough’s water quality to date.

Erosion Contro] Implementation/Ordinances. In the Watsonville Slough System watershed the
previously-described types of practices are especially important in the agricultural areas located in the
surrounding hillsides. Both the Soil Conservation Service and the U.C. Agricultural Extension are
heavily involved in educating farmers, through personal contacts and literature, on proper erosion
control BMPs. However, implementation of erosion control is ultimately the responsibility of the
individual land owners. The Santa Cruz County erosion control ordinance does not address
agricultural practices and there are no other enforcement tools. The only exception is that the County
mandates the farmers to clean sediment from County roadside ditches alongside farm fields, or pay
a fee to the County for cleaning them. The City of Watsonville’s erosion control ordinance also does
not address erosion from agricultural practices within the City. Erosion control ordinances in other
local jurisdictions (e.g., Napa County) have been expanded to include selective agricultural practices
(e.g., hillside vineyards) where special erosion problems exist. Monterey County also has erosion
control requirements that apply when grasslands are converted to irrigated agricultural uses. These
ordinances basically require the preparation and approval of an erosion control plan, along with
enforceable compliance with the accepted plan. This type of ordinance provision has some potential
applicability in the Watsonville Slough area; but it would also not be able to deal with erosion
problems associated with existing agricultural practices.

Pesticide Management. Even though most currently used pesticides rapidly breakdown to harmless
by-products during the time in which they are still potent, there is a potential for them to do
environmental harm if, for instance, they are washed or released directly into a water body.
Appropriate management of pesticide use on agricultural land is essential to reducing the transport
of these substances from the agricultural area to receiving waters. Management practices such
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minimizing spraying, using easily biodegradable formulas, applying pesticides only during the dry
climatic conditions, and avoiding environmentally sensitive areas provide the basis for the proper best
management practice for pesticide use. This BMP goes hand-in-hand with erosion control because
pesticide residues are often transported to water bodies attached to eroded soil particles. It should
be noted that all commercial applicators of pesticides must be licensed, and that application of certain
state restricted pesticides requires a special permit. The County Agricultural Commissioner’s office
regulates and records amounts of all agricultural pesticides used in the County to help ensure
utilization of appropriate pesticide BMPs.

Irrigation Control. Frequently, suspended sediment and chemical residues are transported to water
bodies by improper irrigation control. Irrigation management practices include the proper
maintenance, distribution and application rates for irrigation water. Inefficient or leaky irrigation
systems can cause erosion and runoff from agricultural fields to impact local drainages and eventually
the Watsonville Slough System.

Fertilizer Management. Fertilizer management is similar to management practices for pesticide
applications. The aim of fertilizer applications is to minimize the amount of nutrients entering the local
sloughs. The proper management of fertilizers includes soil fertility testing, adjusting application rates
as needed, and applying fertilizers at the proper time of year under the right the climatic conditions.
Fertilizer residues (especially nitrate) are also transported readily into the sloughs along with eroded
soil; this adds to the importance of erosion control in the overall reduction of nutrient inputs to the
sloughs. Special attention also needs to be given to fertilizer storage, mixing and distribution areas,
such as the one in the upper reaches of Harkins Slough, as these represent potential sites for spills
and/or runoff of concentrated fertilizer compounds. This applies to pesticide management, as well.
Covered areas and runoff containment provisions are common and effective practices for control of
this agricultural pollutant source. Mushroom farming operations, which involve substantial manure
handling, are also a potential source of excess nutrients and ammonia.

Livestock Confinement Practices. When improperly managed, wastes generated from confined
animal facilities can adversely impact ground and surface waters through the introduction of nutrients,
salts, suspended solids, bacteria and other pollutants. There are numerous types of management
measures and practices that can be implemented, including: (1) separating clean and contaminated
water through runoff controls; (2) proper liquid waste collection and storage, including lineal ponds,
fabricated holding tanks and waste treatment ponds or lagoons; (3) proper solid waste collection and
storage, including contained storage areas to prevent contact with surface water and runoff; (4)
excluding livestock from riparian areas; and, (5) providing vegetated buffer strips between heavy use
areas and runoff channels. A confined animal facility in the upper watershed of Hanson Slough and
Harkins Slough represents a potential source of animal wastes, as does the grazing of livestock in
streamside areas.

Vegetated Buffer Strips. The installation of new and/or maintenance of existing vegetated buffer
strips can be used as an urban source control BMP. Such buffer strips should be sited between

impervious surface areas (e.g. parking lots) and wetland areas so as to prevent the transport of heavy
metals and hydrocarbons (oil & grease) into the wetland area. Buffer strip would also be appropriate
downstream from areas of active erosion such as construction sites. Generally speaking, wider and
more level buffer strips are more effective than narrow, steep-sloped ones. Vegetated buffers should
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be maintained and/or enhanced where they already exist. Also, see discussion below of using buffer
strips as downstream treatment BMPs.

Rural Residential Source Control BMPs

Septic Systems. Septic system practices come under the regulations of the Santa Cruz County
Department of Environmental Health which focus primarily on proper siting design and installation
for new systems. Septic tank pumping, inspections and repairs of existing systems also occur under
a County-wide maintenance program to facilitate the correction of malfunctioning systems and
inappropriate discharges into the sloughs. Santa Cruz County’s septic system management program
is one of the more comprehensive and advanced programs in California. The County has established
a computerized data based to help identify and track septic system problems. The Watsonville Slough
area is not presently known to be an area with significant problems, but occasional failures can occur
almost anywhere.

Livestock Confinement Practices. Many of the rural residential properties in the slough area have
livestock (i.e., horse stables). Livestock confinement areas can be a significant source of nutrients,
bacteria, and other pollutants. Management practices for livestock confinement areas including
proper location of facilities (i.e., away from creeks and stoughs), controlting runoff (i.e. diverting
runoff away from water bodies), and proper collection and storage of manure stock piles (i.e.
covered storage areas).

Vegetated Buffer Strips. The installation of new and/or maintenance of existing vegetated buffer
strips can also be used as a rural residential BMP. Such buffer strips should be sited between wetland
areas and potential sources of erosion or pollution (e.g. horse stables or other livestock areas) so as
to prevent the transport of manure and other pollutants into the wetland area. Again, wider and more
leve! buffer strips are more effective than narrow or steep-sloped ones, and also existing buffer strips
should be maintained or enhanced.

Downstream Treatment Measures

Wet Detention/Sedimentation Ponds. The installation of wet detention/sedimentation ponds (i.e.,
permanent ponds) can be a very effective multi-purpose water quality treatment measure. The proper
construction and maintenance of the pond will result in high removal rates of sediment, organic matter
nutrients, and trace metals. The aquatic biological processes within the pond can achieve removal
rates of soluble nutrients (nitrate and phosphate) which otherwise contribute to nutrient enrichment
of downstream waters. A wet pond can render multiple benefits by providing stormwater detention
pollutant removal, and landscaping/habitat improvement. Possible locations for wet detention would
be alongside urban areas and at the end of the Beach Road Ditch.

The degree of pollutant removal within a wet pond is determined by the size and design of the pool

and the characteristics of the urban pollutants. Important removal pathways of suspended pollutants
and soluble nutrients are sedimentation and biological uptake, respectively. Pool volume is the
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greatest factor influencing pollutant removal, the larger the pond, the greater the poflutant removal.
Properly designed wet ponds can provide an attractive habitat for vegetation, fish, and wildlife.

Drainage Modifications. This measure would entail modifying existing drainage structures to improve
water flow, circulation and increase inundation area in the sloughs. The need for such drainage
modifications is throughout the sloughs. The existing system of channels and pumps for the most part
is detrimental to functioning and wetland resources of the sloughs. These modifications drain historic
wetland areas to allow agricultural production within the slough bottoms. Examination of 1912
U.S.G.S. maps show that much of the channelization has been present for over 80 years. Drainage
modifications may include the widening of incised drainage channels, modification of pump station
operation, construction of berms or embankments to protect flooding of existing agricultural lands,
while protecting the remaining lands.

Another possible option suggested by Technica! Advisory Committee members is that of simply
removing the topsoil presently covering much of the historic wetlands and allowing the marsh to grow
back, providing a much larger and more diffuse area for pollutant removal. The topsoil pushed onto
the marshiand could be returned to surrounding land, raising its elevation. Industrial development
occurring on the site could provide for drainage of parking and building subsoils into the slough basin,
as the slough basin would be at a lower contour. The slough’s water table could be maintained at this
lower elevation by the ditches maintained downstream of the site. The wide slough basin would
provide an extensive area to accommodate flood ruroff, improving flood control and reducing the
flood hazard to industry and commerce situated on the site. This would be an extremely complex,
costly and controversial undertaking.

Channel Dredging. In order to maintain flood control and channel conveyance the lower sections of
Harkins Slough and the freshwater section of Watsonville Slough are dredged of sediment that
accumulates from erosion in the watershed and adjacent agricultural lands. Water quality conditions
are improved by the physical removal of sediment (and attached pollutants) from the sloughs;
however, the dredging practices themselves (backhoe and clamshell operations) also suspend large
quantities of sediments, nutrients, pesticides and metals in the water column, resulting in a temporary,
but potentially significant, localized water quality problem.

An alternative to the current dredging operations is the use of small suction dredges, which can
operate in channels as small as five to six-feet wide. This dredging method requires a nearby land
area for disposal and “decanting” of the dredged slurry. It would also have more significant
equipment mobilization requirements than the present backhoe operation. Suction dredging would
greatly reduce the suspension of sediments and pollutants as well as the disturbance of streamside
vegetation. The Regional Water Quality Control Board favors suction dredging over the present
clamshell and backhoe dredging methods.

Channel Filling. This management measure would involve filling portions of existing drainage
channels within the sloughs to create a more dispersed flow and shallow spreading of water; the aim
would be to increase runoff contact with soil and vegetation to improve water quality and to expand
wetland vegetation areas. Areas where this may be applicable are in the channelized portions of the
sioughs, especially Watsonville, Hanson, and Harkins Slough. This type of wetland restoration
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measure has recently been implemented in a portion of Hanson Slough (personal communication,
John Oliver, May 4, 1995).

Constructed Wetlands. Constructed wetlands can enhance stormwater and irrigation runoff water
quality by removing oil and grease and causing the settlement of pollutant-laden sediments. They
work much the same way as wet detention structures previously described. This management
measure can be very effective in treating highway runoff and small concentrated pollutant flows from
adjacent urban areas within the sloughs. These wetlands can also provide wildlife habitat and buffers.
In these locations, urban pollutants such as heavy metals, oil, and grease could be removed prior to
transport to the lower slough areas. Ideally, constructed wetlands are designed to put pollutants in
contact with soils and vegetation where a variety of natural treatment process can occur. However,
wetland must have a continued year-round source of water supply to sustain the vegetation. Thus,
wetlands sized and designed to intercept and treat summer nuisance flow and small, “first flush”
runoff are likely to be most effective and viable. It is also imperative that the intended vegetation
types and wetland habitat objectives be matched with the soil and hydrologic conditions at the site,
and that the constructed wetland be carefully monitored and maintained during its initial years of
operation. Areas that would be good candidates for this treatment measure are sloughs areas
currently degraded by encroachment or drainage outfalls, or in connection with future urban
development bordering the sloughs.

Flow Diversion. This management measure would involve intercepting runoff and drainage (e.g.,
tile drains and industrial site runoff) from pollutant generating sources and diverting it elsewhere for
discharge. The possible locations for discharge would be the Watsonville sewage treatment plant or
the Pajaro River, the feasibility and practicality of which may be questionable.

Slough/Tailwater Recirculation. A potential management measure in the lower freshwater portion
of Watsonville Slough (above Shell Road) would involve the recirculation of agricultural return and
natural flow of water in the sloughs during the summer and dry fall months. The recirculated water
would be introduced directly to upstream slough channels or, preferably, applied as irrigation water
to a newly created riparian/ wetland area along either or both sides of lower Watsonville Slough,
below San Andreas Road. Water could be pumped from Shell Road Pump Station and/or the Beach
Road Ditch. Water quality improvement would be gained by controlled infiltration, filtering, and
contact with the soils and wetland vegetation in the streamside riparian buffer. The areas receiving
the recirculated water will have to be monitored to ensure that there are no harmful accumulations
of pollutants. If there are, the project will be appropriately modified or suspended. If the quality of
water is adequate, then its reuse for crop irrigation could also be investigated.

Vegetated Riparian Buffers/Filterstrips. Vegetated/riparian buffer strips are most commonly used for
pollutant removal along highways and adjoining residential areas; but they also have definite
applicability in the Watsonville Slough System watershed, especially where the historic sloughs have
been converted to narrow earthen ditches bordered closely by agricultural fields. The vegetative
cover reduces runoff velocity from the adjoining fields, allowing runoff to infiltrate into the underlying
soils. The filtering action of the vegetation causes deposition in low velocity areas, and infiltration
into the subsoil removes pollutants from the runoff. This type of pollutant control is also beneficial
where agricultural fields immediately border wetland areas which can be adversely impacted by
agricultural site runoff. Vegetated buffers can also be established by widening and benching the main
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slough channel. The benched area of the channel provides an ideal zone for establishment of
emergent and riparian vegetation which can intercept lateral pollutant inflow from farm fields, as well
as filter and trap sediments carried in the slough channel from upstream areas.

Vegetated buffer strips are also useful along the edges of wetland areas, for pretreatment of polluted
water before it gets into the wetland; buffer strips for this purpose work best on flat rather than steep
areas. Buffer areas are also of value between wetlands areas and other land uses, such as agriculture,
urban, industrial, etc. with regard to impacts on wetland habitat. Wetland buffer strips are very
important in maintaining the habitat values of wetland systems and, generally speaking, wider buffer
strips serve this purpose better than narrow ones.

Flow Augmentation. This measure would provide for the introduction of additional dilution flows
to the sloughs during the dry season. The flow within the slough could potentially be augmented with
a portion of the water diverted for the PVYWMA recharge project or with reclaimed wastewater from
City of Watsonville treatment plant, if either of these projects is implemented. The flow augmentation
would be planned, optimally, to enhance water flow and circulation as well as to provide better
quality dilution water in the sloughs. Specific release points for these supplemental flows would have
to consider the economics of water delivery; but, in general, the objective would be to target dead
end/stagnant areas and wetland restoration/enhancement areas requiring or benefitting from increased
water flow.

Water Level Controls. This management measure would entail adjusting water levels in the slough
and/or detention structures to achieve greater pollutant removal. This could be accomplished at road
crossings within the slough system or at constructed wet detention basins within the watershed. The
drawdown water levels during certain times of the year can enhance pollutant removal through
greater soil and vegetative contact and oxidation processes. Alternatively, extended inundation
throughout more of the year and maintenance of higher water levels would be beneficial to wetlands
and wildlife habitat. Reducing pumping rates at the Harkins Slough pump station to seasonally flood
additional bordering areas along the slough is an example of one such water level control option.

7.3 MANAGEMENT MEASURE IMPACTS

The various management measures identified in this section are oriented toward the control or
correction of water quality problems in the sloughs. However, the measures all involve some
monetary cost as well as possible impacts on other land and water management activities or
environmental resources. One of the chief aims of this planning effort was to identify water resource
management measures that are potentially beneficial to various watershed activities and uses.
Estimated costs associated with recommended management measures are presented in Section 8.
Provided here is a review of the potential or estimated impacts on other watershed
activities/resources for each of the identified downstream treatment measures. Source control
measures are not reviewed here, since the impact of such BMPs is confined largely, if not exclusively,
to the specific land use area where it is applied. Also, source control BMPs cannot be readily
compared with downstream treatment measure options, which have more specific parameters (e.g.,
costs, size and performance criteria/objectives). Also, for the most part, the effectiveness of source
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control BMPs in removing poliutants is not something that is predictable; these measures are simply
the “best” or “right” thing to do where the pollution sources are so diffuse. This is the origin of the
BMP concept.

A summary of estimated impacts of the various downstream treatment measure alternatives is
provided in Table 7-4, in a matrix format. These impact ratings are best estimates by the consultant
based on the general BMP concept; they are not a substitute for detailed impact evaluation of a
specific project, which would have to be completed before implementation. The areas of potential
impact considered in this review include agriculture, urban development, flood control, mosquito
abatement, wetlands/biotic resources, and the Pajaro River Estuary (downstream recetving water).
As indicated, the impacts are listed as significant(S), potentially significant (PS), negligible (N) or
beneficial (B). In some instances, the effect of the management measure is indicated as ranging from
beneficial or negligible to potentially significant; the difference in impact would be a function of the
precise plan and design of the management measure. Following is a brief summary of the anticipated
impacts for each downstream treatment measure.

Wet Detention/Sedimentation Basins

The installation of detention/sedimentation basins would be generally beneficial, except to the extent
that they remove land from agricultural production or planned/existing urban development. Wet
detention basins also add an additional burden for the mosquito abatement district; but the impact can
be minimized with proper design and maintenance. Detention basins can be designed as an amenity
to the neighboring residents {e.g., to create a park-like setting); but poor maintenance can also result
in potential nuisances and hazards.

Drainage Modifications

Drainage modifications considered for Watsonville Sloughs would focus upon altering the flow
pattern and inundation scheme of water in the sloughs. Improvements would have negligible to
beneficial effects for most impact categories. Significant impacts would occur to adjoining land
owners affected by the loss of crop land. An example of this is at the Harkins Slough pump station
where the option of reducing or eliminating the pumping during portions of the year has been
suggested us a means of returning more land to its former wetland conditions. This would mean the
elimination of some of the currently farmed low lands adjoining the existing slough and wetlands, and
possibly high groundwater conditions in the remaining agricultural lands alongside. The specific
impacts to the adjacent farm land should be evaluated in the context of the overall farming operation
that would be affected.

Channel Dredging

Channel dredging benefits drainage/flood control interests, mosq\iito abatement concerns and
agricultural operations. The significant negative impacts stem from the elimination of riparian
vegetation and stream habitat. Potentially significant impacts occur within the sioughs and
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TABLE 7-4

SUMMARY OF
MANAGEMENT MEASURE IMPACTS
Floed Mosquito Wetlands | Pajaro River
DOWNSTREAM TREATMENT MEASURE Agriculture Urban | Contrel Abatement Biotic Estuary
. WET PS B/PS B PS B B
DETENTION/SEDIMENTATION
BASINS ,
. DRAINAGE MODIFICATIONS PS N PS B/PS B N
' CHANNEL DREDGING B N B B S )
. CHANNEL FILLING PS N PS PS B B
. CONSTRUCTED WETLANDS PS B/PS B PS B B
. FLOW DIVERSION B/PS B/PS B/PS B/PS B/PS B/PS
» SLOUGH/TAILWATER N/PS N N B/PS B B
RECIRCULATION
. VEGETATED RIPARIAN
BUFFERS/FILTER PS B/PS N N/PS B B
STRIPS
. TFLOW AUGMENTATION N N/B N B B PS
. WATER LEVEL CONTROLS PS N PS B/PS B/PS PS
IMPACT CODE:
S = Significant
PS = Potentially Significant
N = Negligible or None
B = Beneficial



downstream as a result of the suspension and release of nutrients, pesticides, metals and sediment into
the water column during the dredging operations. Conversion to the use of mobile suction dredges
would reduce these significant impacts, but not necessarily eliminate them. Suction dredging would
require more planning and arrangements with the bordering land owners, for the temporary settling
basins needed for this type of dredging (as compared with the current backhoe operations).

Channel Filling

Filling of existing channels to force the water flow into a more dispersed, overland pattern has the
potential to be beneficial through creation of increased wetland area and improved water quality
delivered to the Watsonville Slough and Pajaro River estuaries. However, potentially significant
drainage problems may be created for adjoining agricultural lands and overall flood control
operations, as well as increased demands for mosquito abatement where shallow ponding occurs.
Possible mitigation for increased flooding may be the construction of levees or berms which protect
adjoining agricultural fields from prolonged inundation (per Drainage Modifications).

Constructed Wetlands

Constructed wetlands would be generally expected to have similar beneficial impacts and potentially
significant impacts as previously described for wet detention/sedimentation basins. Maintenance and
monitoring of constructed wetlands would be important to assure the vegetation and treatment
objectives are achieved. Also, the wetland should be designed to minimize potential mosquito habitat.
In cases where wetland creation/restoration involves the installation of levees or berms, higher
groundwater levels may result. This has the potential to negatively impact adjoining agricultural fields
from water seeping up into the root zones of these surrounding fields. The impact for potential higher
groundwater levels caused by wetland creation/restoration activities should be assessed on a site-by-
site basis.

Flow Diversion

There is no apparently viable flow diversion plan for the Watsonville Slough System. Such a
management measure would provide for bypass of high pollutant loads during certain times of the
year or from certain sub-basins. Because of the uncertainty as to how such a scheme might be
structured for the Watsonville Slough System, all impact categories are indicated as ranging possibly
from beneficial to potentially significant.

Slough/Tailwater Recirculation

Recirculation of water from the Beach Road Ditch, the Shell Road Pump Station and/or the Harkins
Slough Pump Station back through the slough system would have generally negligible to beneficial
impacts because of the pollutant removal and wetland/vegetation enhancement achieved. Potentiaily
significant impacts would occur to agricultural interests to the extent that land is taken out of
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production, e.g., for application of the water to a newly created/enhanced riparian zone. The specific
impacts to the farm land should be evaluated in the context of the overall farming operation that
would be affected; generally, the larger the farm, the less the impact. The relative productivity of the
streamside soils would also be a factor in this analysis. Additionally, this measure could increase the
amount of area requiring mosquito surveitlance and abatement. Recirculation of the water for
strategic discharge to existing dead end/stagnant portions of the sloughs would have no apparent
adverse impacts.

Vegetated Riparian Buffers/Filter Strips

This alternative would have similar impacts to wet detention/sedimentation basins and constructed
wetlands. The main impacts would be associated with the conversion of land area to “non-
productive” uses; and there is also the potential to create mosquito management problems, depending
upon the location, access provisions and design. Beneficial impacts would stem from the biological
and visual amenities as well as pollutant removal for enhancement of conditions in the sloughs and
to downstream receiving waters.

Flow Augmentation

Possibilities for flow augmentation might potentially include the use of reclaimed wastewater from
the Watsonville wastewater treatment plant and groundwater pumped back into the system from the
PVWMA Aquifer Recharge Storage project, if either project is implemented. The addition of water
during the low-flow summer season would have either negligible or beneficial impacts throughout the
Watsonville Stough System, attributable to the improved circulation of water, dilution of poliutant
concentrations, and water supply to vegetation in the sloughs. The only potentially significant impact
would be associated with the increased freshwater outflow into the Watsonville Slough and Pajaro
River estuaries during the summer sandbar closure period. This could be detrimental to aquatic
species and vegetation presently adapted to the summer brackish conditions in the lagoon.

Water Level Controls

Altering water levels in the sloughs to enhance pollutant removal is potentially feasible at some slough
junctions; this could be done in conjunction with drainage improvements and would generally have
beneficial impacts. There is the potential that changes in water levels from current conditions (e.g.,
dropping the summer ponded water levels) would decrease the amount of perimeter wetland area or,
at a minimurm, convert permanently ponded areas to seasonal wetlands. A greater mix of ponded and
seasonal wetlands could offer greater ecological diversity in the sloughs, which is generally more
desirable from a biological standpoint. However, there may also be merit to the idea of decreasing
pumping rates to induce greater innundation (see Drainage Modifications above). As previously
noted, this approach would take bordering agricultural land out of production (with potential impacts
to farmers, as noted) and return it to a condition approximating its former wetland character.



7.4 HABITAT ENHANCEMENT OPPORTUNITIES AND MANAGEMENT NEEDS

Although the Watsonville Slough System provides regionally significant, valuable, and unique habitat,
it is only a small fraction of the original wetland resource. The Slough system has potential for
habitat improvement which should be integrated with water resource and water quality management
efforts. Also, it is important to protect the existing wetland resources while preventing new problems
or worsening of existing problems in the future. This may include protection of existing wetlands and
maintenance of buffer areas adjacent to agricultural and urban land uses. Control of urban and
agricultural non-point source runoff, as addressed through BMPs is important to sustain the health
of the wetland ecosystem. This section is included here because the goal of habitat enhancement is
highly consistent with the goal of water quality improvement. While the overall goal of this project
is to prepare a plan to improve water quality in the slough system, the plan should not focus solely
on water quality to the exclusion of closely related concerns. One of the primary reasons for
improving water quality is for the enhancement of fish and wildlife habitat. Therefore, it is
appropriate to list here some alternatives that would improve the habitat values of the slough system.
Additionally, while not all of the habitat enhancement alternatives listed below would directly improve
water quality, many of them would enhance filtration of non-point pollution, in addition to improving
habitat in other ways.

In reviewing the results of previously completed biological surveys and planning studies for areas of
the Watsonville Slough System, as well as the results of investigations for this 205(j) project, a
number of habitat restoration and enhancement opportunities are apparent. Additional and more
detailed biological inventories and planning studies are needed to identify specific enhancement
locations, secure the support and cooperation of the landowners, and prepare the required
implementation drawings and specifications. The following outlines and describes general habitat
enhancement possibilities for the area. '

Increase Ratio of Open Water to Emergent Marsh

In most years of normal rainfall, the estimated current ratio of seasonally flood open-water areas to
emergent marsh is much less than 1:1. The desired ratio for optimum waterfow! habitat is 2:1. Areas
of open water can be increased by such means as filling-in man-created slough channels, and installing
hydraulic structures in slough channels that allow water levels to be regulated; i.e., raised to create
open water and drained, as needed, for flushing.

Increased of Permanent Open-Water Area

The amount of persistent shallow open-water areas (that are favored by dabbling ducks) and deeper
permanent ponds (that provide habitat for diving ducks and resident waterfowl) appears to be limited
in the slough system. Water control structures, slough channel filling and selective diking can be used
to expand open-water habitat and extend its persistence. Possibly the least costly and most effective
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way would be to selectively excavate depressions onto the marsh plain at locations and elevations
which would intercept groundwater, This is what was effectively accomplished in associated with
the mid-1980s peat minimizing operation in lower Harkins Slough. These created ponds could have
habitat islands and be irregular shaped with gently sloping edges to allow for establishment of
emergent marsh vegetation. A maximum water depth of five feet would be sufficient to insure
permanence of the water feature. Such potentially stagnant open water bodies would require
monitoring and management to insure success.

Restore Brackish Marsh

Portions of the non-tidal brackish marsh in the vicinity of the Shell Road pump station are degraded
and can be enhanced and restored. The elevation normally occupied by transition zone and peripheral
halophyte species (jaumea, frankenia, salt grass, slat bush) and adjacent high quality upland refugia
for flood escape are missing or are of poor quality and dominated by wild raddish and hemlock.
These areas could be enhanced, by a program of weed control, seeding and planting native salt-
tolerant plants.

Enhance and Expand Freshwater Marsh

Several permanent ponds have limited areas of nearby emergent marsh vegetation, somewhat
reducing their overall value. Other areas of emergent marsh are weedy with monocultures of pond
smartweed (Polygonum coccinium). Seasonal wetlands in many areas are also dominated by
introduced annual grasses and water tolerant weeds such as cocklebur, dock, wild raddish, pond
hemlock. Habitat value of these areas can be greatly increased by instituting an integrated vegetation
management program that results in the control or reduction of the numbers of non-native plants and
an increase in the number and diversity of natives. This can be accomplished over time through a
program of selective herbicide applications, mowing prior to seed set or seed maturity, planting, and
control of water levels that favor targeted desirable plants. Such programs are often labor intensive
and require a number of years of monitoring and follow-up management to be successful.

Create and Expand Central Coast Arroyo Willow Forests

Although it appears that many areas with suitable conditions for willow woodlands can re-establish
themselves naturally, expansion of this habitat type, where deemed desirable and appropriate, can be
hastened by planting willow cuttings. Live cuttings of willows should be inserted in the ground at
spacings of three to four feet. It may be desirable to obtain the cuttings from various parts of the
watershed to include some genetic diversity in the stands for increased disease and insect resistance.
The willow thickets may have to be entered periodically for thinning and limbing to create more
desirable tree forms and reduce crowding.



Increase Structural Complexity and Diversity of Riparian Forests

Most of the riparian forests of the Watsonville Slough System were removed and severely impacted
by agricultural activities dating back to the 1860s. Although pioneering willow species are fast
becoming re-established in many areas, this early stage colonizing community does not provide the
same diversity of wildlife habitat as a riparian forest, which typically contains a wider mixture of tree
and shrub species of various age and size classes. Currently, it is not clear what the original extent
of such a mixed deciduous riparian forest was in the slough system. It is fikely that open water and
emergent marsh vegetation dominated the slough bottoms, with shrubby willow thickets, extending
to the edges of the slough bottoms and along areas of defined channels. However, judging from soils
and hydrologic conditions, it also appears that there were many areas where such mixed deciduous
forest may have also occurred.

Desirable sites for riparian forest establishment could be identified and steps taken to re-establish and
manage this limited, but valuable resource through a land acquisition and planting program. The most
favorable sites appear to be the toe slopes of north exposures of the Harkins, West Branch, and
Hanson Sloughs. Typically, such a riparian forest would have the following characteristics and
management goals:

» Basal area of over 150 square feet with more than 300 stems per acre;

e Canopy cover of over 80 percent;

» A ratio of 60 percent deciduous trees to 40 percent evergreen trees and shrubs; no single
species more than 30 percent of cover;

» Multiple layered canopy with occasional openings in canopy,

»  Areal extent of at least two-acre blocks or patches; and,

« At least one dead snag per acre, with downed logs and brush piles allowed to remain
artificially placed.

Protect, Expand and Manage Coastal Oak Woodland

Oak woodlands are not extensive within the slough system compared to their probable historical
distribution. Oak woodlands provide valuable habitat and could be protected, expanded and managed
with an acquisition and management program. Favorable areas for establishment and management
of oak woodland are the north slopes of Harkins, West Branch and Hansons Sloughs.

Many of the principles of managing a mixed riparian forest will apply to an oak woodland where the
goal is to achieve richness in numbers and kinds of species. Typically, such an Oak woodland would
have the following management goals:

» Basal area of 40 to 80, with at least 100 stems per acre;

¢ Canopy cover of 40 to 80 square feet, with more than 100 stems per acre;

» Mixture in age class of saplings, young, mature and decadent trees with at least one snag per
acre;

» Blocks of at least three acres; and,

s Tree cover dominated by Coast live oak (at least 70 percent).
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Provide and Protect Movement Corridors between Significant Wetland Communities

Although generally not an obstacle for birds, many other amphibians, reptiles and small mammals
require secure, continuous movement corridors in order to travel between differing types of habitat
needed for meeting their daily foraging needs or completing their life-cycle. Much of the existing
riparian and woodland habitat is fragmented in patches that may be too small to meet the needs of
larger animals. Existing movement corridors need to be preserved and protected. Possible movement
corridors between fragmented habitats could be identified and enhanced. Many times movement
corridors are riparian strips which follow streams. Such riparian corridors with appropriate buffers
can be established along many of the slough channels and tributary valleys to link various fragmented
habitats, as well as upland areas throughout the watershed.

Enhance and Protect Upland Areas

Habitat enhancement and management of the slough complex must consider not only the wetland
areas, but also native and disturbed upland areas. Wetland and upland communities are biologically
important because their ecosystem functions are closely inter-related. U.S.D.A. programs such as
the Partners in Wildlife and Conservation Reserve can be utilized more fully to preclude the most
sensitive and erosive native soils from being converted to agriculture, to enhance and manage these
areas, and possibly return marginal farmland to wildlife and watershed uses. Urban development in
upland area can also pose problems from encroachment and hydrologic changes; and these need to
be anticipated and mitigated. See discussion in Section 4.7 regarding urban impacts and current
efforts by the City of Watsonville to address these issues.

Upland management programs could include gully rehabilitation, fencing and enhancement of riparian
corridors and adjacent buffer strips, planting or leaving portions of the crops in the fields for wildlife
use, control of exotic plants, such as broom or pampass grass, or less desirable plants such as coyote
bush. Re-establishment of native perennial grasslands might also be a management goal for some
areas, Upland meadow and grassland areas are particularly important as foraging habitat for birds
of prey.

Control of Invasive Undesirable Plants and Aggressive Exotic Species

Although it is currently only & localized problem within portions of the slough system, control of
undesirable species may require more management attention in the future.

Perhaps the most difficult problem to deal with is the establishment of the introduced bullfrog
throughout much of the watershed. The bullfrog frequently displaces the native red-legged frog. In
addition, bullfrogs may feed on eggs and larval stages of both the Santa Cruz long-toed and Tiger
Salamanders, threatening their populations. The mosquito fish, introduced into the slough system as
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a more natural way to control mosquitos in the 1970s, may also predate salamander eggs (Ruth,
1995). Mechanisms to control and eradicate bullfrogs without impacting other aquatic organisms are
not well known at this time. In addition, alternatives to the mosquito fish for control of mosquito
populations, such as the current practice of applying a light weight oil, may also be damaging to
aquatic organisms.

Escaped ornamental landscape plants, such as poison hemlock, pampass grass, lombardi poplar,
weeping willow, Italian alder, Black locust, and Acacia, also threaten the health and diversity of the
slough system. Although many of these are related to native species, they may be more aggressive
and overtake native habitats, displacing more desirable species. The introduced plants may be more
susceptible to frosts, or inset and disease attacks, or may not provide the same habitat value as their
local counterparts. Eradication and control of aggressive exotic plants is often difficult, as they may
be vigorous seeders, or may sucker readily from cut stumps, underground rhizomes or root pieces.
Many communities are attempting to manage this problem by establishing restrictions on use of
undesirable landscape plants in areas adjacent to high value wetlands.

Protect and Manage for Designated Sensitive Species

Although the enhancement and management actions listed previously will greatly benefit most wildlife
species, including a number of sensitive species, there are several especially important species of
concern that may warrant individual or more selective enhancement measures. Such species include,
for instance, the Santa Cruz long-toed Salamander and the Santa Cruz tarweed, both of which are
federal and state-listed endangered species. Although their known habitats are protected from most
adverse actions, the full distribution and extent of many of the species of special concern are not
presently known. In addition, periods of prolonged drought or significant flooding may further stress
declining populations. A program to identify populations of endangered species and evaluate
potential habitat areas that meet their specialized requirements for enhancement and/or possible
species re-establishment could be considered. This would also require considerable coordination and
planning among the various resource agencies.

Alternative Mosquito Abatement Practices

Alternative measures for the control and abatement of mosquitos in the sloughs may be appropriate
to consider as part of a long-term resource management plan. The aim would be to reduce the use
of chemical sprays, the environmental consequences of which are not entirely known. Examples of
alternative practices to be considered include:

»  Water Level Management. The flooding and draining of marsh areas is often done to
manage mosquitos; but, this would require considerable hydraulic control over the slough
system which presently does not exist. Enhancement of water circulation would be easier
to accomplish than flooding and draining entire marshes, and could greatly reduce mosquito
production.



Mosquitofish. Introduction of mosquito fish into the sloughs, along with provision of
adequate continuous water depths for their survival is an alterative; however, Mosquitofish
also predate on other aquatic organisms which makes this approach unattractive to the
Department of Fish and Game and others.

Other Mosquito Predators. Creation of habitat and encouragement of bats and swallows
may diminish mosquito numbers to some extent, but its approach is not site specific. Itis
more effective to control mosquitos before they become adults. Also, bats in urban areas
may be considered pests and can potentially carry rabies. Modification of the aquatic habitat
to encourage insect predators of mosquitos may be beneficial. This could be achieved in
some areas, for instance, by improving water quality or modifying vegetation. However,
predators are opportunistic and will feed on a wide variety of organisms. Therefore, their
impact on mosquitos is unpredictable, and depends in part on availability of alternative prey
and the synchronicity of life cycles.



SECTION 8

RECOMMENDED MANAGEMENT PRACTICES AND STUDIES

The alternative management measures for water quality improvements presented in Section 7 were
reviewed and compared in regard to several factors, including: (a) effectiveness in addressing
identified water quality/degraded wetland problems; (b) engineering technical feasibility; (c) impacts
to other competing water/land management interests in the watershed; and, (d) likely ability to be
implemented. From this review, an array of conceptual management measure recommendations were
developed. These recommendations are described in this section, along with estimated costs,
illustrative diagrams, and identified steps required for implementation. Also identified are additional
studies where they appear to be warranted.

This list of alternatives and resulting recommendations was not based upon a conventional cost-
effectiveness analysis, since a specific treatment objective was not defined as a common basis for
comparison of alternatives. Rather, the analysis, in accordance with the defined scope and approach
for the project, relied heavily on professional judgement of the consultant team to estimate the best
means of improving water quality while at the same time balancing the competing interests of many
different stakeholders. The analysis was, in essence, the classic multiple-objective planning problem
for which there is no formula from which to determine the “right” solution. The analysis was
complicated further by the assignment to focus on wetland enhancement and restoration options,
without 2 cohesive wetland restoration or management plan. Complete definition of the sources of
non-point source water pollution in the slough system was also not achieved from the review of
historic data and the new sampling data developed by the project. Accordingly, the recommended
downstream treatment measures listed in Section 8.2 must be viewed as tentative, subject to
completion of several additional studies (identified at the end of this section) that were not covered
within the scope of this project.

8.1 RECOMMENDED SOURCE CONTROL BMPs

Nearly all of the source control BMPs described in Section 7 have applicability and would benefit the
water quality improvement efforts in the Watsonville Sloughs. Clearly, some measures would be
more effective than others; some are more easily implemented than others; and, many of the identified
BMPs are already in place. A cost effectiveness analysis of source control measures was not the
objective or within the scope of this project; therefore, source control recommendations are limited
to prioritized listing of BMPs according to their ability to address specific observed water quality
problems in the sloughs, as well as their likely local acceptance and implementation. Tables 8-1, 8-2
and 8-3 categorize the source control BMP recommendations as follows.

Type 1. These are BMPs which will have immediate benefits and can be implemented with relative
ease (if not already in place).



Type 2. These are BMPs which have the potential to be effective, but which may be difficuit to
implement because of costs, land/water management conflicts, lack of regulatory programs, or other
factors.

Type 3. These are BMPs which are desirable but will likely have relatively small impact on
improvement of water quality in the sloughs as compared with Type 1 and 2 BMPs.

Tables 8-1, 8-2 and 8-3 also indicate the identified lead agency (or agencies) that would be
responsible for implementation of the respective BMPs. Many of these BMPs have been, or are, in
the process of being implemented. The City of Watsonville as previously discussed in Section 7 is
implementing many of the listed urban area source control BMPs.

Table 8-1
Type 1 Source Control BMPs

BMP Type Responsibility/Lead Agency

Urban
Public Education City of Watsonville
Storm Drain Signage City of Watsonville
Trash Receptacles/Signage @ Public Access | City of Watsonville/Santa Cruz County
Impervious Surface Limits for New City of Watsonville
Development

City of Watsonville/Santa Cruz
Industrial Site Controls County/Regional Water Board

City of Watsonville/Santa Cruz
Construction Site Erosion County/Regional Water Board
Storm Drainage Design Practices City of Watsonvilie/Santa Cruz County
- Infiltration Drainage
- Detention
- Vegetated Filters/Buffer Strips
Sanitary Sewer Leaks/Spill Prevention City of Watsonville
Storm Drainage Cleaning City of Watsonville
Oil/Grease Separators City of Watsonville
Agricultural
Irngation Control Landowner
Pesticide Management Landowner
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Table 8-1

Type Source Control BMPs (cont’d)

BMP Type

Responsibility/Lead Agency

Erosion Control Practices

Landowner

Confined Animal Facility Practices

Landowner, Regional Water Board

Vegetated Buffer Strips

Landowner

Rural Residential

Vegetated Buffer Strips Santa Cruz County, Landowner
Table 8-2
Type 2 Source Control BMPs
BMP Type Responsibility/Lead Agency
Urban
Vehicle Use Reduction City of Watsonville/Santa Cruz County
Agriculture
Fertilizer Management Landowner
Erosion Control Ordinances City of Watsonville, Santa Cruz County
Rural Residential
Livestock Containment Practices Santa Cruz County/Regional Water Board

Table 8-3
Type 3 Source Control BMPs
BMP Type Responsibility/Lead Agency
Urban
Oil/Toxic Recycling City of Watsonville
Household Hazardous Waste Collection City of Watsonville/Santa Cruz County
Yard Debris Pick-up City of Watsonville
Livestock Confinement Landowner
Rural Residential
Septic Management Santa Cruz County
8-3




There are significant opportunities to improve and expand the use of source control BMPs in the
Watsonville Slough System watershed in both agricultural and urban areas. All reasonable efforts
should be made to implement these measures and to focus monitoring, surveillance and enforcement
attention on land owners and operators where BMPs are ignored or improperly applied. Existing
pollution enforcement powers of the Regional Board and the Department of Fish and Game should
be utilized, as necessary, to supplement voluntary compliance and educational efforts of the City,
County and other resource agencies. History has shown that individual properties can have
significant adverse impacts (e.g., fish kills) on the slough system through improper or illegal practices
and discharges; correction and future prevention of these site specific problems may eliminate the
need for more costly and difficult downstream treatment measures.

8.2 RECOMMENDED DOWNSTREAM TREATMENT MEASURES

Downstream treatment measures in the sloughs have the potential to effect the greatest degree of
improvement in water quality and wetland conditions. From the range of alternatives described in
Section 7, the measures recommended for implementation are as follows and indicated generally in
Figure 8-1:

1. Constructed wetlands/wet detention or treatment of low-flow urban and highway runoff; located
on the reach of Watsonville Slough both upstream and downstream of Lee Road and at the end
of the Beach Road Ditch. As can be seen on the map, Figure 8-2, there are opportunities to
connect the lands owned by the Department of Fish and Game on West Struve Siough with those
owned or to be owned by the Department of Fish and Game in Harkins Slough with a
constructed wetland. These opportunities should be recognized as having multiple benefits.

2. Slough and irrigation tailwater recirculation for high rate irrigation of a created vegetated/riparian
buffer along the Watsonville Slough downstream of San Andreas Road.

3. Vegetated channel terrace and riparian buffers along reaches of Watsonville and Harkins Slough
above San Andreas Road.

These recommendations incorporate most of the ten alternative downstream treatment measures
identified and discussed in Section 7. The conclusions and recommendations reached in regard to
the other specific alternative measures are as follows:

» Channel dredging, as currently practiced, is necessary to maintain channel capacity but is
also detrimental to the water quality and habitat establishment. It will become more difficult
to conduct the existing type of dredging operations if the recommended vegetated buffer
strips are implemented. Conversion to alternative dredging methods (e.g., small suction
dredge) and reduced dredging area should be considered.
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¢ Flow augmentation is recommended for further consideration; but it would be dependent
on a separate project of either the PVWMA (Aquifer Recharge - Storage project) or the City
of Watsonville (Wastewater Reclamation). Additionally, a flow augmentation project would
need to account for, and mitigate, the possible downstream summer freshwater flow impacts
to the Pajaro River Estuary due to increased outflows from the Watsonville Slough System.

¢ Channel filling and flow diversion alternatives do not appear to be viable or desirable
management measures for the Watsonville Slough System in its entirety; however both of
these measures would be incorporated to some degree as elements of the low-flow
constructed wetlands and vegetated terraced channel concepts which are recommended.

The following paragraphs provide further description, illustration and estimated costs for the
recommended downstream treatment measures. These measures remain conceptual at this point; no
effort has been made to identify specific lands that would be required for their implementation.
Clearly, significant land acquisition or donation would be required for these measures which would
have to be coordinated and done with the consent of the affected landowners.

8.2.1 Constructed Wetlands for Urban Runoff and Agricultural Drainage

Description

Consistent with findings from most urban runoff studies, the water quality monitoring data for this
project showed evidence of high concentrations of heavy metals (copper, lead, zinc and nickel) and
oil and grease originating in the sloughs draining the Watsonville urban area and Highway #1. The
concentrations (especially the metals) appear to peak during the low-flow period, and decline
significantly during runoff events as a result of high dilution flows. Constructed wetlands developed
to intercept and treat the low runoff flows and continuing “nuisance” flows throughout the year are
recommended to reduce the water quality impacts from this source. A small constructed wetlands
or wet detention pond at the end of the Beach Road Ditch is also recommended as an alternatives
means of treating the nutrient and pesticides loads contained in this flow.

The constructed wetlands would include a mix of permanent water areas and bordering vegetated
zones, subject to inundation by a portion of the runoff during and following storm events. The
filtering action of vegetation and extended contact with soils allows wetlands to be effective in
removing a variety of pollutants, including oil and grease, some heavy metals, nutrients and organic
matter. High runoff flows would not enter the wetlands, but rather be bypassed or diverted directly
downstream; this would avoid the scouring of pollutants that become trapped in the wetland soils and
vegetation. A schematic illustration of this urban runoff treatment concept is shown in Figure 8-2.
A schematic for a small wet pond for the Beach Road Ditch is illustrated in Figure 8-6, here the
purpose would be to intercept the high nutrient loads and periodic pesticide residues contained in the
flow from the sub-drains and from field runoff.

The potential pollutant removal benefits of these constructed wetlands are very roughly estimated as
follows (WPCF, 1990):
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» For Urban Runoff (based on 25 ac-ft annual flow)

- Suspended Sediment (90% removal): 0.25 tons/year
- Nitrogen (75% removal): 150 lbs/year

- Heavy Metals (75% removal): 0.5 to § lbs/year

- Oil and Grease (90% removal): 300 lbs/year

» TFor Beach Road Ditch (based on 100 ac-ft annual flow)

- Suspended Sediment ($0% removal): 12 tons/year
- Nitrogen (75% removal): 4,600 Ibs/year '
- Heavy Metals (75% removal): 2 to 10 Ibs/year

- Pesticides: 25% to 75% + removal

As proposed, the constructed wetlands would be essentially an “off-channel” flow-through detention
area, incorporating some of the features of other management measures, such as wet detention,
channe] filling and flow diversion. The aim of this treatment concept is to target the low flows which
are likely to have the highest pollutant concentrations as well as the initial pollutant wash-off (i.e.,
“first flush”) during the rising limb of the storm hydrograph. In this manner land area devoted for the
constructed wetland can be minimized and thus, the water needs to maintain wetland conditions
(seasonal and permanent) can be met. In contrast, a wetland sized to accept all runoff would
necessarily require a large land area commitment as well as a large ponded area to sustain water
availability through the dry season. This type of constructed wetland would not be as effective for
pollutant reduction or wetland enhancement.

Key Design Features

The key design features and requirements for a constructed wetlands, as recommended here include
the following:

» High/Low Flow Diversion Structures. This is an in-channel structure which would route
all stream-flow up to a target level into the “off-channel” constructed wetlands. Flows in
excess of the “target” level would “spill” (e.g., over a weir structure) into a high flow channel
or culvert for conveyance around the wetlands. The size of the culvert, weir and other
elements of this structure depend on the amount of drainage area and design flow to be
handled.

» Wetlands Area. No firm design criteria have been established for the sizing of constructed
wetlands for storm water treatment. The only general guideline suggests that wetlands larger
than about one to two percent of the drainage area provide little additional water quality
benefit. A one-percent wetland would be the target size for a low-flow treatment strategy.

» Wetlands Configuration. As illustrated in Figure 8-3, desirable features to incorporate in

the wetland, for water quality and biological design purposes, include: (1) a meandering
channel; (2) a permanent pool area; and, (3) graded areas that would be subject to seasonal

8-6
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or storm-related inundation. Gravel filter zones along the main flow-channel can also be used
to enhance water contact with substrate.

»  Wetland Vegetation. Wetland vegetation would be planted and established within the
constructed wetlands. Native perennial wetland species such as rush and cattails would be
established in and around the pool areas. The occasionally wetted upper area would be
planted with native seasonal wetland species.

*  Return Overflow. The maintenance of appropriate water depths in the permanent pool and
other parts of the wetland would be controlled by one or more overflow structures; this is
typically an adjustable weir or gate structure.

»  Operation and Maintenance. The constructed wetlands would be a passive, flow-through
treatment system. Seasonal adjustment of weirs or gates would be the only operational
needs. Periodic inspection and cleaning of the inlet and outlet structures would be the
primary maintenance requirement, along with routine collection of debris or nuisance floating
material, which may vary according to public accessibility to the wetlands. Mosquito control
may be necessary in permanent pool areas.

8.2.2 Slough and Irrigation Tailwater Recirculation

Description

High concentrations of pollutants accumulate in the lower portions of Watsonville Slough and Beach
Road Ditch as a result of general watershed contribution, but also due to the predominance of
agricultural activities and associated runoff and tile drainage in this lower area of the sloughs. This
water is high in nutrients, metals, and pesticides. The construction of a siough and tailwater
recirculation system in this area would provide an opportunity for pollutant removal by increasing the
exposure of the water to wetland vegetation and soil prior to discharge into the tida! area. This is the
only effective means of cleaning the lower portions of the sloughs of the pesticides (and possibly
heavy metals) ‘which have apparently accumulated over many years and continue to effect biotic
species (through uptake and accumulation in tissue).

The proposed plan would provide runoff from the Beach Road Ditch and the Shell Road pump station
and pump it to a newly enhanced riparian vegetated buffer, on either or both sides of Watsonville
Slough, in the reach between Shell Road and San Andreas Road. For Beach Road Ditch this would
be an alternative to the constructed wetland/detention pond described in the previous management
measure recommendations. The recirculated water would be sprayed or released as overland flow
at various locations along the vegetated riparian corridor. The concept is shown in Figure 8-4 and
8-5. This recirculation would be conducted in late spring , summer, and early fall; i.e., the dry, slow-
flow season.

The potential pollutant removal benefits of a tailwater recirculation system are very roughly estimated
as follows. These estimates are based on an assumed 20-acre riparian irrigation area and
approximately 100 acre-feet annual recirculation flow:
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- Suspended Sediment (100 % removal):; 13.5 tons/year
- Nitrogen (90% removal): 5,600 Ibs/year

- Heavy Metals (90% removal). 2.5 to 25 Ibs/year

- Pesticides: 90%+ removal

As proposed, the recirculation and constructed wetlands would widen the lower slough channel above
the Shell Road pump station and provide a more extensive vegetation buffer between agricultural
areas and the slough channel, as well as recycling of pollutants to the soil. The aim would be to target
low flows and agricultural drainage during the time when the pollutant concentrations in the sloughs
are generally highest.

Key Design Features

The key design features and requirements for tailwater recirculation, as recommended here, include
the following:

»  Pump Station Modifications. A new pump station would be installed adjacent to the Shell
Road pump station. This pump would collect water from the Beach Road Ditch and lower
Watsonville Slough, pumping it along both sides of the slough.

¢ Pipeline from Beach Road. A new pipeline connecting the Beach Road Ditch with the new
pump station would be installed to collect agriculture runoff.

» Grading and Replanting. A 50 to 100-foot buffer strip on both sides of the Watsonville
A slough channel would be constructed. This would serve as a vegetation buffer from the
agricultural field to south. The buffer strip would be a graded bench that slopes to existing
channels.

» Discharge Points. Recirculated tailwater would be sprayed or discharged for maximum
dispersal along the vegetated buffer strip.

»  Operation and Maintenance. The recirculation would not be a passive system. Regular
operation and maintenance procedures would have to be conducted to ensure the continual
operation of system. Maintenance operation on the pump station and irrigation system
would have to be performed. It is likely that some mosquito abatement procedures would
have to be undertaken in the area.

8.2.3 Vegetated Buffers
Description
Extensive areas of Watsonville Slough and lower Harkins Slough have been channelized to facilitate

drainage and agricultural production in the slough bottoms. There is a significant opportunity to
enhance water quality and habitat along these reaches of the sloughs through the establishment of
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vegetated buffers between the slough channels and the farm fields. The vegetated buffers would serve
to intercept and filter runoff irrigation return flow and associated pollutants from agricultural lands,
as well as to provide for filtering of sediments and attached pollutants in the sloughs under certain
high water conditions. Due to the diffuse sources and routes of surface runoff pollutants, it is not
possible to offer poltutant removal estimates for vegetated buffer strips comparable to those provided
for the other recommended downstream treatment measures. The effectiveness of buffers depends
on their width, slope, vegetation and the dispersal of runoff. Buffer widths of 20 to 30 meters (66
to 99 feet) are commonly used and recommended for agricultural areas. Guidelines should be
developed locaily by the City and County for vegetated buffers along the sioughs for other types of
development.

Figure 8-7 and 8-8 illustrate, in plan view, how these vegetated buffer strips might be implemented,
cross-section diagrams are illustrated in Figure 8-9. Figure 8-7 (Option 1) shows the creation of a
meandering channel, with vegetated stream side terraces that could support emergent marsh
vegetation. Figure 8-8 (Option 2) shows a more simplified, linear buffer planted with riparian
vegetation along the existing edges of the sloughs.

Key Design Features

Key design features and requirements for this water quality/wetland enhancement measure are as
summarized below:

+  Channel Excavation. Option 1 would involve considerable excavation within the channel
to change the configuration to a meandering pattern; Option 2 would be solely a riparian
planting project.

+  Drainage Interface. As diagramed in the various illustrations, key consideration would be
avoidance of the existing tile drain sumps which occur every few hundred feet along these
reaches of the sloughs. In the case of Option 1, the discharge from these drains could be
directed into the terraced vegetated portions of the channel to enhance pollutant removal.

¢ Flood Control. The design of the reconfigured channel should be evaluated to assure
maintenance of channel capacity for flood flows at any potentially critical cross-sections.

o  Buffer Width. As indicated, a 50-plus foot vegetated buffer is recommended as a minimum.
Greater widths would improve the enhancement value, but would also require greater
“dedication of agricultural land and the associated costs.

+ Maintenance. This enhancement measure would be essentially passive, except for the
continuous need to remove accumulated sediments from the slough channel for flow
capacity. In the diagrams, an access road on one side of the channel is indicated for
equipment access. Alternatively, this could be eliminated and both sides of the channel
converted to buffer strips if a small suction dredging operation is substituted for the present
backhoe/channel method.
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8.3 COSTS AND IMPLEMENTATION

Provided in Tables 8-4 through 8-7 are estimated capital and operation and maintenance costs for
the three primary types of treatment measures plus the wet detention basin option for beach Road
ditch. These costs are preliminary planning level costs and are intended only to provide general
indications of probable costs. The cost estimates would need to be revised based on more specific
design criteria in the design stage of the implementation. These costs assumed the costs of acquiring
the land, construction, and design and administrative costs. Estimate of annual operation and
maintenance costs for each measure are also indicated; these are preliminary as well, subject to
refinement based upon a specific project design.

Source Control Best Management Practices

Urban. The urban areas of Watsonville contribute urban pollutants such as heavy metals, trash/litter,
and oil and grease. Many of the source control BMPs for the urban areas are already in place such
sewer maintenance, industrial site controls, and construction site erosion controls. Many of the other
BMPs are easily implemented by the adoption of City ordinances or programs. Programs and
measures such as providing signage at storm drain inlets and slough areas, formulating and
distributing educational literature, and organizing City-wide clean up days are the responsibility of
the City. As Watsonville grows in population, future NPDES regulations regarding municipal
stormwater runoff quality may mandate some, if not all, of the discussed BMPs to be implemented.

Funding. Funding for urban source control BMPs would likely come directly from the City's
budget and/or from developer sponsored mitigation and development fees. Another possible
funding source could be a new assessment district specifically designed to enhance and protect

the Watsonville Slough system ecosystem.

Agricultural. The agricultural areas contribute sediment, pesticides, and nutrients to the sloughs.
The previously identified BMPs for these areas include erosion control, irrigation control, vegetated
buffer strips, pesticide management, and fertilizer management. The responsibility of implementing
these BMPs is predominately in the hands of the landowner/farmer. Santa Cruz County and the City
of Watsonville currently have erosion control ordinances in place; however, these ordinances are
generally not applied to agricultural areas and activities. Organizations such as the USDA National
Resource Conservation Service (NRCS) formerly, the Soil Conservation Service, Resource
Conservation districts, and U.C. Extension play important roles as technical advisors and provide
the dissemination of BMP information to the growers.

A farming practices survey prepared for AMBAG in 1993, showed that there are significant
differences in the way the erosional control BMPs are viewed and utilized by farmers of different land
quality and ethnic groups. Getting farmers to implement integrated pesticide management programs,
irrigation control, erosional control, and fertilizer management is a complex issue that must take into
account societal, economic, and ethnic values of the farmers and landowners. An erosion control
BMP outreach program similar to the one that is currently being implemented by NRCS in the
Eikhorn Slough watershed may provide a starting point for farmers in this area to improve their

8-10



Table 8-4. Planning Level Cost Estimations for

Constructed Wetlands

Assuming 4 acres, @ 5 day residence time
Itern Cost  Quantity Cost

\Land $20,000/acre - 4.5 $85.000
Grading and Compaction Sdicy 4,000 cy 316,000
Drainage Structures 315,000
Vegetation Establishment $3,000/acre 4 $20,000
Subtotal $136,000
Contigencies, Engineering, Admin, +20% $27,200
Total $163,200
Yearly Operational and Maintenance Costs $5,000
|(assumes desilting, vegetation and trash_management)

Table 8-5. Planning Level Cost Estimations for
Tailwater Circulation

Pump Station $60,000 1 $60,000
Land 320,000/acre 10 $200,800
Land $10,000/scre 10 $100,000
Piping 8201 10,000 $200,000
Vegetation Estabishment $5.000/acre 13 565,000
Subtotat $625,000
Contigencies, Engincering, Admin, +20% $125,000
Total $750,000
Yearly Operational and Maintenance Costs $8,500

(assumes pump and piping maintenance, electricai cost

[pump replacement every 10 vears, weekly supervision (8-12 hr.} 1/2 the year)

Table 8-6. Planning Level Cost Estimations for
Vegetated Buffer Strips-Excavation Ogtion

Land $20,000/acre 20 acres  $400,000
Excavation and Earth Wark Safcyd 81,000 $324 060
Planting/Vegetation Estabishment $5.000/acre 20 acres __$106,000
Subtotal $824,000
Contigencies, Engineering, Admin. +20% $164.800 -
Total $958.800
Yearly Operational and Maintenance Costs $2,500
@.sumes desilting, vegetati{m and trash management at $125/acrefyear)

Note: Non-excavation option would eliminate excavation costs; land costs assume a
and complete buffers in the lower Watsonville and Harkins sioughs

Table 8-7. Planning Level Cost Estimations for
Wet Pond for the Beach Road Ditch

Land $20,000/acre 12 $240,000
\Excavation and Earth Work Sdicyd 40,000 3160000
Planting/Vegetation Est, (fringe planting} $5,000/acte 4 $20,000
Spillway construction/materials $15.000
Subtaotal $435,000
Contigencies, Engineering, Admin, +20% £87,000
Total $522,000
Yearly Operational and Maintenance Costs $2,500

{assumes desilting, vegetation and trash managemem)




farming and erosion control practices as well as educate them about the potential environmental and
cost impacts of their current practices.

Implementation of BMP programs in the agricultural areas of the Watsonviile Slough system
watershed should include some of the seven recommendations stated in the Elkhorn Sloughs farming
practices survey report such as (1) contact growers through trusted channels, (2) emphasize in
personal contacts, (3) increase communication in Spanish, (4) reduce service bias to growers, (3)
provide technical consulting, (6) encourage less technical solutions, and (7) offer low interest loans

for the implementation of BMPs.

Punding. The funding of the farmer outreach and information dissemination would likely come
from funding sources such AMBAG, USDA, and Santa Cruz County.

Rural Residential. The rural residential land use of the Watsonville slough areas is for the most part
a small portion of the slough water quality problems. Rural residential land use impacts water quality
mainly from a nutrient and erosion perspective from septic systems and livestock containment areas.
Septic systems in these areas are already stringently controlled by existing County regulations. Any
time new construction or significant additions are made to a waste disposal system County ordinances
and regulations are enforced. Hence, implementation and enforcement for septic system BMPs is
already in place. BMPs for livestock containment areas involve proper siting and drainage control.
The implementation of these BMPs rests with the landowner, and some cases may be enforceable by

current RWQCB regulations.

Funding. Funding for rural residential source control BMPs would be expected to be the
responsibility of the landowner.

Downstream Treatment Measures

The implementation responsibility of the treatment measures identified below are likely to be split
between the City of Watsonville or the County of Santa Cruz. However, this may not exclude other
agencies or a future joint agreement to establish an overseeing agency.

Constructed Wetlands. Constructed wetlands would be beneficial to improving the water quality
of the slough system. The possible locations currently slated for this treatment measure are in upper
Watsonville Slough both above and below Lee Road. This area starts immediately below the existing
wetland upstream of the Harkins Slough Road crossing. Some of this stretch is within the City limits
of Watsonville, thus in those locations permit authority, land use designation and regulatory approval
would be within the City's jurisdiction. Other sections of this stretch are within County jurisdiction
and thus planning and approval would be the responsibility of the county. It is likely that the City and
the County would have to take the lead on the implementation of this measure. One potential
implementation solution, may include future development. This treatment feature could be
incorporated into any proposed project as a mitigation, design amenity or as a condition of approval
for the potential development proposed in the area. It may also be used as an offsite wetland
mitigation area for other nearby developments (this would have to be approved by state and federal

agencies).
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Funding. Funding for this feature could come from various sources. It could come from
potential developers of the land, or Clean Water Act (CWA) section 319(h) funds for non-point
source pollutant projects, with matching or contributory funds by the City of Watsonville, and/or
the County of Santa Cruz.

Tailwater Recirculation. In order to implement the tailwater recirculation treatment alternative
funding would have to be procured from State or federal agencies to purchase the land and construct
project. Implementation would mean that landowners would have to agree to sell their land and
maintain proper setback and agricultural practices around the project. It is likely that this treatment
measure and management program would comply with the EPA Coastal Non-point Pollution Control
Program development and approval guidelines

Funding. Possible grant funding for this feature may be available from the CWA 319(h) funds,
Coastal Conservancy Grants, and State Water Resources Control Board grants.

Vegetated Buffers. This BMP involves the reworking and planting of portions of the lower
Watsonville and Harkins Sloughs. These channels and the bordering lands are in private ownership
and implementation would require purchase and/or dedication of land from these landowners. The
County, as the flood control authority, would be the logical implementing agency for this measure.

Funding. The funding for these drainage improvements could come from F lood District Zone
7 assessment, general County funds, grants, and/or mitigation banking.

8.4 RECOMMENDED ACTIONS AND FUTURE STUDIES

Water quality impairment in the Watsonville Slough System has been known to exist for the past 10
to 15 years, based largely on the State Mussel Watch and Toxic Substances Monitoring Program
findings. However, the full extent of water problems and their refationship to land use and water
management activities in the area had not been studied prior to this project. The review of historic
data, combined with additional water quality monitoring in the present study has improved the
understanding of the slough system water quality; but, contrary to one of the project goals, it has not
produced definitive information on the source(s) of specific water quality conditions (e.g., chronic
high ammonia levels in Struve Slough), nor answers to the question of the actual beneficial use
impacts of certain constituents that are above standard criteria (e.g., nitrates and several heavy
metals). The downstream treatment recommendations outlined above are, in the judgement of the
consultant, the best types of measures that can be employed to improve the water quality conditions,
while also achieving stated wetland restoration aims and minimizing adverse impacts to other water
management interests in the watershed. But these measures can only be viewed as conceptual plans
and tentative conclusions, given the lack of information or answers to several key issues. Based on
the significant costs and other impacts involved with the implementation of these or other similar
measures, it is only prudent that further study be completed in several areas, before a firm decision
is reached on implementation of the costly downstream treatment measures recommended by this
plan. Also, other less extensive and less costly measures can be taken immediately to address some
of the site specific problems in the watershed; this may aid in understanding the overall water quality
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correcting some specific problems. The recommended actions and additional studies needs are briefly
outlined below.

Site Specific Monitoring and Abatement Efforts

Efforts should be continued to apply BMP measures to adjacent and nearby land uses according to
the recommendations in Sections 7 and 8.1 of this report. As the Monterey Bay Sanctuary’s Water
Quality Protection Program’s components are developed and adopted by the City of Watsonville and
Santa Cruz County, and as further studies and monitoring of pollutant sources are undertaken, the
information and tecommendations of this Plan should be incorporated and adapted into the City’s and
County’s programs. The objective should be to refine and apply those BMP measures that are most
effective in eliminating those pollutants identified in the Watsonville Slough System to those areas
of the watershed most likely to generate such poilutants.

In order to accomplish this and to identify and abate actual or threatened pollutants discharges
adversely affecting the water quality conditions in the sloughs, intensive water quality monitoring and
surveillasnice of various land use activities and operations in the watershed should be undertaken by
local officials, citizen volunteers, and/or landowners and business operators. This should be done
systematically to cover the potential sources cited in Section 6.1 of this report, as well as any other
sources that may be identified. A joint task force involving the City, County, Coastal Commiission,
AMBAG and others could be formed and utilized to coordinate and monitor this effort. Where
actual, uncontrolled pollution is discovered, it should be reported to the Regional Water Quality
Control Board and the Department of Fish and Game, who would initiate enforcement actions where
necessary (i.e., cleanup and abatement orders, citations or fines).

Watsonville Slough System Master Plan

Development of a more comprehensive Watsonville Slough System Master Plan should be considered
1o address resource issues that-were not in the scope of this study. Such a master plan would inciude
the determination and mapping of historic wetland extent, wildlife corridors, appropriate wetland
buffers, and areas suitable for wetland or upland habitat restoration. Also to be assessed would be
areas for potential public acquisition and/or access.

A wetland restoration model should be an element of any slough master plan, and should include
information on historic conditions, current constraints (e.g. landowner cooperation), and proven
wetland restoration methodologies. An overall master pian would more comprehensively examine
the biological, hydrological, and land use attributes of the slough system watershed than does this
report, and should derive objectives and recommendations regarding all wetland functions -- water
purification, flood water storage, animal and plant habitats and migration corridors, recreation and

aesthetics, ete.

The master plan should recommend wetland buffer standards and strategies for
maintenance/management and interagency cooperation. While these objectives were not in the scope
of this water resources management plan, this plan would serve as the basis for the overall slough
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system master plan.

AMBAG should reapply for a Clean Water Act Section 205(j) grant to complete this next phase. If
a grant is not forthcoming, other funding sources should be pursued. In the interim, individualized
restoration efforts, such as those described in this report on Hansons Slough and Harkins Slough (pp.
5-17 - 5-18) should continue and be encouraged.

Water Quality Studies

The following additional water quality studies are recommended to guide the sefection of appropriate
management practices for water quality improvement:

+ Ammonia. Study ammonia toxicity thresholds for slough system aquatic species and
investigate the sources of chronic elevated ammonia levels in Struve Slough.

+ Metals. Investigate metals accumulation in slough sediments and aquatic organisms to
determine the degree of toxicity and appropriate locat objectives for copper, lead, nickel, and
zinc. This should be coordinated with the soon-to-be-released toxicity studies being
conducted by UCSC. '

+ Nitrate Sources and Biostimulation. Study the relationship between elevated nitrate and
phosphate levels {or other biostimulatory factors) and algae production in the slough system;
combine this with comprehensive survey of dissolved oxygen and algae blooms in shallow
stagnant water zones. Additionally, more intensive sampling should be conducted to pinpoint
the sources of the periodic high nitrate concentrations, and to pursue control of these sources
as appropriate.

e Pesticides. Continue SMW and TSMP tissue analysis and correlate findings with sediment
concentration data. This should also be coordinated with the soon-to-be released toxicity
studies being conducted by UCSC.

» Coliform. Coliform data should continue to be collected by the County and follow-up site
investigations should be made to identify and address the sources where repeated high
readings (e.g., 1,000 MPN/100 ml or greater) are observed.

Flow Augmentation.

Studies should be continued regarding the potential for flow augmentation in the stough system
during the low flow periods. This should consider reclaimed wastewater from the City of Watsonville
as one source and also potential augmentation in connection with the PVWMA diversion/aquifer
recharge project. The studies should evaluate such factors as volumes and timing of water, the
associated water quality, potential release points in the slough system and downstream water quality
effects(e.g. depressed salinity) in the estuary. There may be competing uses for this supplemental or
reclaimed water (i.e., for direct crop irrgation) which will also have to be considered, and may make
this option more costly or difficult to implement.
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Recommended Drainage Operation and Maintenance Practices

Better records should be maintained of water levels in the slough system, operation of the pump
system, dredging and other operations. Staff gages and/or water level recorders and pump meters
should be installed and read regularly. Improved management of pumping regimes and water level
controls could be implemented in addition to, or instead of, flow augmentation. The possibility of
installing gated culverts at road crossing (e.g. Lee Road., Harkins Slough Road., Walker Street)
should be explored as a means of allowing for greater human control over water levels in different
portions of the slough system (e.g. intentional impoundment of water to increase the hydroperiod for

certain wetland areas, etc).

8.5 IMPLEMENTATION

The agency and stakeholder members of the Technical Advisory Committee should continue to meet
as the Watsonville Sloughs Management Task Force to guide implementation of the Water Resources
Management Plan and develop other efforts towards the potential future preparation of a
comprehensive Watsonville Slough System Master Plan. Participating agencies should provide staft
time for projects within their jurisdiction. Activities of the Task Force would include the following:

Water Resources Plan Implementation - Prioritize and oversee implementation of this plan's
recommendations for site specific abatement efforts, water quality studies and additional coordinated
monitoring, and flow management and augmentation studies.

Wetland Management/Restoration Plan and Objectives - Refine the recommendations of this plan into
more specific overall objectives for water resources management; Develop specific plans for wetland

ecosystem protection and restoration throughout the slough system watershed, taking into account
existing land uses and watershed activities; and subsequently implement these objectives and plans.

Evaluation and Implementation of BMPs and Protection Policies - Many of the source control BMPs
are already being implemented by the County, City and landowners. The effectiveness and degree

of implementation should be evaluated and augmented as needed. The following documents should
be reviewed for adequacy with respect to protection of the slough system: city and county general
plans, land development ordinances, and design criteria; the Monterey Bay National Marine
Sanctuary's Water Quality Protection Plan; and the Central Coast Regional Water Quality Control
Board's Basin Plan provistons.

Impiementation and Funding Mechanisms - The task force should seek to identify and coordinate
various funding mechanisms for this plan’s implementation such as: state and federal grants and loans,
drainage (stormwater district) fees, private grant funding, use of conservation easements, and
mitigation measures for new development. The task force should also explore potential funding
sources for a Watsonville Slough System Master Plan. While an overall master plan would ease
coordination of comprehensive stough system resource management, it is not a prerequisite for the
implementation activities listed above.
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Table 1: USLE Calculations
Gallighans Slough

(Tons/Year)

Land Cover Erodibility| Length |Erosion Ratel Total Area Sediment Loss
Use Slope Conditions (K) Slope | (Tons/Acre) | (Acres) {Tons/Year)
Grain steep Fields 0.32 6.05 8.7 13.8 120.2
Bushberries moderate {Fieids 0.32 3.13 4.5 84.5 290.8
Bushberries steep Fields 0.15 8.52 5.8 12.1 69.6
Bushberries steep Roads/Citchest  0.15 8.52 57.5 2.1 120.8
Strawberries gentle Fieids 0.32 1 1.4 21.8 31.4
Strawberries moderate |Fields 0.32 2.03 2.9 3.8 111
Strawberries mod.steepi Fields 0.32 4.2 6.1 49.2 297.7
Strawberries mod.steep; Roads/Ditchest  0.32 4.2 60.5 8.7 526.4
Strawberries steep Fieids 0.32 9.56 13.8 34.4 473.7
Strawberries steep Roads/Ditches}  0.32 9.56 137.7 6.1 840.0
Strawberries moderate |Fieids 0.15 3.1 21 5.2 10.9
Strawberries steep Fields 0.15 5.28 3.6 13.4 47.8
Strawberries steep Roads/Ditches;  0.15 5.28 35.6 2.4 85.4
Flowers gentle Fields 0.32 0.38 1.8 19.1 35.0
Flowers gentle Fields .32 017 4.1 8.1 33.0
]Other Row Crops |moderate |Fields 0.32 1.85 2.7 85.1 226.7
Native Vegetation| moderate |Open space 0.32 2.29 0.4 64.3 23.5
Native Vegetation|mod.steep| Open space 0.32 3.14 0.5 379.7 190.6
Native Vegetation|steep Open space 0.32 4.02 0.6 119.9 771
Native Vegetation|moderate |Open space 0.15 4.41 0.3 187.8 58.2
Native Vegetation|steep Cpen space 0.15 9.55 0.7 225.5 161.5
Total Annual Sediment Loss 3731.2




Table 2: USLE Calculations

Harkins Slough

lrLand Cover rodibility| Length | Erosion Rate Total Area |Sediment Loss
Use Slope Conditions {K) Slope | (Tons/Acre) | (Acres) | (Tons/Year)
Grain moderate |Fields 0.15 3.34 23 108.1 243.4
Grain steep Fields 0.32 4.3 6.2 8.5 52.7
Bushberries moderate |Fields 0.32 2.09 3.0 304 91.4
Bushberries moderate |Fiekis 0.17 2.34 1.8 19.0 34.0
Strawberries gent./mod.| Fields 0.15 2.33 1.6 2285 360.3
Strawbersies moderate |Fields 0.15 4,06 2.7 128.7 355.4
Strawberries moderaie |Roads/Ditches| 0.15 4.06 27.4 22.9 627.5
Strawberries maod.steep| Fieids 0.15 6.74 4.6 54.5 248.0
Strawberries mod.steepf Roads/Ditchest 015 8.74 45.5 9.6 436.8
Strawberries steep Fields 0.15 10.4 7.0 11.7 g2.1
Strawbetrries steep Roads/Ditches| 0.15 10.4 70.2 2.1 145.3
Strawberries gen/mod. |Fields 0.17 1.72 1.3 16.1 21.3
Strawberries moderate {Fields 0.17 3.5 2.7 19.0 51.3
Strawberries gentle Fields 0.28 0.22 0.3 10.9 3.1
Strawberries gentle Fields 0.32 1 1.4 21.3 30.7
Strawberries moderate |Fields 0.32 1.85 27 20.5 54.5
Strawberries mod.steep| Fields 0.32 3.5 5.1 8.5 42.9
Strawberries mod.steep|Roads/Ditches|  0.32 3.51 50.5 1.5 75.8
Flowers gentle Fields g.17 017 a.1 3.3 0.4
Flowers steep Fields 017 10.42 8.0 10.6 84.5
Flowers gentle Fields 0.32 1.78 26 4.7 2.2
iOther Row Crops | gentle Fieids 0.24 0.08 0.1 2194 i8.9
QOrchards steep Fields 0.17 8.52 6.5 10.8 70.9
Orchards gentle Fields 0.28 0.98 1.2 220 26.4
Qrchards moderate |Fields 0.32 1.72 25 441 110.3
Pasture gentle Open space 0.15 2.12 1.6 21.3 33.9
Native Vegetation|steep Open space 0.15 9.88 0.7 179.3 125.5
Native Vegetation|moderate |Open space 017 3.99 0.3 219.7 74.7
Native Vegetation|{steep Open space 017 8.12 0.7 1132.9 793.0
Native Vegetation|gentle Open space 0.24 0.27 0.0 235.3 7.5
Native Vegetation|gentle Open space 0.28 0.51 0.1 32.3 2.3
Native Vegetation| moderate |Open space 0.32 5.51 0.9 435.6 384.2
Native Vegetation| mod.steep|Open space 0.32 6.31 1.0 734.4 734.4
Native Vegetation|steep Open space 0.32 7.92 1.3 872.0 1107.4
Total Annual Sediment Loss 6542.7

{Tens/Year)




' I'Land

Table 3: USLE Calculations
Hanson Slough

{Tons/Year)

Cover rodibility] Length [Erosion Rate] Total Area [Sediment Loss|

Use Slope Conditions (K) Slope | (Tons/Acre) | (Acres) (Tons/Year)
Strawberries gentle Fields 0.28 0.51 0.6 12.3 7.9
Strawberries moderate |Fields 0.28 1.43 1.8 22.3 40.1
Pasture gentle Open space 0.32 0.6 1.0 27.0 26.0
Orchards gentle Fields 0.24 0.47 0.5 84.0 2.7
Orchards moderate |Fields 0.28 2.6 3.3 27.0 886
Native Vegetation]moderate |Open space 0.24 2.7 a1 1511 13.9
Native Vegetationt gent/meod. | Open space 0.28 2.11 0.3 385 10.4
Mative Vegetation|gentle Open space 0.32 0.23 0.0 21.1 0.7

Total Annual Sediment Loss 230.3




Table 4: USLE Calculations

West Branch Slough

Cand Cover Erodibility| Length | Erosion Rate Total Area [Sediment Loss|

Use Slope Conditions {K) Slope | (TonsiAcre) | (Acres) (Tons/Year)

Strawberries gentle Fields 0.24 1 1.1 16.1 17.4

Strawberries moderate |Fieids 0.24 2.21 2.4 13.8 33.0

Strawberries moderate |Roads/Ditches| 0.24 2.21 23.9 2.4 57.4

Native Vegetation}gentle Open space 0.24 0.6 0.1 84.3 6.1

Mative Vegetation|maderate |Open space 0.24 2.64 0.3 168.5 53.4

Native Vegetation| moderate | Open space 0.32 1.85 0.3 48.9 14.5
Total Annual Sediment Loss 181.7

{Tons/Year)




Table 5: USLE Calculations

Struve Slough
lFmd Cover Erodibility| Length | Erosion Rate Total Area |Sediment Loss
Use Slope Conditions {K)} Slope | (Tons/Acre} | (Acres) {Fons/Year)
Bushberries moderate |Fields 0.24 1.48 1.6 15.7 25.0
Orchards moderate |Fields 0.24 15 1.6 17.6 28.5
Cther Row Crops [gentle Fields 0.24 0.12 0.1 29.0 3.8
Native Vegetation|gentle Open space 0.24 0.18 0.0 150.8 3.3
Native Vegeiation| mod.steep|Open space 0.24 3.31 0.4 101.8 40.8
Total Annual Sediment Loss 101.4
(Tons/Year)




Table 6: USLE Calculations
Watsonville Slough

WLand Cover Erodibility] Length | Erosion Ratel Total Area [Sediment LoSS
Use Slope Conditions {K) Slope | (Tons/Acre) | (Acres) {Tons/Year)
Strawberries gentie Fields 015 1.78 1.2 9.9 11.9
Strawberries maod.steep] Fields 0.15 3.88 2.6 42.4 111.5
Strawberries mod.steep{Roads/Ditches:  0.15 3.88 26.3 7.5 197.3
Strawberries steep Fields Q.15 7.82 55 26.9 1471
Strawberries steep Roads/Ditches| 0.15 7.62 514 3.5 179.9
Pasture mod.steep| Open space 0.15 3.33 0.2 44.1 10.8
Pasture gentle Open space 0.24 0.4 0.0 29.4 1.4
Other Row Crops |genile Fields 0.24 0.05 0.1 1216.8 65.7
Qrchards gentle Fields 0.32 0.55 08 26.1 20.7
Bushberries gentle Fields 0.32 0.42 0.6 16.6 10.0
Native Vegetation] gentle Open space 0.24 0.37 0.0 54.1 2.8
Native Vegetationigentle Open space 0.32 0.26 0.0 163.3 6.9
Total Annual Sediment Loss 765.9
{(Tons/Year)
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L LOCAL POLICIES & ORDINANCES REGARDING POLLUTED RUNOFF AND WETLAND
HABTTAT

A, Santa Cruz County

1. 1993 Santa Cruz County General Plan and Local Coastal Plan

The Santa Cruz County 1993 General Plan and the incorporated Locai Coastal Program (L.CP) inciudes broad poiicies
that are intended to set the framework for environmental review within the County. The environmental review poiicies
are as follows:

= Require environmental review per California Environmental Quality Act (CEQA) guidelines of all new development
projects, rezoning, and General Plan Amendments

+ Require mitigation measures as identified through the Environmental Review process to be incorporated into all
approved development projects, or require adoption of overriding considerations

+ Review appropriate projects outside the Coastal Zone for Coastal Zone impacts in conformance with the California
Coastal Act {per public Resources Code Sec. 30200).

The programs carried out by the County are to review and comment on Environmental Impact Reports (EIRs) of other
jurisdictions which affect the County and to maintain and update the adopted Environmental Guidelines to define and

regulate the County's environmental review process in compliance with CEQA.

Definition of Wetland Resources:

The General Plan designates and defines wetlands as transitional areas between terrestrial and aquatic systems where the
water table is usually at or near the surface, or the land is covered by shallow water. Examples of wetlands are saitwater
marshes, freshwater marshes, open or closed brackish water marshes, swamps, mudflats, and fens (e.g. wetlands with
emergent vegetation).

Regarding wetland resources, the overall goals of the County are to protect and restore unique, rare, threatened,
endangered and other natural and cultural resources that warrant preservation because of their biological value, seareity,
scientific value, aesthetic quality or cultural significance. Wetlands, lakes, estuaries, lagoons, streams, riparian
corridors, and rivers are defined as sensitive habitats. The objective for protecting riparian corridors and wetlands is to
preserve, protect, and restore all riparian corridors and wetlands for the protection of wildlife and aquatic habitat, water
quality, eroston control, open space, aesthetic and recreational values and the conveyance and storage of flood waters.

Policies Regarding Wetland Resources

Specific policies regarding wetland resources in the General Plan are as follows:

» I[mpiement the protection of riparian corridors and wettands through the Riparian Corridor and Wetland Protection
Ordinance.

+ Development activities, land alteration, and vegetation disturbance within riparian corridors and wetlands and
required buffers shall be prohibited unless an exception is granted per the Riparian Corridor and Wetlands
Protection Ordinance

& Prohibit development within the 100 foot riparian corridor of all wetlands. Exceptions are allowed only where
consistent with the Riparian Comridor and Wetlands Protection Ordinance, and in all cases, maximize distance
between proposed structures and wetlands. Require measures to prevent water guality degradation from adjacent
land uses, as outlined in the Water Resources section of the General Plan

» Exclude land withir riparian corridors in the calculation of development density or net parcel size. Grant full density



2.

credit for the portion of the property outside the riparian corridor which is within the required buffer setback,
excluding areas over 30% slope, up to a maximurn of 50% of the total area of the property which is outside the
riparian corridor

Allow compatible uses in and adjacent to riparian corridors that do not impair or degrade the riparian piant and
animal systemns, or water supply values, such as non-motorized recreation and pedestrian trails, parks, interpretive
facilities and fishing facilities. Allow development in these areas only in conjunciion with approval of a riparian
exception,

Require environmental review of all proposed development projects affecting riparian corridors or wetland and
preparation of an EIR or Biotic Report for projects which may have a significant effect on the corridors or wetiands

Require development in or adjacent to wetlands to incorporate the recommendations of a management pian which
evaluates; migratory waterfow] use December 1 to April 30; compatibility of egricultural use and biotic and water
quality protection; and the protection of adjoining uplands

Require development projects m wetland drainage basins to include drainage facilities which will maintain surface
runoff patterns and minimize erosion and introduction of pollutants

Santa Cruz County Riparian Corridor and Wetlands Protection Ordinance

The purpose of the ordinance is to elimnate or minimize any development activities in the riparian corridor in order to
preserve, protect, and restore riparian cotridors. No development is allowed within the fiparian corridor other than
those allowed through exemptions and exceptions. The following activities are exempt:

The continuance of any preexisting nonagricultural use, provided such use has not lapsed for a period of one year or
more. This includes change of uses which do not significantly increase the degree of encroachment nio or impact on
the riparian corridor as determined by the Planning Director

The continuance of any preexisting agricultural use, provided such use has been exercised within the last five years
All aetivities done pursuant to a valid County timber harvest permit

All activities listed in the California Food and Agricultural Code pursuant to the control or eradication of a pest as
defined in Section 5006, Food and Agriculture Code, as required or authorized by the County Agricultural
Commissioner

Drainage, erosion control, or habitat restoration measures required as a condition of County approvat of a permitted
project

Exceptions to the Riparian Corridor and Wetlands Protection Ordinance are considered by application and subject to the
following findings:

That there are special circumstances or conditions affecting the property,

That the exception is necessary for the proper design and function of some permitted or existing activity on the
property,

That the granting of the exception will not be detrimental to the public welfare or injurious to other property
downstream or in the area in which the project is located,

That the granting of the exception, in the Coastal Zone, will not reduce or adversely impact the riparian corridor, and
there is no feasible less environmentaily damaging alternative; '



+ That the granting of the exception is in accordance with the purpose of the ordinance, and with the objectives of the
General Plan and elements thereof, and the Local Coastal Program Land Use Plan;

3. Santa Cruz County Erosion Control Ordinance

The purpose of the Frosion Control Ordinance is to eliminate and prevent conditions of accelerated erosion that either
have led to or could lead to degradation of water quality, loss of fish habitat, damage to property, loss of topseil and
vegetation cover, disruption of water supply, and increased danger from flooding, and to implement Local Coastal
Program land use policies.

'The policies in the ordinance that are intended te protect wetland resources is as follows:

s Streams or drainage courses shail not be obstructed or disturbed except for approved road crossings, unless
disturbance of a drainage course will improve overall site design and be consistent with the purpose of the ordinance;

» Erosion control measures specified in, or pursuant to, this ordinance, shall be in place and maintained at all time
between October 15 and April 15;

+ Runoff from activities subject to a building permit, land division permit, or development permit shall be properly
controlled to prevent erosion,

+ Land clearing shall be kept to a minimum and vegetation removal shall be limited to that amount necessary for
building, access, and construction;

The provisions for land clearing when no land development permit has been issued requiring an erosion control plan is
as follows:

« Any ameunt of clearing in a sensitive habitat;

+  Qnpe-quarter acre or mere of clearing in the Coastal Zone if also in a least-disturbed watershed, a water supply
watershed, or an area of high erosion hazard,

« One acre or more of clearing in all areas not included in the above items,

When a land development permit has been issued, land clearing may be done according to the approved development
plan; however, approval of land clearing shall meet the following conditions. All disturbed surfaces shall be prepared
and maintained to control erosion and to establish native or naturalized vegetative growth compatible with the area.
Control shall consist of the following:

» Effective temporary planting and mulching with straw and/or some other slope stabilization material,

+ Permanent planting of native or naturalized drought resistant species of shrubs, trees, efc., pursuant {o the County’s
Landscape Criteria, when the project is completed;

» Mulching, fertilizing, watering or other methods may be required to establish new vegetation. On slopes less than
20%, topsoil should be stockpiled and reapplied,

4. Santa Cruz County Sensitive Habitat Protection Ordinance

The purposes of this ordinance are to minimize the disturbance of biotic communities which are rare or especially
valuable because of their special nature or role in an ecosystem, and which could be easily disturbed or degraded by
human activity; to protect and preserve these biotic resources for their genetic, scientific, and educational values; and to
implement policies of the General Plan and the Local Coastal Program Land Use Plan. Lakes, wetlands, estuaries,
lagoons, strearns, rivers and riparian corridors are among the habitats considered sensitive. Sensttive habitat policies



include the following:

No toxic chemical substance shall be used in such a way ag to have deleterious effects on the habitat unless an
emergency has been declared, or such use has been deemed necessary by the California Department of Fish end
(Game to eliminate or reduce 2 threat to the habitat itself, or a substantial sk to public heaith will exist if the toxic
chemical substance is not used;

The Agricuitural Commissioner, when reviewing an application to use a restricted material, shall consider the
potential effects of the material on a sensitive habitat, and mitigation measures shall be required as necessary to
protect the habitat. No approval shall be issued if adverse impacts cannot be mitigated;

A biotic assessment shall be required for all development activities and applications in areas of biotic concern;
No development activity shall commence in an area of biotic concern until a biotic approval has been issued unless

such activity has been reviewed for biotic concerns concurrently with the review of a development or land-division
application;

The following conditions shall be applied to all development within any sensitive habitat area:

All development shall mitigate significant environmental impacts, as determined by the Environmentat Coordinator,

Dedication of an open space or conservation easement or an equivalent measure shall be required as necessary to
protect the portion of a sensitive habitat which is undisturbed by the proposed developrent activity or to protect a
sensitive habitat on an adjacent parcel;

Restoration of any areg which is a degraded sensitive habitat or has caused or is causing the degradation of a
sensitive habitat shall be required, provided that any restoration required shall be commensurate with the scale of the
proposed development, '

Only resource-dependent uses shall be allowed within any environmentally sensitive habitat area. All development
activities in or adjacent to wetlands shall conform to the following list of permitted activities.

Type of Sensitive Area Permitted or

Discretionary Uses Conditions
All Essential Habitats nature study and research, hunting, Preservation of
fishing and equestrian trails that have essential habitats
10 adverse impacts on the species shall be required
or habitat
Wetlands, Estuaries, educational instruction, scientific One hundred foot
and Lagoons research, managed nature buffer measured from
observation, wetland restoration the high water mark
maintenance to existing public shall be required
utilities, aquaculture, recreational
fishing subject to DFG regulations Distance between structures
and wetlandshail be minimized
Intermittent Wetlands limited grazing, uses within wetlands,
existing agriculture

No new development shall be allowed adjacent to marshes, streams, and bodies of water if such development would

catse adverse impacts on water quality which cannot be mitigated or will not be fully mitigated by the project proponent.

L



Development that has received a riparian exception approved according to the provision of the Riparian Corridor and
Wetlands Protection Ordinance may be exempted from the provisions of this ordinance if the Planning Director has
determined that the development activity has received a review equivalent to the review that would be required by the
Sensitive Habitat Protection Ordinance.

B. City of Watsonville

1, Waisonville 2005 General Plan

The goals for environmental resource management outlined in the General Plan are established to preserve the naturai
resources of the Planning Area. The goals provide for open space, conservation, and limitations on the extent of future
urbanization. No specific goals are identified for protecting wetland resources, however; one goal s to identify and
protect the natural resources of the Watsonvilie Planning Arez and another is to preserve and protect the remaining areas
of wildlife habitat for their scenic and scientific value.

Land that is designated Envirenmental Management is set aside for the protection and preservation of natural resources
such as wetlands, sloughs, wildlife habitat, and mineral and archaeological resources. Development is limited to that
necessary to support the protection and preservation of these areas and resources. Allowed development is detenmined
based on the appropriateness of the location, accessibility, traffic impacts, existing site conditions, design compatibility
with adjacent land uses, natural and built constraints, and community impacts.

Policies Regarding Wetland Resources:
* The City shall use planning measures to restrict urban development in environmentally sensitive areas;

+ The City shall require landscape restoration with native plants from regional seed stocks on sites disturbed by urban
development;

» When necessary and possible, the City shall purchase lands for open space uses including wildland preservation,
parks, environmental safety, and scenic corridor preservation;

+ The City shall cooperate with the County in preparing a biological study for protection of the sloughs and habitat
dependent on the sloughs located in and around Watsonville. A plant inventory and map of sensitive biological and
botanical resources should be a part of the study;

+ The City Council shall consider approving an Open Space Acquisition Plan within two years of the adoption of
Watsonville 2005. The goal of the plan is to protect and manage wetlands, wetland-associated uplands, sensitive
habitats, grasslands, and other environmentally sensitive habitats and agricultural lands. The plan shall evaluate
acquisition pricrities based on resource values, degree of threat, and availability. The plan shafl explore and, where
feasible, implement such means as public and private loans and grants, open space district, transferable density
credits, dedications from property owners, purchase/leasebacks of agricultural lands, developer fees, and city funds
1o protect environmentally sensitive and agricultural lands;
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The City shatl designate and zone environmentally sensitive areas as EM-OS (Environmental Management-Open
Space) to prohibit urban development and to preserve natural resources;

The City shall require implementation of environmental mitigations on projects that may destroy or impair the future
use or existence of natura resources;,

The City shall abide by the provisions of the Watsonville Local Coastal Plan and Watsonville Local Coastal Plan
Implementation Ordinance i the review of proposed development on Coastal Zone lapds;

The City shalt conduct an appropriate environmental review process and require that proposed projects adjacent to
surrounding, or containing, wetlands be subject to a site-specific analysis which will determine the appropriate size
and configuration of areas 1o buffer wetlands from urban development;

Where drainage from developments involves discharge into sioughs or wetlands, grease, sediment traps, or other
protection measures shall be required. Mitigation monitoring shall be required and enforced by the City to ensure
performance as appropriate;

The City shall require that new construction on slopes leading toward sloughs and wetlands, maintam an undisturbed
protective buffer between all cut and fill slopes and the riparian zone;

Impacts to important wildlife habitat areas shall be identified as part of the City’s development review and
environmental review processes, and appropriate mitigations shall be considered. Lands within the urban limit line
that provide important wildlife habitat include riparian corridors, fresh water marshes, sloughs, woodlands, and steep
slopes;

The City shall support and encourage public and private efforts to restore degraded natural habitat zones and, when
possible, to acquire them for preservation; '

The City shall carefully regulate and monitor, within the limits of its authority, the use of pesticides, herbicides, and
fungicides in and adjacent to wildlife habitat zones;

The City shall refer development proposals to the California Department of Fish and Game for its recommendations
on conservation measures for native plant communities, riparian vegetation, wildlife habitat, and wetland

preservation,;

City of Watsonville Local Coastal Program - Land-Use Plan 1982

City of Watsonville's LCP defines wetlands using Cowardin et al (1979) as a guide relying essentiaily on the presence of
hydrophytic vegetation, periodic saturation or hydric soils to identify wetlands. The LCP defines environmentally
sensitive areas to include but not limited to freshwater wetlands, wetland-upland transition, and riparian habitats.

"Environmentally sensitive areas” means any area in which plant or animai life or their habitats are either rare or
especially valuable because of their special nature or role in an ecosystern which could be easily disturbed or
degraded by human activities and developments, including endangered species habitat as identified by the State
Department of Fish and Game, or by a qualified professional botanist; all coastal wetlands and lagoons and areas
of riparian vegetation (City of Watsonville 1982).

Policies Regarding Wetland Resources:

Environmentally sensitive habitat areas shall be protected against any significant disruption of habitat values, and
only uses dependent on such resource shall be allowed within such areas;

Development of areas adjacent to environmentally sensitive habitat areas shall be sited and designed so as o



prevent impacts which would significantly degrade or be incompatible with the continuance of such habitat areas;

. The biological productivity of coastal streams and wetland shall be maintained, where feasible, by minimizing
adverse effects of waste water discharges and entrainment, encouraging waste water reclamation, maintaining
natural vegetation buffer areas that protect riparian streams, and minimizing alteration of natural streams;

. Development shali be designed to conserve water to the greatest practical extent to minimize the amounts of
tuneff and sanitary waste which need to be controlled to protect coastal wetlands. Drainage systems shall be
designed to accommodate runoff from at least a 10-year storm. Runoff from all impervious surfaces and from all
areas subject to vehicular traffic shalt be collected and disposed of in a way which does not result in soi] erosion
or degradation of water quality;

. Environmentally sensitive habitat areas must be kept in a natural state and protected from the incursion of

humans, domestic animals and livestock, from erosion, sedimentation and contaminated runoff, and from loud
noise or vehicular traffic;

Permitted Uses and Development Standards in Environmentally Sensitive Habitat Areas;

Peat harvesting 1s permnitted in environmentally sensitive habitat areas and grazing of a presently grazed area may be
continued but not expanded. Managed observation areas may be permitted subject to an approved land and management
program that preserves sensitive habitat values and minimizes human dishirbance. Land in environmentally sensitive
areas is excluded from calculation of lot size for number of units and allowable impervious surface area. Minimum lot
size for residential use Is 5 acres per housing unit. Minimum lot size for industrial use is 15 acres. The maximum
impervious surface area is 10% of lot area. Minimmum setback for all development or agricultural activity from riparian
habitat is 50 feet, from wetland or transitional zone, 100 feet. Where development is adjacent to an environmentally
sensitive habitat area appropriate tall trees shall be planted to provide a dense visual screen, impede human access, and
enhance bird roosting and nesting. Native riparian species are appropriate adjacent {o running water, in other areas
eucalyptus or native upland species are appropriate. The maximum slope of the developed portion of a lot before
grading is 15 feet in any 100 foot interval. Approved erosion contreol measures must be used during construction and not
excavation or grading is permitted from October to March. Before approval of any development can take place in Area
C (see LCP map) a field search for the endangered Santa Cruz Tarweed shall be conducted by a qualified botanist on the
lot in question during the time of vear in which the plant is expected to be in bloom.

3. City of Watsonville Grading and Erosion Control Ordinance

The City of Watsonville has two erosion control guidelines: one for October 15 thru April 15 and the other for April 16
thru October t4. Erosien control during the winter requires that alt cut and fill slopes bare of vegetation to be planted
with erosion control material, The erosion control material to be planted is a grass/legume mixture. To establish an
effective grass/legume cover the ordinance recommends the following steps:

*  Prepare a seedbed

«  Use good quality seed in the right mixture

»  Plant at the right time of year with proper technique
= Fertilize property

+  Apply a suitable muich

The guidelines specify that the necessary erosion control practices, such as berms, diversions, and catch basins be
installed prior to seeding so that seeding areas are not disturbed by construction activities. In the winter, the seed
mixture is to be applied along with straw mulch, sheepsfooted, and netting pinned down.

The summer erosion control measure specifies that all cut and fill slopes bare of vegetation are to be planted with a
rmixture of cellulose, fiber, seed, fertilizer and water (hydrommuleh). If, after September 1, the summer erosion controls
measures have not taken root, then the winter erosion control measures are required.



4. City of Waisonville Parks and Open Space Master Plan (1991 Draft)

The purpose of the Master Plan is to provide an opportunity for public input into the parks and recreation planning
process, to create an open space plan that meets the needs for active and passive recreation along with environmental
and scenic preservation, to develop a program for parkland acquisition and development, and to review current
recreation programs to determine if they meet the needs of the community.

The Master Plan identifies the sloughs that run through the City, as well as the creeks and river along iis edge, as
contributing to the City's visual character. The sioughs are recognized as a valuable and unique natural resource
providing for nunerous indigenous plants and anirnals as well as migratory birds. The plan notes that Watsonville's
wetlands also provide important flood control function and create a visual fabric within the eity. The plan recognizes the
City's current holdings that border on wetlands, which potentially provide the opportunity for limited wetland access and
educational facilities such as kiosks, interpretive signage and observation decks.

Omne of the objectives of the Master Plan is to facilitate protection of environmental open spaces. The Plan states that
most of Watsonville's sloughs, creeks and the Pajaro River are already in public ownership; therefore, protection and
enhancement will require minimal acquisition. Protection of environmental open spaces 18 considered more of a
management and policy issue. The policies proposed are as follows:

* An environmental resources ordinance should be developed by the City to review and revise current requirements
regarding development setbacks, defining sensitive habitats and ensuring adequate safeguards for both public and
private developments adjacent to wetlands. In addition, such an ordinance could establish guidelines for habitat
restoration and enhancement,

«  Adoption of the proposed Parks and Open Space Classification System would give responsibility to the Recreation
and Parks Department in coordination with the Department of Fish and Game, for long range management of the
sloughs. This couid include environmental education programs, enforcing no-dumping ordinances, and budgeting
for envircnmental resource enhancement;

The design policy for parks adjacent to sloughs, rivers, or creeks is to provide facilities for environmental education and
appreciation, such as boardwalks, overlooks, kiosks and interpretive signs. Elements of an environmental education
program should include development of trails, interpretive signs and overiooks at public parks that are adjacent to
sensitive environments, encouragement of private environmental organizations to sponsor wetlands enhancement
programs, and to provide docents for wetlands tours and coordination with the School District to use specified areas as
an outdoor learning faboratory.

The policy suggesting an Environmental Resources Ordinance has not been followed. Charles Eadie of the Watsonvilie
Planning Department stated that an ordinance is not really necessary because policies are now in place that do what an
ordinance would do and the Department of Fish and Game reviews each proposed development involving an
environmental resource.

C. Comparison of Watsonville's General Plan Policies to Santa Cruz County Planning Objectives -
Prepared by the Santa Cruz County Planning Department, September, 1994

Summary of Information Regarding Wetlands and Other Environmentafly Sensitive Habitats

The Watsonville General Plan primarily designates habitat areas for open space and environmental management with the
exception of a large segment of Watsonville Slough which is designated in the General Plan for commercial and
industrial development. This document states that the City is currently participating with the County in an AMBAG
study of "...the biotic resources of the sloughs..”, and that the City General Plan suggests that the City will consider
implementation of the AMBAG study’s recommendations. The primary habitat protection policy of the Watsonville
General Plan, however, is that habitat protection areas and impact mitigation be identified through the development and
environmental review process. The City General Plan contains no habitat protection standards, and supports but does
not require habitat restoration efforts. Specific plan requirements for the annexation area around Watsonville Slough



will include restoration of the wetland/slough ecosystem from its current degraded status. The General Plan policies
specificaily ailow for "habitat mitigation banking "

Recommended actions in the report inclide the following:
+ Continue County support and participation in the AMBAG study of the Watsonville Slough system and in the Corp
of Engineers' study of flood protection for the Pajaro River, and seek augmentation or expansion of the studies to

develop a comprehensive resource management plan for the Watsonville Slough system consistent with County
Generat Plan programs;

»  Monitor the CEQA review of area Specific Plans and major development projects in the city to ensure that adequate
habitat mitigation is incorporated into all projects;

+ Seek strong habitat protection as a condition of LAFCO approval of all proposed annexations, and require
guarantees of habitat protection prior to agreement to any property tax exchange affecting the property;

» Review and comment on habitat protection issues involved in any Local Coastal Programs submuitted for Coastal
Commission certification,

IL_STATE REGULATIONS REGARDING POLLUTED RUNOFF AND WETLAND HABITAT

A. California Porter-Cologne Water Quality Act

The Porter-Cologne Water Quality Act is the principal state law governing non-point source water quality regulation in
California. Porter-Cologne limits how the Regional Water Quality Control Boards can require use of stormwater
management practices; however, the Regional Water Boards may set discharge limitations such that the only practicai
way to comply is to use management practices.

B. California Environmental Quality Act (CEQA)

This act was patterned after the National Environmental Policy Act (NEPAY) and set forth the state's basic charter for the
protection of the environment. The act requires that projects which may have a significant effect on the environment and
which involve discretionary governmental action be subject to an environmental review process.

C. State Water Resources Control Board (SWRCB) and California Regional Water Quality Control Board

The SWRCB has responsibility for the State's water quality and water rights programs. State policies set forth by the
SWRCB are administered by the Regional Water Quality Control Boards (RWQCB). Water quality standards for
individual projects are established by the RWQCB as part of the National Pollutant Discharge Elimination System
(NPDES) permit procedure under the Federal Clean Water Act (see below). The NPDES program applies to afl
discharges to surface waters mcluding wetlands. The SWRCB has elected to issue a statewide general permt for all
stormwater discharges requiring an NPDES permit. Municipalities on the other hand must obtain an individual or
regional NPDES stormwater permit for their entire storm drainage system.

The State Porter-Cologne Act is the principal vehicle for controlling stormwater pollutants. The Act requires that each
RWQCB adopt Basin Plans for drainage basins within California. The plans designate water quality objectives to
ensure the reasonable protection of beneficial uses of the region’s water resources as required by the Porter-Cologne
Act.

D. California Department of Fish and Game

The Department of Fish and Game (DFG) has specific regulatory responsibilities as well as managing programs for the
preservation and protection of fish and wildlife habitat. The DFG administers provision of the state Endangered Species
Act. The DFG policy on wetlands is drawn from the Keene-Nejedly California Wetlands Preservation Act of 1976
which states the "need for an affirmative and sustained public policy and program directed at [wetlands] preservation,



restoration, and enhancement, in order that such wetlands shall continue in perpetuity.” DFG regulatory activities
includes the following:

+ Reviewing projects with the potential to divert/obstruct natural flows or change the bed or channel of DFG-
designated rivers, streams, or lakes through Fish and Game Code Section 1601-1603.

»  Review and comment on all forms of development-related processes (e.g., State Lands permits, EIRs/EISs, Corps of
Engineers Section 10 and 404 permits). A state land agency must consult with DFG to determine if its project is
"likely to jeopardize the continued existence of any endangered spectes or result in the destruction or adverse
modification of habitat essential to continued existence of the species.” (Calif Fish and Game Code 2090).

+ Management of wildlife areas and ecological reserves.

+ Enforcing against any material being put into the State’s waters that is deliterious to fish or wildlife through Fish and
Game Code Section 5650.

E. California Coastal Commission

The Coastal Act requires that all development within the Coastal Zone receive coastal development permits. Portions of
the Watsonville Slough watershed fall within the Coastal Zone. Both Santa Cruz County and the City of Watsonville
have certified local coastal programs which give them the authority to issue coastal development permits (see Local
policies portion of this appendix). The certified local coastal programs are based on Coastal Act policies, including
30233 and 30240 regarding wetlands and environmentally sensitive habitat area protection.

The California Coastal Commission (along with the State Water Resources Control Board) is charged with developing
the state’s coastal nen-point pollution control program de-<:  =:d under the Coastal Zone Management Act section of
this appendix, The following table describes the law’s req:  cments and the state’s response. The table is taken from
the Coastal Commission’s “Procedural Guidance Manual: Addressing Pollited Runoff in the California Coastal Zone,”
May 1, 1995, which is a valuable reference document.



CHAPTER II

Table 2-1.  Coastal Nonpoint Pollution Control Program Requirements {16 U.S.C. §1455b(b)1)-(N]

1. Identify land uses that indi- | The State's requirements under CZARA Section 6217 include:

vidually or cumulatively may
cause or contribute signifi-
canty to degradaton of
coastal waters.

. Implement _and  revise

additional management
measures applicable to the

land uses and areas identified
above to attain and maintain
water quality standards and

_protect designated beneficial

SEs.

* [dentify categories and subcategories of land uses that impact coastal
waters for which management measures will be implemented;

- Descuibe the 6217(g) guidance management measwres and state-

developed additional management measures to be implemented:

* Describe the procedures the State will use to ensure implementation of
the management measures, including operation and maintenance
practices, inspection and certification procedures, and monitoring; and

« Identify land uses and critical coastal areas that will equire additional
management measures.

In 1994, the SWRCB initiated a review of polluted unoff manage-
ment using Technical Advisory Committees (TACs). The TACs
reviewed the following types of nonpoint sources and land uses: (1)
hrigated Agricuiture; (2) Nutrient Application; (3} Pesticide Application;
(4) Confined Animatl Facilities; (5) Grazing; (6) Abandoned Mines: (7)
Urban Runoff; (8) Hydromodification and Wedands; (9) Onsite Sewage
Disposal Systems; and (10) Boating and Marinas. The SWRCB and
Coastal Commission are now developing a statewide progrzm to
implement polluted runoff management measures, including identifying
additional management measures, designating a lead state agency for
each runoff source category/subcategory, describing enforceable palicies/
mechanisms to implement the measures, and describing how the lead
agency and associated state/local agencies will implement the program.

. Identify “Critical Coastal

Areas” encompassing land
uses as identified under
CZARA §6217(b)(1) [16
U.S.C. §1455b (b) (D).

The SWRCB and Coastal Commission are developing Critical
Coastal Areas by identifying threatened and impaired ‘waterbodies
and defining geographic areas adjacent to threatened or impaired
coastal waters within which any new land uses or substantial
expansion of existing land uses shall be subject to additional
management measures (i.e., measures in addition to those promulgated
in the U.S. EPA (1993a) “g" Guidance). In California, the agencies
have identified approxlmately 30 hydrologic subareas directly
adjacent to threatened or impaired waterbodies.

_4. Provide assistance to local

govemmenis to implement
additional polluted runoff
managerment measures.

Examples of the types of assistance that states can provide local
governments include: (1) help in developing ordinances and reguiations |
to prevent or control polluted runoff; (2) technicdl guidance; (3)
modeling to predict and assess the effectiveness .of management
measures when used; (4) training; (5) financidl incentives; (6)
demonstration projects; and (7) other innovations to protect coastal water .
quality and designated beneficial uvses [16 {U.S.C. §14535b(b)(4))..
NOAA and the U.S. EPA (1993a) expect states to identify those portions
of the coastal nonpoint program to be implemented by locdl governments
and to develop programs to provide assistance to local governments.
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CHAPTER IT

Table 2-1.

Coastal Nonpoint Pollution Control Program Requirements [16 U.S.C. §1455b(b)(1)-(7)]

4, Provide assistance to local

governments to implemnent
additional polluted runoff
management measures.

{conninued)

To mezt these requirements, the Coastal Comymission can build upon
existing local government parmerships. For example, the Commission
staff can provide technicai assistance to local governments in implement-
ing the U.S. EPA-promuigated management measures during LCP and
CDP review and approval and the LCP post-certification processes.

. Provide opportunities for
public participation in
CNPCP development and
implementation via public
notices, public comment,
public hearings, technical and
financial  assistance, and
public education.”

To date, SWRCB TACs composed of members of affected user groups
and- people with water quality expertise have reviewed the pollued
runoff strategies currentdy applied in California, compared them to the
U.S. EPA-promulgated management measures, and identified
management and regulatory gaps. Additional public participation will
occur through workshops and hearings held by the Coastal Commission,
BCDC, and the SWRCB prior to adopting changes to the CCMP and the
State's Nonpoint Source Management Program. These workshops will be

“targeted for various audiences including federal and State agency staffs, §

local officials and agency staffs, affected constituency groups, publlc
interest groups and the general public.

. Improve coordination
among state, regional, and
local agencies (those
responsible for land use
permitting and enforcement,
water quaiity, habitat
protection, and public health
and safety) through the
development of instimtonal/
administrative mechanisms.

The Commission currently uses a number of appmachm to coordmate its
regulatory programs with other agencies. However, because of the new
program requirements under CZARA Section 6217, a heightened level
of coordination will be required to successfully implement the state
CNPCP. Mechanisms that can potentiaily improve agency coordination
include: (1) watershed planning; (2) Memoranda of Agreement (MOAs)
or Memoranda of Understanding (MQOUs) describing specific agency
roles and points of coordination; (3) joint pemmitting processes; (4)
formal interagency comments before other agency permitting processes
are initiated; (5) temporary assignment of staff to other agencies [e.g.,
Intergovernmental Personnel Agreements (IPAs)]; (6) cross-training of
staff in other agency programs; (7) interagency task forces (e.g., those
associated with National Estuary Programs, National Marine Sanctuaries
or National Estuarine Research Reserves) and advisory committees; (8)
regularly scheduled interagency .staff . meetings; and (9) state
statutes/regulations describing expectations for mtcmgency cooperanon
and coordination (U.S. EPA and NOAA, 1593a).

. Evaluate the need to adjust

the state coastal zone
boundary inland to manage
land and water uses more

effectively.

In March 1993, NOAA recommended that Califorria adopc a
management area that extends significandy inland of the coastal zone
boundary in order to have better regulatory contml over land and water
uses that, individuaily or cumulatively, have a significant impact on
coastal waters. In developing this recommendation, NOAA ‘generally
used coastal watersheds as an appropriate boundary for a polluted runoff
management area. To preciude the need for a boundary change or to
develop separate programs for the coastal zone and coastal watersheds
outside the coastal zone, California will ensure that revisions to its
existing statewide NPS program will fulfill the requiremnents of CZARA.
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V. FEDERAL REGULATIONS REGARDING POLLUTED RUNOFF AND WETLAND HABITAT
A. Clean Water Act

The Federal Water Pollution Control Act of 1972, commonly referred to as the Clean Water Act (CWA), was enacted to
"restore and maintain the chemical, physical, and biclogical integrity of the Nation's waters.” The Clean Water Act
established the National Pollutant Discharge Elimination Systern (NPDES) permit program. All point source
dischargers (i.e. those with sewage or industrial wastewater outfalls) are required to obtain NPDES permits. The 1987
Amendments to the CWA set forth new provisions to address nonpoint source water pollution by requiring permits for
the discharge of stormwater frotn both municipal and industrial stormwater runoff dischargers.

i, National Pollutant Discharge Elimination System (NPDES) Stormwater Permit Program

Currently, larger cities (those of over 100,000 in populatien) and certain types of industrial facilities are required to
clean up their stormwater runoff by complying with an NPDES stormwater permmit. In Califomnia, construction sites of
where over five acres are disturbed are also required to get an NPDES Stormwater permit. Significant sources of
poliuted runoff that are not presently covered by the NPDES federal stormwater regulations include municipalities with
populations under 100,000, construction sites tess than 5 acres in size, and commercial and small industrial sites not
specifically listed in statute (such as automobile service stations).

3. Municipal Stormwater Permits

The municipal NPDES stormwater permit program is a two-phased program enacted by Congress in 1987 under
Section 402{p) of the CWA. Participants in the NPDES Municipal Stormwater Permit program are responsible for
development and impiementation of stormwater management plans {SWMP) to prevent the pollution of stormwater
within the permitted areas. The SWMP must detail how the permittee will eliminate non-storm water discharges, and
apply best management practices, to the maximum extent practicable, to prevent or minimize stormwater potlution.

b.  Industrial Stommwater Permits

List types of industrial activities regulated.

Describe general permit requirements

List some or all of the permit holders in the slough system watershed.

¢. __Construction Activity Stormwater Permnits

Describe general permit requirements

2. CWA Section 404 Wetland Filling/Dredging Permit Program

Section 404 of the Clean Water Act regulates the discharge of dredged and fill material into water of the United States,
and establishes a permit program to ensure that such discharges comply with environmental requirements. At the
federal level, the Section 404 program is administered by the U.S. Army Corps of Engineers (the Corps) and the
Environmental Protection Agency (EPA). The EPA has veto authority over the issuance by the Corps of the 404 permit;
however, it has seldom used this power (Steiner, Peiart and Cook 1991). The U.S. Fish and Wildlife Service (FWS) and
the National Marine Fisheries Service (NMFS8) have important advisory roles. The Corps has the primary responsibility
for the permnit program and is authorized, after notice and opportunity for a public hearing, to issue permits for the
discharge of dredged or fill material. The EPA is responsible for development of the environmental guidelines by which
permit applications must be evaluated; review of proposed permits; prohibition of discharges with unacceptable adverse
impacts; approval and oversight of State assumption of the program,; establishment of the jurisdictional scope of waters
of the U.8.; and interpretation of Section 404 exemptions. Enforcement authority is shared between EPA and the Corps.

Section 404 program regulations define wetlands as "...those areas that are inundated or saturated with surface or ground
water at a frequency and duration sufficient to support, and that under normal circumstances do support, a prevalence of
vegetation typically adapted for life in saturated soil conditions.” To apply this definition in the field, government



scientists use indicators of vegetation, soils, and hydrology to identify wetlands and to establish their boundaries.

The activities regulated by Section 404 includes activities such as port development, channel construction and
maintenance, filling wetlands to create development sites, transportation improvements, and water resource projects.
Some activities that may adversely affect wetlands, such as drainage or ground water pumping, are often conducted
without discharging dredged or fill material into waters of the United States and, therefore, are not reguiated under
Section 404,

The federal Clean Water Act includes activities subject to specific exemptions from permitting requirements inciuding:

+ Normal farming, silviculture, and ranching practices;

+ Maintenance and emergency reconstruction of recently damaged parts of currently serviceable structures such as
dikes, dams, levees, groins, rip rap, breakwaters, causeways, bridge abutments or approaches, and transportation
structures;

+ Construction or maintenance of farm or stock ponds or irrigation ditches, or the maintenance of drainage ditches;

» Construction: of temporary sedimentation basins;

= Construction or maintenance of farm or forest roads or temporary rceads for moving mining equipment if best
management practices are followed;

B. Coastal Zone Management Act (1972) and Amendments

The Coastal Zone Management Act is designed to help coastal states develop their own plans to manage and protect
coastal zone resources by providing financial and technical assistance during the planning and administration of
programs that meet minimum federal standards. The Reauthorization Amendments of 1990 made the following major
changes to the Act of 1972:

+  All federal agency activities are subject to consistency with state coastal zone management plans if they affect natural
resources, land-uses, or water uses in the coastal zone

* Enhancement grants are provided for coastal states with approved coastal zone management programs to continually
improve their programs in several areas inciuding coastal wetlands management and protection

* A Coastal Nonpoint Pollution Control Program was estahlished requiring each coastal state to develop a
management program to address coastal nonpoins pollution.

L. Coastal Nonpoint Pollution Control Program

Section 6217(g) of the Coastal Zone Act Reauthorization Amendments (CZARA) requires California to implement a
Coastal Nonpoint Pollution Control Programs (CNPCP). California’'s CNPCP includes "management measures" to
control nonpoint source pollution in coastal waters. The management measures are in conforrmty w11.h the management
measures listed in a guidance docurnent called Guidance ATAZETTIE :

Pollution in Coastal Waters, or simply (g) Guidance, pubhshed by the Umted States Envuomuental Protectmn Agency
(EPA). The (g) Guidance includes measures to address certain urban ninoff, however, ail storm water dischargers
covered by Phase I of the CWA NPDES stormwater permit program (municipal separate storm sewers serving
populations greater that 160,000 people and certain industrial activities) are excluded from coverage under the CZARA
6217. Under Phase II, EPA is expected to issue regulations that apply to municipalities of under 100,000 population,
although at this time it is not certain when Phase IT wili commence,

Dischargers that may be ultimately covered by Phase II of the storm water NPDES permit program are covered by the
management measures guidance and must be addressed by the coastal nonpoint pollution contre] program. Activities
that are covered by the CNPCP include construction activities on sites less than 5 acres, discharges from retail,



commercial or wholesale activities, service stations and large parking lots. Table | shows a comparison of polution
sources covered by CZARA Management Measures and NPDES Storm Water Permits.



Stormwater Permits
Pollution Source
New Development (populations =
100,000)

New Devetopment (populations <
100,000)

Construction site < 5 acres
Construction site > 5 acres

Retail, commercial or wholesale
activities

Service Stations
Industrial activities

Hazardous waste treatment,
storage, and disposal facilities

Household hazardous waste

Landfills that receive industrial
waste

Recycling faciliies

Transpertation facilities with
vehicle maintenance operations

Roads, highways, and bridge
operations, and maintenance

Large parking lots
On-site disposal systems

Residential property inctuding
lawns and landscaped areas

Recreational areas
Greenhouses and nurseries

llticit connections and discharges

Covered by CZARA Management
Measures

No

Yes

Yes
No

Yes

Yes
No

No

Yes

No

No

No

Yes

Yes
Yes

Yes

Yes

Yes

Covered by NPDES Permitting

Yes

No although the RWQCB may
permit a system serving a
population < 100,000 on a case-
by-case basis

No

Yes

No

No
Yes

Yes

No

Yeas

Yes

Yes

No

No
No

No

No

No

Partial, when not a part of NPDES  Yes

program or combined sewer
overflow

Source: Urban Runoff Technical Advisory Committee Report and Recommendations, November, 1984,

Table 1. Comparison of-Urban Pollution Sources Covered by CZARA-Maragement Measures-and NPDES———



C. National Environmental Policy Act PA

The National Environmental Policy Act of 1969 requires consideration of the adverse impacts on environmental
resources caused by any federal action, including federaily funded or permitted projects. It also requires examination of
alternative to minimize those impacts. Environmental investigations carried out in accordance with NEPA are
documented in an environmental assessment or an environmental impact statement.

D. Rivers and Harbors Act (1899) Section 10

‘The Rivers and Harbors Act of 1899 regulated all construction in or modification of fraditionally navigable waters.
Section [0 prohibits the unauthorized cbstruction or alteration of any navigable waters of the United States. It is similar
to Section 404 of the Clean Water Act in that it requires permits issued by the Corps for any dredging, filling, or
obstruction of navigable waters. When a project requires applications for permits under both the Clean Water and River
and Harbors Acts, the Corps often conducts the two permit reviews concurrently, It ciffers from Section 404 in that the
activities it covers are much broader that those regulated under Section 404 and its jurisdiction extends only to the high
water line. Withm areas covered, the Rivers and Harbors Act offers greater regulatory authonty but it does noi apply to
all areas regulated under Section 404.

E. Food Security Act (1985)

The "swampbuster” provision of the Food Secunty Act of 1985 discourages the conversion of wetlands to farmland by
making any person who produces crops on wetlands converted after December 23, 1985, ineligible for most federal
farm benefits. A second provision of the Food Security Act is the Conservation Reserve Program (CRP). This program
is designed to remove highly erodible croplands from production. While CRP was not initially designed for wetlands
protection, wetlands have been added to the program,

F. Denartmeni of Agriculture ASCS Water Bank Program

Since 1972, the U.S. Department of Agriculture's Agricultural Stabilization and Conservation Service (ASCS) has
offered landowners payments in exchange for agreements to maintain wetlands on their property. Participating
landowners sign 10-year easement contracts to keep wetlands and other wildlife habitats in their natural state.

G. Emergency Wetlands Resources Act (1986)

The 1986 Emergency Wetlands Resources Act expands and enhances the sources of funds for wetlands acquisition. The
law also directs the Secretary of the Interior to develop, in consultation with EPA and other federal and state agencies, a
National Wetlands Priority conservation Plan that identifies the type of wetlands and wetland interests to be given
priority for federal and state acquisition.

The Act directed the U.S. Fish and Wildlife Service to complete mapping project of wetland resources, called the
National Wetlands Inventory (NWT), of the conterminous United States by 1998 and Alaska as soon as practical
thereafter. The law also mandated that status and frend reports be completed at ten year intervals.

H. Executive Orders 11988 and 11990

These Executive Orders were signed by President Carter in 1977 affecting federal agency actions with respect to
wetlands. Executive Order 11988 requires written justification for projects proposed to be located in a floodplain and
Executive Order 11990 directs federal agencies to take active measures to protect wetlands and requires that they avoid
activities that have adverse impacts to wetlands.

L U.S, Fish and Wildlife Service Programs

The Fish and Wildlife Service administers a number of wetland acquisition programs. The Migratory Bird Hunting and
Conservation Stamp Act of 1934 requires waterfowl hunters to buy "duck stamps” to acquire migratory waterfowl
habitat and the Small Wetlands Acquisition Program offers a landowner the opportunity to sell a wetland or enter into an



easement agreement. The Fish and Wildlife Service is also involved in the Land and Water Conservation Fund (LWCF)
to allocate money to the states for acquisition and development projects and the North American Waterfowl]
Management Plan formulated in 1986 as a general strategy for cooperation among Canada, the United States, and
Mexico m the maintenance and enhancement of waterfow] population and habitats.

The Fish and Wildlife Coordination Act requires the Corps to consult the USFWS and the National Marine Fisheries
Service (NMFS} during preparation of an environmental review prior to issuance of a permit. The USFWS Mitigation
Policy provides internal guidance for establishing appropriate compensation goals for projects impacting waters of the
United States. (Questa Engineering's Petaiuma Marsh Enhancement Plan),

J. Endangered Species Act

Some wetlands are offered protection under the Endangered Species Act as habitats for threatened and endangered
species. Among its provisions, Section 7 of the Act requires federal agencies to ensure that any actions they authorize,
fund, or carry out will not jeopardize the continued existence of any listed species, or result in the destruction or adverse
maodification of its designated critical habitat.

K. EPA's Coastal Protection Activities

The EPA's Office of Wetlands, QOceans, and Watersheds (OQWOW) Oceans and Coastal Protection Division (OCPD} is
responsible for addressing growing coastal and ocean problems through poilution prevention efforts, geographic-based
approaches, and enforcement. OWOW shares responsibility with numerous other EPA offices, federal agencies, and
states for implementing the basic requirements of the Clean Water Act. Point source discharges to marine and estuarine
waters are regulated through Nationai Potlutant Discharge Elimination System (NPDES) permits that set limits on
effiuents and define monitoring and reporting requirements.

The passage of the Water Quality Act of 1987 authorizes EPA to convene management conferences to develop
comprehensive conservation and management plans for estuaries of national significance that are threatened by
pollution, development, or overuse. The EPA, in managing the National Estuary Program, 1s directed to identify
nationally significant estuaries threatened by pollution, development, or overuse, and o promote the preparation of
comprehensive management plans to ensure their ecological integrity.
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Monthly Water Budget for Harkins Slough - September

|SHALLOW GW DISCHARGE TO SLOUGHS (AC-FT)
FROM FROM FROM
TOTAL DEEP AREA QVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE. PRECIP. | RUNOFF ET PERCOLATION DEEP RECH. GW GW RECH. MONTH 2 MONTHS 3MONTHS |[TOTAL
CATEGORY CN ACRES | % R.0O. (INCHES) {AC-FT) (1N} {IN} {AC-FT} ZONE{AC) RECH. (AC-FT] {AC-FT) (25% of Aug) {50% of Jul} {25% of Jun}
AG a9 98 4] 03 Q.0 03 0 0.0 2] 0.0 0.0 o] -2.56 0.00 -2.56
URBAN a7 142 33 03 1.2 0.3 o] 0.0 49 0.0 Q.0 0 -3.67 0.00 -3.67
AG as 354 Q 0.3 0.0 0.3 0 0.0 0 0.0 0.0 O -8.15 Q.00 915
URBAN a3 220 22 0.3 1.2 0.3 0 0.0 0 Q.0 0.0 o -5.68 0.00 -5.68
OPEN -] 1586 0 0.3 0.0 0.3 0 0.0 0 Q.0 0.0 [ -40.97 Q.00 -40.97
AG 78 815 0 0.3 0.0 0.3 0 0.0 574 0.0 0.0 O -16.35 Q.00 -16.35
OPEN 74 2316 0 0.3 0.0 0.3 0 0.0 1168 0.0 Q.0 [ -59.83 0.00 -59.83
TOTAL 5532 24 0.0 1792.0 0.0 0.0 0.0 =138 0.00 -138.21
Motes:
1. Parcent runoff derived from TR-55 modsling
2. Determined from actual measurements at the Walsonville Water Works
Monthly Water Budget for Gallighan Slough - September
SHALLOW GW DISCHARGE TO SLOUGHS (AC-FT)
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE. PRECIP. | AUNOFF ET PEACOLATION REEP RECH. GW GW RECH. MONTH 2 MONTHS 3MONTHS |TOTAL
CATEGORY CN ACRES | % R.O. {INCHES) {AC-FT} {IN} M) (ACFT) ZONE(ACY |RECH. {AC-FT| {AC-FT) {25% of Aug) (50% of Jul} [258% of Jun)
OPEN g2 13 0 0.3 0.0 0.3 0 0.0 E9 0.0 Q.0 a -8.24 0.00 -B24
AG 78 350 o 0.3 0.0 0.3 o} 0.0 117 0.0 0.0 o 8.04 0.00 -9.04
URBAN 75 &8 15 0.3 0.3 0.3 4] 0.0 1 0.Q 0.¢ 4] -1.78 .00 ~-1.78
OPEN 74 778 0 0.3 0.0 0.3 8] 0.0 664 0.Q 0.0 4] -20.05 0.00 -20.05
TOTAL 1514 0.3 0.0 851.0 0.0 0.0 -39.11
Monthly Water Budget for Watsonville Slough - September
SHALLOW GW DISCHARGE TO SLOUGHS {AC-|
FAOM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE. PRECIP. | RUNOFF ET |PERCOLATION DEEP RECH. GW GW RECH. MONTH 2 MONTHS 3 MONTHS |TOTAL
CATEGORY CN ACRES | % R.O. {INCHES {AC-FT) [N} {IN} {AC-FT} ZONE{AC) RECH. (AC-FT| {AC-FT} {25% of Aug) (50% of Jui} (25% of Jun)
JRBAN 95 1019 &8 0.3 17.3 0.3 ¢ 00 0 0.0 0.0 0 -26.32 .00 -26.32
URBAN o2 205 55 0.3 28 03 ¢ 0.0 3] 0.0 0.0 o] -5.30 Q.00 -5.30
AG a8 200 Q 0.3 0.0 0.3 c Q.0 o 00 on 0 -8.17 0.00 517
LJRBAN 87 263 7 o..m 2.4 a3 a 0.0 o 00 0.0 0 -6.70 0.00 -5.78
AG 85 733 0 0.3 0.0 0.3 Q 0.0 0 0.0 0.0 ] -18.94 0.00 -18.94
URBAN 83 I 28 0.3 22 0.3 Q 0.0 0 0.0 a.0 0 -1.47 0.00 -1.47
OPEN 82 927 o] 0.3 0.0 0.3 ¢ 0.0 0 0.0 0.0 a -1.55 0.00 -1.85
AG 78 78 o] 0.3 0.0 .3 o] 0.0 124 0.a 0.0 o -95.82 0.00 -99.82
OPEN 74 57 o} 0.3 0.0 0.3 o] 0.0 0 o0 0.0 0 0.00 0.00 a.a0
OPEN 61 =] 4] 0.2 0.0 0.3 o] 0.0 30.8 0.0 0.0 0 0.00 0.00 0.00
TOTAL 3664 248 0.0 164.8 0.0 0.0 -165.36




Monthly Water Budget for Harkins Slough - October

SHALLOW GW DISCHARGE TG SLOUGHS [AC-FT)
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE, PRECIP.|RUNOFF| ET  [PERCOLATION DEEF RECH, GwW GW RECH. MONTH 2MONTHS | 3MONTHS | TOTAL
CATEGORY| CN | ACRES | % R.0. | (INCHES) | (ACFT)| ({IN) (IN]__[ (ACFT) | ZONE(AC) | RECH.(AC-FT) | (ACFT} | (25%afSepl} | (50%ofAug) | _(25% ofJul}
AG 89 99 o 1.1 0o 11 0 0.0 0 0.0 2.0 0o o -1.27875 13
UREAN 87 142 33 1.1 4.3 11 | -0363 -4.3 43 0.0 4.3 0.0 0 -1.83416666667 | -1.8
AG 85 354 0 1.1 2.0 1.1 0 0.0 o 0.0 00 0.0 0 -4.5725 -46
URBAN 83 220 22 11 44 11 | 0242 44 0 0.0 -4.4 a0 0 -2.84166666667 |  -2.8
OPEN 80 1586 0 1.1 0.0 11 0 0.0 0 0.0 0.0 0.0 0 -20.4858333333 | -20.5
AG 78 633 0 1.1 0.0 1.4 0 0.0 574 0.0 ) 0.0 o -8.17625 -8.2
OPEN 74 2318 0 1.1 0.0 1.1 0 0.0 1169 0.0 1 oo 0.0_ g -29.915 -29.9
TOTAL 5350 87 87 1792.0 0.0 a7 00 ] 68.1 69.1
Notes:
1. Percent runoff derived from TR-55 madeling
2. Determined from actual maasurements at the Watsonville Water Works
Monthly Water Budget for Gallighan Slough - October
SHALLOW GW D|SCHARGE T0 SLOUGHS {AC-FT)
_ FROM FROM FROM
TOTAL DEEP AHEA OVER DEEP SHALLDOW PRIOA PRIOR PRIOR
AVE. PRECIP.|RUNOFF| ET  [PERCOLATION DEEP RECH. GW GW RECH. MONTH 2MONTHS | S3MONTHS | TOTAL
CATEGORY| CN | ACRES | %R.D. | (INCHES) ] {ACFT)| (M) {iN} (ACFT) | ZONE(AC) | RECH. (AG-FT) | (AC-FT} | (25%ofSept) | (50%ofAug) | (25% of Jub)
OPEN 82 313 0 1.1 0.0 1.1 0 0.0 69 0.0 0.0 0.0 0 -4.12041666667 |  -4.1
AG 78 as0 0 1.1 0.0 1.1 0 0.0 17 0.0 0.0 0.0 o -4.52083333333| -45
URBAN 75 69 15 1.1 0.9 1.1 0 00 1 0.0 0.0 0.0 0 -0.89125 -09
OPEN 74 178 0 1.1 0.0 1.1 i 0.0 664 0.0 0.0 0.0 0 -10.0233339333] -10.0
TOTAL 1514 0.9 0.0 851.0 0.0 0.0 -19.6
Monthly Water Budget for Watsonville Slough - October
SHALLOW GW D|SCHARGE TO SLOUGHS (AC-FT)
FROM FAOM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE, PRECIP,| RUNOFF| ET  [PERCOLATION DEEP HECH., GW GW RECH. MONTH 2ZMONTHS | 3MONTHS | TOTAL
CATEGORY| CN | ACRES | % R.O. | (INCHES) | (ACFT)| (IN) (IN) (AC- ZONE(AC) | RECH.{ACFT) | {ACFT) | (25%oiSept) | (50%ofAug) | (25% of Jul)
URBAN 95 1019 68 11 635 11 0 0.0 0 0.0 a0 00 o -131620833333 | -13.2
URBAN 82 205 55 1.1 10.3 1.1 0 8.0 0 0.0 0.0 0.0 0 2547916666671 -28
AG 89 200 0 1.1 0.0 1.1 0 0.0 0 0.0 0.0 0.0 0 -2.58333333333 | 26
URBAN 87 263 ¥ 1.9 89 11 0 0.0 0 0.0 B0 0.0 0 -3.39708333333 | -34
AG B5 733 0 1.1 0.0 1.1 0 00 0 9.0 0.0 0.0 0 -9.46791666567 | 9.5
URBAN 83 321 28 1.1 82 1.1 o 0.0 10 0.0 0.0 0.0 0 -0.73625 07
QPEN a2 927 0 11 0.0 1 ! 0.0 0 ] 0.0 0.0 0 0775 0.8
AG 78 79 0 1.1 00 1.1 0 0.0 124 6.0 0.0 0.0 0 -48.91 -48.9
OPEN 74 57 0 11 0.0 1.1 0 00 10 0.0 0.0 0.0 0 -0.73625 07
QPEN 1 89 0 11 00 1.1 o 0.0 20.8 0.0 0.0 0.0 0 -0.775 -0.8
TOTAL 3864 910 0.0 174.8 0.0 0.0 -84:2




Monthly Water Budget for Harkins Slough - November

SHALLOW GW DISCHARGE TO SLOUGHS (AC-FT}
FROM FAOM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE. PRECIP. | RUNOFF ET PERCOLATION DEEP RECH. GW GW RECH. MONTH 2 MONTHS 3 MONTHS TOTAL
CATEGORY CN ACRES | % R.O. {INCHES) {AC-FT} [{ix)] L] {AC-FT} | ZOME{AC} |RECH.{AC] {AC-FT) (25% of Oct) {50% of Sept} {25% of Aug)
AG 89 a9 15 3.25 4.0 2.3 0.4625 a8 4] 0.0 3B Q.0 0.0 ‘a 0.0
URBAN B? 142 33 3.25 127 2.3 -0.1225 -1.4 49 0.0 -1.4 -1 0.0 0 -1.1
AG a5 354 15 3.25 144 2.3 0.4625 138 0 0.0 136 Q.0 Q.0 a 0.0
URBAN 83 220 22 3.25 131 2.3 0.235 4.3 0 .0 4.3 -1 Q.0 Q -1.%
OPEN 80 1586 O 3.28 0.0 2.3 0.85 1256 0 .0 125.6 0.0 o0 8] 0.0
AG 78 £33 @ 3.25 0.0 23 0.95 501 574 454 47 Q.0 0.0 a 0.0
OPEN 74 2316 ¢ 3.25 0.0 23 095 | 1834 1168 92.5 90.8 0.0 0o 0 0.0
TOTAL, 5350 44.2 373 1792.0 138.0 2414 -2.2 0.0 L] -2.2
Notes:
1. Percent runoff derived from TR-55 modeling
2. Determined from actual measurernents at the Watsonvilla Water Works
Meonthly Water Budget for Gallighan Slough - November
SHALLOW GW DISCHARGE TO SLOUGHS {AC-FT)
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE. PRECIP. | ARUNCFF ET PERCOLATION DEEP RECH. GW GW RECH. MONTH 2 MONTHS 3 MONTHS TOTAL
CATEGORY CN ACRES | % R.O. {INCHES} {AC-FT) 1N} J{u)] {AC-FT} | ZOME{AC} |AECH.{ACH {AC-FT) {25% of Oct) {50% of Sepl) 125% of Aug}
OPEN 82 ] 15 a.25 13.0 2.3 0.4625 123 63 27 985 Q.0 ¢.q 0 0.0
AG 78 350 kL] 3.25 N3 2.3 -0.1225 -3.6 117 00 -3.6 0.0 04 a 8.0
URBAN 75 €9 27 325 50 2.3 0.0725 0.4 1 Q.0 0.4 0.0 Q.q 0 0.0
OPEN 74 776 a 3.25 00 2.3 Q.85 61.4 564 52.6 8.9 0.0 0.0 Q 0.¢
TOTAL 1514 48.3 70.6 BS1.0 55.2 16.3 0.0
Monthly Water Budget for Watsonville Slough - November
SHALLOW GW DISCHARGE TO SLOUGHS (AC-FT)
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE. PRECIP. | HUNQFF ET PERCOLATION DEEP RECH. GW GW RECH. MONTH 2 MONTHS 3 MONTHS TOTAL
CATEGORY CN ACRES | % R.0. {INCHES} {AC-FT) [LIx)] (I} {AC-FT} | ZONE{AC) |RECH.(AC] {AC-FT) {25% of Oct ({50% of Sept] {25% of Aug)
URBAN 35 1019 6B 3.25 187.7 2.3 1] 4.0 1] 0.0 00 0.0 0.0 1] 0.0
LIRBAN 92 205 58 3.26 0.5 2.3 0 0.0 0 Q 0.0 4] 6.0 0 0.0
AG 89 200 15 3.28 8.1 2.3 0.4625 7.7 0 0 7.7 Q.0 0.0 1] 0.0
URBAN &7 263 a7 3.25 264 23 o] 1K) 0 0 0.0 0.0 0.0 43 05
AG 85 733 15 .25 298 2.3 04625 28.3 ¢] 0 28.3 0.0 0.0 0 0.0
UARBAN 83 321 28 3.25 243 23 ¢ 0.0 10 a 0a 0.0 .0 0 0.0
QPEN 82 927 10 3.26 251 2.3 0.825 48.3 ¢ Q 48.3 0.0 .0 s} 0.0
AG 78 79 15 3.25 3.2 23 0.4628 3.0 124 0 3.0 04 0.0 a 0.0
OPEN 74 57 ¢ .25 0.0 23 0.85 4.5 ¥ Q 45 0.Q 0.0 a 0.0
COPEN &1 &0 Q 3.25 0.0 23 0.95 4.8 30.8 a 4.8 0.0 0.0 2 0.0
TOTAL 3664 3351 96.5 164.8 0.0 96.5 0.0




Monthly Water Budget for Harkins Slough - December

SHALLOW GW DISCHARGE TO SLOUGHS {AC-
FROM FROM FROM
TOTAL DEEP AREAOVER| DEEP  |SHALLOW PRIOR PRIOR PRIOR
AVE_PRECIP. |RUNOEF] ET  |PERCOLATION __ | DEEP RECH. Gw GWRECH.|  MONTH 2 MONTHS 3MONTHS  |TOTAL
CATEGORY | CN | ACRES | % R.0. | {INCHES) |(AC-FT}| (IN) {iN) | {AC-FT} | ZONE(AC) |RECH.{AC-FT) (AC-FT) | (25%ofNovi | (50%ofQct) | (25% of Sept)
AG 89 ] 46 325 123 186 0.155 ia 0 0.0 13 10 Y] 09 10
URBAN 87 142 40 az2s 15.4 16 0.35 4.1 49 1.4 2.7 0.4 -2.1 0.0 2.5
AG 85 354 34 3.25 REX 16 0545 + 161 0 0.0 16.1 3.4 0.0 0.0 3.4
URBAN a3 220 28 3.25 16.7 1.6 0.74 13.6 o 00 136 A 22 0.0 1.1
OPEN 80 1586 22 3.25 84.5 16 0935 | 1238 o 0.0 1236 34 0.0 00 31.4
AG 78 633 22 3.25 37.7 18 0935 | 49.3 574 4.7 46 1.2 0.0 0.0 12
OPEN 74 2316 12 3.25 75.3 1.8 126 | 2432 1169 122.7 120.4 227 0.0 ] 2.7
TOTAL 5350 26435 451.1 17920 168.9 2822 603 a4 0.0 56.0
Notes:
1. Percent runolf darived from TR-55 madeling
2. Detemnined from actual measurements at the Watsanville Watar Works
Monthly Water Budget for Gallighan Slough - December
SHALLOW GW DISCHARGE TO SLOUGHS {AC-FT)
FROM FROM FROM
TOTAL DEEP AREAOVER| DEEP [SHALLOW!  PRIOR PRIOR PRIOR
_ AVE.PRECIP. |RUNOFF| ET |PERCOLATION __|DEEP RECH, GwW GWRECH.|  MONTH 2 MONTHS 3MONTHS |TOTAL
CATEGORY | CN | ACRES | % R.0. | (INCHES) |{ACFT)| (N} (IN} [(ACFT) | ZONE(AC) |RECH. {AC-FT}| (AC-ET) | (25% ofNov) | (50%ofOct) | (25% of Sepl}
OPEN B2 319 20 325 17.3 18 1 76.6 69 5.7 208 2.4 48 0.0 72
AG 78 350 18 3.25 142 16 | 14625 | 338 1?7 11.3 226 0.8 18 0.0 237
URBAN 75 69 15 3.25 28 t6 | 11825 | &7 1 a1 66 0.1 0.2 0.0 0.3
OPEN 74 778 10 3.25 21.0 1.6 1325 | 867 664 733 2.4 2.2 4.4 0.0 6.7
TOTAL 1514 553 1529 851.0 80.5 B24 1S
Monthly Water Budget for Watsonvilie Sto: -/, - December
SHALLOW GW DISCHARGE TO SLOUGHS (AC-FT)
FROM FROM FROM
TOTAL DEEP AREA OVER DEEF  [SHALLOW PRIOR PRIOR PRIOR
AVE.PRECIP. |RUNOFF| ET |PERCOLATION  |DEEP RECH. Gw GWRECH.|  MONTH 2 MONTHS 3MONTHS {TOTAL
CATEGORY | CN | ACRES | % R.0. | (INCHES} | (ACFT)| {IN) iN_[{ACFT)_| ZONE(AC) |RECH.(AC-FT)| (AC-FT) | (25%ofNov} | (50%ofQcti | {25% of Sepi)
URBAN 95 1019 68 3.25 187.7 18 0 04 0 0.0 0.0 0.0 0.0 0.0 0.0
URBAN g2 205 55 325 30.5 16 0 0.0 a 0.0 0.0 0.0 0.0 0.0 0.0
AG 89 200 43 3.25 23.3 1.6 | 02525 | 42 0 0.0 42 19 39 0.0 58
URBAN 87 263 37 325 26.4 16 | 04475 | o8 0 0.0 9.8 0.0 0.0 0.0 0.0
AG 85 733 a4 3.25 675 18 0545 | 33.3 ) 0.0 33.3 7.1 141 0.0 212
URBAN 83 321 28 328 243 1.6 0.74 19.8 10 06 19.2 a0 0.0 0.0 00
OPEN 82 g27 25 3.25 62.8 16 | 08375 | 647 0 0.0 847 121 24.1 0.0 36.2
AG 78 79 18 3.25 3.9 16 1.065 7.0 124 1.0 -4.0 0.8 1.5 0.0 23
OPEN 74 57 9 328 1.4 16 [ 13575 | 64 0 0.0 8.4 1.1 2.3 0.0 3.4
OPEN 61 80 0 3.25 0.0 1.6 1.65 8.3 30.8 4.2 4.0 1.2 24 0.0 3.5
TOTAL 3864 427.7 153.5 164.8 15.9 137.7 72.4



Mcnthly Water Budget for Harking Slough - January

SHALLOW GW DISCHARGE TO SLOUGHS {AC-FT]
FROM FROM FROM
TOTAL DEEP AREAOVER| DEEP | SHALLOW PRIOA PRIOR PRIOR
AVE.PRECIP.|AUNOFF| ET |PERCOLATION  |DEEP RECH. aw GWRECH. | MONTH 2 MONTHS 4 MONTHS | TOTAL
CATEGORY CN | ACRES | % R.O. | (INCHES) |(AC-FT}| () (IN] [|{AC-FT} | ZONE(AC} [AECH. (AC-FT] (AC-FT) | (25%0fDec) | (50% ofNow) | (25% ofOct)
AG 89 99 40 45 18.2 13 0495 | 41 0 0.0 41 03 18 0.0 22
URBAN | &7 142 a2 45 224 18 0.81 9.8 48 3.3 6.3 07 -07 1. -1.1
AG 85 354 37 45 49.1 18 1035 | 305 0 0.0 305 40 6.8 0.0 10.8
URBAN | 83 220 29 4.5 239 18 1395 | 256 o 0.0 256 34 2.2 11 44
OPEN 80 | 1586 24 45 1427 18 162 | 2141 0 00 2141 309 62.8 0.0 937
AG 78 633 22 45 52.2 18 17 gn.2 574 81.8 8.4 1.1 2.3 0.0 35
OPEN 74| 2316 12 4.5 104.2 18 216 | 4189 1189 2104 206.5 30.1 454 0.0 755
TOTAL 5350 3123 791.0 17920 2958 495.4 189.1
Notes:
1. Percent runcff derived from TH-55 modeling
2. Detenmined from actual measurements al the Watsonville Water Works
Monthly Water Budget for Gallighan Slough - January
SHALLOW GW DISCHARGE TO SLOLGHS [AC-FT]
FROM FROM FROM
TOTAL DEEP AREAOVER| DEEP | SHALLOW PRIOA PRIORA PRIOR
AVE. PRECIF.|RUNOFF| ET |PERCOLATION _ |DEEP RECH. GW GWRECH. | MONTH 2MONTHS | 3MONTHS | TOTAL
CATEGORY CM_J ACRES | % R.0. | (INCHES) | (AC-FT} | (i) {IN} T{AC-FT) | ZONE(AC) |RECH. (AC-FT] {AC-FT) | (25%ofDec) | (50%ofNov) | (26% of Oct)
OPEN 82 319 24 4.5 a7 18 1.62 43.1 69 9.3 338 5.2 4.8 00 100
AG 78 350 20 45 26.3 1.8 18 525 1y 17.6 350 5.5 -1.8 0.0 a9
URBAN | 75 69 15 45 a9 1.8 2025 | 118 1 0.2 115 1.6 0.2 a0 19
OPEN 74 776 12 4.5 349 1.8 216__| 1397 664 118.5 202 .1 44 0.0 7.5
TOTAL 1514 93.8 2459 851.0 145.6 100.3 233
Monthly Water Budget for Watsonville Slough - January
SHALLOW GW DISCHARGE TO SLOUGHS {AC-FT]
FROM FROM FROM
TOTAL DEEP AREAOVER| ©DEEP | SHALLOW PRIOR PRIOR PRIOR
AVE.PRECIP.[RUNOFF| ET [PERCOLATION  |DEEP RECH. GwW GWHRECH. |  MONTH 2 MONTHS 3 MONTHS | TOTAL
CATEGORY CN | ACAES | % R.0. | (INCHES) | {AC-FT}| (N} {(IN) [{AC-FT) | ZONE{AC} |RECH. (AC-FT] (AG-FT) | (25% ofDec) | (50%ofNov) | (26% ofOct)
URBAN | 95 | 1019 68 45 259.8 18 0 0.0 0 0.0 0.0 00 00 0.0 6.0
URBAN | 92 205 55 45 42.3 18 | oz22s | 38 0 0.0 a8 0.0 0.0 0.0 0.0
AG 89 200 48 45 34.5 18 063 105 o 0.0 10.5 11 3.9 0.0 49
URBAN | 87 263 a7 45 36.5 18 1035 | 287 0 0.0 22.7 25 0.0 0.0 25
AG a5 733 a7 45 1017 18 1085 | 632 0 0.0 83.2 8.3 1a.1 0.0 22.4
URBAN | 63 321 28 4.5 337 1.8 1.44 385 10 1.2 37.3 48 0.0 0.0 4.8
OPEN 82 927 24 4.5 83.4 18 162 | 1251 0 0.0 125.1 16.2 2.1 0.0 40.3
AG 78 79 20 45 5.9 18 18 119 124 186 6.8 1o 1.5 0.0 0.5
OPEN 74 57 10 4.5 2.1 18 2.25 10.7 0 0.0 107 15 2.3 0.0 39
OFEN 81 60 2 45 0.5 1.8 2.61 13,1 30.8 67 6.4 1.0 24 0.0 34
TOTAL 3864 B600.5 2995 1648 265 273.0 344 ITF] 0.0 827




Monthly Water Budget for Harkins Slough - Febuary

SHALLOW GW DISCHARGE TO SLOUGHS {AC-FT)
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRICRA PRIOR
AVE. PRECIP.| RUNQFF ET PERCOLATION DEEP RECH. GwW GW RECH. MONTH 2 MONTHS 3MONTHS |TOTAL
CATEGORY| CN [ ACHES | % R.O. {INCHES} | (AC-FT) {IN) ANy (ACFT) | ZOMELACY |AECH. (AC-FT)| (AC-FT} {25% at Jan) {60% of Dac) {25% of Nov)
AG 89 59 50 a.7s 15.5 23 -0.4 -3.5 0.0 0.0 -3.5 1.0 0.6 1.0 2.6
URBAN 87 142 47 3.75 20,9 23 0.0 0.0 49.0 o0 o0 1.6 14 0.4 28
AG a5 354 41 3.75 45.4 23 -0.1 2.5 Q.0 0.0 2.8 78 a.0 34 189
URBAN a3 220 a5 378 24.1 2.3 0.1 2.5 0.0 00 25 6.4 68 1.1 14.3
OFEN 80 1586 29 3.75 1437 2.3 0.4 47 9 0.0 0.0 47.9 53.5 61.8 a1.4 146.7
AG 78 %5 ] 27 375 53.4 2.3 0.4 23.1 574.0 209 22 2.1 23 1.2 5.6
OPEN 74 2318 15 375 108.6 23 0.9 171.3 1169.0 86.5 84.8 51.6 60.2 227 134.5
TOTAL 5350 1.4 2347 1792.0 107.4 1313 123.9 141.1 60.3 325.3

Noles:
1. Percent runoff derived from TR-55 modeling
2. Determined from actual measurements at the Watsonwville Waler Works

Monthly Water Budget for Gallighan Slough - Febuary

SHALLOW GW DISCHARGE TO SLOUGHS (AC-FT)

FROM FROM FROM

TOTAL DEEFP AREA OVER DEEFP SHALLOW PRIOA PRIOR PRICR
AVE. PRECIP.} RUNOFF ET FERCOLATION PEEP RECH. GW GW RECH. MONTH 2 MONTHS 3 MONTHS |TOTAL

CATEGORY| CN | ACRES | % R.O. {INCHES) | {AC-FT} (IN} Ny [ACFT) | ZONE(AC) |RECH.(AC-FT) {AC-FT) {25% of Jan) (50% of Dec) {25% aof Nov)

OFEN 82 a1a 32 37s 31.9 2.3 0.2 6.6 63.0 1.4 5.2 8.4 104 24 21.3
AG 78 350 27 375 295 23 04 128 1170 4.3 g.5 8.7 113 0.9 181
URBAN 75 59 21 3.75 4.5 2.3 0.7 34 10 2.1 38 2.9 33 o1 6.3
OPEM 74 776 15 375 36.4 2.3 08 57.4 664.0 49.1 8.3 5.0 6.2 22 13.4
TOTAL 1314 102.3 80.6 BS1.0 4.3 257 60.1

Monthly Water Budget for Watsonville Slough - Febuary

SHALLOW GW DISCHARGE TO SLOUGHS {AC-FT}
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AYE. PRECIP.| RUNQFF ET }PERCOLATION DEEP RECH. GwW GW RECH. MONTH 2 MONTHS AMONTHS |[TOTAL
CATEGORY! CN ACRES | % R.O. (INCHES) | (AC-FT) {IM} {IN] {AC-FT) | ZOME{AC) |RECH. (AC-FT)| [AC-FT} (25% of Jan) {50% of Dec) {25% of Nov)
URBAN o5 1013 72 375 2293 2.3 .0 040 0.0 0.0 0.0 0.0 0.0 1] 0.0
URBAN g2 205 55 3.75 35.2 2.3 0.0 0.0 00 0.0 0.0 1.0 04 0.0 1.0
AG Ba 200 53 378 331 23 0.5 -8.0 0.0 00 8.0 2.6 2.1 1.9 6.7
URBAN a7 263 43 375 35.3 2.3 0.0 0.0 0.0 0.0 0.0 5.7 48 an 10.6
AG 85 733 Ll 375 434 23 -0.1 5.3 an 0.0 <53 15.8 16.6 71 38.5
URBAN 83 321 32 3.75 321 23 0.3 87 100 0.2 6.5 843 a8 0.0 18.2
OPEN 82 927 32 375 927 23 0.3 19.3 o.0 0.0 19.3 a3 323 121 757
AG 78 79 27 375 6.7 23 04 2.9 124.0 4.5 -8 -1.7 =20 0.8 23
OPEN 74 57 15 3.75 27 2.3 feR:] 4.2 o040 aRi] 4.2 27 a.z 11 7.0
QOPEN 61 &0 3 375 0.8 23 1.3 57 30.8 3.4 a3 1.8 2.0 1.2 4.8
TOTAL 3864 561.6 25.5 164.8 8.2 17.3 161.2



Monthly Water Budget for Harkins Siough - March

SHALLOW GW DISCHARGE TO SLOUGHS {AC-FT]
FROM FROM FRAOM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOA
AVE. PRECIP.| RUNQFF ET PERCOLATHON DEEP RECH. GW GW RECH. MONTH 2 MONTHS 3MONTHS |TOTAL
CATEGORY CN ACRES | 9% R.O. (INCHES) (AC-FT) [{ix}] L] {AC-FT) | ZONE{AC) |RECH. (AC-FT| {(AC-FT) (25% of Feb) (50% of Jan} {25% of Dec}
AG 8g 99 49 4.5 18.2 341 -0.805 -8.6 0 0.0 -6.6 0.9 20 03 15
URBAN 87 142 42 4.5 22.4 31 -0.48 -58 49 0.0 -5.8 0.0 31 ar 38
AG a5 354 37 4.5 431 a1 -(.285 -¥.8 g 0.0 7.8 -0.6 153 4.0 18.56
URBAN 83 220 29 4.5 239 3.1 0.095 1.7 0 00 17 0.6 12.8 3.4 168
COPEN 80 1586 24 4.5 142.7 341 0.32 423 0 Q.0 42.3 2.0 1071 308 140.9
AG 78 633 22 45 h2.2 31 0.4 216 574 19.6 20 a5 4.2 11 5.9
QOPEN 74 2318 12 4.5 1042 31 0.86 166.0 1169 B3.B B82.2 21.2 104.2 0.1 154.5
TOTAL 5350 412.8 2114 1792.0 103.4 108.0 32.8 247.7 70.6 3511
Moles:
1. Percent runoff derived from TR-55 modeling
2. Delermined from actual measuraments at the Waisonville Water Warks
Monthly Water Budget for Gallighan Slough - March :
SHALLOW GW DISCHARGE TO SLOLUGHS (AC-FT]
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE. PRECIP.| RUNOFF ET PERCOLATION DEEP RECH. Gw GW RECH. MONTH 2 MONTHS AMONTHS | TOTAL
CATEGORY CN ACRES | % R.O, {INCHES} {AC-FT} (IM) {IN} {AC-FT) | ZONE{AC) |RECH. {AC-FT| (AC-FT} (25% of Feb)} {50% of Jan} 125% of Dec]
OFEN a2 319 24 4.5 287 an 0.32 8.5 E9 1.8 6.7 13 168 5.2 23.4
AG 78 350 20 4.5 26.3 ai 0.5 146 17 4.9 9.7 21 175 5.6 252
URBAMN 75 68 15 4.5 39 a1 0.725 4.2 1 0.1 4.1 Q.9 57 1.6 8.3
QOFPEN Fi 776 12 4.5 349 3.3 0.86 55.6 664 47 8 B.0 2.1 101 3.1 15.2
TOTAL 1514 93.8 825 B51.0 54.4 2B.5 6.4 50.2 15.6 722
Monthly Water Budget for Watsonville Slough - March
SHALLOW GW DISCHARGE TO SI.OUGHS (AC-FT]
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PAIOR PRIOR PRIDR
AVE. PRECIP.| RUNGFF ET PERCOLATION DEEP RECH. Gw GW RECH. MONTH 2 MONTHS 3MONTHS |(TOTAL
CATEGORY CN ACRES | % R.O, (INCHES) {AC-FT) {IN} {1} {AC-FT} | ZONE(AC) |RECH. {AC-FT| (AC-FT) {25% of Feb) {50% of Jan) {25% of Dec)
URBAN 95 1018 68 4.5 250.8 3.1 1] a0 o] 0.0 0.0 0.0 0.0 0.0 0.0
URBAN 92 205 55 4.5 423 3.1 0 Q.0 3] 0.0 0.0 0.0 19 0.0 18
AG 89 200 46 4.5 M5 341 -0.67 -11.2 O 0.0 -2 2.2 53 1.1 4.1
URBAN 87 263 37 4.5 36.5 341 0 Q.0 o] 0.0 G0 0.0 13 2.5 13.8
AG 85 733 a7 4.5 101.7 3.1 -0.265 -16.2 4} 0.0 -168.2 -1.3 e a3 38.6
URBAN a3 321 28 4.5 337 341 2] 00 10 .0 0.0 1.6 18.7 4.8 251
OPEN 82 927 24 4.5 B83.4 31 Q.82 247 o 0.0 247 4.8 62.6 16.2 83.6
AG 78 79 20 4.5 59 31 0.5 33 124 5.2 -1.8 0.4 -3.4 -1.0 -48
OPEN T4 57 10 45 21 31 0.85 45 0 0.0 4.5 11 53 16 840
OPEN 81 60 2 4.5 Q.5 341 13 6.6 30.8 34 32 Q.8 3.2 1.0 50
TOTAL 3884 600.5 1.7 164.8 8.5 3.2 4.3 136.5 34.4 175.2




. Monthly Water Budget for Harkins Slough - April

SHALLOW GW DISCHARGE TO SLOUGHS (AC-FT]
FAOM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE. PAECIP.| RUNOFF ET PERCOLATION DEEP RECH. GwW GW ARECH. MONTH 2 MONTHS 3 MONTHS |TOTAL
CATEGORY CH ACRES | % R.O. (INCHES) | {AC-FT) {IM) {IN} {AC-FT) | ZONE(AC)Y [RECH. {AC-FT)| (AC-FT) {25% ot Mar) {50% of Faby) {25% at Jan)
AG B9 =27 47 1.5 5.8 1.5 -0.705 -5.8 0 0.0 -5.B -1.7 -1.8 10 -2.4
URBAN ar 142 40 135 71 1.5 0 .0 49 0.0 0.0 -1.4 0.0 1.6 ol
AG a5 354 33 15 146 1.5 -01.485 -14.6 Q 00 -14.8 -2.0 -1.3 T8 4.4
URBAN B3 220 27 1.4 74 1.5 0 0.0 4] 0.0 0.0 04 i3 6.4 8.1
OPEN 80 1586 20 15 39.7 1.5 -0.3 -39.7 a 0.0 -39.7 106 240 53.8 881
AG 78 633 20 15 15.8 1.5 -0.3 -15.8 574 0.0 -15.8 05 1.1 2.1 a7
OPEN 74 2316 12 1.5 7.8 1.5 -0.195 -37.6 1169 0.0 -37 8 208 424 516 114.6
TOTAL 5350 128.1 -113.5 1792.0 0.0 -113.5 27.0 65.7 123.9 216.5
Mates:
1. Percent runoff derived from TR-55 modeling
2. Detemmined from actual measurements at the Waisonville Water Waorks
Monthly Water Budget for Gallighan Slough - April
SHALLOW GW DISCHARGE TO SLOUGHS {AC-FT]
FRADM FAOM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE. PRECIP. RUNOFF ET PERCOLATION DEEP AECH. Gw GW RECH. MONTH 2 MONTHS J MONTHS |TOTAL
CATEGORY CHN ACRES | % R.0. {INCHES} | {AC-FT) (IN} {IN} {AC-FT) | ZONE(AC} |RECH. {ACFT}| (AC-FT) {25% of Mar) (50% cf Feb) (25% of Jan}
OPEN 82 a1 20 1.5 8.0 1.5 0.3 -8.0 69 0.0 -8.0 1.7 256 8.4 127
AG 78 350 13 15 57 1.5 -.195 5.7 117 0.0 -5.7 24 4.2 87 15.4
LIRBAN 75 1] 13 15 11 15 0 040 1 0.0 0.0 1.0 1.9 28 5.8
QPEN 74 776 13 1.5 12.6 15 -0.195 126 664 0.0 126 2.0 41 5.0 11.2
TOTAL 1514 274 -26.3 851.0 0.0 -26.3 74 12.9 251 45.1
Monthly Water Budget for Watsonville Slough - April
SHALLOW GW DISCHARGE TO SLOLIGHS (AC-
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRICR
AVE. PRECIP.| AUNOFF ET PERCOLATION DEEP RECH. GwW GW RECH. MONTH 2 MONTHS 3 MONTHS |TOTAL
CATEGORY CH ACRES | % R.O. (INCHES) | {AC-FT} {IN) {IN} {AGC-FT} | ZOMNE(AC) |RECH. {AC-FT) (ACFT) (25% of Mar} (50% of Fab} {25% of Jan}
URBAN 95 1019 68 1.5 B6.6 1.5 -1.02 -B6.6 0 0.0 -B6.6 0.0 ne 0.0 0.0
URBAN 02 205 53 15 136 1.5 -0.795 -13.6 1] 0.0 -13.6 00 0.0 1.0 1.0
AG 88 200 40 15 10.0 1.5 0.6 -10.0 43 0.0 -10.0 -2.8 -45 28 -46
URBAN 87 263 3 15 .10.8 1.5 -{1.495 -10.8 Q .0 -10.8 a0 04 57 5.7
AG 85 733 33 1.5 an.z 1.5 -3.495 -30.2 0 0.0 -30.2 -4.0 27 158 2.1
LIRBAN 83 a1 27 15 10.8 1.5 -0.405 -10.8 10 0.4 -10.8 o 3.2 8.3 128
OPEM az o227 20 1.8 23.2 15 -0.3 -23.2 ¢} 0. -23.2 6.2 ay 3.3 471
AG 78 Fi) 13 15 13 1.5 -0.195 -1.3 124 [£X] -1.3 <5 -0.8 -1.7 -3.0
OPEN T4 57 7 18 Q5 15 -0.105 -0.5 6} 0.0 05 1.1 21 27 59
OPEN E1 B0 0 15 0.0 1.5 1] 0.0 30.8 0.0 2.0 0.8 1.6 1.6 4.0
TOTAL 3864 187.1 -187.1 164.8 0.¢ -187.1 0.8 8.7 6B.3 w7




Maonthly Water Budget for Harkins Slough - May

SHALLOW GW DISCHARGE TO SLOUGHS {AC-FT]
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRICR PRIOR PRIOCR
AVE. PRECIP.| RUNOFF ET PERCOLATION DEEFP RECH. GW GW RECH. MONTH 2 MONTHS 3MONTHS |TOTAL
CATEGORY CH ACRES | % R.O. {INCHES) (AC-FT) {IN) {IN) (AC-FT) | ZONE(AC) |RECH. {AC- {AC-FT) (25% of Apr) {50% of Mar} {25% of Feb)
AG B89 ag 47 0.4 1.6 0.4 -0.188 -1.8 1} 040 1.8 -1.5 -3.3 -0.8 -5.7
URBAN 87 142 40 0.4 1.8 0.4 ] G0 49 0.0 0.0 0.0 -24 a.0 2.9
AG 85 354 33 0.4 38 0.4 -0.132 -39 2] 0.0 -39 -3.7 -3.4 -0.86 -B2
URBAN 83 220 27 0.4 20 0.4 4] 0.0 43 0.0 0.0 0.0 08 0.5 15
OPEN 80 1586 20 0.4 10.8 04 -0.08 -10.6 3] 0.0 -10.6 48 211 12.0 23.2
AG Ei:] 633 20 0.4 4.2 .4 -0.08 -4.2 574 0.0 : -4.2 -4.0 1.0 0.5 2.4
QOPEN 74 2316 13 0.4 100 0.4 -0.052 -10.0 1169 0.0 =100 -9.4 41.1 21.2 52.8
TOTAL 5350 331 -30.3 17920 0.0 -30.3 -28.4 54.9 328 58.4
Notes:

1. Percent runoff derived from TR-55 modeling
2. Determined from actual measurements at the Waisonvilie Water Works

Monthly Water Budget for Gallighan Slough - May

SHALLOW GW DISCHARGE TO SLOUGHS (AC-FT}
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE. FRECIP.| RUNCFF ET PERCOLATION DEEP AECH GW GW RECH. MONTH 2 MONTHS 3 MONTHS | TOTAL
CATEGORY CN ACRES | % R.0. {INCHES) | (AC-FT} {IN} (N} (AC-FT) | ZOME{AC} |RECH. {AC- {AC-FT) {25% of Apr} {60% of Mar} {25% of Feh)
OPEN 82 315 Q 04 0o 04 n] 0.0 69 0.0 00 20 3.3 1.3 2.6
AG 78 330 a 0.4 0.0 04 1] 0.0 117 0.0 0.0 -1.4 4.8 21 56
URBAN 75 69 15 0.4 0.3 04 1] 0.3 t 0.0 03 0.0 2.1 09 3.0
OPEN 74 778 4 0.4 0.0 0.4 1] 0.0 664 0.0 0.0 32 4.0 2.1 29
TOTAL 1514 0.3 -3 851.0 0.0 -0.3 -6.6 143 6.4 14.1

Monthly Water Budget for Watsonville Slough - May

SHALLOW GW DISCHARGE TO SLOUGHS (AC-
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR FRIOR PRIOR
AVE. PRECIP.| RUNOFF ET |PEBCOLATION DEEF RECH GW GW RECH. MONTH 2 MONTHS I MONTHS |TOTAL
CATEGORY CN ACRES | % R.D. (INCHES) | {AC-FT) [IN} {IM) {AC-FT} | ZONE(AC) |RECH. (AC-FT] (AC-FT) 126% of Apr} {50% of Mar} [25% of Feb}
URBAN 95 19 68 0.4 231 04 a 0.0 ol 0.0 0.0 R 0.0 0o -21.7
URBAN g2 205 55 0.4 3.8 04 0 fellsg 0 0.0 oo -3.4 00 0.0 -34
AG B9 200 0 0.4 Q.0 0.4 1] 0.0 0 a4 0.0 -2.5 -5.68 -2.2 -10.3
URBAN BY 263 3r 0.4 a2 0.4 4] 0.0 1] 00 0.0 2.7 0.0 0.0 27
AG BS 733 a 04 0o 0.4 0 0.0 o] 0.0 0.0 -7.6 -B.1 -1.3 -17.0
URBAN 83 a2 28 04 aa 0.4 o 0.0 10 0.0 0.0 2.7 0.0 1.6 -1
QPEN 82 827 0 0.4 0.0 0.4 0 o 1] 0 0.0 0.0 -5.8 124 4.8 11.4
AG 78 79 0 0.4 0.0 04 1] 0.0 124 0.0 0.0 -0.3 -0.9 0.4 -1.7
OFEN 74 57 0 0.4 0.0 0.4 1] 0.0 o] 0.0 0.0 -0.1 23 11 a2
OPEN &1 80 a 0.4 0.0 0.4 1] 0.0 30.8 0.0 jaX1] 00 1.6 0.8 24

TOTAL 3864 331 0.0 164.8 0.0 0.0 -46.8 1.6 4.3 -40.8



Monthly Water Budget for Harkins Slough -June

SHALLOW GW DISCHARGE 10 SLOUGHS (AC-FT)
_ FROM FROM FROM
; TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE.PRECIP.[AUNOFF| ET |PERCOLATION | DEEP RECH. Gw GW RECH. MONTH 2 MONTHS 3MONTHS |[TOTAL
CATEGORY| CN_| ACRES | % R.O. | (INCHES} | (AC-FT) | () {IN} [ (AC-FT} | ZONE(AC) |RECH. (AC- {AC-FT) | (25%ofMay} | (S0%ofApr) | (25% of Mar)
AG 89 59 a7 0 0.0 o 0 0.0 0 00 00 0.4 28 17 5.0
URBAN a7 142 40 o 0.0 Q 0 0.0 49 0.0 0.0 0.0 0.0 1.4 1.4
AG 85 354 33 a 0.0 0 ¢ 0.0 () 0.0 0.0 10 7.3 2.0 102
URBAN 83 220 27 0 0.0 0 6 0.0 o 0.0 0.0 0.0 00 04 0.4
OPEN 80 1586 20 0 0.0 o 0 00 0 0.0 0.0 -2.6 -19.8 10.6 1.8
AG 78 633 20 o 0.0 o o 6.0 574 0.0 0.0 1.4 7.9 05 B5
OPEN 74 2316 13 0 0.0 o 0 0.0 1169 0.0 0.0 25 -188 208 0.8
TOTAL 5350 00 0.& 1792.0 0.0 0.0 16 564 27.0 373
Nates:

1. Percant runoff derived from TR-55 modeling
2. Determined from actual measurements at the Watsonville Water Works

Monthly Water Budget for Gallighan Slough -June

SHALLOW GW DISCHAAGE TD SLOUGHS {AC-
FROM FROM FROM
TOTAL DEEP AREAOVER| DEEP | SHALLOW PRIOR PRIOR PRIOR
AVE. PRECIP.| RUNOFF ET PERCOLATION DEEF RECH. GW GW RECH. MONTH 2 MONTHS IMONTHS | TOTAL
CATEGORY! CN ACRES | % R.O {INCHES) | (AG-FT) {{s] {IN) {AC-FT} | ZONE(AC) RECH. {AC- {AC-FT} {25% of May} {50% of Apr) {25% of Mar)
OPEN 82 319 o 0 0.0 1} ¢} 0.0 69 0.0 0.0 0.0 -4.0 1.7 -3
AG 78 350 Ja) 0 0.0 ¢ [} 0.0 117 a.0 g 0.0 -2.8 2.4 -4
URBAN 75 69 o G 0o Q 0 0.0 1 a.0 00 -0 0.0 10 03
OFPEN 74 776 0 0 0.0 0 o] 0.0 BE4 0.0 0.0 0.0 6.3 2.0 -4.3
TOTAL 1514 0.0 0.0 851.0 0.0 0.0 -0.1 -13.1 741 6.1
Monthly Water Budget for Watsonville Slough -June
SHALLOW GW DISCHARGE TO SLOUGHS (AC-
FROM FACM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRICR
AVE, PRECIP.| RUNOFF ET PERCOLATION DEEP RECH. GwW GW RECH. MONTH 2 MONTHS 3 MONTHS |TOTAL
CATEGORY! CN ACRES { % R.O. {INCHES} [AC-FT} {IN} {IN) {AC-FT} | ZOME(AC) |RECH. (AC- {AC-FT} {25% of May) {50% of Apr) {25% of Mar)
URBAN 95 1019 Q a a.0 ¢} 0 00 Q 0.0 Q.0 0.0 -43.3 [e1] -43.3
URBAN 92 205 0 o 4.0 o 0 0.0 1] 0.0 0.0 0a -5.8 0.0 -6.8
AlG 89 200 0 1] 0.0 ¢} Ju] 0.0 0 Qn 0.0 0.0 -5.0 24 7.8
LREBAN a7 283 43 9] 0.0 0 0 .0 4} 0.0 0.0 0.0 -54 0.0 -5.4
AG as 733 Q 0 0.0 0 4] 0.0 Q 0.0 0.0 ¢.0 -15.4 -4.0 -19.2
URBAN 83 a1 0 0 0.Q 0 43 0.0 0 0.0 0.0 0.0 -5.4 0.0 -5.4
OPEN 82 927 o 0 0.0 a 0 0.0 0 0.0 00 0.0 -11.6 6.2 5.4
AG 7H . 7e 0 o 0.0 0 ¢] 0.0 124 an Q.0 2.0 0.6 0.5 =11
OPEN 74 57 o] 1} .0 a Q 0.0 1} 0.0 0.0 1Xs] -0.2 1.1 0.9
OPEN a1 60 o 0 0.0 0 0 0.0 30.8 0.0 0.0 8.0 0.0 0.8 08
TOTAL 3864 0.0 6.0 164.8 0.0 0.0 0.0 -93.5 0.8 -92.7




Monthly Water Budget for Harking Slough -July

SHALLOW GW DISCHARGE T0 SLOUGHS (AC-FT]
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOA
AVE. PRECIP.| RUNOFF ET PERCOLATION DEEP RECH. GW GW RECH. MONTH 2 MONTHS 3 MONTHS TOTAL
CATEGORY| CN ACRES | % A.Q, (INCHES) {AC-FT) {IM} {IM] [AC-FT} | ZONE{AC) |RECH. {AC-FT)| (AC-FT} {25% of Aug) (50% of Jul) (P5% of Jun)
AG B9 89 47 43 0.0 062 -0.62 -5.1 1} 0.0 -2.1 0.0 08 -1.5 2.2
URBAN :rd 142 40 0 G0 0.62 -0.62 -7a 43 0.0 73 0.0 0.0 0.0 0.0
AG 85 354 a2 0 Q.0 0.62 D62 -18.3 0 0.0 -18.3 0.0 -1.8 3.7 -5.8
LRBAMN 83 220 27 0 0.G 0.62 -0.62 -11.4 0 0.0 -11.4 0.0 0.0 0.0 0.0
OFEN 80 1586 20 Q 0.0 .62 -0.62 -81.9 Q 0.0 -81.9 0.0 -5.3 9.9 -15.2
AG 7R 633 20 0 040 3.62 -0.62 -32.7 574 0.0 -3z2.7 a0 =21 -4.0 -6.1
OPEN T4 2316 13 0 0.0 0.62 -0.62 -119.7 1169 0.0 -119.7 Q.0 -5.0 -5.4 -i4.4
TOTAL 5350 0.0 -276.4 1792.0 0.0 -276.4 -43.5
Motes:
1. Percent runoff derived from TR-55 modeling
2. Determined from actual measurements at the Watsonville Watar Works
Monthly Water Budget for Gallighan Slough -July
SHALLOW GW DISCHARGE TO SLOUGHMS (AC-FT|
FROM FROM FROM
TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRICR
AVE. PRECIP.; RUNOFF ET PERCOLATION DEEP RECH. aw GW RECH. MONTH 2 MONTHS 3 MONTHS TOTAL
CATEGORY| CN ACRES | % H.0. (INCHES} {AC-FT) {IN} {IN) [AC-FT} | ZONE{AC) |RECH.{AC-FT)| (AC-FT} {25% of Aug} {50% of Jul} {25% of Jun}
OPEN a2 39 4] 4} 0.0 082 -0.62 -16.5 B3 1K) -16.5 0.0 0.0 -2.0 2.0
AG 78 350 G 13 0.0 0.62 -0.62 -18.1 117 0.0 -18.1 4 X1] 0.0 -1.4 -1.4
URBAN 75 €9 9] o] G0 062 -0.62 -38 1 0.0 -36 G0 -0.2 0.0 02
OPEN 74 76 0 0 0.0 0.62 -0.62 -40.1 664 0.0 -40.1 0.0 0.0 -3.2 -3.2

TOTAL 1514 n.¢ -74.2 851.0 0.0 78.2 &.7

Monthly Water Budget for Watsonville Slough -July

SHALLOW GW DISCHARGE TO SLOUGHS (AC-FT]|
FROM FROM FROM
TOTAL DEEP AREA QVER DEEP SHALLOW PRIOA PRIGH PRIOR
. AVE. PRECIP.| RUNCFF ET PERCOLATION DEEF RECH. Gw GW RECH, MONTH 2 MONTHS 3 MONTHS TOTAL
. CATEGORY| CN ACRES | % R.O. {INCHES] | {AC-FT} {IN} {tNY {AC-FT) | ZONE(AC) |RECH. (AC-FT)| (AC-FT) (25% of Au {50% of Jul} [25% of Jun}
URBAN 95 1019 Q 0 0.0 062 -0.82 528 o 0.0 -52.6 0.0 .0 -21.7 217
URBAN g2 205 i) G .0 0.62 -0.62 -10.8 o 0.0 -10.6 0.0 0.0 -3.4 -3.4
AG B9 200 G 0 0.0 082 -0.62 -10.3 G 0.0 -10.3 0.0 0Q 2.5 2.5
URBAN 87 263 o o a0 0.62 -0.62 -13.6 ] 0.0 -13.6 o0 0.0 2.7 27
AG BS 733 o o 0.0 0.62 -0.62 -37.9 o 0.0 -37.9 on o0 7.6 R
URBAN 83 az21 0 0 0.0 0.62 -0.62 -16.6 10 0.0 -16.8 0.0 0.0 -2.7 2y
OFEN 82 827 0 0 0.0 .62 -0.62 -47.9 a 0.0 -47.9 0.0 0.0 -5.8 -5.8
AG 78 79 o} 0 o 0.62 -0.62 -4.1 124 00 -4.1 0.0 0.0 -0.3 -0.3
OFEN 74 57 0 0 a0 062 -0.82 -2.9 10 0.0 -2.9 0.0 0.0 -0.1 0.1
OFEN &1 &0 o o 0.0 0.62 -0.62 -3.1 30.8 0.0 =3.1 0.0 .0 0.0 a0

TOTAL 3864 Q.0 -189.6 174.8 0.0 -199.6 L__w.w




Monthly Water Budget for Harkins Slough -August

SHALLOW GW DISCHARGE TO SLOUGHS (AC-
FROM FROM FROM
. TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PARIOR
! AVE. PRECIF. | RUNQFF ET PERCOLATION DEEP RECH GwW GW RECH. MONTH 2 MONTHS 3 MONTHS |TOTAL
' CATEGORY| CHN ACRES | % R.O. | {INCHES) | (AC-ET) {IN} {IN] (AC-FT) | ZONE(AC) [RECH. (AC-FTY! (AC-FT) (25% of Jul} {90% of Jun) [25% of Apr)
AG 89 99 47 0 G0 0 0 an 0 Q.0 0.0 -1.3 0.0 -4 -1.7
URBAN 87 142 A 4} 0.0 o o] 0.0 49 0.0 ¢.0 -1.8 0.0 0.0 -1.8
AG B5 354 3 43 0.0 0 a 0.0 a 0.0 0.0 -4.8 Q.0 -1.0 -5.5
URBAN 83 220 27 a 0.9 0 i} 0.0 i} 0.0 0.0 -28 0.0 0.0 28
OFPEN 80 1588 20 o] 0.0 sl 0 0.0 0 g 0.0 -20.5 110 2.6 -231
AG A 633 20 8] 0.0 0 0 0.0 574 0.0 0.0 8.2 0.0 -1 82
OFEN 74 2316 13 i} 0.0 0 a 0.0 1168 0.0 0.0 -25.8 0.0 -85 -32.4
TOTAL 5350 040 0.0 1782.0 0.0 0.0 -76.7
Motes:

1. Percent runoff derived from TR-55 madeling
2. Determined from actual measurernents at the Watsonville Water Warks

Monthly Water Budget for Gallighan Slough -August

SHALLOW GW DISCHARGE TO SLOUGHS {AC-FT]

FROM FRCM FROM

TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE. PRECIP. | RUNOFF ET PERCOLATION DEEP RECH GwW GW RECH, MONTH 2 MONTHS 3 MONTHS  [TOTAL

CATEGORY CN ACRES ;| % R.0. (INCHES) {AC-FT) (1N} (TN} {AC-FT) | ZONE{AC) |RECH. (AC-FT)| (AC-FT) {25% of Jul) {50% of Jun) {25% of Apr)

OPEN 62 319 47 4] 0.0 o] ol 0.0 659 0.0 0.0 -4.1 0.0 0.0 -4.1
AG 78 350 40 0 0.0 3] a 0.0 17 0.0 0.0 4.5 a4 0o -4.5
URBAN 75 &9 33 a a0 o a 0.0 1 0.0 0.0 -0.8 o0 -01 10
OPEN 74 ¥76 13 1] 0.0 4] o 0.0 654 0.0 0.0 -10.0 00 0.0 -19.0
TOTAL 1514 [ 3] o0 851.0 0.0 0.0 -19.6

Monthly Water Budget for Watsonviile Slough -August

SHALLOW GW DISCHARGE TO SLOUGHS (AC-FT]

FROM FROM FROM

TOTAL DEEP AREA OVER DEEP SHALLOW PRIOR PRIOR PRIOR
AVE. PRECIF. | RUNOFF ET PERCOLATION DEEP RECH GW GW RECH. MONTH 2 MONTHS 3IMONTHS |TOTAL

CATEGORY CN ACRES | % R.0. [INGCHES) (AC-F (1N} {IN} {AC-FT) | ZONE(AC) |RECH. {AC-FT)| (AC-FT} {25% of Jul} [60% of Jun} {25% of Apr)

URBAN 95 1me o o] 0.0 o] a 0.0 1] 0.0 oo -13.2 0.0 04 -13.2
URBAN 92 205 0 a 0.0 a 0 0.0 0 0.0 0.0 2.6 0.0 0.0 2.8
AG 89 200 o a 0g o n] 0.0 1] an 0.0 -28 oo 0.0 26
URBAN ar 2863 a 0 0.0 1] 0 o0 0 0.0 ol 3.4 0.0 00 -3.4
AG 85 733 a a 0.0 4] a 00 G 0.0 o0 a5 oo 0.0 -85
URBAN B3 321 o Q 0.0 0 a 0.0 10 0.0 on 4.1 0.a 0.0 -4.1
OPEN a2 azy 0 0 0.0 a 0 0.0 0 0.0 a0 -12n 0.0 0.g -12.0
AG 78 73 o 0 00 o 1] 00 124 0.0 0.0 1.0 an a0 1.0
OFEN 74 57 0 0 0.0 o 0 0.0 0 0.0 0.0 0.7 0.0 o0 07
OFEN 61 80 0 o 40 4] o 8.0 30.8 0.0 2.0 -0.8 0.0 8.0 -0.8
TOTAL 3664 2.0 0.0 164.8 0.0 0.0 -45.9



Table 5-3D. OVERALL WATER BUDGET FOR THE WATSONVILLE SLOUGH SYSTEM
FOR AN DRY YEAR (1986-1987) AT THE SHELIL ROAD PUMP STATION

GwW LOSS TO| RETURN ET LOSS
SEEPAGE DEEP |SHALLOW| SEPTIC AG FROM SEASONAL] OUTFLOW OF
PRECIP | PRECIP [ RUNOFF LOST GW GwW RETURN | RETURN WETLANDS SLOUGH SYSTEM
MONTH (IN) (AC-FT} | (AC-FT) | (AC-FT} | (AC-FT} | (AC-FT) | {AC-FT) | (AC-FT) (AC-FT) (AC-FT)

SEPT 1.2 1091.0 100.8 6 206.1 -338.6 3.0 188.1 437 257.2

ocT 0.09 818 8.2 6 0.¢ -76.6 3.0 117.0 221 106.2

NOV 0.06 54.6 7.9 6 0.0 12.4 3.0 (.0 17.3

DEC 1.27 1154.6 2999 6 0.0 -879.5 - 3.0 0.0 3029

JAN 3.24 20457 797.0 6 2194 -1135.2 3.0 0.0 B00.0

FEB 5.17 4700.4 1482.6 6 435.2 -571.1 3.0 6.0 1483.6

MAR 2.88 2618.4 708.5 6 0.0 2240 3.0 0.0 929.5

APR 0.46 418.2 105.0 6 0.0 2758 30 131.0 508.8

MAY 0 0.0 0.0 & 0.0 -3392.9 3.0 154.6 [60.5 -2.9

JUN .02 18.2 1.7 6 4.2 -724.4 ERY 2271 [57.3 74.5

JUL 0 0.0 0.0 ! (.0 -384.5 30 HNT [52.5 69.2

AUG 0 0.0 0.0 6 0.0 -202.2 3.0 107.3 72.2 38.0
TOTAL 14.39 13082.9 | 3520.8 72.0 864.9 -2475.9 36.0 1143.7 608.4 4586.3




Table 5-3w. OVERALL WATER BUDGET FOR THE WATSONVILLE SLOUGH SYSTEM
FOR A WET WATER YEAR (1981-82 )AT THE SHELL ROAD PUMP STATION

GW LOSS TO| RETURN ET LO5S
SEEPAGE | DEEP [SHALLOW| SEPTIC AG FROM SEASONALl OUTFLOW OF
PRECIP | PRECIP [ RUNOFF LOST GW GW RETURN |RETURN WETLANDS SLOUGH SYSTEM
MONTH (IN) (AC-FT) | (AC-FT) | (AC-FT)} | (AC-FT) | (AC-FT} | (AC-FT) | (AC-FT) (AC-T'T) (AC-FT}
SEPT 0.02 18.2 1.8 6 0.0 -266.0 30 188.1 48.1 144.8
CCT I.84 1672.9 168.4 6 170.6 -218.8 3.0 117.0 243 264.2
NOV 6.37 37914 1303.0 6 677.9 -5.5 3.0 0.0 1306.0
DIEC 3.88 3527.6 916.3 6 401.2 804.2 3.0 (1.0 1717.5
JAN 153 9573.5 2590.4 6 1660.8 1360.0 3.0 0.0 3647.4
FER 4.42 4018.5 1267.5 6 2953 16223 3.0 0.0 2886.8
MAR 6.38 5800.5 1569.5 6 5349 2002.9 30 0.0 3569.4
APR 5.58 5073.2 1274.2 o 731.2 1281.8 3.0 0.0 23529
MAY 0 0.0 0.0 O 0.0 Y199 3.0 154.6 (7t 895.0
JUN (.38 3455 32.4 6 79.8 a12.7 30 227.) 173.0 996.1
mar. 0 0.0 0.0 ) 0.0 301.0 3.0 2187 1678 349.0
AUG O 0.0 0.0 6 0.0 -94.5 3.0 107.3 793 0.8
TOTAL 39.4 358212 | 91235 72.0 4571.8 7691.1 36.0 1012.8 669.2 18359.9




Crop and Growing Perlod-a-f
Artichakas

6715 = 4/15

771 - 54

T/t8 = 5/15
Broceoli

271 ~ 53/15

M58 - A

815 - 12,1

10715 -~ 3.1
Sruzsels Sprouts

415 = 415

TA5 = 31
Carrots

1271~ 3/3

1/15 - 5/15

715 - 12415
Caulittowear

5/15 — 8/1

8/ =11."15

121 — 5/
Celery

17158 = 7.4

851 - 14
Cucumbers

3/15 — 8415

7/1T - B/
Lattuce

12715 ~ 41§

35— 7/15

8/15 ~11,/15
Onieng

215~ 915

3751 =104

3/15 = 10415
Puappers

2/15 = 9,1

4/1 -~ 11A
Potatoes

41 - B/51

815 = 12/1
Spinagh

9/15 - 11/15

1MAS— 1/31

115 = 4715
Tomatogs

31 - 773

8/1 — 1015

NQAMAL CROP WATER USE-L-
CENTRAL COASTAL PLAINSZ/
EVAPCTRANSPIFPATION (CONSUMPTIVE USE) TABLE

ESTIMATED MONTHLY EVAPQOTRANSFIRATION (Inchcs}i/

Jan Feb MariApr May Jun Jul Aug Sen Gt | Nov | Oec TOTAL |
1.7 | 22 1 a1 |18 7 | e 10 L as b 3o 232 .4 249
17 [ 22 | 3.1 |38 1 24 1 30 | 32| 23| ta] 248
1.7 2.2 3.1 | 3.8 2.1 19 | 2.5 2.8 2.2 1.4 24,6
L

14 ] 25 |30 |22 ! (0.0

9 2. 4.3 a9 | ! 1.4

1.1 2.1 2.0 2.2 3.4

1.8 2.2 3 1.4 1.4 7.7

|

9 2.6 48 5.3 24 i 1.7

1.8 2.2 f.2 2.4 3400 3.3 2.2 1.5 18.0
1.5 2.3 3.3 1.0 8.1
5 1.4 3.1 4.1 2.3 11.4
1.1 2.5 3.4 3.5 2.4 B 13.%

1.1 3.2 5. 4.5

a1 3.4 ;5.3 1.2 10.0

1.5 2.2 3.1 3.9 : 1.0 11,7
8 1.5 2.9 | 4.1 4.9 5.1 19.1
2.4 2.5 3.2 2.3 1.5 i1.5

B2t 4.1 22 9.2

2.9 4.4 7.3

L |

1.8 21 -3y 1.8 8 9.2
1.3 1 3.1 4.4 4.8 2.5 16.1

B 1.7 .2 3.2 1.2 9.3

7 2.0 | 3.7 4.7 4.9 5.3 7 1.8 iy

1.7 {3.0 4.6 4.9 5.3 4.5 3.5 27.9

g 22 4 .d 4.9 5.3 4.4 2.2 1.5 2.0

¥ 2.0 | 38 4.7 4.9 5.3 4.8 25.8

1.8 3.1 47 5.3 4.3 3.9 3.1 26e.7

2.4 4.9 6.1 8.4 3.2 23.0

1.4 4.2 5.7 4.8 4.1 1.8 21.8

.8 2.4 1.2 4.5

1.7 6 1.2 3.5
& 1.8 a1 1.8 7.3
81135 4.4 58 50 17.5

1.2 1.9 5.0 5.7 4.3 1.8 19.7

1/
— Estimated evapotranspiration (Consumptiva Usel data wera gbtained from historic Medsuraments, ang from ¢alouiations hasad on data In

Figura &, Table 22 and 23, Crap Water Requirements, No. 24 Food and Agricyiturat Organization of the United Mations.

2/

— Coasial areas of San Mateo, Santa Cruz, Monteray, San Luia Obispo, and Sanwa Barbara Coyatias.

3
-/ Planting to harvest.

4/ . -
= Other crops which have simllar growing seasons, ground cover, and growth characteristics have similar ET requirements.



Crop and Growing Perlgg 3/

Fasture « annualS/

Alfaita = apnuaij

Ceciduous Oronarg 2 87
wilh cover Grop - annual
Deciduous: Oringra sy
without cover ¢rop
Y~ 101
3/18 = 1115
1730 = 1110
Grapes & Z/
371 = 10/91
415 -~ 11/15
9/ = 11,30

24 Estimated avepotranspiration (Consumptive Use) data ware obtaineg from histosic measuremants,
Fiwna' ‘l"abl&ZZ and 73, C:_I;np Water Requirements; No. 24 Food and Agricuttural Organization

2/ lntarior partlons af Cantra Gosta. Alsmada Santa Ciarz, S&n Benito. Maontaray,

9-/ Leaf uutm {nat dmp Whanrappllcable values shown ara
Agricuiture Extension or. s.c;i Qtfica for appropriate ET

< other drops wh!ch have sl‘rrilr:r gmwing 3easons, gre.

&/
8/

- Pnaturo buead o wa!! mmaued pasture with animals removed befare significant aiimination Qf shading of ground ayrface.

- For dmlchous trees whare !n-lqatlan 13 ended before harvast, water usa guring the \ater part of the growing 9sason will ke fess than

valyas shown.
? / 1 .
-~ Wina grapes,

—NOAMAL CROP WATER 4SE L°

CENTRAL COAST INTERIOR VALLEYS2
EVAPOTAANSPIRA TION (CONSUMPTIVE USE) TABLE

ESTIMATED MONTHLY EVAPQTRANSFPIRATION (inches) &/

[ Jam | Feb | Mar | Ape | May 7 Jun | Jul | Aug Sep | Qet [ Nav | Dec | TOTAL |
L8 1 30 1 341 4a 157 |62 [ 68 1 80148 | 97 | 25 | 141 484
103487 [0.943 ] 0.50%| 0.5<F] 0.4¢(]0.375 0. 21A j
L2 220 33 (42 155 184 88 [ 58] 47 137 ' 251 18 400
] | | | !
t ) :
L& [ 30 ] 39 148 185 |75 | a2 | 72158 14t |25 | 15 4
— i 1 K '
— | | i 1
! i ! I -
20 | 3.2 | ar J P 8s 1 67 7 14 | 2.5 | i 351
10 129 144 |54 {85 | 57 138 (32 10 ] | 347 _I
26 | 40 152 |62 57147 135 1 1.9 { 33.8
) J
f I
71368 145 1351 0 50 31 | 1.4 5 22.9 ‘
5 ] 21 ({43 [ 55 | 3.8 | 1.9 7 2 19.0 )
12 [ 26 | 53 ] 45 | 2.5 | 1. 3 18.9

- .. L

eductiong,

Sgn Luis Obigpo, Santa Barbara and Ventura Counties.

nd caver, and growth characteriatics iave similar €T requirements.

and from caleylattons based on data in
of tha Unitad Nationa.

for mature trees and vlnas. Far smailer trees and vines consult local
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APPENDIX D

Organic Chemicais Present in Tissue Table
Summary of State Mussel Watch Program and Toxic Substance Momitoring Program
Water Quality Monitoring Results for the Watsonville Slough System

The following table summarizes the results of water quality testing under the State Mussel
Watch (SMW) Program and the Toxic Substances Monitoring (TSM) Program in the
Watsonville Slough system. Both of these programs have been carried out by the State
Water Resources Control Board.

The SMW Program sampled water quality in various locations throughout the slough system
between the years 1982 and 1993. The TSM Program sampled locations in the Watsonville
Slough system each year between 1984 and 1988.

The acronyms/abbreviations used in the following table are defined as follows:

NAS = National Academy of Sciences. The National Academy of Sciences has established
recommended maximum concentrations of toxic substances in fish and shelifish tissue (NAS
1973). They were established not only to protect the organisms containing these toxic
compounds, but also the species that consume these contaminated organisms (including
humans).

EDL 85 = Elevated Data Level, 85th percentile. This refers to a pollutant level finding that
is "markedly elevated" from the median value of all sampling results from throughout
California over the life of the program. These resuits indicate pollutant levels that are in
the upper 85th percentile of all results statewide.

EDL 95 = Elevated Data Level, 95th percentile, This refers to a pollutant level finding that
is "nighly elevated" from the median vaiue of all sampling results from throughout California
over the life of the program. These results indicate pollutant levels that are in the upper
95th percentile of all results statewide, which would represent two standard deviations above
the mean if the data were normally distributed.
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Organic Chemicals Present in Tissue
(ug/kg [ppb] wet weight)

Station  Station - Location Name Sample Date  Species Aldrin Total Alpha- Cis- Gamma- Trans- Oxy-
Number {yimid) Name Chlordane Chlordene Chlordene Chlordene Chlordane Chlordane
Dala from SWRCS Mussel Watch
Azl Harking Slough al Harkins Slough Riad Brigge B0202 TFC MO 126 [ 74 MWD 1.6 MO
B6/11/26 FWGC D 53 0.3 0z 1.5 20 MD
A32 Walzonyille Siough above Harkans Stough Puinp 88102403 TFG o7 214 G4 i oa 54 13
Bor11/26 FWC HD 330 1.2 12.0 o7 a2 NG
BEH 206 FweC e 248 0.7 7.8 1.1 8.6 ND
Adl Watsonville Slough at Pajaru River confluence ez TCM A HA 57 T MA 7Y A
BE10 127 TCM MO 13.0 D 43 kL 34 03
83111128 TCM MO 225 5 195 0.8 7.3 ND
8211117 TCM MA FlA A A [NA A A
Adi Watsonville Slough al Sheil Road 930310 TFC 1.0 454 7 120 0y 110 08
B2 TFC i0 A 1.0 B4 14 9.4 16

Data froin SWRCE Toxlc Substances Mopitoring Program

A3 Harkmns Slough Upstrearn of Watsorwille Slough 88167128 STB-wW <h0 <50 17a <50 1.0 <50
BaI0728 STE-w <50 <50 230 <50 12.0 <50
BSI06/05 CP-F <0 9.0 55.0 6.0 40.0 220
85/06/05 SBF-F <50 <50 18.0 <5.0 140 <50
A31 Walsonville Slough at San Andreas Road H5/06/05 STB-W <50 6.8 80.0 10 ¢ 36.0 14.0
B410615 STB-W <5.0 57 7iu «Hd 50.0 230
A32 Waisonwille Slough atiove Hatkins Shough Pumgp BAIOGHS CP-w <50 <50 300 <50 220 10.0
BYIOGHOS GAM-W <50 <50 <50 <H.0 G0 140
A3d Walsonvilie Slougin at Lee Road BEIOTTB BBF-F <50 <50 <50 <50 <50 <60
AdZ Walzorville Sluagh al Hatking Slough Ruad 8610102 S5TB-W <50 <50 86.0 g0 42.0 65

e Lehow mdicaled et GAM = Masqguila fish m.._ommafm.&bm : > :Eo:
TG = Transpianted Caliturnia Mussel SBF = Sacramenlo Blackfish Exceeds £DL 85

TFC = Tiansplanted Freshwalter Clam 578 = Threespine Siicklsback Exceeds EDL 95

FWC = Freshwater Clam F = flat

CP = Crappiz (Fomoxis 5p.) W = wiiole body

Page 1




APPENDIX p

Organic Chemicals Present in Tissue
{ug/kg [ppb] wet weight)

Station Sample Date Cis- Trans- Chlorpyrifes  Dachthal  Tetal DDT  OPDDD FFDOD CF'DDE FF'DDE PE'DDMU  PP'DDMS  OF'DDT
MNuniler {y/mid) MNonachior Hanachlor
Data from SWRCB Musse| Watch

AZ1 88102102 i 24 MO 08 48 540 08 192 0 NG 18
86411126 HL 14 M0 09 34 58 08 12 D ND 0.8

A32 BBIOX03 D 865 ND 72 216 513 108 1980 52 45 432
BO/11126 0.8 10.2 WD 43 78.2 195.2 8.4 1044.0 71 ND 25.2
#3511 2106 29 53 MND 10.8 88 80.5 7.2 230.4 74 MND 43.2

A4l BHVY A, [R1:Y A NS 85.0 RES 4 RS [A A MNA
BB 12Y |2 32 L) 56 1.7 388 35 1361 63 ML 8.8
8314728 WG 35 MO 1378 349 126.2 53 265.6 53 KO 11.6
82141117 T4 (¥R MNA A 141 836 27 130 2 52 NG 35

Adl 303110 13.0 1.0 120 210 450 840 13 5000 196 7 110.0
BEA2A0Z 28 70 26 49 220 550) 1% 150.0 A0 8.4 310

Data from SWRECA Toxic Sybstances Monitoring Program

AZ3 BaA0728 74 30 <100 a8 1200 W00 480 26000 1200 <300 100 ¢
BBI0TI28 86 240 <100 ai 140 0 400 45( 27000 1200 <300 100 ¢
BSA06/05 e 56.0 <100 <50 1200 570.0 26 1700.0 7.0 <300 310
BHHIBI0O 72 LI <100 <50 210 1600 130 860 240 <300 1440

A3 HEOBI0G 170 520 <130 a0 2700 8300 64.0 41600 4710.0 <360 2100
8406115 <hi 130.0 <100 1KY, 600.0 2200.0 180.0 83004 560.0 <300 280.0

A3 BEUBI0S i 220 <10.0 8.4 310.0 12000 400 1800 ¢ 170.0 <300 65.0
BEOBIE 120 240 <10.0 <50 150 0 1200 ¢ 2410 2400 0 360.0 <300 250

A4 BBIOTIZH <50 61 <100 <50 204 ANl <100 43610 <150 <300 <100

Ad2 Be0A0Z 51.0 9360 <10.0 340 370 8O0 <100 230 200 <300 <100

< = helow indicated detaction limit
.. i it Lo

_m«uuf_ B i W |
Exceeds EDL 85
Exceeds EDL 95

Page 2 :
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APPENDIX D

Organic Chemicals Present in Tissue
(ug/kg [ppb] wet weight)

Station Sample Date  PPDDT  Diazinan  Dichloruben-  Dleldrin ~ Endrin Total ESI ESH Endosulfan  Hexachlore-  a-HCH b-HCH g-HCH
HNumber {yhnid) zophencne Endoswlfan sulfate benzens
Data from SWRCB Musse| Watch

A2t HBIG202 BB MO 6.2 23 MO 16 18 MO rEG MA MDD MO ND
81128 20 LE A 29 ND a0 3.0 I tai) 02 (§[w] MO MD

A3z BB/ 9y U i ND 126 ¢ 44 365 73 86 207 ) e HND ND
BoM 28 g9.8 MO A 3240 16.8 84.0 240 216 38.4 1.0 WL ME ND
8512108 © 2304 19.4 NA 136.8 5.3 54 17.3 1.5 6.5 2.3 WO D 5]

AdD Bty 120.0 A A NA A, 400.0 A Mg, 1A T4A, A MA NA
aef01f27 346 M WA, 30.2 18 259 1555 4135 92.9 D a7 D MO
8311428 B9.4 t A 388 73 $62.7 2088 1278 1364 ML 11 319 1.1
w2l LA TA A MNA A 50.2 58.2 IA T, M A WA MA,

A G331 30 0t NA MO 170.0 18.0 431 3) 5.0 20 ey D ND a7
Bes0202 820 110.0 4 750 58 580 220 8.0 200 MA 01 WD ne

Dala trom SWRGH Toxic Substances Monltoring Progeam

A2} BEO7128 Moo <500 MNA 160 B2 0 80.0 240G 27 <20 <100 <20
BBIOTIZE 350.0 830 NA 180 58.0 84.0 2700 a7 <20 <10.0 <20
B5{06105 o4 i <50y A 43.0 47 0 951 1100 <20 <300 <28
3506105 <10.0 <500 A <160 <b.0 <f34 <#5.0 <20 <100 <20

ATl #5/06/06 720 & <500 NA <150 170 240 2208 <20 <10.0 <2.0
#4/06115 800.0 <500 MNA 480 226 <f00 200 53 2.1 <0.0 <20

A32 BH0BI05 2300 <50 A 270 13.0 <F0.0 <830 <20 <20 <10.0 <20
BSHIBING Jon o <5010 A 200 <0 <700 <850 <20 <20 <100 <20

A3d HBHOV 128 <100 <5600 NA <150 <50 794 120.0 <20 <20 <100 <20

A4z 810102 RYRY <O Ry <50 <b.U <70.0 <d5 i 41 <213 <10.0 <20

deteclion lirnit

< = below indicated
.‘t.,hm"

Excoeds O 85
Exceeds EDL 95

Page 3



APPENDIX D

Organic Chemicals Present in Tissue
{ug/kg [ppbl wet weight)

Station Sample Date  d-HCH  Total HCH  Heptachlor  Hepachlor Methoxy Methyl Oxydiazon Total PCE 48 PCB 54 FCB 60

Toxaphene
Mumber {y/mid) epoxide chior parathion PCB
Data from SWRCE Musset Watch

A21 B&/02402 WD MO 03 1o MO 11 i-A N HD MO [ ND
86/11/26 ND D MO ND MO ND A 58 MO 5B WD 138

A32 BRI0203 ML MO ND 20 ND i) MA 162 WE 162 M 2790
BEA WS [E] WD MD ND ND N Ma& 204 WD 204 MG 1342.0
8512006 MND D 0.2 MO 20.2 ND MA 27 4 D 274 HD 587.6

Ad0 9 11y FlA A A A A A, MA 4R, FA Fid LA 950.0
8601727 HD 07 ND 0.6 ND N A, W4 MO 4 MO 67.0
B3N 12E i 22 N 19 ND ND NA 14 4 HO 144 A 215.8
a iy A MA MA A hA NA WA NA MNA M 3 140.6

Adl 930310 [N(H] 07 NQ 2.6 ND BlA 28.6 270 148 19.0 YN 1500.0
8802102 MO 0.3 0.3 30 24 MO A 130 D 13.0 M 460 0

Data from SWRCRB Toxjc Substances Monitordng Program

AZ3 HBAZIZE <4 MO <b0 <50 <150 <100 A MO <500 <500 <506
BBI07I26 <a.0 R[B! <b.u 14.0 <150 <100 A D <40 U <5010 <50.0
85/08/05 <50 N <50 13.0 <100 <100 KL NG <80.0 <500 <800
BEAGI06 <50 MO <50 <5.0 <150 <10.0 A \[b] <b0.u <50.0 <500
A H5106/00 <50 D <50 130 <1540 <10.0 1A 3200 <500 3200 <500
B4406/ 15 <50 21 <50 17 a <150 <100 A 03 <o) <500 <B0.0
A3Z BG5S <ol M <50 66 <150 <00 B <500 <500 <500
8506105 <5.0 hO <50 50 <150 <100 4 <50.0 <500 <500
A34 He/07128 <80 VK <50 <50 <150 <10.0 [A <60.0 <50.0 <G00
A42 it 10402 <5 0y <50 6.3 <150 <10.0 MA <500 820.0 560

< = helow indicated detection limit
8 e i et

xceeds EOL 85
Exceeds EDL 95

Page



TABLE 1

Established Guidelines and Standards for Chemical Toxicities

Chemical

NAS?® Recommended
Guideline for
Freshwater Shellfish

{wet weight)

FDA” Action Level for
Freshwater &
Marine Shellfish

(wet weight)

ug/g (ppm) ng/g (ppd) ue/g (ppm)  ng/g (ppd)

Mercury - - 1.0° 1,000
Aldrin - - 03 300
Chlordane (total) 0.1 100 03 300
Dieldrin - - 0.3 300
DDT ({total) 1.0 1.000 50 5,000
Endosulfan 0.1 100 - -

Endrin - - 0.3 300
Heptachlor - - 03 300
Heptachlor epoxide - - 0.3 300
HCH {Lindane) : 100 - -

PCB (total) 0.5 500 2.0¢ 2,000
Toxaphene - 5.0 5,000

* National Academy of Sciences-National Academy of Engineering. 1973, Water Quality Criteria (Blue Book).
11 S. Environmental Protection Agency, Ecological Research Serics.

b U.S. Food and Drug Administration. 1984, Shellfish Sanitation Interpretation: Action Levels for Chenucal and
Poisonous Subsiances. fune 21, 1984, U.S.F.D.A.. Shellfish Sanitation Branch. Washington. D.C.

© Ag methvl mercury

1 A tolerance. rather than an action level, has been established for PCB’s (21CFR. [09. May 29, 1984). An action
level is revoked when a regulation establishes a tolerance for the same substance and use.



Established Duidelines and Standards for Chemical Toxicities

TABLE 2

Median International Standards ~ Maximum Tissue Residue
for Trace Elements’ Levels® (MTRLs) in Infand

Chemical Surface Waters
{wet weight) ppm
Freshwater Shellfish ppb ppm

Arsenic 15 1.4 2000 02
Cadmium 0.3 1.0 0.64
Chromium 1.0 1.0 - -
Copper 20.0 200 - -
Lead 2.0 2.0 -
Mercury 0.5 0.5 1.0 0.001
Nickel - - 280 0023
Selenium 20 0.3 - -
Zinc 45.0 70.0 - -
Aldrin 0.05
Chlordane 1.1 0.0011
Dieldrin 0.65
DDT (total) 32.0 0.032
Endosulfan (total) 250.0 0.25
Endrin 3,000.0 3.0
Heptachlor 18 0.0018
Heptachlor epoxide 038 0.0008
Hexachlorobenzene 6.0 0.006
a-HCH 0.5 0.0005
b-HCH 1.8 0.0018
g-HCH 2.5 0.0025
PAHs (total) 0.08
PCB (total) 2.2 0.0022
Toxaphene 8.8 0.0088

* Based on; Nauen. C.C.. Compilation of Legal Limits for Hazardous Substances in Fish and

Fishery Products. Food and Agricultural Organization of the United Nations, 1983.

® MTRLs for each substance (except for aldrin, As, and Hg) are calcuiated by muitiplying the “California Infand
Surface Waters Plan” Human Health Water Quality Objectives (SWRCB 1993a) by Bioconcentration Factors
(BCFs) taken from the USEPA 1980 Ambient Water Quality Criteria Documents.



TABLE 3

State Mussel Watch Program Elevated Data Levels for
Resident and Transplanted Freshwater Clams

(1977-1993 Data)

Resident Freshwater Transplanted Freshwater
Clams (FWC) Clams (TFC)
Chemical
{ppb, wet weight) {ppb, wet weight)
EDL 85 EDL 95 EDL 85 EDL 95
Aldrin ND ND 0.7 1.5
Chlerdane 45 106 351 790
Dieldrin 1.2 1.5 1104 1969
DDT (totat) 26.9 290.0 911.0 2493 7
Endosulfan (totai) ND 181 74.6 294.4
Endrin ND ND 17.0 293
Heptachlor ND ND ND 0.5
Heptachlor epoxide ND ND 0.6 2.0
Hexachtorobenzene 0.3 03 1.3 2.
a-HCH 03 0.5 0.1 0.4
b-HCH ND ND ND ND
g-HCH ND 0.4 0.6 ND
PCB (total) 14.3 65.2 78.0 151.6
Toxaphene ND ND 603.2 2374.4

ND = EDL lies below the detection limit.
IS = Insufficient number of samples to caiculate EDL.



TABLE 4
Toxic Substance Monitoring Program

Elevated Data Levels (EDL)
(1978-1987 Data)

Chemical EDL 85 EDL 95
(wet weight) (wet weight)

Whole Fish Whole Fish
Elements (ppm) Fish Filet Fish Filet
Arsenic 0.40 0.20 0.79 .36
Cadmium 0.10 <0.01 Q.17 0.01
Chromium 0.17 <0.02 0.25 <0.02
Copper 339 0.64 396 0.69
Lead 0.39 <0.01 0.53 <0.10
Mercury 0.06 1.00 0.07 1.9G
Nickel 0.17 <0.01 0.42 <0.10
Selenium 1.60 2.00 327 3.40
Zinc 3890 24.00 40.60 3320
Organics (ppb)
Aldrin <5.0 <50 <5.0 <5.0
Chlordane 193.0 479 280.5 119.5
Dieldrin 295.0 12.0 570.0 40.0
DDT (total) 4058.6 898.0 9030.6 2572.6
Endosuifan (total) 56.6 271.2 22.0
Endrin 26.6 <15.0 590 <i5.0
Heptachlor <5.0 <50 <5.0 <5.0
Heptachior epoxide 9.7 <5.0 17.0 <5.0
Hexachlorobenzene 8.0 <2.0 16.8 6.4
a-HCH <2.0 <2.0 2.1 <2.0
b-HCH <10.0 <10.0 <10.0 <10.0
g-HCH . 4.3 <2.0 10.2 38
PCB (total) 288.0 150.0 583.2 4395
Pentachlorophenol - 2 - 5.4
Toxaphene 1460.0 400.0 43200 1281.0
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1. STATE MUSSEL WATCH PROGRAM
{987 - 1953

introduction

The California State Mussei Watch Program (SMWP) was initiated in 1977 by the Caiifornia State Water
Resocurces Controf Board (SWRCSB). The SMWP was arganized W provide a uniform siatewide approach
to the detection and evaluation of the gccummence oOf toxic substances in the watars of California's bavs.
harbars, and estuaries through the analysis of mussels and clams. The SMWF primarily targets areas
with known or suspected impaired water quaiity and is not intended 1o give an overall water quality
assessment. The California Oepartment of Fish and Game (OFG) carries out the statewice SMWF for the
SWRCB by coliecting and analvzing sampies. The SWRCE provides funding under an ongoing
interagency agreement with the DFE.  Sampiing stations are selected primarity by the six coastal
Regional Water Quality Control Boaras (RWQCE) which are identified on the inside back cover.

The DFG reports annual sampling resuits to the SWRCE, whnich distributes the information to the coasial
RWQCSs and to other federal, State, and iocal agencies through annuat preliminary data reports. These
prefiminary data reports are alsg routinety transmitted o the Cffice of Environmental Heaith Hazard
Assessment of the California Environmentai Protection Agency, which has responsibility for evaluating
poliutant levels basad on human heaith cancems and issuing consumptian health advisories if indicated.
This report is the farmal report presenting the results of the 1987-83 sampiing and anaiysis programs.

Inforrnation collected in the SMWP is used by the SWRCB, RWQCB, and other agencies to identify
waters impacted by toxic poliutants. Through the SWRCS's statewide Water Quality Assessment/Clean
Water Strategy, SMWF results are used to help classify water bodies from good to impaired water
quality refative ta each other and rankad according to this classification and resource value. For
example, water badies that exceed human heaith critena are considered maore impaired than water
bodies that onty exceed environmental protection criteria. SMWP resuits are aiso used in the SWRCB's
Bay Protection Program in helping identify "Toxic Hot Spots™. Lastly, SMWP resuits are used in the
rormal regulatory activities of the AWQCBs and other State agencies such as the Depariment of
Pesticide Reguiation. '

Summary

Appendix A shows area map locations for each station sampled from August 18987 through March 1993,
Appendix 8 contains station iocation information such as 1athude and longitude and county identification.
From 1987 to 1993 a total of 863 sampies from 315 stations were collected and anafyzed {Appendix C)
including 776 samples of California mussel (Mytilus californiaus), bay mussel (Mviilus edufis), and
freshwater clam (Corbicufa fluminea), and 37 sediment samples. Twa archive samples of California
mussels from Point Pinole and the Dumbarton Bridge at Channel Marker 14 collected in 1981 and 1982,
respectively, were also analyzed in 1989 upon special reguest. Sampies were analyzed for race
glements (metals), organic chemicals {pesticides and FC3s), polynuciear aromatic hydrocarbons (PAksj,
and tributyltin (TBT). Transpianted California musseis made up 62% of the tissue sampies followed by
resident California mussels (24%), transptanted freshwater ciams {11%}, resident bay mussels (2%}, and



resigent freshwater clams (1%). A complete station sampling history of the SMWP from 1978 to 1993 is
provided in Appendix 0. Recently, siation names were reviewed and updated to more accurately
describe the location of the sampling site. These changes are listed in Appendix £ by ofd siation name.

Wet weight sampling resuits were compared 10 the following criteria; U.S. Food and Orug Administration
{FOA) criteria, Maximum Tissue Resicue Levels (MTALs), Median international Standards (MIS), the
Naticnai Academy of Sciences (NAS) recommended guidelines for gredator protection. and Elevated
Data Leveis (EDLs). A discussion of each criterion can be found in Section 3, Administrative and
Comparative Critaria on Page 3. The MTRL is a new criterion developed from water quaiity objectives
from the 1880 Cafifornia Ocean Plan (SWRCS 1980a), the Dranrt November 26. 71990 Functional
Squivaient Document - Deveiopment of Water Quality Plans For: Infand Surface Waters of California anc
Enciosed 3ays and Estuaries of California (SWRC3 1880b), and the Draft Aprif 9, 1991 Supplement o
‘he Fuhctional Zguivatent Documenr (SWRCB 1991). Only three samptes coilected from 1987 to 1993
exceeded FDA criteria (Appendix ). Two samoies exceeded the FDA action level for dieldrin of 300
ppb. Transplanted California musseis collected in 1988 from the Lauritzen Canal/Encd contained 502 ppo
digldnn ang freshwater clams from Salinas/Rectamation Canal 4 collected the same year contained 396
ppb. The FDA tolerance levef for PCBs (2,000 ppb) was exceeded in only one sample. Transplanted
Cafifornia mussels from San Diego Bay/Harbor isiand /East Basin/Storm Drain atso collected in 1988
contained 2,738 ppb PCBs. A total of 300 tissue samples from 216 stations excesded the MTRLs for
ocean waters (Appendix G, enclosed bays and estuaries (Appendix H), and intand surface waters
(Appendix i). The NAS guidefine for DDT (1,000 ppb} was exceeded in five transplanted freshwater ciam
samples from four stations (Appendix F). Two samples collected in 1988 from Salinas/Reclamation
Canal 4 and Revolon Slough comtained 2,536 and 3,845 ppb, respectively. A sample fram Revolon
Slough again exceeded the NAS for ODT in 1989 with 2,507 ppo. Mare recently, a sample from Salinas
River Lag 2 station in 1992 comained 1,068 ppb while a 1883 sampie from Watsorwville Siough/Bridge
station contained 1,058 ppb. The MIS for trace slements were exceeded in 528 sampies from 203
stations from 1987 to 1993 {Appendix J). Samples exceading £DLs for trace eiements and organic
chemicais can be found in Appendices K and F.

Tabular summaries of ail chemistry data are provided in Appendices L through P. Summaries of all trace
element data are provided in Appendix L (wet weight) and Appendix M (dry weight). Summaries of all
organic chemical data are provided in Appendix N {wet weight}, Appendix O (dry weignt), and

Appendix F (lipid weight). A separate tabie containing PCP and TCP results is located in Appendix Q.
PAH dara summanes can be found in Appendix R {wet weight), Appendix S {dry weight), and

Appendix T {lipid weignt}. From 1987 t0 18990 samples were anafyzed for a large number of PC3
congeners. These data ¢an be found in Appendix U and V (wet weight}, Appendix W and X

{dry weight), and Appendix Y and Z {lipid weight).

Appendix DD is an errata sheet containing corrected phenc! data from 1984-35 and 1986-37.

™3



2. FIELD AND LABORATORY OPERATIONS

The presence of many toxic substances in the State's waters is determined by analyzing tissues from
aquatic organisms. Concentrations of these substances in water are often too iow or transitory to be
reliably detected through the more traditional methods of analysis of water samples. Also. many toxic
substances are not water soluble, but can be found associated with sedimert or organic matter. Aguatic
organisms are sampled because they bicaccumuiate and bioconcemrate toxic subsiances o levels
which may be many hundrads of times the levels. actually in the water. This concentration factor
facilitates detection of toxic pollutants. Musseals and clams are excellent subjects for this purpose
hecause they (1) are sessile, (2) are longdived, (3) can be successfully transplanted to and maintained In
areas where they do not naturaily occur, and (4} reliably concentrate toxic pollutants from the water.
The foflowing is a general overail discussion of field and laboratory procegures. A detailed discussion is
provided in Appendix AA.

Substances Measured

Samples are reguiary anatyzed for up to 14 trace elements (Table AA-1) and approximately 45 synthetic
organic chemicals inciuding pesticides and PCBs (Table AA-3). Arsenic, nickel, seienium. polynuciear
aromatic hydrocarbons (PAHs), pentachiorophencdi (PCP), and tetrachloropheno! (TCP), and tributyitin
(TBT) are looked for on a request basis onty, Not every sampte is analyzed for all trace sfements or
arganic chemicals. Each sample at each station is handled individuaily. The reguesting agency, usually
the RWQCEs, will specify the type of anaiysis for each sample.

Sampie Size and Coilection

Forty-five mussels or clarns are cormnpaosited and analyzed for organic chemicals. Three anatytical
replicates of 15 individuals each of mussels or clams are analyzed for trace elements (trace element
resuits reported herein are mean vatues). Caoncentrations in bivalves of certain trace elements and
arganic chemicals can be directly correlated with several variables such as size of the animal, locatton of
hapitation within the tidal zone, and season of coflection {Stephenson et al. 1987). In the SMWF,
mussels of 53 to 65 mm in length are coliected whenever possibie in order 1o reduce size-related effects.
Clams size is limited to 20 to 30 mm in length. In an attempt to minimize variability introguced by
location of coflection within the inter-tidal zone, mussels are coilected from the highest point in the zone

where adeguate numbers occur.

Mussais and clams are transplanted where a suitable resident population dogs not exist and where
sampfing can be accompiished using scuba equipment. The mussef transplant system. consisting of a
botton anchored float buoy used in water up to 40 m depth, is shown in Appendix AA, Figure AA-i.
Bags of freshwater clams are usually tied to plastic stakes ptaced off the bottom or are attached 10
submerged structures. A two maonth transplant period Is adequate in most cases where poliutant uptake
rates are expected (0 be high, but for race elements in iess contaminated environments a six month
interval may be necessary for an adeguate sample (Stephenson et al. 1980). A four to six manth
transplant interval is used for organic chemicals to be consistent with transptant periods for trace

(]



elements. Transplanted mussets (M. cafifornianus) were collected from Trinidad Head for the Humootdt
Bay survey, from Mantana de Oro for the Diablo Canyon survey, and from Sodega Head for ail other
transplants. Transplanted freshwater clams (C. fluminea) were caflected from Lake San Antonio up to
mid-1990. Because drought conditions at Lake San Antonio prevented further coilections, ctams were
cbtained from the RAic Vista area (Salano County) from 1990 through mid-1992. Clams caflected from
the Rio Vista area were heid in Aptos Creek until transplanted. |In 1992-S3 clams were callected from
Lake Isaheila,

Dry, Wet, and Lipid Weight Measurements

Metal dara are presented in parts per million (ppmj, while organic chemicai datz are presented in parts
per pillion (pph). Tissue concentrations of trace elements and grganic chemicals are measured on a dry
weight basis to reguce data variabiity due 10 moisture content. Wet and lipid data are back calcuiated
{rom dry weight measurements. Wet weight data are used fo compare to wet weight or fresh weight
criteria listed in this report (see Section 3, Administrative and Comparative Criteria). | addition, arganic
chemicals are expressed on a lipid weight basis. Upid weight measurements offer several advantages.
8ecause chlorinated hydrocarbons are much more soluble in lipids (fat tissues) than in water, they
partition into lipid-rich tissues of aquatic arganisms (Stout and Beezhoid 1881). Animals with higher
proportions of lipid in their tissue usually have had higher concentrations of chlorinated hydrocarbon
poilutants (Phillips 1980). Factors such as season, water temperature, health of the organism, stress on
the crganism, and type of species can affect the lipid levels of sampies collected for analysis and can,
therefore, cause variability in resuits. Use of lipid weight measurements may reduce this source of
variabiiity, although disagvantages have also been noted (Phillips 188C). As a resuit, linid weight values
may represent 3 more realistic measure of environmental availabifity of chiorinated hydrocarbons than
wet weight values. Wet weight measures, however, remain the preferred measure for mast readers
because all criteria for human health and for predator protection are based on wet weight measures.
Also, wat weight measures better reflect the exposure of predators or humans to the actual

concgntration in iresh mussels or glams .



3. ADMINISTRATIVE AND COMPARATIVE CRITERIA

tn this report the term “criteria” is used o refer to the criteria against which a particutar trace element or
arganic chemical is being compared. More than one criterion may apply to any ane metal or arganic
compaund. In general. FOA action tevels, Maximum Tissue Residue Levels (MTALs), and

Median International Standards (MIS), ail human health-related criteria, are censidered more imoortant ar
critical. Following human health criteria are NAS guidelines for pregator protection and Zievated Data
Levels (EDLs). Al five criteria are discussed below.

In interpreting the SMWP data by any of the critenia provided. the reader is catticned that thers is ng
simpie relationship between concentrations of toxic substances observed in tissue sampies and actyal
concentrations in water. Qifferent aquatic organisms tend to bicaccumuiate a given taxic subsiance in
water to different levels: however, the differences usuaily do not prevent a general interpretation of the
data. The reader is cautioned that the fimited number of samptes obtained and anatyzed at each station
in a singte year is generaily too small to provide a statistically sound basis for making absclute
starements cn OXIC substance concentrations. The values reported herein should be accepted as
indicators of refative levels of toxic pollution in water, not as absciute vaiues. In this sense, rends over
ume ang ranking values of a toxic substance provide only an indication of areas where musseis and
clams are evidently accumulating concentrations which are above normal.

FDA Action Levels and NAS Guideiines

The FDA has estabfished maximum concentration levels for some toxic substancas in human foods
(USFDA 1985). The levels are based on specific assumptions of the quantities of focd consumed by
humans and the frequency of their consumption. The FDA limits are intended to protect humans from
the cnranic effects of toxic substances consumed in foodstuffs. The National Academy of Sciences
{NAS) has estabiished recommended maxirmum concentrations of toxic substances in animals

{NAS 1973). They were established not only to prorect the organisms containing the taxic compounds,
out also to protect the species that consume these contaminated crganisms. The NAS has set
guidelines for marine fish but not for marine shellfish. Only twe guidelines apply to freshwater clams.
The FDA limits and NAS guidefines used in this report are shown in Tabie 1.

Maximum Tissue Residue Leveis (MTRLs)

MTRLs were dgeveloped by SWRC3 staff from human heaith water quatity abjectives in the 1990
Cafifornia Oczan Plan (SWRCB 1890a), the Drait November 26, 1990 Functionai Equivalent Document -
Devefopment of Water Quality Plans For: inland Surface Waters of California and Enclasad Bavs and
Estuaries of California (SWRCS 1990b), and the Draft Aprif 9, 1997 Supplement to the Functional
&quivalent Document (SWRCB 1991). The objectives represant concentrations in water that protect
against consumption of fish, shellfish, and water (frashwater only} that comtain substances at levels
which could resuit in significant human neaith probiems. MTRLs are used as alert leveis or guidelines
indicating water bodies with potantial human heaith concerns and are an assessment igol and not
compiance ar enforcement criteria. Tables 2, 3, and 4 lists MTRLs for those substancaes monitored in
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the SMWF. The MTALs for a number of substances listed as carcinogens in the MTRL tables are betow
the current tissue detection limit for those substances. Detection limits can be faund in Tables AA-1,
AA-3, and AA-4 in Appendix AA.

The MTRBLs were calculated by muitiplving the human health water quality objectives in Dy the
sioconeentration factor (BCF) for each substance as recommended in the USEFA Drart Assegsment and
Controi of Bioconcentratable Gortaminarts in Surface Waters (USEPA 1991). BCFs were taken from the
{USEPA 1980 Ambient Warter Quality Ceiteria Documents for each substance. MTRLs were not caiculated
for objectives that are based on maximum contaminant levels (MCLs) or taste and odor criteria.

Median international Standardgs {MIS) for Trace Elements

The MIS is an in-house criterion developed from a Food and Agriculture Organization of the United
Nations publication of a survey of heaith protection critenia used by member naticns (Nauen 1883). A
description of how the Median Intemational Standards were compiled by SWRCB staff is grovided in
Appendix BB. These criteria vary somewnat in the tissues (o be anatyzed or the leval of protection
desired, but may be compared gualitativety, Table 3 surmmarizes these standards as an indication of
what other countries have determined 10 be unsafe levels of trace elements. Though the standards do
not apply within the United States, they provide an indication of what other pations consicder to be an
elevated conceniration of trace elements in si:leliﬁsh.

Elevated Data Lavels

The "sievated data levei* (EDL) was introduced by SWRCE staff in 1983 as an intemal comparative
measure which ranks a given concentration of 2 particular substance with previous data from the SMWFP.
The EDL is calcuiated by ranking all of the results for 3 species and expasure condition {resident or
ranspiant) and a given chemical irom the highest concentration measured down to and including those
records where the chernical was not detecred. From this, a cumutative distribution is canstructed and
percentile rankings are caiculated. For example, the 50" percentiie corresponds 1o the median or
“middle” value rather than to the mean. With a large number of records, the median can be
approximatety compared to the mean.

The 85" percentile (EDL 85) was chosen as an indication that a chemical is markedtly sievated from the
median. The 85" percentile corresponds to measures used by the U.S. Fish and Wildlife Service in its
National Contaminant Siomonitoring Program and would represent approximately one and ane-half
standard deviations om the mean, if the data were narmally distributed. The 95™ percentile (EDL 95)
was chosen to indicate vaiues that are hignly slevateq apove the median. The 95™ percentiie would
represent two standard deviations from the mean, i the data were normally distributed. When used
along with other information, these measures provide a useful guideline to determing ¥ a chemical has
been found in unusually high concentrations. A more detailed description of EDL rankings is provided in
Appendix CC. The reader is cautioned that £D0Ls are nat directly related (0 potentially agverse human cr
animal health effects: they are only 3 way 1@ compare findings in & particular area with the iarger data
hase of findings from all over the state. The 1977-33 £DLs and the number of data paints usad o
caiculate each EDL are provided in Tables § through 3.



TABLE 1

NAS Guidelines and FDA Action Levels far Toxic Chemicals in Shellfish
{wet weignt)

NAS* FDA®
Aecommended Guideiine Action Lavel for
for Freshwater Sheillfish Fresnwater and Marine Sheilfish
Chermical 4g/q (ppmj  ng/g {ppD) ¥3/g (ppm) ng/g {ppb)

Mercury - - 1.0° 1,000
DCT {toral) 1.0 1,000 - -
PCE (total) 0.5 300 200 2.000
aldrin - - 2.3 300
dieidnn - - 0.3 300
endrin - - 3.3 300
neptachior - - 3.3 300
heptachior epoxide - - 0.3 300

a4 Natienai Academy of Sciences-National Academy of Engineering. 1873, ‘Water Cuality Criteria, 1572 (Blue Soaid.
U.8. Environmental Protection Agency, Scological Research Series.

[} U. 3. Foad and Drug Administration, 1984, Shellfisn Sanitaton Interpretation:  Action Levels tar Chemiczl and
* Peisonous Sucstances, June 21, 1984, U.S.F.0.A., Sheitfish Sanitatian Sranen, Wasnington, 0.C.

¢ As methyl mercury.

d  Atclerance, rather than an action lavel, Nas been estahiished far 8C3s {21CFR 108, puolished May 29, 1984). An
action leve! is revoked whnen 3 regulation estaniishes a tolerance for the same syostance and use.



TABLE 4

Maximum Tissue Residue Levels (MTHLS_] in infand Surface Waters

Carcinagens
Water duaiity Objective * 3cF * MTRL *

jumstance ' {ugs 2 (l/kg) {ug/kg, pp0)
aiarin 0.00013 d g.35

arsanic 5.0° Sie 200.0 (0.2 pem)
chlorgane {totai} 4.00008 1a100 1.1

20T {tatal) 1.00059 53440 32.8
“dieidrin 0.00014 4670 g.55
heptacntar 1.00075 11200 1.8
hepracnior spaxige 0.0oeo7 19200 2.3
naxachlaorobenzene [HC3) 1.000686 8690 4.0
hexacntorocycicnexane (HCH), alpha 7.0039 130 9.2
hexachlorecyclongxane (HCH), beta 0.014 130 : 1.3
nexacnloracycionexane (HCHD, gamma .09 130 2.3

PAHs (total) d.o0z28 30 0.08

ACBs (total) 0.00007 31200 2.2
peritachiorophencl (PCR) 8.28 11 3.1

texaphene 1.00067 13100 3.3

Non-carginogens
Water Quality Objecrive * acF ® MTRL *

Sugstance {ma/t} tl/kg) (mg/kg, pom)
CICMI tm : a.m Sl Q.54
endosulfan {total) 0.000% 270 0.25 (250 pph)
endrin 0.0008 3970 3.0 (3,000 ppo)
mereury 3.000012 f 1.9

nicxel 2.6 a7 28.0

From the Drapt Novemger 26, 1990 Funcrional Equivalent Docsument - Deveiopment of Water Quaticy Plans For: inland
Surface Waters of California and Znciosed Rays and Zztuaries of Califorma (SWRC3 1990b), the Draf dpri 9, 1991
Suppiement :o the Functionaé Equivaienr Documenr (SWRCE 1991)

Bioconeentration facigrs taken from the USZPA 1980 Amoient WaTer Quality Zriteria Documents for each
substance,

MTALs were calculated by multioiying the Water Quaiity Objective Dy the BCF, except for aldrin,
arsenic, and mercury.

Aldrin MTRL (s derived from a comoimation of aldrin and dieldrin risk factors and 3CFs as recommended
in the USEPA 1980 *Ambienr Warer Quality Criteria for Aldrin/Dieldrin® (USEPA 1980},

Arsenic MTRL was czlculated from the farmula NSRL + (WI/BCF) + 7C = MTRL. INSRL (California’s He
Signiticant Risk Level for arsenic) = i0 pg/d, Wl (Water Inrake) = I i/d, FC (daily fish consumotion}
0.0065 kg/sdl .

The MTRL for mercury is the fDA acTion level. The water quaiity atjective for merzury in Ine inlana
Surtace Waters Plan i{s Jaseq on the DA acTfion levei as cecommengeq im she USEPA 1985 "Amgiern Warer
Qualiry Critenta for Mercury™ (USEPA 19853,
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APPENDIX F {(continued)
State Musset Walch Program
Stunmary of 1887-83 Data: Organic Cheinicals Exceeding Selecled Crilerla (pph, wet welghl)

Aldrin Chlor- Total Chior- Dacthal Diaz- Totat Di-
Stalioun Station Sample  Sample bren- Chlor- pyrifos {non poT chloro-
Hunber Ham: Type* bete side dane benzophenond
3233 Palo Alte ouifall™ 77T YT 02709790 - R o
3260 kalo Alto/Channel Marker 8 TCH 12716791
326.0 Fala Alta/Channel Marker 8 TCH 02701793 P44~
399.7 San Lorento River/felton Tfe 02/146/91
L0701 Santa Crar/1 Dock 1CH 02/08/89
401.3 Huss Landing/Yacht llarbor TCH 01704 /8% bohm
401.5 Yatsonville Slough/Br idge TFC 02/02/88 F.0* 140, O 4.0
401.5 Watsonville §leugh/Bridge 1FC 03710493 1.0* 494" 105814
L0 & Harkins Slough Bridge TfFC G2s02/BA &o2mn
401.8 San Andreas Road TFC 02/03/88 0.7
bicafal biel- Total Endrin Ethion alpha- beta- “"delta- Gianina - Wepta- ilepta- Wexa-

Station drin Endo- HEIL nen HCH licl chlor chlor- chlaro-
Humer sulfan epaxride hentene
3233 - ’ 0.8+ 0.2%
325.0 1,34+ 0.2+

n 326.0

o 399.7 . G.7an
0.y
401.35 14 2% .f
403.5 55.0% 0.3 0. 3%+ BN L
£01.5% 170,04 18.0% a.7+ 244
401.6 8. 0* 0,344 1.0%
4G1.8 405+~ 1246.0% 2.0%
T THethoxy - Ethyl- Hethyl - Oxa- Phenal Penta- Tetra- Total Tetra- Toxa- Tri-
Station chlos para- para- diszon chlaro- chlaro- PC8 dilon phane bratyl -
Hunber thion thion ) phencl phenaol tin
§55 ¢ P
126.0 1.3
124.0
3997
£01.1 1560, 0%
013
401.5 240
40%.5 28._0* 1500, 04
401.8 1.8+
401.8
* RCH = Resident California Mussel TFC = Transplanted Fresh Hater Clam * = Equals ar exceeds EDL 85. #4 = Equals or exceeds FDA action level.

RBM = Resident Bay Mussel RFC = Resident Fresh Water Clam ** = Equals or enceeds EDL 9%,
1CM = Transplanted California Husset # = Equals or exceeds HAS recomuended yuidel ine.




APPENDIX I (continued)

State Mussel Watch Program
Stanmary of 1987-93 Data: Trace Elements and Organic Chemlcals Exceeding Maxlmum Tlssue Residue Leve

(wel weighl)

Is (MTRLs) in Lidand Surface Walers

........ Cadniim Total Total Total Dieldrin llepta-  ilexs- gamma- Total Total Toxa—|
Arsenic aldrin Chior-  DOT  Erwo- chlor chloro-  HCK FCH PAH phene
Stalion Statian Sanpile  Sauple dane - sul fan Epoxide bLentene
Huodser Haine Type* Date {(ppmYy  (ppm)  (ppb)y  {ppb) (pphy  {pp) (pjdy) (pphb) (ppb)  (ppla) {ppb)  (ppby) (ppby
{008 Aptos Creek TFC  01/31/90 ~ 0.95 6.3 6.8
LDD.8  Aplos Creek IFC 10/25,%90 .80 1.6 8.0
400.8 ApLos Creek RFC 11/14/90 1.20 8.2 5.9
40D.8  aptos Creek RFC 11728790 6.3
400 B Aptos Creek TFC 127197910 0.70 1.5
461.5  watsonville Slouyh/Bridge 1FC 02702788 1.0 31,4 9.8 5.0 3.0 13.0 L40.0
b1 .5 Watsonwille Slough/firidge THC 0371093 1.0 49.4 10581 170.0 2.6 27.0 1500.0
4014 arkins slough Aridge TFC  02702/88 12.46 0.3 2.3 1.0 )
£01.8 San Andreas Road IfC 02,035,848 6.7 21.4 437.0 126.0 2.0 146.2 2f9.0
401.9  Pajare River Estuary TFC 03710793 9.8  1546.4 14.0 15.0 280.0
405.2  Qld salipas River 2 LEC 03714492 1.20
405.2  old salinas River 2 1FC 03710;93 2.5 3.0 15.0 51.0
4053 Old Salinas River | 1FC 03716492 5.2 520.8 53.¢ 29.0 260.0
405.3 0ld Salinas River 1 TFC 03710293 0.5 27.0 450.46 70.0 0.4 91.0 560.0
405.&6 Satinas River Lag 1 TFC 03710493 3.1 38.0 5.2 20.0 50.0
405.7  Salinas River Lag 2 1FC 0371492 0.4 193 10481 89 .0 59.0 250.8
506.0  MYestley Station RFC  01/04/89 i 4.2
L3865 Tenbladera Slough TFC  03710/93 0.8 224 397.8 &8.0 .4 48.0 660.4
4074 Blance Pup/uest 1FC 03/10;93 0.6 19.9 7t4.0 150.0 44.0 710.0
408.9  Satinas/Reclanation Canal 3 IFC  02/03/88 30.6 9992 192.0 &% Q6.0 24800
409.0  sSelinas/Reclemation Canal 4 TFC 02703766 1.6 1432 25%.9 3946.0 h2.8 31510.4
425.4  take San Antonio/Buoy TFC  12/08/87 1.43 1.0
425.6  take San Antonio RFC  10/28/87 1.44 0.5
425.6  take San Antonio RFC  09/14/88 0.1 0.94
£25.6 Lake San Antonic RFC 08715789 2.48
425 46  Lake San Antonio FFEC 05725792 0.50 0.90 1.2 18.0 38.0
466.0  San Lwis Obispo Creek 1 1FC 0272691 17.5 14.1
480.0  (ake Llsabella RFE  D2;09/93 1.90 1.9 13.0 5.9
507.8 Revolan 5] ough T¢C 03/14,88 257.2 38454 294 . @ 334 8.7 12.4 FLEN - 3294.0
507.8  Revolon Slough 16EC Q129,89 B9.8 2507.8 1292.8 13.1 2.7 L4 76744
507.8  Revolon 5lougi TFC Q3711790 113.0 983.4 [ %4 2822.0
7¥9.1  Santa Ana River/Prado Dam TFC Q4502792 0.70 12.6 74.0 5.7 64.0
AL Santa Ana River/Prado Dam T#C 039793 9.4 699 5.1 49.0 1917
7270 Gacden GrovesMintershurg Channel L 01723790 13.3 5.3 29 .4
F27.0  Garden GrovesWiniersbaurg Channel 1FE 05717798 18.9 95.8 4.4 61.80 210.2
728.4  Upper Hewport Bay/BacArthur FFC 03707/80 1.03
7284 Upper Hewport Bay/MacArthus TFC 12/20/88 4.80 0.1 185.0 3l 25.0 30.%
728,46 Upper Hewpart Bay/sHMacAs thur TFC 03714790 21.4 141.¢ 2.4 43.0 120.0
72B.4  Upper Heuport Bay/MacArthur TFC 0172300 840 15.5 aa.2 i é 22.%
728.4  Uppec Hewport Bay/MacArthur 1TFC 03717793 1.1 6.0 2.8 27,0 72.9 i10.0
T3 VFC S Transplanted Fresh Water Clam RFC = Resident Fresh Water Ciam . T T T o -
n
Il G B O G S D B ay S = S A S T i B e 7
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TABLE 18

MUSSEL WATCH ORGANIC RESULTS THAT EXCEED NAS RECOMMENDAT IONS
{ppb, wet weight)

STATION  STATION NAME DATE SAMPLE TOYAL DDY TOTAL PCB
NUMBER TYPE (1000) # (500) #
401.80  SAN ANDREAS ROAD 11/26/86 FWC 1446
405.00  ESPINOSA SLOUGH 11/28/83 FWC 2189
405.40  OLD SALINAS R. Cli.1 11/28/83 FWC 1551
407.50  BLANCO PUMP EAST 02/19/85 FHC 3769
0 407.50  BLANCO PUMP EAST 12/11/86 FUC 1086
- 407.60 ML DRAIN BLANCO D/S 02/19/85 FWC 2350
407.80  BLANCO-NITCHCOCK 12/11/86 FUC 2482
408.90  REC. CANAL #3 12/11/86 FWC 1814 500
409,00  REC. CANAL #4 12/11/86 FHC 3249
507.80  REVOLON SiOUGIH 12/31/86 FHC 6174 854
F —

National Acadenmy of Sciences (NAS) recommended guideline For frashwater organisms

FWC freshwaler (lam

Ir
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(ABIE 19

HUSSEL WAICH ORGARIC RESULYS THAT EXCEED USFDA ACTION LEVELS AHC 101 ERANCE
{ppd>, et weight)

SIATICOH  STATIOH HAME DATE SAMPLE TOTAL TOTAL DOT DIELDRIN ENDRIN TOTAL JOXAPHENE
HUMBER IYPE CHLORDANE {5000)** {360y (3005 PCR (SO
(300)=4 (2000744
303,50 LAURINZEN CAHAL MID 01/14/87 TCH 12026 810
401.80  SAN AHDHEAS RDAD 11726785 FLE . 324
407 80 ML DKAIK BLANCO D/s 02/19/785 Fuc 468
] 408.90  REC. CANAL #3 12/11/88  Fus 300
R
409 00  REC. CARAL #4 12/11/84 Fuc 308 374 5572
507.80  REVOLON SLUUGH 12731786 FAC 305 174
894.00 SO BAY £. COMH. BASIN V2/29/82 TCH 5792
B94.00 sD GAY E. COMd. BASIN 02719785 TCH 2412
B24.00 S0 BAY E. COMM. BASIH 01703784 o] 2208
BY4L .10 €. BASIN SOF1 BOTIOM 01/04/84 TCH 2014

= FRA sction tevel for fish and shellfish

= FDA action level for fish only

LI I T

= FDA tolerance for fish and shelifish

FCH = Transplanted Callfornla Mussel
FHC = Freshwater Clam
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TABLE 20 (COMYIMUED)

HUSSEL WAICIE ORGANICS RESULTS THA! EXCEED ELEVAIED DATA LEVELS (EDLs)

ORY WEIGHT, ppa

—— S e ———————
STATION STATIoW SAHPLE  SAHPLE  ALDRIN cilor - TORAL CHLOR - DACTIAL TOUAL, o,p'- P pr- DIAZINOK
HUHBER HAME TYPE DAIE BENSIDE CHLORDAME PYRIFOS oot ooy ODT
33600 J. FITIGERALD RCH™ 02714761 . T ) - -
408.00  ANO NUEVD RCM  1Y/18,77 6171
400,00  AHO HUEVD RCH 0871578 502.%
400,00 ANO HUEWD RCH DY/04/79 9303
400.0¢  AHO HOEWD RCH 10717782 S41.9
401,00  SaMIA CRUZ HARBOR 1M 05/29/80
401.00  SANTA CRUZ HARBOR TEN 11/24/80
401.20  UATSOMVILLE S§OUG)H TCH 111782 18615.0 37.0 120.0
401.20  WATSONVILLE SLOUGH TCH  11/28/83 17.0* 830.0* 3244.0% 0.0 540.0"
401.20 WATSONVILLE SLOUGH T 0172784 26.0 40.0 140.6
STATLOH DIELDRIN ENDRIN TOTAL ENDO- HCH ICH HCH lICH HEPTA- HEPTA- NEXA - HETHYL
HUHBER ENDO SULFAN ALPHA BETA GAHHA DELTA CHLOR CliLOR CILORQ- PARATIIION
SULFAN 1 EPOX{DE BENZENE
33400 10.00 B.80 5204 T
50060
400,00
500,00
L00_b0 13.0 14.0 4.0 1.404
405,00 17.0*
401.00 26.0 26.0 6.20 3.00¢
401.20 “00.0 4000
401,20 240, 0% 44 .G 3390, 0+ 1800 .0+ 6.60 6.30* 5.70%
401,20 1400 12.0 1370,04 720, 0% 2.70
STATIOH HE ¥ HOXY - YOTAL PO PCo pce PEMTA- ROMNEL TEIRA- TETRA- TOKAPHENE
MUHBER CHLOR PCB 1244 1254 1240 CHLORG- CHLORG- i) Fou
PHEHOL PHENOL
33800 }
400, 00 3300+ 33004
400,00 180.0 180.0
400.00 370,0¢ 370.0+
40000 36004 350.0~
401.00
4031 .00
401,20 950 0+
401,20 13000
401,20 3.0
RCH = Resident Callfarnig Hussel RBH = fesident Bay Mussel All Licted Values Exceed EbL 85
1CH = Transplanted Colifornfa MHussel fWC = Freshuater Cle * = Exceeds EDJ, 95
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EXECUTIVE SUMMARY

This report summarizes the results of the Toxic Substances Monitoring Program {TSMP) from 1978-1887.
The TSMP was initiated in 1976 by the California State Water Resources Control Board {State Board) to
provide a uniform statewide approach 1o the detection and evaluation of the oceurrence of toxic
substances in fresh and estuarine waters of the state. The Calffornia Department of Fish and Game
(DFG) carries out the statewide TSMP for the State Board by collecting and analyzing fish and other
aguatic organisms from seiected sampling stations. The State Board provides funding for the program
under an ongeoing annual interagency agreement with the DFG. The intent of this report is to provide an
overview of the program from 1978-1987 and to make it easier 10 find and use the TSMP resuits. This
report does not replace the previously published annual TSMP reports which provide detailed
assessments of results (SWRCB, 1979a through 1982a, 1982, 1985 through 1988a. and 1989).

Waterbodies sampied in the TSMP were selected because of suspected water quality problems. Thus, it
is not surprising that mast of these waterbodies axceeded at least one comparative criteria.  Qverall
assessment of the data, however, indicates that many of the sampied waterbodies probably do not have
significant bicaccumulation problems. Fhe following waterbodies or areas consistently exceeded

comparative criteria:

Metais

Region 1 - Fish and invertebrates from the north coast area contained elevated levels of chromiom
and nickel,

Region 2 -  Fish collected from the Guadaiupe River area and Lake Herman comained mercury leveis
exceading FDA action levels to protect human heatth, The Depantmernt of Heaith Services
{OHS) issued health advisories for both areas. Samples from Suisun Bay contained high
ievels of arsenic. copper, silver, and zinc.

Region 3 - The FDA action level for mercury was exceeded in fish from Lake Hemandez and
lLake Nacimiento. The DHS issued a heaith advisory for Lake Nacimiento.
Lake San Antonio contained some of the highest cadmium levels found in the State.

Region 4 -  Fish irom the San Gabnel River contained elevated levels of copper, lead, nicke!, and
silver.

Region 5§ - Mercury leveis exceeding FOA and NAS criteria were found in many areas of the Region
including the American River. Seach Lake, Lake Berryessa, Clear Lake, Feather River, and
Don Pedro Reservoir. Heaith advisories were issued by the DHS for Lake Berryessa and
Clear Lake. Other metals were aiso detected at high concentrations in Region 5.
particulary at the Keswick station on the Sacramento Aiver.



Region & -

Region 7 -

Region 8.-

Hegion 9 -

Sitver regularty exceed criteria in the East Walker and Truckee Aivers.

The TSMP uncovered a widesoread setenium poliution probiem in the Region. High
selenium levels were found in the Saiton Sea arez and in the Colorado River. A heaith
advisory was issued by the DHS. for the Salton Sea.

“levated metal levels were found at a numbper of sations an San Diego Cresi

The Tijuana Eswuary consistermly exceeded matal criteria n samples coilectad from 1984 ©

1887,

Organic Chemicails

The most frequently detected pesticides were chicrdane, dacthal. DDOT, dieldrin. and toxaphene. DoT
residues were found in most samples analyzed indicating that DOT accurmnutation is still a probiem in
California. Arsas where pesticide and PCB levels were found in high concentrations over many years

meiude:

Hegion 3 -

Region 4 -

Region 5 -

Region 7 -

Region 8§ -

Region 3 -

The Safinas and Watsonville areas. Fish from Blanca Drain exceeded DA action ievels
tor DDT and dieldrin.

Callequas Creek, Harbar Park Lake, and Revolon Siough. The FDA action leve! for
chiordane was exceeded in Harbor Park Lake and Puddingstone Aeservotr. The DHS
issued a heaith agvisory for Harbor Park Lake because of hign chlarcane and DOT leveis

found by the TSMF,

The Merced. Sacramentq, San Joaguin, Stanistaus, and Tuciumne Aiver drainages.

FDA action levels were exceeded in fish from the Feather River (PC3s), Paradise Cut
(chiordane and COT), and the San Joaquin River (chicrdane, DOT, and toxaphene). The
Vernalis station cn the San Joaguin River had the most FDA exceedances with six

occurming in 1983, 1984, and 1S86.

The Alamo and New River drainages. Fish from the Alamo River exceeded the FDA action
leved for ODT.

San Diego Creek.

Fisnh from the San Diego River excesded the FDA action ievel for chtordane.

ra



Chapter 1
PROGRAM EVOLUTION

From 1978 10 1987, the TSMP sampled 303 stations from over 200 waterbodies statewide. Appendices A
through € provide sampling station information. Sampiing history for sach station is provided in
AppendX D. Mare than 1,200 samples representing 69 species were analyzed over the ten year period
(Appendix E). Atotal of 61 fish species, siX invertebrate species, one turtle, and a plankton sample were
collected (Tabte 1). Largemoutn bass, carp, and channe! catfish were the most frequently collected
species (Table 2). These three species made up approximately 40% of all sampies. The Program
sveraged 120 samples and 56 stations monftored per year from 1978 through 1987. There was,

nowever, a significant increase in workicad in the Program starting in 1983. From 1978 to 1982, the
TSMP averaged 77 sampies from 4Q stations per year. The average annual workioad increased to

163 samples from 73 stations for the period 1983 10 1987. The largest number of samples (250} was
collected in 1986, while the most stations monitored in any one year occurted in 1987 when samples
were obtained at 83 stations. The following is a year by year discussion of the historical evolution of the

TSMP:

1976-77: Developmental period for the TSMP. Modifications and improvements were made in both
sampling and analytical techniques. Data collected during this time are not compared with
following years data because of different methods and tissues used. The “Primary Water
Quaitty Manitoring Network® (Primary Network) was established during this period. The
Primary Network was made up of sampling stations on 28 high priority streams identified far
the State Board by the Department of Water Resources (DWR, 1876). Primary Network
stations were iocated in aii Aegions, except Region 4. The purpese of the Network was to
provide an overall continuing assessment of water quality in the state. initial program
objectives incilided develepment of baseline data to: (1} document trends, (2) assess impacts
of accumuiated toxicants, and (3) attempt to identify sources of poliutants. These objectives
were later modified 1o meet Regional Board needs. Measuring polltant levels in resident
aguatic organisms was selected as the method of choice. Nine metais or trace elements and
64 synthetic organic compounds were chosen for analysis. Barthic invertebrates, forage and
predator fish, and sediment were anaiyzed at each station. Sediment sampling was sooh
dropped during this time period because of unsatisfactory resuis. Sampling was conducted
during fall dow flow) and spring ¢high fiow). Results led to a recammendation to perform
sampiing only at low fiows during summer and fall. Data were compared 10 FDA and NAS
criteriz. The overalf result during this time period was the formalizing of the basic TSMP.

1978; First tull sampling year using stancardized procedures and technigues. Forage and predator
fish and inveriebrates were analyzed from 26 stations. All but one of the stations were part of
the Primary Network, No stations in Region 9 were sampied in 1578. A totaf of 70 sampies
from 26 waterbodies were analyzed for nine metals anxt 70 organic substances. Fish samples
were standardized, whenever possible, 10 include a composite of six individua!, medium sized.
young aduits. Large numbers of more normal sized fisn were thought to provide better



astimates of mean concentrations af toxicants. Mercury and organic substances were
anatyzed In fish fiesh to compare data to human consumpticn criteria (FDA action levels).
Metals were analyzed in fish livers for best comparative results. Water sampies™ were
collectad at mast stations analyzed for pesticides. Generally, compounds found in water
samples were not detected in tissue sampies. LUkewise, compounds measured in tissue
samples were rarely detected in water samptes. Action plans were formulated for waternodies
with specific bicaccumnutation problems. Eight waterbodies were identified as wamanting
immediate follow-up action. Recommendations were made to expand the program by
sampiing additional warerbodies.

1975: Samples were analyzed from 28 stations, all but one from the Prirmary Netwark. Fiity-four
sampies from the 28 waterbodies were anaiyzed for nine metais and 56 organic substances.
Soth benithic nvernebrates and fish continued to be collected. The number of species
increased, due primarity to the lack of appropriate species at a number of stations. The
difficuity in obtaining the desired species from station 0 station and year<to-year will continue
to plague the program. Field replicates were introduced in 1979 aiong with intertaboratory
comparison. Special ‘action plan* sampling was carmed out on the eight waterbodies
recarnmended for such sampling in 1978.

1880: Fish and invenebrates were anajyzed from 66 stations (45 waterbodies). Twenty-five stations
were part of the Primary Netwark. All but one of the remaining 41 stations were sampied for
the first time in 1980. Sampies were aot cailected in Region 2. A total of 121 samples were
anaiyzed for nine metals and 56 organic substances. Intensive sampling (action plan
sampling) was conducted on the Feather River (Region S) far PCBs and the
San Joaquin River (Region 5) for pesticides. Action plan sampling continued on praviousiy
recommended waterbodies. An absorbent water column sampler was used on the
San Joaguin and Feather Rivers. Lass frequent sampiing of Primary Network stations was
croposed. The lange number of new stations sampled In 1980 indicated & shift in objectives
from long term assessment monitoring at fixed stations to more of 2 “hat spat’ monitcring
program {see Long Term Monitoning Chapterj. This shift was also dene to expand the
statewide data base.

1981: Fish were analyzed from 43 stations (39 wateroodies). Siaeen sations were sampled for the
first time and 20 stations were from the Primary Network. Region 4 was sampied for the first
time, while Region 3 was not sampted in 1981, A towal of 61 samples were anatyzed for
10 metais and 56 organic subs@nces. Selenium was added to the chemical scan and was
monitored at one station in Region 5. Water column sampling” was conguctad on the Safinas
River (Region 3} and Colusa Drain (Region §j. Routine benthic inverebrate samciing was
discontinued in 1981, It was ieit at the time that the limited TSMP buaget could be better
spert concentrating on fish tissue analysis rather than sampiing both fish and inverieorares,

*  water and sedimenm data collected from 1578 Trougn 1982 am not includsed in tis mepon because of diffterances in wamoting
ang 'aDaratory teehimaues.  This imtormanon can be tound in the soprocnamm armuet TSMP recamn of in the S84 summary

‘eport,



1982:

1983:

1584:

Stations were assigned a seven digit hydrologic unit number code that specifies station
iocation within each Region. The 1981 TSMP report introduced regional discussion of resufts,
All datz from 1978-81 were included in this reporl. A precursor 10 EDLs was used to evaiuate
ail the data. Mean values and standard deviations were calculated and compared.

A total of 78 sampies from 37 stations (34 waterbodies} were analyzed for 9 metals ang -
71 organic substances. Eleven Primary Natwork stations were sampled. Sixteen stations
were sampied for the first time. Yearly sampiing of most Primary Network stations was

dropped in favor of an expanded statewide monitoring program. Water and segiment

sampling® were conducted at selected sites. Intensive surveys for mercury were conducted in
Clear Lake {Region 5), Lake Nacimiento (Region 3), and the American River (Region 5).
Sampies archived in 1980 were analyzed for metals. TSMP data was entered intc a main
frame computer system for improved storage and analysis. A recommendation was made 1o
drop absorbent water column sampling because It was not cost effective.

A total of 186 fish samples were analyzed from 50 stations {42 waterbodies). Nineteen
stations were sampied for the first time. Samples were monitored for 10 metais and

61 organic substances. Selenium was again mohitored at one station. Intensive surveys were
conducied in Clear Lake and Lake Nacimiento for mercury, l.os Angeles recreaticnai

lakes (Region 4) for metais and pesticides, and the New and Atamo Rivers (Region 7) for
pesticides. EDLs {called "Hlevated Toxic Pollutart Laveis® In the 1983 report) and

Median Intemational Standards (MIS) were introduced as comparative criteria in 1983. A
recommmendation was made to empiay lipid weights as a basis for data comparison.

Sampies were anaiyzed from 74 stations (60 watarbodies). One archived sampie: cofiected in
1984 was analyzed and reported in 1985, Thirty-eight stations were sampied for the first time,
One hundred-six fish sampies and 11 sediment samples were anatyzed tor 10 metals and

65 organic substances. Routine analysis of selenium in fish livers was introduced. The 1984
TSMP report summarized all data collected since 1978. inciuded in the summary was lipid
weight data back to 1980. Lipid weight values prior 10 1880 were not considered reliable due
1o equipment changes. The sum of a number of pesticides, cafled Chemical Group A, was
first used 10 evaiuate data. A DHS health agvisory level for mercury was introduced as a
comparative critaria. This advisory ievel was dropped in 1686. Data storage arxd analysis was
switchad to a personal computer (PC) for sasier accass. Water and sediment data collected
betors 1984 and reported in the summary section of the 1984 report were not inciuaed in the

' TSMP PC data base. Differences in sampling and faboratory techniques were the main

reasons tor not inciuding these data.

* water and sediment cam collected from 1978 through 1982 are ot inciuded in this report Decause of ditfarences in sarnpiing

and laboratory technigues, This information can be found in the appropriate annual TSMP repon of in she 1884 summary

e,

A



1888:

1987

Forty-six of the 72 stations (57 waterbodies) sampled in 1585 were monitored for the first tirne
Data from six of these stations wera included In the 1986 report. One 1984 archived sample
was included in the 1985 report. A total of 138 fish samples and ane sediment sample were
manitared for the now routine scan of 10 metals and 45 grganic substances. A number of
pesticides were dropped from routine anatysis because thay had never been detected and
because of budget constraints. Selenium analysis was switched from livers to filet an a
roltine basis in order 10 compare data to a new DHS heaith advisory leve! for sefenium.
intensive monitoring for pesticides was conducted in the Morterey area (Region 3) and
ibutaries to the New River (Region 7). A mercury survey was aiso conducted in Lake

Berryessa (Region 5}.

The largest number of samples (250) yet anaiyzed were collected from 78 stations

(72 waterbodies). Six ciam samples collected in 1985 were aiso anaiyzed and reported in
1986. Fifty-three stations were sampied for the first time. A routine analytical scan was
performed on all samples. mensive surveys for mercury were conducted in the

Guadaiupe River area (Region 2), and Lake Herman (Region 2). In addition, 2 number of
stations in Region 7 were surveyed for seleniumn. All station names were standardized. The
DHS health advisory leveis far mercury and selenium were dmbped as comparative criteria at
the request of DHS stafi. DHS criteria were replaced with MIS. Starting in 1986, he usual
WO sampies per station was discomtinued and only one sample per station waould be routinely
collected. This change was made for budgetary reasons.

Samples were analyzed from 93 statians (77 waterbodies), the most yet sampled n the TSMP
A total of 137 samples were analyzed. Fiity-one of the stations were sampied far the first
lime, Fish were collected at 85 of the stations, At the remaining eigit stations, transplanted
freshwater clams were anaiyzed at four stations in Region 1, soil samptes were analyzed at
three stations in Region 3, and a spiny soft shell turtte was analyzed at one siation in

Region 7. Plankion wers also analyzed, in addition to fish, at the Saiton Sea in Region 7.
Nine stations were par of an Qrange County (Region 8} urban iakes survey, while two marine
stations, Monterey Harbor and Mass Landing Harbor (Hegion 3}, were also sampled. Nearty
100 sampling station numbers werg revised ta refiect revisions to the State Board’s basin

planning maps.



Chapter 2
FIELD AND LABORATORY OPERATIONS

The presence of toxic substances in fresh waters is determined by analyzing tissues from fish and other
aguatic organisms. Concentrations of these substances in water are often oo low or transitory 10 e
reifably detected through more traditional methods of analysis of water samples. Also, many IOXxic
substances are not waier soiuble, but can be found associated with sediment or grganic matter. Fish and
other aquatic organisms are sampied because they bicaccumulate and bioconcentrate toxic substances to
jevels which may be many hundreds of times the levels actually in the water. This concentration factor
facilitates detection of toxic pollutants. in interpreting the TSMP data by any of the criteria provided, the
reader is cautioned that there is no simple refationship between concentrations of toxic substances observec
in tissue samples and actual concentrations in water. Different aguatic organistms tend to bicaccumulate
a given toxic substance in water to different levels; however, the differences usually do not prevent a general
interpretation of the data. The reader is cautioned that the limited number of samptes obtained and analyzed
at each station in a single year is generally too small to provide a statistically sound basis for making
absolute statements on toxic substance concentrations (see Long Term Monitoring Chapter). The values
reparted herein shouid be accepted as indicators of reiative levels of toxic poltution in water, not as absolute
values. In this sense. trends over time and ranking values of a toxic substance in a particutar species
provide only an indication of areas where fish are evidently accumulating concentrations which are above
"narmal”. The following is a general overall discussion of fieid and laboratory procedures. A review of fietd

and |laboratory procedures is provided in Appendix F.

Substances Measured

A total of 10 metals or trace eilements and 45 pesticides and PCBs (organic chemicals) are analyzed in the
TSMF on a regular basis. Additional substances, such as pentachloropheno! (PCF) and tetrachiorophencl
(TCP), are looked for on a request basis only. Not every sample is analyzed for all metals or organic
shemicals. Each sample at sach staticn is handied individuaily. The reguesting agency, usually the Regional
Boards. will specify the type aof analysis for each sampie. All metals, except mercury and selenium, are
routinely analyzed in liver tissue. Mercury, selenium, and ali organic chemicals are analyzed in muscle tissue
ffiler). ‘When oniy very small fish are availabie, metal or organic chernicai analysis is performed on a whole-
dody composite of larger than usual numbers of individual fish,

Sampie Size

Composite sampies, using six fish of each species, are collected whenever possible. The number and size
unfformity of the fisn in each compaosite depends upen their availability. Replicate composites are collected
and anatyzed to measure the variability of toxicart concentrations in single species composites collected
at the zame time and place. Coflection of the same species from alt stations is desirable to minimize
sossitle variation in the data due to differences in pollutamt uptake between species. Howaevar, this is not
Dossinle gver the entire State due to the variety of habitar sampied in the program. Al reasonanie effons



are made to maintain both statlon-to-siation and ysar-to-year unfformity in collections. In general, predator
fish are desired from all stations. Forage fish are desired as supplemertal samples at stations where
nolflution problems are known to exist, or & substitute samplies where predatory fish are nat availabie,

Wet and Lipid Weigit Measurements

Tissue concentrations of metais and organic chemicals are measured on a wel weight basis. Metal data are
presented in parts per miliion (ppmy, while organic chemical data are presented in parts per biliion (ppD}.
Slankton and soit sampies are anaiyzed on a dry weignt nasis. In addition to wet waight measures. arganic
chemicats are aiso expressed on & lipid weight basis. Lipid weight measurements offer several agvantages.
fecause chicrinated hydrocarbons are much more solubie in lipids (fat tissues} than in water, they partition
into lipid-rich tissues of aquatic organisms (Stour and Beezhold, 1981). Animails with higher propartions of
lipid in their tissue usually have had higher concentrations of chicrinated hydrocarbon poliutants
(Pnillips, 1980). Factors such as season, waier temperature, heaith of the organism. stress on the organism,
and type of species can affect the lipid levels of sampies collected for anaiysis and can. therafaore, cause
varability in resuits. Use of lipid weight measurements may reduce this source of varabiity, afthougn
disadvantages have also been nated (Phillips, 1680). As a result, lipid weight vatues may represent a maore
reafistic measure of environmental avaiability of chiorinated hydrocarbons than wet weight values. Wet
weight measures, however, remain the preferred measure for mast readers because alt standaras for human
nealth and for predator protection are based on wet weight measures. Also, wel weight measures better
refiect the exposure of predators or humans to the actual concentration in freshly caught fish.

Station Numbers

Zach TSMP station is identified by a unique seven digit number derfved fram the State Board’s hydrologic
pasin planning maps. The first digit of 2 station number signifies one of the nine Aegicnal Boards. The
second and third digits represent a fydrologic area, whiie the fourth and fiith digits identify a hydrologic
suparea. The sith and seventh digits rebresarlt the distance in mies above the downsiream hydrotogic
poundary. For example, station 518.21.01 s in Aegion 5, hydrologic area 19, subarea 21, and is one miie
yostream from the hydmiogic unit boundary. Nat ail mileage indicators are accurate, however. In carain
insances. it was necessary 10 assign an arpitrary misage indicator designated by numbers running from
90 © 99. For example, the arbitrary desigration is used when wo or more siations within the same
hvarciogic subares are located within the same number of miles of the hygrologic boundary, resuiting in the
same station number. In this case, one or more of the stations is arpitranly assigned 2 mileage designator
rom 90 to 99. In 1986, station names were revised to more accurately reflect sation location. Station name
snanges are listed in Appendix G. In 1987, basin planning maps were updated resufting in hyarologic unit
noundary changes, Appendix H lists station number changes resufting from radrawn boundary lines.



Chapter 3
ADMINISTRATIVE AND COMPARATIVE CRITERIA

iny this report, as in previous annual reports, the terms “selected criteria” or “criteria” are used to refer to the
criteria against which a particular metal or arganic chemical is Deing compared. As rmore than one criteria
compound, a hierarchy was estabiished. The intent of the hierarchy

may apply 1o any one metat or organic
In generai, human health-related criteria such

is to compare data against the more important criteria,
as the FDA action levels and the *Median intemational Standards” (MIS) are considered more important or

eritical. Following human health criteria are predator protection criteria, such as the NAS guidefines. Last
in the hierarchy is “elevated dara levels® (EDL). The foliowing is a description of the above mentioned

criteria.

FOA Action Leveis and NAS Guidelines

The UU.3. Food and Drug Administration (FDA) has established maximum concentration levels for some toxic
substances in human foods (USFDA, 1985). The levels are nased on specific assumptions of the guantities
of food consumed by humans and upon the frequency of their consurnption. The FDA limits are intanded
to protect humans from the chronic effects of toxic substances consumed in foodsiuifs. The National
Academy of Sciences (NAS) has established recommended maximurn ¢oncentrations of toxic substance
concentrations in fish tissue (NAS, 1973). They were estabiished not only to protect the organisms
comaining the toxic compounds, but also to protect the species that consume these contaminated
organisms. The specific action leveis and guidelines used in this report are shown in Table 3.

Median International Standards (MIS) for Trace Elements

The Food and Agricuiture Organization of the United Nations has published a survey of heaith protection
criteria used by member nations (Nauen, 1883). These critaria vary somewnhat in the tissues 10 be analyzed
or the level of protection desired, but may be compared qualitatively. Table 4 summarizes these standards
as an indication of what other countries have determined to be unsafe leveis of trace elements. Though the
standargs do not apply within the United States, they provide an indication of what other nations consider
10 e an elevated concentration of trace elements in fish tissues. Even so, the reader is reminded that mest
TSMP metal analyses are done in liver, rather than in edibie portions. To date, only mercury and sedenium
are routinety measured in edible portions in the TSMP. Maasurements in iiver shouid not be compared 10
Median (nternationai Standards. A description of how the Median international Standards were compited

is provided in Appendix |

Flevated Data Leveis

The eievated data level” (EDL) was introduced in 1983 as an intermal comparaiive measure which ranks a
given congantration of a particular supstance with previous data from the TSMP. The EDL is calcuiated by



TABLE 2

Guidelines and Action Levels for Taxic Chemicais in Fish

{wat weight}
NAS? FDAS
Recommended Action Levei
Guideline
(Whoie Fish} {Edibie Portion}
Chemical ug/g {(ppm}  ng/g (PRL) ug/g (ppm}  ng/g (pob)
Mercury a5 300 1.07 1.000
ODT (totaf) 1.0 1,000 5.0 3,000
PCB (total) 0.3 500 2.0° 2.000
aidrin 0.1° 100 Q.3 300
dieidrin 0.1° 100 0.3 300
endrin 0.1° 100 0.3 300
heptachior a.i° 100 0.3 300
heptachior epoxide a1 100 0.3 300
chiordane {tetal) a.1% 100 0.3 300
lindane Q.1 100 - -
hexachiorocycio-
Rexane {total) Q.1° 100 - .
endosuitan (total) a.1° 100 . -
toxaphene 2.1° 100 5.0 5.000

Nationa Acacsmy of Sciences-National Academy of Engineering, 1973. Water Cuaifty Criteria, 1972 (Blue Bookl.
15.5. Smvironmental Protection Agancy, Scological Research Sevies.

U. S. Sood snd Drug Acminiswation. 1584, Sheilfian Sanitation irreroretation: Action Lavels tor Chemical ang
Bosonaus Suosmneses, June 21, 1984, U.S.F.0A., Sheiffisn Sanitation Branch, Wasrington, D.C.

mctividumily or in comomnenon, Shermicus N Tis groug under NAS Guideiines am refered w© as Chemicat Group

1]

A in this repart,

=3 AS mEmyl marcary,

A toiorancs. FEENS? TMRN an acton igwel, has Sean estabiisheg for PC3s (21CFR 109, pubiisned May 23, 1984L An
action imve! iS fevoxed whan A reguianon ssmolisnes a ierance far the same syosANCe and use.
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TABLE 4

Median intermational Standards for Trace Elemerts
in Freshwater Fish and Marine Sheflfish ®
(edible portion, ppm, wet weight)

Number of Countries

Element Fish Shellfish Range with Standards
Antimony 1.0 1.0 1.0t 1.5 3
Arsenic %.5 1.4 0.1 tc 5.0 11
Cadmium 0.3 1.0 0.05 o 2.0 10
Chromium 1.0 1.0 1.0 i
Copper 20.0 20.0 10 1o 100 8
Fivoride 150.0 - 150.0 1
Fiuorine 17.5 - 10 t0 25 2
Lead 2.4 2.0 0.5 1o 10.0 15
Mercury 4.8 0.3 Q.1 o 1.0 28
Selenium 2.0 0.3 3wl 3
Tin 150.0 190.0 50 to 280 8
Zinc 45.0 70.0 40 w0 100 &

Nausn, C. o.. Compilation of Lagal Limits for Hazardous Substances in fisn ang Fishary
Praducts, Food and Agriculture Organization of the United Nations, 1983,

a Based on:

15



r a given chemicai from the highest concentration measured down ta and
including those records where the chemical was not detectad. From this, a cumuiative distribution is
constructed and percentile rankings are calculated. For axample, the 50th percentile corresponds 10 the
median or ‘middle” value rather than o the mean with a large number of records, the median can be
approximately compared to the mean. The 1978-1967 EDLs and the number of data points used 10

calcutate sach EDL are provided in Tables §, 6, 7, 8. 9 and 10.

ranking all of the results fo

\n caicutating the EDLs for wet weight measures, similar tissue types, such as filets or whole-body sampies,
are compared only 1o other samples with the same tissue type (fiets are compared oniy to other filets, s1c.).
Therefare, a different DL distribution is calculated for each tissue Type. When any sampie is campared 10
an EDL it is compared to the EDU calculated from the same tissue type. Secause foul are known o
accumutate copper 1o higher levels than other species. a separate copper ZDL is caiculated for saimonid
fiver tissue. In caiculating the EDUs for lipid weight measures of organic chermicals, afl tissue types are
combined because lipid weight measurss in different tissue types tend to be far mere simiiar than do wet
weight measures (Phillips, 1980). In this report, the formula used 1o caiculate EDLs was refined which
resuited in sfightly lower EDL vaiues than those reported in the 1987 annual TSMP report. . Mo significant

shanges occurred because of this refinement.

The 85th percentile (EDL 85) was chosen as an indication that a chernical is elevated from the madian. The
a5th percertile comesponds o measures used by the U.S. Fish and Wiidlife Service in their National
Comaminant Siomonitoring Program and would represent approximately one and one-taff standard
deviations from the mean, 7 the data were normally distributed. The asth percentiie (EDL 35) was chosen
1 indicate values that are highly elevated above the median. The 95th percentile wouid represent two
srandard deviations from the mean, f the data were normally distributed.  When used along with other
information, these measures provide a useful guideline 10 determine § a chemical has been found in
unusuaily high concentrations. A detailed description of these £DL rankings is provided in Appendix J. The
reader is again cautioned that £DLs are not directty related 10 patentiaily adverse human or animal heaith
effects; they are cnly a way to compare findings in a particuiar area with the larger data base of findings

from ail over the siate.



Chapter &

CHEMICAL OVERVIEW

This chapter preserts a general overview of results for each chemical detected by the TSMP from 1678
10 1987. Stations where organic chemicals or metals axceeded criteria are presented by Region in the
fregional Overview Chapter in Tables 11-28. References to chiordane, DOT, endosuffan, HCH, and PCB
concentrations are 1o be considered total concentrations uniess otherwise specified.

Synthetic Organic Chemicals

Aldrin

Aldrin was Geveloped for the control of soil insects. The EPA suspended nearty all uses of aidrin in
1974, with the exception of subterranean treatment of termites, moth procfing in manufacturing
processes, and dipping of roots and tops of non-food piants (SWRCE, 1988c). Subsequently, all uses
on food crops were banned in 1985. In 1988, aldrin was no longer registered in Calffornia

(SWRCB, 1988¢). Aldrin is a known carcinogen listed by the State pursuant to the 1986 Safe Drinking
Water and Toxic Enforcement Act.

Statewide use of aldrin increased gradually from 1578 (530 Ibs.) to 1984 (18,835 pounds). A dramatic
increase in use occurred in 1985 when 148,325 pounds were applied. after which aldrin usage dropped
to 12,469 pounds in 1986 and 2.481 pounds in 1987 (DFA, 1980 through 1989). Aldrin was primariiy
used over the years for structural pest cantrol (yearly average 95%) and residential pest controt.
Statewide, aidrin was getected in less than 1% of the samples {a total of 5 samples). Alagrin was
detected in Regions 5. 7, and 8. The highest levels were found in Region 5. The highest value

(133 ppb) occurred in 2 1978 clam sample from the Sacramernto River (Region 8). The next highest
value was 15 ppb in catfish from Colusa Drain (Region 5) in 1985.

Chiorbenside

in 1983, the TSMP mistakenly reported the presence of chiorbenside in samples from the Old Salinas
River {Region 3) and San Diego Creek (Region 8). Later review of the data indicated that these samples
most likely did not contain detectable levels of chiorbenside. No ather samples have had detectatle
ievels of this chemical.

Chlordane

Chiordane is a medure of chiorinated hydrocarbons used alone or in combination with heptachior for
sublerranean lermite control. Prior to Decemper 1987, existing stocks of all chtoraane and heotacnior

109



termiticides could be applied cansistent with iabel Instructions (SWHCB, 1988c). From December 1987
to Aprif 1588, these termiticides could be applied only by certified operatcrs. After Aprii 1588, all use of
axisting stocks of these chemicals was pronhibited. Chiordane is a known carcinogen listed by the State
pursuant to the 1986 Safe Drinking Water and Toxic Emforcament Act. The statewide appiication of
cniordane as a pesticide fluctuated between 1978 and 1981, with an average of 231,806 pounds per year
(DFA, 1880 through 1983). Registered levels of chiordane reached the lowest usage of 105,795 pounds
in 1982 and subsequenty increased over the next five years 10 & peak of 839,529 pounds in 1987

(DFA, 1984 through 19858}, The primary purpose for application of chiordane in California was for
structural pest control.  The amount used far this purpose increaseqd from 79% of the tofal usage in 1978
0 99% in 1987, Other uses for chiordane included residential pest control, landscape maintenance, and

a smali percemage for agncultural crops.

Total chiordane was detected in 45% of the sampies collected from 1978 1o 1987. The two mast
oredominant chiordane isomers found were wans-nonachior and cis-chiordane. Chiordane values
exceeded FDA action leveis 5 times in Aegion 4, 3 times in Region 3, and once in Regicn 9. Samples
from Regions 2, 3, 4, 5, 7, and 8 exceeded the NAS guideline for chlordane. Although stiil high in 1887,
overall chiordane concentrations have decreased statewide since 1883. The highest chiordane levels
jound siatewide occurred in three goldfish sampies from Harbor Park Lake in 1983 and 1984

(1,880, 2,215, and 2.398 pph). The highest rate of detection (85%) as weil as the most exceedances of
soth FOA and NAS criteria were found in Regian 4, primarity in the Harbor Park Lake area The highest
valyes found in tissues on a lipid weight basis (23,305 ppb) were aisc from Harbor Park Lake. Cther
areas exhibiting high frequencias of detection as well as exceeding FDA and MAS limits include:

San Leandro Creek in Region 2; the Watsonville- Salinas Valley area in Region 3; the cemtral San Joaguin
vailey (Sacramento, Stanisiaus, Tuclumne, Merced and San Joaquin Rivers} in Region S; south Salton
Sea area {Rice Drain 3, Alamo and New Rivers} in Aegion 7, and San Diego Creek in Region 8.

Chiompyrilos

Chiorpyrifas, an insecticide soid as Dursban, Lorsban, and Stipend, had extensive home and agricuitural
use. Dursban is appiied for the controt of househoid insects such as ans, cockroaches, termites, and
‘omamental plant insects as well as for the control of cattie flies. Lorsban is both a soil and foilar
insecticide applied to corn, alfalfa, iruit trees, nuts, and other vegetable crops. Stipend is used pnmaniy
on mushrooms for &y controf (FCH. 1987). Cther reported uses inciude control of mosquitos in wetands
and turf-destroying insects on golf courses (Odenkirchen and Sisler, 1988). At preserxt there are nQ
California or SA use restrictions for shlorpyrifos (SWRCB, 1988c). The ZPA considers chioroyrios
axtremely toxic to fisn. birds, and other wildiife (USEPA, 1986D).

The statewide use of chiorpyrifos has increased over the years. Usage in 1987 (1,.064.979 lbs.) was over
19 times that of 1978 (55.210 Ibs). Peak use occurred in 1984 with 1,070,312 poungs appiied pamariy
on cotton and affaita. Cther uses of cniorpyrifos incitde fruit trees. other vegetable crops. and
structural pes: control (DFA, 1980 through 1989). Chicrpyrfes was 3y far the most widety used of the
pesucides manitored in the TSMP since 1884



chiorpyrifos was detected in every Regions, except Regions 2 and 6. The TSMP found chiorpyrifos in
g% of the sampies from 1978 to 1887. Several areas exhibited increased rates of detection in 1986 and
1987, accompanied by levels exceeding criteria. A majority of the chiorpyrifos vatues (wet and lipid
weight) exceeding criteria have occurred in Region 7, especially in the south Safton Sea area. From
1985 to 1987, levels of chlorpyrifos exceeded ali prior years in this area of Region 7. The highest
statewide concentrations were 1,200 ppb in Rice Drain 3 in 1985 and 420 ppb in the Alamo River in
1g87, both Region 7 stations. There appears to be evidence of increasing levels of chiorpyrifos in the
salton Sea area, especially at the Alamo River/Calipatria station. Other region-wide highs for wet and
ipid weight vaiues were recorded in lower Salinas Valley (Region 3}, Harbor Park Lake (Region 4), lower
vuba River and Paradise Cut (Region 5), Sama Ana River (Region 8), and San Marcaos Cresk (Region 3).

Dacthal

pacthai or chionthal-dimethyl is a pre-emergence herbicide for the control of broadleaf weeds and
grasses. it has been used on turf, ormamentats, and various crops such as soybeans, beans, catton,
garfic, cole crops, onions, broccoii, radishes, potatoes, and metons (DFA, 1980 through 1588). Dacthal
is an aromatic carboxyiic acid. s herbicidal activity is inhibition of celi division. Application of dacthal
doubied from 495,626 pounds in 1978 tc a peak use of 1,304,183 pounds in 1980, followed by a marked
decrease in subsaguent years to a low of 266,854 pounds in 1982 (DFA, 1980 through 1984). From 1983
10 1987 usage leveled off to an average yearly application of 410,570 pounds (DFA, 1985 through 1989).
The majority of dacthal was applied tc onion and broccoll crops.

Dacthal, detected in 22% of the sampies, was found in every Region, except Regions 6 and 9. From
1878 10 1981, the frequency of dacthal detection in fish tissue sampies statewide increased from 6% 1o
18% and then, in 1982, increased to 33%. From 1982 to 1987, the detection rate for dacthal remained
relatively constant at about 29%. Dacthal criteria were exceeded in Alameda Creek (Region 2), Salinzs
Valley (Region 3), Oxnard area and Harbor Park Lake (Region 4), Sacramento River and Colusa Drain
(Region 5), Salton Sea area (Region 7), and San Diego Creek (Region 8). High levels of dacthal on both
wet and lipid weight bases were consistently found in Region 7. The highest wet weight concentration
(5,700 ppb) was found in carp from Rice Drain 3 {Region 7) in 1985. The highest lipkd weight value
(164,179 ppb} was detected in channel catfish at Coachella Valley Stormwater Channel in 1987,
indicating that fisn continued 1o be exposed o high levets of dacthal in Region 7.

oot

J0T and s congeners have been banned in the U.S. since the early 1970s because of their
avironmental persistence, adverse effect on widlife, and potantial carcinagenicity. While COT levels
have declined nationwide since use was discontinued, there is evidence that DDE levels in the biota have
Sabillized (USEPA, 1986c). The long haifdife of DDE in biological tissue partially expiains this rend. In
aadition, dicofol, a miticide used primarily on cotton in California, contains impurities of DDT-related
compounds. The comnbution of dicofol to tissue residues of DDE has been a concem (USEPA, 1986c¢).
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The EPA is requiring the reduction of ODT and related impurities in dicofol to less than 0.1% by 1989
(USEPA, 1986¢). Nationwice, DDE residues in freshwater fish are about 406 ppb. DOT is listed by the
State as a known carcinogen pLISUant to the 1986 Safe Drinking Water and Enforcement Act

ODT was detected in 84% of the samples from all regions fram 1578 1o 1987. The average leved of

p,p' DDE In fish filet samples (415 ppb} was on a par with the nationwide average. A higher average
£.p' DDE level occurred in whole fish samples (1,240 oph. The whole fish average exceeded the MAS
guidelines of 1,000 ppb for total DOT. in general, levels of DOT and its metabclites in fish have not
shown a decline with the cancellation of use of DDT. Lavels of DOT above FDA and NAS criteria were
found in Regians 3, 4, 5, 7, 8, and 2. Six samples from Regions 3. 3, and 7 sxceeded the FDA action
level of 5.000 ppb. The highest DOT concentration (17,558 ppb) ocourred in Sacramemo sguawfish from
Blanco Drain (Regian 3) in 1885. The highest fipid weight vaiues (1 1o 2 pans per thousand) wers
detected in goidfish from Caileguas Creek {Region 4} in 1985 and 1986. Areas whnare hign leveis of DOT
were found include: the tower Salinas Valley and Watsonville area in Region 3; Revolon Siough,
Calleguas Creek, and Harbor Park Lake (Region 4); the San Joaguin and Sacramento Rivers (Region 3);

the Alamo and New Rivers (Region 7}: San Diego Creek (Region 8); and the Tiuana Zstuary (Regicn 9).

Diazinon

Diazinon, an organophosphate insecticide and nematocide, is used axtensively for control of housahold
insects, soil insacts. and pests of edible crops and aother plants (FCH, 1987). Diazincn use averaged
500,000 pounds from 1978 to 1987, with the highest usage of 709,000 pounds ocouming in 1887

{DFA, 1980 through 1985). The primary reporned use up to 1983 was for affalfa. I 1883, the major use
changed to structural pest control.

Diazinon was rarely detectad in the TSMP. Oniy wo sampies out of over 600 analyzed contained
detectable levels. Both samples were collectad in 1983, One sample was coilected from Carpimeria
Marsh and contained 92 ppb in a whole sample of longjaw mudsuckers. The other samble was
collected from Hartor Park Lake (Region 4) and contained 60 ppb in a filet sampie of goldfish.

Dicotol and Dichicrobanzoptienone (DBP)

Oicofol, ar kefthane, is an organcchiorine miticide applied t© fruit, vegetable, omamemal, and field crops.
Cf the average yeary use of 509,315 pounds (1978-1987), about haff was applied to cotton.  Dicofol

was also apgiied to numerous agricultural commodities, inciuding cranges, meicns, com, beans, and
watermelons. Starewide use of Dicoiol has graduaily decreased each vear from 1,004,828 pounds m
1978 10 259,625 pounds in 1987 (DFA, 1980 througn 1$8S). in 1984. the EPA reviewed the registration of
dicofol becausa of potential agverse eftecss on nomarget wiidlife from DOT and related impurties of '
dicoiol. A secandary concemn was the impact of dicofol tsedf on avian reproduction.  After review af the
snvironmemal risk posed by dicorol, the EPA required the reduction of DDT and refated impurities in
dicaiol © iess than 0.1% by 1989, Umi 1989, reqistrants may seil and distribute diccrol comtaining 2.5%
or 'ess of DDT ang reiated impurities (USSPA, 1985¢).
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Dicofot and DBFP, one of its breakdown products, were rarely detected in TSMP samples. initially found
in 1984 and once in 1886, no other samples cortained either compournd. Dicofol was detected in six out
of the 687 sampies. All six samples were from Regions 5 and 7. DBP was detected in only four out of
those siX samples. Dicotal was found in the Suiter Bypass, Tuolumne River, Stanislavs River, and San
Loaquin River in Region 5. Dicofol was aiso detected in the New River in Region 7. The highest
~oncentration of dicofol was 480 ppb was detected twice in the San Joaguin River in 1984 and 1S86.

Dieidrin

Dieidrin, an organochiorine pesticide, was used for the contral of soil insects, public health insects, and
ermites. Dieldrin, the epoxide of aldrin, is pioavailable via the breakdown of aidrin in the environment or
via direct application. In 1974, EPA suspended nearly all uses of dieldrin because of neuraotoxicity and
liver carcinogenicity 10 mammals. Subsequently, the use of dieidrin in California was cancelied

(SWRCB, 1988c). Dieidrin is a known carcinogen listed by the State pursuant to the 1986 Safe Drinking
water and Toxic Enforcement Act.

Dieldrin was detected in all Regions. Thirty-one percent of the samples statewicle contained dieldrin
levels above the detection limits. Regions 3 and 7 had the most sampies with detectabie levels

(51% and 50%., respectively) in addition to most of the NAS exceedances for dieldrin. The Watsonville
Slough ang Salinas areas in Region 3 had aspeciaily high levels of dieldrin. in these two areas, dieldrin
was detected in aver 80% of the sampies and close 1 50% of these samples contained levels exceeding
criteria. The three highest concentrations of dietdrin were found in whoie fish sampies from Watsonville
Siough in 1984 (1,700 ppb) and in 1385 (960 and 810 ppb). The only sample to exceed the FDA action
level was coliected in Blanco Drain (Region 3} in 1985 and contained 550 ppb dieidrin.

The highest lipid weight vaiues were aiso found in Region 3. In Region 7, two stations exceeded the
NAS guideline: Rice Drain 3 (150 ppb) and Alamo River {110 ppb}. The only sampie 10 exceed the NAS
quideline outside of Region 3 and 7 was one sampie from Revolon Slough (120 ppb} in Aegion 4,
collected in 1887,

Endosuifan

Endosulfan is a broad-spectrum insecticidal chiorohydrocarbon applied primarily to grapes. artichokes,
afatta tomatoes, melcns, and head lettuce in Caiifornia. The application of endosulfan increased
gradually over the ten years, from 285,484 pounds in 1978 to 445,316 pounds in 1987

[DFA, 1980 through 1989). Average use was 355,636 pounds. In 1973, the DFA restricted the use of
endipsulfan in Calfornia. Subsequert restrictions have been adopted following the State Board's water
quaiity assessment report recommendations. Endosulfan is extremely toxic 10 aquatic ofganisms,
oversely affecting growth and development in the parts-per-trillion range (SWHCE, 1984aj. EZndosufian
's also acutely toxic 1o mammals. Endosutfan suffate, the persistent breakdown product. is more toxic
than the parent compound. '



Total endosulfan has been detected in 14% of the samples statewide in Regions 2. 4, 5.7, and 8.
Samgles from ail these regions exceeded the NAS guideline. The pesticide is applied mainty in the
Cantral Valley, the Monteray area, and Imperiai County (SWRCE, 1984b). Monterey Cournty nas
consistently used the greatest amount of endosulfan in the state with the majority of application along
the Salinas River (SWRCB, 1984b). Endasuifan was detected in 80% of ait samples from the Salinas
ares, Five of the six sampies that exceaded the NAS guideiine from this area were collected from 1885
10 1987. The highest concentration found (841 ppb) came from the Cid Salinas River (Region 3} in 1983
In the imperiai Vaiiey in Region 7, 71% of the samples contained detectable ieveis of endosulfan. In this
area, six samples exceeded the NAS guideline. Alf but ane of these siX samples were coflectad from
1985 to 1987. Endosuifan is appiied in imperial County mainly for the control of pests on wirter lettucs
(SWRCB, 1884h). Other areas where endosuffan was found in high concentrations inciude: Revoion
Siough {Region 4), the San Joaquin River (Region 5), and San Diego Creek (Region 8).

=ndrin

Sndrin is an insecticidal chiorohydrocarbon used aione ar in compination with ather insecticiaes for the
controf of insects on cotton and grains. it has also been appiied o non-cropiands for grasshopper
control and to orchards for rodent removal. Endrin use has been sharply curtaiied in the U.S. Only one
product, a bird repellant, is registered with EPA and California (SWHCE, 1988c). Statewide, the use of
andrin decreased in the ten year period to zero use in 1986 and 1987 (DFA. 1988 and 1589}, Previousty,
from 1978 to 1982, a yearly average of 800 pounds were regisiered (DFA, 1980 through 1984). From
1983 to 1985, only 300 pounds per year were appiied. primanly o vegetabie seed and head lettuce
(OFA, 1985 through 1987). The mammaiian toxicity of endrin is the highest of the cyclogiene
insecticides such as aldrin, disldrin, endosuifan, heptachior, and chiordane (USEPA, 1980¢). Despite
endrin's high toxicity, the parem compaund is metabolized and excreted more readily than other
organochiarine insecticides (USEPA, 1980¢). Toxic metabolites such as 12-ketoendrin may persist,
however. Limited use and rapid depuration may expiain the infrequency of detection of endrin by the
TSMP. '

Endrin was detected in just over 3% of samples since 1978 ang only in Regions 2. 4, 7, and 8. The NAS
guideiine for andrin was exceeded twics. The highest level found (120 ppb} occurred in a samole from
the Old Salinas River (Region-3) in 1983, The other sample 1o exceed the guideline at 110 ppb was
collecied from the Alamo Aiver (Region 7) in 1980. Endrin was datected for the first time in Region 4 in
1887, The FDA action level for endrin (300 ppb} was never axcgeded.

Ethyi Parathion

Ethyi parathion is an arganoohosphale insecticide used primaniy in Cafifornia on aimonds. prunes,
peaches, neciarines, plums, omanges, and nead letuce. The statewide use of ethyl parathion has
Auctuated, yet remained within the range of 540,983 pounds to 814,097 pounds from 1978 W 1887
(OFA. 1980 througn 1989). The average yearty appiication was 738.242 pounds. In terms of usage,
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gimonds were the largest single crop, comprising a ysarty average of 30% of the total amount registered
(DFA, 1960 through 1989). In California, ethyl parathion appiication to agricuttural commodities requires
a cerified applicator. Parathion is considered acutely toxic to aguatic organisms (USEPA, 1988a).

The TSMP detected ethy! parathion at only three iocations from 1978 to 1987. in 1885, it was detected
in the Alamo River, Rice Drain 3, and Salt Creeic Slough in Region 7. Ethyl parathion was alsc detected
again in Rice Drain 3 in 1886. The highest concentration detected was 140 ppb in Rice Drain 3.in 1985.

Heptachior and Heptachlor Epoxide

Heptachlor, a chiorinated cyciodiene insecticide, was used to control soil insects on food crops until the
mid-1970s. Subsequent use was then reduced and limited to structural pest control. Heptachior is a
known carcinogen, causing [iver tumars in test organisms (USEPA, 1980d) and, along with heptachior
epaxide, is listed by the state pursuant 1o the 1986 Safe Drinking Water and Toxic Enforcement Act. The
potential health risk from exposure 10 this termiticide by application to structures was one of the primary
requlatory concems of EPA. Heptachior is acutely toxic 10 aguatic organisms, persisternt in the
environment, and bicaccumuiates {USEPA, 1980d). Heptachiar's carcinogenicity, potential for
nicaccumulation, and persistence led 1o its cancellation by the EPA. All uses of current stocks were
orohibited atter April 15, 1988 (SWRCB, 1988c). The average use of heptachlor per year prior 1o 1986
was 30,000 pounds (DFA, 1880 through 1887). A peak of 111,415 pounds was applied in 1886 and
foillowed by 83,201 pounds in 1987 (DFA, 1988 and 1389].

The parent compound, heptachior, has been detected onty once by the TSMP in 1580 in the Atamo River
{Region 7). The primary metabolite, heptachior epoxide, was detected In 4% of the sampies. This
substance was found in both urban and agricuftural drainages in Regions 2, 3, 4, §, and & All ievels
tound were well below the NAS guidelines for both supstances. Region 3 contained the highest number
of samples with deteciable leveis of heptachior epoxide. Most of these samples occurred in the
Watsonville and the lower Safinas Valley areas between 1983 and 1987. The lower Sarta Aha River in
Region 8 is anather area where the chemical is detected. The two highest values recorded statewide
were obsarved in 1987 at Salinas Reclamation Canai in Region 3 (27 ppb) and Revolon Sicugh in

Region 4 (22 ppb).

Hexachiorobenzene (HCB)

HCB, a wheat seed Drotectant, is no ionger registered in California because of its high soil parsistence.
Commercial production of HCB in the United States was discontinued in 1876, No uses have been
reported to the DFA for the last ten report years (DFA, 1980 through 1989). HCB may be present as
impurities in other pestickies such as dactnal or pentachloronitrcbenzene (SWRCB,1988d). While this
compound is only stightly acutely toxic 10 mammals, it is a known carcinogen (JSEPA, 1880e) and is
listed by the State pursuant to the 1985 Safe Drinking Water and Toxic Enforcement Act as both a
carcinogen and a reproductive toxicamt. The EPA has congixkied that hexachlorobenzene has g high
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potential for bioconcerntration in hicta, Litte is known of the acute aguatic taxicity of HCB
(USEPA, 1980s}.

HCB was found statewide in 16% of the samples collected from Regions 2, 3, 4, 5. 7, and 8 from 1978 to
1687 Concentrations ranged fram 2.0 (detection fimit) to 230 Spb found in 1885 in the New River
(Region 7). As there are currentty no standards for HC3, vaiues are compared to the EDLs. The New
River had 15 out of the 20 highest concentrations found statewide. Relatively high concertrations were
also found in Satt Creek (Region 7) and the Salinas Reclarnation Canal (Region 3).

Hexachlorocycichexane (HCH) ar Lindane

Four isomers of HCH (alpha-, beta-, deita-, and gamma-j are monitored Dy the TSMP. Gamma_-HCH is
also known as lindane and is the oniy isomer with a known use. The deveiopment of indane was
preceded by the use of a technical grade HCH, known as 3HC, which was a midure of five
stercisomers. The production of lindane and the canceilation of BHC, aisc used as a pesticiie, resufted
from the discovery thal the insecticidal activity of BHC was attributed solely to the gamma-isomer.
Lindane degradation by scil microorganisms is siow. Lindane is capable of isomerization (© alpha- and
deita- forms by microorganisms and plants. The EPA has conciuded that lindane is a human carcinogen
(USEPA, 1985h). HCH was added to the State’s list of chemicals known to cause cancer in compliance
with the Safe Drinking Water and Taxic Enforcement Act of 19886.

Lindane is a multi-purpose insectcide and acarickial chiorinated hydrocarbon used against pests of
vegetable seeds, forest products. fivestock, and coiton (LSEPA, 1985b). In Cafifornia, lindane is used
primarily for structural and residential pest control. Other uses include landscape maintenance and
protection of cotton.  Lindane is currently classified as a Cafffornia restricted use material which requires
licenced, private and commercial applicators 10 obtain permits for application on agricuiturat
commodities. No perrits are required for home, stuctur, industial, and institutional uses

(SWRCS, 1988c). Average use of findane was 38,383 pounds between 1978 and 1987, with peak years
in 1979, 1980, and 1985, reaching 50,423 pourkis (DFA, 1980 through 1989). Registered use decreased
in 1986 and 1587 to a yearly average of 28.000 pounds.

Total HCH was datected in 14%_of the samples from all regions, except Regions 1 and 6. Undane was
detected in 11% of the samples. Totai HCH exceeded the NAS guideline in five samples collected in
1980, 1982, and 1987. Beta-HCH was the isomer found in iour of the sampies coliected in 1980 and
1982 from the Alamo and New Rivers in Region 7. Lindane was detectad in the fiith sample collectad in
1987 from Aevolon Siough in Aegion 4. The highest concenuation found was 160 ppb beta-HCH in a
1982 sampie from the New River. 3eta-HCH has not been detected by the TSMF since 1982, Lindane
was detected mainiy in Regions 4 and 9. Samples from these wo regions represent nearty 70% of the
samples with detacrabie levels of lindane. Alpha-HCH was detected in most Regions in very iow
amourts. Defta—~CH has not been detectad since 1983. This isomer was found oniy three times. twice

in Aegicn 5 and once in Region 8.



Nitrofen

Nitrofen is a contact herbicide, which is essantially insoluble in water. It is readily adsortred by most soil
ypes- Adsarption is reversibie and not subject to leaching. It also readily photo decompaoses to non-
nerpicidal products. Microbial hreakdown is siow but it can be completely biodegraded to carbon
dioxide in typical soils. Under conditions of use, nitrofen has been determined to be non-toxic to wild
birds. Nitrofen is, however, toxic to fish. Application has been registered for vegetable crops, pre- and
post- emergence on annual grasses and broadieaf weeds, and a small-amournt of landscape
maimtenance (Beste, 1883). Statewide application increased from 630,000 pounds in 1875 to

2.102,022 pounds in 1980 (DFA, 1981 and 1982). in 1881, anly 1,079 pounds were registered with the
OF A, foilowed by a yearly average of zero to four pounds from 1982 to 1887 {DFA. 1983 through 1989).
Nitrofen was added to the State's list of chemicais known 10 cauise cancer in compliance with the Safe

Drinking Water and Toxic Enforcement Act of 1986.

The TSMP analyzed for nitrofen from 1978 to 1984, dropping it from the list of anafyzed chemicats in
1985 due 1o its decline in use. Nitrofen was only detected twice throughout this six year period. The
wo sampies, collected in 1979, were from the Alamo and New Rivers in Region 7. Channe! catfish from
the Alamo River near Calipatria contained 86 ppb nitrofen, while the same species from the New River

near Westmonand contained 50 ppb.

Methoxychior

According 1o the 1987 Farm Chemical Handbook (FCH, 1987}, methoxychior is used extensively as an
agricultural, structural, home, and garden insecticide. There are presently no California or EPA use
restrictions an methoxychlor (SWRCB, 1988d). There are few acute and chronic aquatic toxicity data for
methoxychior {USEPA, 1886a). However, the EPA reports a low accumulation rate and low toxicities for
birds and mammals. The statewide use of methoxychior, primarily for affaffa crops and other agricuftural
uses, declined from 1978 10 1984, reaching a low of 8,731 pounds (DFA, 1980 through 1986). However,
in 1985, an anomaly in the data showed a substantial increase in use of methoxychior, indicated by a
farge amount used that year for structural pest control {DFA, 1987). The next two years agreed with the
previcus downward trend in use of methoxychior to 837 pounds in 1987 (DFA, 1988 and 1989).

Methoxychior was detected for the first time by the TSMP in fish tissue samples in 1987. it appeared at
cne station on the Salinas Reclamation Canai in Region 3 and at three sampling stations on 3an Diego
Creek in Region 8. Residues in tissue ranged from 17 1o 28 pph. The detection fimit is 15 ppb.

PCBs

The EPA hanned PCBs as a pesticide ingredient and cancelied registration of products cortaining PCBs
in 1970, in 1877, the EPA promutgated zero discharge as the toxic poiiutant effiuent standard for PCB
~apacitor and transformer manutacturers. PCBs are known carcinogens listed by the State pursuant to
‘he 1986 Sate Drinking Water and Toxic Zrforcement AcL
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BCRs were detected in 28% of the samples from alf Regions. except Regions 1 and 6. The TSMP
measures three congeners of PCB: 1248, 1254, and 1260. The most stabie congener, PCB 1260,
accaunted for most of the detectable PCBs (20%). PCB 1248 has not heen detected since 1585, while
PCE 1254 was nat detected ar all in 1987, Total PCB exceeded the FDA tolerance level {2,000 pph)
three times since 1978. All three samples were collected in 1980 from the South Fork of the Feather
River in Region 5. The Feather River area had 2 known PCR problem (see Regional Overview Chapter).
The highest concentration detected at this site was 7,700 pob in suckers. The South Fork of the Feather
River aiso had the highest lipid weight concentration Dy far, over two parts per thousand. The NAS
quidsiine was exceeded a total of 24 times since 1978. Samples exceeding the guiceiine were found in
ail regions wnere PCBs were detected. PCBs are reqularly detected in the Guadaiupe River area
(Region 23, Saiinas area (Regicn 3), Revoion Sicugh/Caileguas Creek area (Region 4}, Harbor Park Lake
(Regton 4), Sacramento and San Joaquin Rivers (Region 5), New River (Region 7), Santa Ana River
(Region 8}, San Diego Creek (Region 9), and the Tijuana Estuary (Region 9).

Pentachiorophenci (PCP) and Tetrachlorophernol (TCP)

©CP and TCP are not part of the normal TSMP cnemical scan. PCP is used primarily as a fungicide ang
haclericide in the treatment of wood products. Cther usas for PCP nclude application along rights—oi-
way, landscape maintenance, and structural pest control. The manuiacture of TCP has been
discantinued. The SPA restricied the application of PCP to non-home use. [ addition, the EPA raquired
the registrants to reduce levels of approximately 10 contaminants in PCP products. Hegistrants were
required to limit the dioxin contaminant to 1 ppm (USEPA. 1986d). This conaminant causes tumors in
rats and mice (USEPA, 1986d). PCP is listed by the State as a known carcinogen pursuant 10 the 1886
Safe Drinking Water and Toxic Snforcement ActL.

Regions 1 and 8 requested PCP and TCP analysis (Table 13). Seven stuations were monitored for these

substances in Region 1 from 1984 to 1987. Cniy the Sarta Ana River was monitored i Region 8. Three
samples were anatyzed from this Aiver in 1985, PCP was detected four times in Region 1 and onfy once
in Aegion 8. The highest concentration found was 7.2 ppb. TCP was detected only twice, both times in
the Mad River (Region 1). The highest concentration of TCP detected was 2.5 ppD.

Pentachioronitrobienzene

{ike HC3, pemacntoronitrebenzene (PCNB) was imtroduced as a dressing effective against wneat smut
and hunt. Present uses also inciude fumigation of soil for ihe protection of cotton and & vanety of
vegetables. PCNB is also aoplied for landscape maintenanca. There are no use resiricions in Calfformia
for PONB (SWRCE, 1988d).

The TSMP anaivzed for PCNE from 1978 1o 1984 after which it was dropped from the routine scan.

PCNB was detecied onfy once, in 1973, in the Alamo River near Calipatria (Region 7). Channef catfish
from this swation contained 10 ppbh.
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polynuciear Aromatic Hydrocarbons (PAHS)

PAHs are a diverse group of compounds consisting of substlitted ard unsubstitited polycyciic and
heterocyclic aromatic rings. PAHs are not part of the routine chemical scan conducted by the TSMP. In
1987, however, two stations in Region 5 (Sacramento River near Hood and the San Joaquin River near
yernalis) were monitored for 22 PAHs (SWRCB, 1989). Largemouth bass and carp from the Sacramento
aiver and white and channel catfish from the San Joaquin River were analyzed. PAHs were not detected

af either station.

Toxaphene

Toxaphene, a midure of 177 different chiorinated camphenes, is a broad-spectrum insecticide.
Toxaphene has been widely used in California in the past, particutarly on cotton {SWRCE, 1882b}. Other
crops to which it was appiied were alfaifa, broccoli, tomatoes, celery, beans, cloves, lettuce, caulifiower,
and pears. Because of its extreme chronic toxicity to aguatic organisms, toxaphene has been used as a
pesticide to remove non-game fish. However, toxaphene is a2 known mammalian carcinogen and has
been placed on the State's list pursuant to the 1985 Safe Drinking Water and Toxic Enforcernent Act.
Secause of toxaphene’s high aquatic toxicity, mammafian carcinogenicity, and environmental
persistence, t is no longer registered in California (SWRCB, 1988c). There has been a substantial
decrease in use of loxaphene, evidenced by 1,025,088 pounds registered in 1978 to 647 pounds
registered in 1967 (DFA, 1980 through 1988). The average use in the latter four years {1984-1987) was
41,616 pounds. In 1886, 93% of the registered pesticide was applied tc clover and, in 1987, 96% to
cotton and alfaffa, indicating a decreasing application 10 food crops.

Toxaphene was detected in 22% of the samples statewide. Toxaphene was not detected in

Regions 1, 2, & and 8. The FDA action level for toxaphene {5,000 ppb) was exceeded in three channe
catfish samples coliected from the San Joaguin River near Vernaiis in 1983, 1984, and 1886. The highest
concentration yet detected (14,000 ppb) occurred at this station in 1984. Soth the detection imit and
the NAS guidefine for toxaphene is 100 ppb. so ali samples with detectabie levels of toxaphene will
exceed the guideline. Toxaphene was detected most often in Regions 3 and 7 with 45% and 41% of the
samples, respectively, comtaining the chemical. Areas where taxaphene was regulany detected nciude:
the Salinas and Watsonville areas (Region 3); Revolon Slough and Calleguas Creek (Region 4); the
Sacramentc, San Joaquin, Stanistaus, Tuolumne, and Mercad River Drainages {Region 5); the Alamo and
New Rivers (Region 7); and San Diego Creek (Region 8). Over the years, consisiently high vaiues were
found in the San Joaquin River near Veralis. The highest lipid weight vatues were found in Revoion
Siough. There is no evidence to suggest a decrease in the detection tevels of toxaphene statewide aven
though the use of toxaphene pesticides has decreased.



Chemical Group A

The exposure of aguatic organisms to a combination of environmental poilutamts may be deleterious at
levels below accepted standards for specific pollutants. The NAS recognizes the potentia! threat to
predator species of a combination of pesticides and has daveioped a guideiine of 100 ppb for the
combined or singular concentration of centain pesticides {NAS, 1973). Inciuded in this group of
pesticides, termed Chemical Group A, are atdrin, dieldrin, chiordane, endrin, heptachior, heptachior
epoxide, HCH (including lindane), endosulfan, and toxaphene. '

Chemical Group A, with the exception of wo samples. sxceeded the guideline when at ieast one
pesticide in the group exceeded its guideline. The first exception was & 1585 sample from Harkins
Slough upstream from Watsonville Slough (Region 3}. The sum. of chiordane (58 ppb) and dieldrin

{62 ppb) tound in this sample exceeded the Chemical Group A guideiine. The second exception was a
1987 sample from Calabasas Creek at Tasman Drive (Region 2). Chiordane found in Calabasas Creek
nearly exceeded the individual guideiine at 99 ppb. with the addition of dieldrin {22 ppb} and heptachior
spoxide (8.9 ppb), the sample exceeded the group guideline. For the most part, Chemical Group A has
not identified additional problems that were nat aiready uncovered by review of the ndividual pesticides.



Trace Eiements {(Metais)

Arsenic

Arsenic is a concem as a surface water pollutant because of its human carcinogenicity, persistence in
the environment, and potentiai for bicaccumutation in aguatic organisms (SWRCE, 1984a). Arsenic is
listed as a known carcinogen by the State pursuant to the Safe Drinking Water and Toxic Enforcement
Act of 1986. Arsenic may reach surface waters from naturai sources of this trace element or by
agricutturai appiication of arsenical pesticides. Investigation by the State Board of arsenic levels in the
San Joaquin Valley concluded that use of arsenical pesticides may increase the concentrations in
drainage waters and sediments (SWRCE, 1984a). While most uses of inorganic arsenical pesticides have
heen cancefled by the DFA, use of organic arsenicals which can be converted to the more toxic
inorganic form is unrestricted. From 1981 to 1987, the total combined arsenical pesticide usage
statewide ranged from 103,879 pounds to a high of 311,632 pounds in 1984 (OFA, 1983 through 19883).
The average yearly application for the last seven years was 164,000 pounds. Usage in 1986 and 1987
was 144 680 and 213,784 pounds, respectively. Three arsenic-based pesticides used in recent years
were predominant: sodium arsenite, cacodylic acid, and monosodium methanearsonate (MSMA). In
1986 and 1987, these three pesticides represented ail but about 80C pounds of the total registered use
for each of those years (DFA, 1988 and 1988). Sodium arsenite was appiied solefy to grapes. Cacodyiic
acid and MSMA were used for cotton, landscape maintenance, rights of way, and other non-agricultural
purposes. Another arsenic-Dased pesticide, disodium methanearsonate (DSMA), was used raiatively
extensively in the early 1980s but has decreased o just a few hundred pounds in 1986 and 1987

(DFA. 1980 through 1989). Other arsenic-based pesticides used in smaill amounts inctude arsenic
pentoxide, arsenic trioxide, and iead arsenate.

Arsenic was detected in 55% of the sampies collected statewide from 1978 to 1987, Starting in 1985, the
analytical method used to detect arsenic was improved resuiting in better recovery and a lower detection
fimit. Foliowing the change in method, the number of samptes with detectabie leveis of arsenic
increased from 52% from 1678 to 1984 to 79% from 1985 to 1987. Howaver, the tower detection only
partially explains the increase in the number of samples containing arsenic. In the latter three years, only
18 sampies out of 145 analyzed (12%) comtained leveis of arsenic below the original detection limit.
Arsenic was detected most often in Region 9 (85% of the samples) followed by Region 2 {82%) and
Region 1 (76%). Nearly 79% of the concentrations axceeding the EDL 35 were maasured between 1885
and 1987. Not surprsingly, most of the levels above the EDL 95 were found in Regions 2, 5, and 9. The
increased incidence of high arsenic levels from 1985 to 1987 is thought to be mare irdicative of a
widespread paiiution proplem rather than the result of the improved recovery method. The percent
increase in recovery does not fully expiain the dramatic increase in arsenic levels. Recent high ievels of
arsenic were found in the following areas: Suisun Bay (Region 2): Kings River, Black Bute and

Stony Gorge Reservoirs (Region 3); and the Tijuana Estuary (Region 8). Other areas with high arsenic
jevels inciude: Lake Nacimiento (Region 3}, Puaddingstone Reservoir (Region 4), and San Dieguito
Lagoon (Region 9). The two highest levels of arsenic detected. 7.4 and 5.9 ppm, were found in 1987
sampies of diamond turbot, a saltwater species from the San Dieguitc Lagoon and the Tiuana Estuary,
respecuvely. The highest freshwater concentration was 1.8 ppm found in an asiatic cam sampie
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coliected in 1878 from the Colorado River (Region 7). This clam sample, along with three cother clam
samples, exceeded the MIS of 1.4 ppm for arsenic in shellfish. The other three samples were collected
7om the Colorado River in 1978 (Region 7) and the Feather River and the Kings River in 1979

(Region 5). These three samples comained 1.58, 1.4, and 1.4 ppm, respectively.

Cadmium

Cadmium is one of the most toxic trace elements analyzed by the TSMP. Cadmium may be elevated in

surkace water due to fallout from air pollution, industrial  discharge, or municipal effiuent (USEPA, 1985a).

Ccadmium is used in slecropiating, as a pigment in paints, and as a stabilizer in plastics. The
nicavailability, toxicity, and potential bioconcentration of cadmium depends on the chemical form of
cadmium. The free divaient cadmium is the most readily assimiated form. in aguatic habitats,
sarticulate mater, dissoived organic material, and inorganic figands will affect cadmium speciation. in
addition, there is substantial variabifity in the sensitivity of fish species o cadmium. There is some
avidence that rout and striped bass are more ssnsitive than other frestwater species (USEFA, 1585a).
Zurthermore. the TSMP has detected higher cadmium levels in rainbow out and largemouth bass,
suggesting that these species may accumuiate higher lavels in the ilivar. These factors indicate the
difficuity in derarmining the exposure and impact of cadmium on aguatic organisms and their predators.
Cadmium is 2 known human carcinogen fisted by the State pursuant to the 1986 Safe Crinking Water
and Toxic Enforcament Act

Neariy afl sarnpies analyzed (§4%) contained detectable levels of cadmium. Lake San Amcnio

(Region 3) and the Keswick area of the Sacramento River (Region 5) have heen dentified in previous
TSMP reports 2s cadmium “hot spots®. The 13 highest cadmium levels statewide were found at these
wo sites. All eight bass samples coliected from Lake San Antonio from 1382 1© 1685 had levels above
the £DL 95. The two highest concentrations of cadmium, 6.7 and 8.6 ppm. were maasured in
‘argemouth bass from the Lake in 1982 and 1983, respectively. The State Board's Mussel Watch
Srogram (SMWP) has also reported elevated cadmium levals in freshwater ciams from Lake

San Antonic (SWRCB, 1988b). The source for the cadmitm is UNKNown. All but one of the eight
-ainbow trout samples analyzed from the Keswick area of the Sacramento River comtained cadmium
levels above the SD0L 95. Iron Mourtain Mine and other mines in the area have been demified as
sources for sievated metai levels in tis stretch of the river. Other areas where sievated cadmium levels
were detected include Shasi Lake (above Keswick) and Merced River in Region 3, and

3an Diego Creek in Region 8, Two wnole samples of g shiner collected from San Oiego Creek in 1983
and 1987 exceeded the EDL 35 for whoie fish.

Chrornium

Sievated cnromium concemrations have Deen detactad by the TSMP in watersheds wnere probabie
sources of chromium are mine drainage. agricutural runoff, and industrial discharge (SWRC3. 1985;.
Shremium-enriched water from ackd mine waste has elevated CHArOMIUM concenmrations in both the
Sacramento River and e San Joaguin Aler. Agricuttural runcff may comain chromium-basad

12



wngicides which have been used to preserve wood and to control diseases of turf (FCH, 1887).

\ndustrial uses of hexavalent chromium salts include metal plating, aluminum anodizing, leather tanning,
and the manufacture of paints, explosives, ceramics, and paper. The textile, ceramic, giass, and
phgtographic industries utilize trivalent chromium in their processing. The bicavailabifity and toxicity of
chromium depends on the metal's oxidation state. pH, hardness, and salinity. The toxicity of chromium
1o fish species is variable. Salmonid species are 100 times more sensitive than carp, bluegill, and

mthead minnows (USEPA, 1984}, Because chromium is accumnulated in giils, liver and kidney rather than
muscle, fish usuaily die before accumulating toxic ievels of chromium in edible tissue (Jaworskl, 1985).
Thereiore, the potential for biomagnification is low. Hexavalent chromium is a mammalian carcinogen
isted by the state pursuant to the 1386 Safe Drinking Water and Toxic Enforcement ACL.

Chromium was detected in 31% of the samples from 1978 to 1887. Region 1 had the highest rate of
detection with 50% of the samples containing chromium followed by Region 8 with 41%. Onfy 3% of the
sampies in Region & had detectable levels of chromium. Such a low rate of detection in Region 6 is not
surprising as agricuttura pesticide use and industrial discharges are not prevaient in the Region. The
nighest chromium concentrations were found in invertebrates (28 out of the 30 highest concentrations)
collected in Regicns 1 and 5. Fifteen freshwater clam and mussel samples coliected from 1978 10 1980
in these two Regions egualed or exceeded the MIS of 1.0 ppm. The highest chromium leve detected
statewide was 2.1 ppm in a freshwater mussel sample from the Klamath River (Region 1). The highest
fish tissue concentration of chromium {0.71 ppm) was detected in a 1987 whole sample of fathead
minnow from Coyote Creek. Nearly 70% of the fish sampies above the EDL 95 came from Region 5.
More than haif (7 samples) of the EDL 95 exceedances in Region 5 were found in the Sacramento River,
Other areas with tissue levels above the EDL 35 incltde: Hardscrabble Creek and the Russian River
{Region 1), Coyote Creek (Region 2), Charro Creek (Region 3), the San Gabriet River (Region 4}; and the
American, Feather, McCloud, Mokelumne, and Stanislaus Rivers (Region 5). At five of these stations
{American, Feather, Mokefumne, Stanistaus. and Russian Rivers), exceedances were detected in 1978
sampies. Subsequent sampfing in later years found chromium ievels near or below the detection limit at

these five stations.

Copper

Copper in aquatic biota is widespread throughout the state. Elevated copper concentrations may resuft
from industnai effiuent, algal controd efforts, or mine runcff. Metallic copper or copper saits are used in
alioy manufacture, the elecrrical industry, textile processes, pigmentation, taming, photography,
angraving, and electroplating. Capper is aiso a component of cartain insecticides and fungicides. Mine
wastes have been implicaied as the source of elevated copper in the upper Sacramerto River. Elevated
copper in surtace waters is a potential pollution hazard o aquatic organisms. Zxpesure of reshwater
organisms to less than 10 ppb resuits in chronic toxicity symproms (USEPA, 1980a). Copper does not
appear 10 bioconcentrate in the edible tissue of freshwater organisms 1o any significant degree. This low
niceoncentration factor and the relatively low mammalian toxicity reduces the potential human heafth risk
ram ingestion of iresnwater fish (USEPA, 1580a).
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Copper was datected in all but one sampie anaiyzed in the TSMP. A largemouth bass sample collected
trom. the American River {(Region 5) did not corrain any detectable COPPEr. Copper is a metal whose
umulation seems to be more species dependeft than other metals. Trout are Known to

uptake and acc
other species. Because of this, trout are

aceumulate copper in the liver 10 @ much higher eval than
treated separately in the TSMP and manked only against ather rout when calcuiating the ZDLs for
copper. Like Irout, white bass seem aiso 1o accumulate copper 1o nigh levels. The three highest
concentrations of copper yet found {600, 480, and 445 pprm) were measured in white bass Tom

{ ake Nacimierto (Region 3) in 1984, 1985, and 1981, respectively. Largemouth bass and other species
coillected from the Lake during that same time period never exceeded 11 ppm. White bass are now
thought to be found anly in Lake Nacimiento in California after having been removed by the DFG from
the Kings River drainage in Region 5. in the future, white bass will probabiy be considered separately
from other species. The MIS for copper (20 ppm) was exceeded once (84 ppm) in a 1980 freshwater
clam sample from the Feather River (Region 3). Copper fevels exceeding the £DL 85 for trout afl
cecurred in rainbow trout from the Sacramento River (Region 3) near Kaswick (2 samples} and
downstream from Shasta Dam {1 sample) in 1983 through 1985. The highest level was 350 ppm from
the Shasta Dam stion. The long term trend at the Keswick siation suggests a decrease in copper
levels from a high of 330 ppm in 1984 1o 2 low of 150 ppm in 1987, Elevated copper levels in trout wers
also found in Region 6 in the Sast Walker River, Hot Creek. and Carson Aiver. Non-trout exceeding the
EDL 85 were dominated by white bass from Lake Nacimientc and the Kings River area. Other areas
whers the non-trout EDL 85 was exceeded included: Suisun Bay {Region 2), Satinas River (Region 3,
the San Gabriel River (Regicn 4}, and Beach Lake and McCloud River (Region S). The highest levei
found it @ RON-trout, non-white bass sanmple was in a 1984 strived mullet sample from the

Tiuana Estuary (Region 9). Crayfish were also found with high levels of copper from the

San Joaguin River near Vernaiis {154 ppm} and the Sacramento Aiver near Hood (108 ppm) in Region 3

3oth crayfish samples were collected in 1980,

Lesad

Lead is moderately toxic 10 aguatic organisms. Lead is a known hurnan regroductive toxicant in humans
and two lead salts, lead acetate and lead phosphate, are human carcinogens. Lead is listed as a
reproductive toxicant by the State pursuant to the 1986 Safe Drinking Water and Toxic Enforcement AclL
Urpan runcff and industrial efiuents can contribute 10 lead loading. A variety of lead saits are used
extensively in industty, athough the largest source cormtributing 1o surtace water runoff in yrban areas s
thought to comme from leaged gasctine (USEPA, 1880h).

Laad was detected in 31% of the samples collected since 197B. In recemt years, however, he rae of
detection has decreased. “rom 1978 1o 1983, about 40% gof the samples contained detectable ievels of
‘ead. This rate decreased to 19% from 1984 10 1987. The widespread use of unieaded gasoiine is
procably one reason wity lead is aot detected as frequerntly. One Region seems to be gaing against tis
rend. Region 9 had the highest mate of detection of lead of any Regicn in Dotn time pencds

(57% and 45%. respecuvely]. The database for Region 3, is, however, limited to just 27 sampies from
1878 1o 1887 Svery Reqgion had at [east one sample cormaining lead concentrations exceeding the DL
25. Most of these samples (82%) were coliected before 1984, again corfirming that iead leveis are
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decreasing in the environment. Region 5 had the most samples exceeding the EDL 85. Most of these
samples were found in the Sacramerto and San Joaguin River drainages. In Region 3, sampies
collected from 1984 1o 1987 did net have any detectabie levels of lead. Since 1985, high lead levels
were detected in samples from 3an Leandro Creek and Lake Herman (Region 2}, the San Gabriel River
(Region 4), Stockton Deep Water Channei (Region 5), Gass Valley Lake (Region €), and Alvarado Creek
and the Tiiuana Estuary (Region 9). The highest level of lead (1.1 ppm) oceurred in 2 whole sample of
ihreespine stickieback from San Leandro Creek near the Mighway 17 Bridge in 1986.

Mercury

Mercury is the most toxic of the trace elements anatyzed by the TSMP. it is acutely toxic to aquatic
organisms at levels less than 3 ppb (USEPA, 1986a). Mercury bigaccumuiates in fish 0 leveis that are
nazardous to human heaith. Previous monitoring by the TSMP has found levels above the FDA action
level of 1.0 ppm in waterbodies of central California and along the north coast. Possible sources of
mercury are the naturally occurring cinnabar deposits and related mining activities in the coast range.

and past gold mining activities in the Sierra focthilis.

Mercury was detected in nearly all sampies (97%) analyzed from 1978-87. More sampltes were analyzed
for mercury than for any other substance in the TSMP. Almaost 300 individuat fish samples from

Regions 2, 3, and 5 were analyzed as part of special intensive surveys for mercury. Surveys were
econducted in Lake Nacimiento (Region 3) in 1982 and 1983, Ciear Lake (Region 5) in 1983, Lake
Berryessa (Region 5} in 1885, and the Guadalupe River area {Region 2} and Lake Herman {(Region 2} in
1986. In addition, individual samples were anatyzed for mercury as part of an irteraboratory comparison
study with the Davis Creek Reservoir (Region 5) rasearch group. Qver 70% of the survey sampies
collected from Lake Nacimiento exceeded either the FDA action level of 1.0 ppm or the MIS of 0.5 ppm.
Twenty-five percent of the survey samples in Lake Berryessa and over 40% of those in Clear Lake had
mercury concentrations at least above the MIS. All but four of the 106 sampies from five stations in the
Guadalupe River area exceeded at jeast the MIS, of which, 72% ware above the FDA action ievel. The
waterbodies with high mercury ievels in the Guadalupe River area include: Guadaiupe River,

Guadalupe Reservoir, Guadalupe Creek, Calero Reservoir, and Alamitos Creek. Lake Herrmman mercury
levels were aiso high with all but ane of the 20 samples axceeding at'least the MIS. Sampiles anaiyzed
from Davis Creek Reservoir were above the FDA action level in all but one sample. in all cases, the high
mercury levels were due to past mining activities. Because of these high jevels, the DHS issued fish
consumption heaith advisories for all the waterbodies mentioned, except Davis Creek Reservoir, which is
on private property. The highest level detected statewide was 3.8 ppm in a 1986 bluegil sample from
Guadaiupe Reservoir. Periodic exceedances of mercury criteria occurmed in the American. Feather, and
Sacramento Rivers. Periodic exceedances may be due to fluctuating water leveis. Other areas in recent
vears with high mercury leveis were all in Region 5 and include: Beach Lake, Roilins Reservoir, East
®ark Reservoir, Don Pedro Reservoir, the San Joaquin River, Pardee Reservoir, and Cross Canai. Cross
Canal was misidentified in previous reports as Sacramento Slough. High levels found in many of these
“aternodies were probably due 1o historic gold mining activities during the goid rush era. Mercury was
used during that time in goid processing.



Nicke!

Nicke! can enter surface waters from natural sources, mine runoff, or municipal and industrial effiuents.
Sievated concentrations of nickel have been reported oy the TSMF in the northern ccastal range.
Natural nickel depasits are not readily bicavaiiable becauss of nickel's low sclubflity in water. However,
nickel may be mobilized by acidification from acid mine waste. Urban or industrial sources of nicke!
include electroptating processes. fossil-iuel refining, and heavy fuei oi combustion. Nickel has 2
relatively low aquatic toxicity comeared 10 the other trace elemerts monitored by the TSMP. Nickel,
nowever, is a known human carcinogen fisted by the State pursuant to the 1986 Safe Drinking Water and

Toxic Enforcement AcL

Nickel was detected in 24% of the samples siatewide. Region 1 had the highest detection rate with 56%
of the samples containing nickel. Region & had the lowest rate of detection with only one sampie,
coliected from the Truckee River in 1979, containing nickel. A maijortty of the highest nickei
concentrations found statewide occurred in invertedrates suych as fresnwater musseis and clams and in
crayiish collected in the early years of the program. Many of these high leveds occurred in

Regions 1 and 3. Crayfisn enliected from the Alamo River near Cafipatria (Region 7) in 1980, had the
highest nickel concentration (3.2 ppm) Yet found. Almost afl the EDL 95 exceedances in fish gceurred in
Regions 1 through 3. One sample from Region 7 excaeded the EDL 93 Close 10 50% of the =DL 35
axceedances occuired in Region 1. Rainbow trout from Hardscratble Creek in Aegion 1 collected in
1984 contained the hignest nicke! concentration jound In fish at 2.2 pprm. Ancther station in Region 1,
the Klamarth River near Klamath Gien, had high nicke leveis in sculpin coliecied in 1978 and 1579.
Further sampiing at this station snowed a decline in nickel levels to sligtty above the detection firnit in
1984, the last vear the station was sampled. Bass from Lake Nacimiento (Region 3) exceeded the

EDL 95 in 1981. Additional sampling in later years failed to detect nickel in any sampie. This patem is

. In recent years, high nicket concentrations were detected in

aiso true for the Alamo River (Region 7
Suisun Bay and Guadalupe River (Region 2}, Chorro Greek (Region 3), the San Gabriel River (Region 4},

and the Sacrarmento Aiver near Keswick (Region 3}.

Selenium -

Toxicity of selenium 10 aquanc organisms and their predators has been 3 statewide concam since it was
‘gentified as the elemem responsible for ampryonic abnormalities in birgs from Kestersan Natignal
Wildiife Refuge. Subseguern irvestigation Dy the TSMP indicated elevated selenium levels in agricuftural
drains and the Saiton Sea in Aegion 7. The DHS has issued fish consumotion heatth advisories for both
the Grassiand area surrounding Kesterson and the Saiton Sea. Selenium is an essentiai mineral. s
texicity is affected Dy s oxidaton sare. The two main SOUFCes of seleniurmn in nature are coal gepasits
ang marine shales. loentified sources of seieniurn pollution inciude efiuerts from oii refinenes and
concentration of seleniercus sciis via agricuitiral practices.

Seienium was detectad in neany aif {38%) of the samoles for which it was anatyzed in the TSMP.

Routine znaiysis for selemum aid nat begin until 1984. Reguiar anafysis in flgt samoies was initiated n
1985, Hign ieveis of seienium exceeding he MIS of 2.0 ppm were {Gund AMOEST axciusively N Region 7.
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The Kesterson National wildiife Refuge In Region 5, was sampied only twice by the TSMP in 1984. Mud
siough in Region 5 and Irvine Park Lake in Region 8 were the only stations outside Region 7 with
sslenium levels equaling or exceeding the MIS. Both samples were collected in 1987. in Region 7, 30%
of the samples egualed or axceeded the MIS. All but one of the 16 samples collected from the

salton Sea exceeded the MIS. Orangemouth corvina from the Sea had 8 out of the 10 highest filet
selenium concentrations. The highest concentration in filet (4.6 ppm) was detected in a sample of
\iozambique mouthbrooders from Forgetmenot Orain. Seven out of 10 Safton Sea drainages where fitet
sampies were analyzed had samples equaling or exceeding the MIS. The three rermaining drainages had
samples with selenium levels above 1.0 ppm. Besides the Salton Sea drainage, high selenium leveis in
fish were aisc found in beth the northern and southem reaches of the Colorado River atong California’s
norder. Lake Havasu and the Palo Verde Outfall Drain along the Colorado River were identified as areas
of concem for selenium. Besides fish, the MIS of 0.3 ppm for sheilfish was exceeded in four 1887
samples of transplanted freshwater clams (TFC) from the Russian River area in Region 1. This was the
first time TFC were used in the TSMP. Most selenium in Region 7 is thought 1o come originally from the
Colorado River, which supplies water to the imperial Vailey for agricuitural purpeses.

Silver

Siiver is highly toxic to aquatic organisms, ranking as one of the most toxic of the trace elements
analyzed by the TSMP. Elevated silvar levels in California are associated with heavy industry of mining
activities. Metallic siiver is used in afioys, eiectroplating, tood processing, and the beverage industry.
Siiver nitrate is used in photography, the ceramics industry, and electropiating. !n 1987, a change in
instrumentation increased the sensitivity of detection of siiver, thereby reducing the detection limit from
0.02 to 0.01 ppm. Nearly 51% of the sampies in 1987 had detectable levels of silver, an increase from
the 32% detection frequency in 1986. Since 10 of the 55 (15%) samples analyzed in 1987 were at or
beiow the previous detection limit, this increase can be attribtited to the change in instrumentation.

Overail, siiver was detected in 37% of the samples collected statewide from 1978 to 1987. Region & had
the highest rate of detection with 80% of the samples containing silver. Region 4 had the lowest
detection rate (15%) with only four sampies containing sitver. Three of the four samples from Region 4
came from the San Gabriel River and exceeded the ZDL 5. Tilapia collected in 1985 from this rver
comained the highest silver concentration (4.1 “ppm) aver found statewide. The EDL 95 for siiver was
exceeded in Regions, 1, 3. 4, 3. 6, and 9. Brown trout from the East Walker River (Region 6} exceeded
the EDL 35 all bul one of the six times it was sampied. Silver ievels in the river, however, appear 1o be
dectining from a high of 1.1 ppm in 1883 10 a low of 0.57 ppm in 1887. The McCloud River (Region 5)
alsp contained high levels of sitver in brown trout in 1978 and 1979. Brown trout collected in 1987 from
this station contained less than half as mucn silver as previous leveis. Higher fiows in the sary years of
the Program may be one reascn cernain arsas had higher siiver tevels then they do now. More metal-
‘aden sediment may have wasned into streams in the welter years. Other areas where nigh siiver levels
were found inciude: BSig Lagoon {Region 1), Lake Nacumiento (Region 3), Lake Kaweah {Region 3),

~ct Creek (Region 6} and the Tiiuana Zstuary (Region 3.
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Znc

Zinc is an essential trace mineral and, at high doses, 1t is acutely toxic to freshwater species. The
toxicity and bicavaitability of zinc depends on physical and chemical charactenistics such as oH, salinity,
temperature, and urbidity. Slevated zinc concentrations in suriace waters have been associated with
mine runcff and industrial effuent  Zinc has many uses. including electroplating and alloy
manufacturing, and is a component of many products such as gosmetics, phanmmaceutics, dyes, paint,

and insecticides.

Zinc was detected in ail samples analyzed by the TSMP. High levels of zinc in fish, exceeding the

ZDL 95, were found in Regions 1, 2, 3. 3, 6 and 9. The highest zinc concentrations detected statewide
were 74 and 67 ppm found in 1980 crayfish samples from the Colorado River (Region 7) and the

San Diego River (Region 3, respectively. The highest concenuation of zinc in fish was 60 ppm in a 1978
orown wout sample from the McCloud River (Region 5). In 1987, zinc was found at 3 much lower
~oncentration in 2 brown oul sample from this station. The £af River (Region 1} aiso exceeded the
ZDL 95 in a 1978 scuipin sampie. Since then, samples from the Eef Aiver have been at or below the
SO 85. The Truckee River is another exampie with high zinc concentrations in sampies coltected eany
in the TSMP vears and lower concentrations found in fater years. Lilke gitvar, high zinc leveis in earfier
vears at certain stations may be due ¢ fows that carried more metai-aden sediments. in recent years,
nigh zinc levels were found at the jollowing iocations: Alameda Creek near Shinn Pit,

San Leandro Creek, and Suisun Bay (Region 2); Choro Creek and Lake Nacimiento (Regicn 3);

Seach Lake (Region 5}; Zast Walker River (Region 8); and the Tijuana Sstuary (Region 9).



APPENDIX B (comtinued)
Toxic Substances Monitoring Program
1978 - 1987 Station Dascriptions

Station station ‘ ———

NLrDer MNome County Description

205.50.07 CALABAZAS CR/D/S TASMAN DR Santa Clara station located from 50 yards downstiream
to 300 yards upstresm of Tasman Drive,

205.36.09  GUADALUPE R/HOMARD ST Santa Clara Station located near the foot of Howard

Street in San Jose,

Napa Station located on Dak Knoll Avenue off

2065814 HARPA R/NAPA
Highway 29 north of the city of Napa.

Station Llocatsd from Third Avenue to 1/7

2046.60.01 SAN PABLO LREEK Contra Costa
mite upstream in the city of San Pable
207.10.90  SUTSUN SAY Solars Station located throughout Suiswun Bay.

207.21.03  LAKE HERMAN Solanc Station locatad in Lake Herman.
Station located near the bridge at the

3041206 SAN LORENZO R/BIG TREES Sante Cruz
entrance of Henry Cowell State Perk.

Station located on Bean Creek ar Graham
Hill Road near the confiuence with the
San Lorenzo River.

304.12.08  BEAN CR/GRAHAM HILL RD Santa Cruz

I04_12.09  SAR LORENZO R/GRAMAM HILL RD Santa Cruz station Located on the San Lorenzo River
at the Graham Hil{ Roed 8ridge,

304.12.10 SAN LORENZD R/ZIAYANTE CR Santa Cruz Station locatad on Zayante Creek by Eaét
Zayante Road near the railroad trestie

Ip4 .12, 11 BEAN CR/CONFERENCE DR Senta Srug station located atong Confersnce Drive on
Sean Cresk, a tributary of the San

Lorenzo River.

3D4.12.12  WEWELL CREEX senta (Cruz station located on Newell Creek, a
tributary of the Sean Larenzo River.

I04.12.16  LOCH LDMOND Sante Cruz Station located alomg the esst share of
: Loch Lomond Reservoir on Wewell Creek, a
tributary of the San Lorenzo River,

305.10.02 WATSONVILLE SL/SAN ANDREAS RD santa Cruz Station located betwesn conjunction of
Harkins Slough to 1/4 miie downstream of

San Andreas Road Bridge.

305.10.05  PAJARD R/D/S WWY 1 BRG Honterey/ Starion locared asiong the Monterey/Santa
Santa Cruz Lruz Coanty line about 1-1/2 miles
dowrstresm of the Highway 1 Bridge,
betuesn Uatsonville's sswage reatment
pisnt and the Therwachter (McGowan Rd.)}

Bridge.

305.10.04 KAREINS SL/U/S WATSONVILLE SL Santa Cruz Station (ocated at the confliuencs of
Harkine Slowgh and Watsorville Slowgh amd

axterding upstream about 1/2 mile,

305.10.05 WMATSORYILLE SLAUSS RARKINS SL Sante Ciuz Station is located at the confluence of
watsorville Slough an Harkins Slough erd

extending to aoove the ratlroad (rack,

B



APPENDIX B {continued)
Toxic Substances Monitoring Program
1978 - 1887 Station Dascriptions

e :

sracion itation . .

Nume Kame County Description

305.10.06  WATSONVILLE SL/MARKINS SL RD Santa Cruz Station locared in the pool area sbove
Harkins Slough Road.

T05.20.00 PAJARD R/HWY 129 3RG santa Cruz Station Located on the Pajarc River at
Highway 129 3ridge owercrossing.

305.50.59  LAKE HERMANDEZ/CG/S DAM San denite StaTion tocated downstresm of the dam at
Lake Hernancel.

305.50.50 LAKE HERMAWDEZ/SAR ZERITOD R San Benite station Located in Lake Hermancez on the
San 3enito River. .

06.30.00 MOSS LAKRCING HARBOR Monterey Staction located at a private dock just
west of the Shell 0il So. service doek
ars] hoat ramo.

I06.00.90  CALCAGNO #4 Monterey statien tocated in the lalcagne field
sdjacent to ard north of Moroc Coje Siough
and downstr=am of the raiirosd crossing.

306.00.97  F DOLAN #4 NOnTErey. station located in the Oolan field
sdjacent to More Cojo Slougn downstresm
sf the Caicagno field.

J07.00.19  SAN CLEMENTE RES HonTerey starion Located on the San Clemente
geservoir,

J09.70.00  SALINAS R LAGOON Honterey sration located on the southern shore of
the lagoon near the flow control
structyre at the southern terminus of the
Otd Salinas River.

309.10.02  LOWER TEMBLADERD SL Aonterey Station (ocated approxXimately ohe To Iuo
ailes upstress of the Slough's confluence
with the Old Salinaes River,

09.10.03 OLD SALINAS R/MOLERA RD Honterey station located whers the river channel
igs nesrest Molers Rosd, uRsTresm of
starion I09.10.04 about 1/2 mile.

09.10.04  OLD SALINAS R/WOMTEREY DUNES 3RC Monterey station locatsd at the Montermy Junes Jay
Brioge,

309.10.05  SALIMAS R/ELANCD DRAIN Monterey Station located sbout 1/2 miie downsTresm
af the Slancu Drain discharge o the
Salinas River.

910,07 SALINAS R/GLANCS RO “onteErey station located sporoximately 176 to /4
mile cownstrema af 3ianco Road.

09.10.08  cSPINGSA SLOUGH Mpnterey Station located about 1/2 wile uosTream
of the Stare Highway 1583 3ricge.

109.10.09  3LAMCD ORAIN/SALINAS R nonterey station (oested in the 100-yard strefch
immediately XTr=am of he arain's
cortfluence with the Salinas River.

9.10.11  3LANCD IAST/PUMP STATION aonTerey Starion located on 3lameo Drain =ast af
aeOirg sTation.




TABLE 17
Toxic Substances Monlloiing Program
Organlc Cheinlcals Exceeding Selecled Crlterla in Reglon 3. Ten Year Data Summary (1978-87)
{pph, wel welght)

SIATION STATION SPECIES  TISSUE SAMPLE Total Chior- Dacthal Total Dieldrin Total
HUMBER HAHE COnE DAIE Chlordane Pyrifos uot Endosul fan
(N/E) (EDL) (EDLY (H/F) (H/F) )
305.10.82  WATSONVILLE SL/SAM AMDREAS RD 518 W 06715784 276.7¥ 1002004 1700. 04 242,08
305.10.02  UATSONYILLE SL/SAH ANDREAS RD 518 W 06/05/85 195. BY 8664 .04 960.04 251,04
505.10.03  PAJARO R/D/S HUY | BRG Be F 0771382 24 .04
305.10.04  HARKINS SL/U/S MATSONVILLE SL cp E 06705785 208.0# 2623 .04 240.04 252.0#
305.10.06  HARKINS SL/U/S UATSONVILLE §L SBF F 06705 /85 1098.0#
305.10.05  UATSOMVILLE SL/AJS HARKINS 5L cp W 06705785 38150 460._0¥
305.10.05  WATSONVILLE SL/U/S HARKINS st GAN u 04705785 4448.04 g10.04
305.10.06  WATSONVILLE SL/HARKINS SL RO 3] W 10702784 287.54
309,10.00 SALIHAS R LAGOOM SKR F 08/24/83 19.0%
309.10.02 LOWER TEMBLADERO SL : SR F 08723783 320,04
1 .
STATIOH Endrin alpha- goama- Tatal Heptachlor  Hexschlioro-  Methoxy- Pents- Tetra- Total Toxaphene  Chemlcal
HUMBER HCH HCH HC K Epoxide ‘benzene chlar chloro- chlore- o] Giroup
(Lindane) phenol phenal A
(N/F} (EDL) (H) (N) (H/F) (EDL) (EDL) (EBL) (EDL) (H/F) (H/F) (N)
305.10.02 2.4 " 12000.04  14287.84
305,10.02 2300.04 3730.08
105, 10,03
305, 10.04 2.7 T10_0¥ 1466.08
305. §0.04 . 120.08
305, 10.05 . 1500 0# 2101.64
305.16.0% 510,04 1405.04
M5 10086 &T4.D# 135 .84
309.10.00
309.10.02
‘ = Exceeds the EDL A5, “M = Exceeds the EDL 95. # = Equals or enceeds HAS recommended puldel jne, #¥ = Equals Mﬂrmxommau FDA action level.
EDL means that the resutis were compared to EDL 85 snd EDL 95 values. N means that the results were compared to MAS criteria only.
H/F mesna

that the reaublts were conpared to HAS and FDA criteria.
Fos filer. W = Whole Body.
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Chapter5 —
CHEMICAL ASSESSMENTS

This chapter summarizes the 1988-89 resuits for each arganic chemical and trace element (metal)
detected. A description of each and its uses are provided along with an overall discussion of resuits.
Stations where organic chernicals or trace elements exceeded criteria are presented by region in
Chapter 4 - Regional Assessments (Tables 12 through 21) and also are summarized statewide in
Appendices H, |, and J. References to chiordane, DDT, endosutfan, HCH, and FCB concentrations are
to be considered tatal concentrations unless otherwise specified.

Organic Chemicals

Chiordane

Chiordane is a mbaure of chiorinated hydrocarbons used alone or in combination with heptachior for
subterranean termite controi. It has aisc been used for residential and garden pests and for controliing
soil insects in field crops such as grapes, citrus, and strawberries. Before 1986, the statewids
application of chiordane, as a pesticide, averaged approximately 200,000 pounds per year

{DFA 1980 through 1888). Registered amounts of chiordane subsequently rose to over 500,000 pounds
in 1986 and over 500,000 pounds in 1987 (DFA 1988 and 1989). However anly 16.000 pounds were
registered in 1988, of which, 98% was apglied for structural pest control and landscape maintenance
(DFA 19¢0). Prior to December 1987, existing stocks of alf chlordane and heptachlor termiticides could
be applied consistent with label instructions (SWRCB 1988b}. From Decemibyer 1987 to Aprfl 1988, these
termiticides could be appiied onty by certified operators. After April 1988, all use of existing stocks of
these chemicals was prohibited. Chiordane is a known carcinogen listed by the State pursuant to the
1886 Safe Drinking Water and Toxic Enforcement Act.

In 1988-89, total chiordane was detected in 34% of the samples collected statewide. This frequency is
less than the 45% found from 1978 to 1987. Region 2 had the highest frequency of detection in 1988-85
with 69% foilowed by Region 8 with 52% Chiordane was not detected in Region 1 in 1988-89. The three
most predominant chiordane isomers found were trans-nonachlior, trans-chiordane and cis-nonachlor.
The FDA action level was exceeded 3 times in goidfish from Region 4, ance at the Ri¢ de Santa Clara
station {1,816 ppb) and twice at Harbor Park Lake (576 and 484 ppb}). These 3 goldfish sampies were
among the ten highest concentrations found since 1978. The NAS guideline for chiordane was
exceeded a total of seven times, twice at Paradise Cut in Region 3, three times at San Diego Creek in
Regian 8, and iwice at Peters Canyon Channe! aiso in Region 8. All the above mentioned areas have a
history of high chiordane ievels, particularly Harbor Park Lake which has exceeded the FTA action level
four times since 1983 and has the twao highest concantrations yet measured. The highest chiordane
concentration found in 1988-89 was the 1.816 ppb found in goldfish from the Rio de Santa Clara station.
This was aiso the third hignast concentration of chiordane found to date. Although chicrdane continues
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to be found at high levels at a number of sites in the State, levels gverall should start to decreass with
the banning of the chemical.

Chicrpyrifos

Chiarpyrifos, an insecticide scid as Oursban, Larsban, and Stigend, nas axtensive home and agricuftural

application. Oursban is applied for the contral af household ingects such as ants, cockroaches, termites,

and ornamental plant insects as wel as for the cantrai of cattle dles. Lorsban is bath & soit and fotiar
insacticide applied to com, aifalfa, frut trees. nuts, and other vegetable crops. Stipend is usad primarily
on mushrooms for Ay controf (FCH 1989). Other reported uses include contral of mosguites in wetfands
and turi-destroying insects on goif courses (Qdenkirchen and Eisler 1988). The EFA cansiders
chiorpyrifos sxtremely toxic 1o fish, birds, and other wildlife (USEPA 1986a). However, at present there
are no Calffomia or EPA use restrictions for chiarpynfos (SWRC2E 1¢880).

The statewide use of chiorpyrifos has incraased over the years, reaching 1,000,000 pounds in 1987 and
1,700,000 pounds in 1988. Usage in 1988 was over 30 times that of 1978 (53,000 lbs). In 1987 andg
1988, the primary usas of chiomyrifos were for controf of structural pests and pests on ¢otten and aifaifa
{DFA 1989 and 1990). Cther important applications of chiorpyrifes inciude sugarbests, oranges, lemons,
atmonds and varied other fruit and vegetable ¢rops (DFA 1980 through 1980). Chiarpyrifos was by far
the most widely used of the pesticides monitcred in the Frogram sincs 1984,

Chlarpyrifos was detected in 11% af the sampies in 1988-39 down from 18% in 1987, From 1978 (0
1987, chioroyrifos was detected in 8% of the sampies. QOnly Hegions 3, 7, and 3 had detectabia levels of
chiorpyrifos in 1988-89 with most detections occurming in Region 7. The EDL 95 was exceeded in
samptes from afl three Regions. The highest concentration found in 1968-89 (380 ppb) was in g 1289
channel catfish éampie from the Alamo River near Cafipatria. This is the third highest concentration
found since 1978, Cther EDL. 85 sxceedancas were found at Paradise Cut in Region 3: Hoftville Main
Orain, New River, and Rose Drain in Region 7; and Petars Canyeon Channel in Region. 8. The DL 85
was axcseded in Regions 7 and 3. Most of the above areas, asgecially the imperial Vailey in Region 7,
have nad high chiorpyrifos levels in the past.

Dacthai

Dacthal or chiorthai-dimethyt is a pre-amergenca herbicide for the controf of broadlear weeds and
grassas. it has heen used on turf, omamentals, and vanous ¢raps such as sovDeans. Deans, cstton,
gartic, onions, broccoll, caulifiower, cabbage, and melons (DFA {980 through 1980}, 2acthal is an
aromatic carboxylic acid. Its hemicidal activity is :he innitition <f call division. in 1987, the OFA giacad
Jacinal into the reevaiuation process Secause of its anvironmemtal persisience and passible adverse
affects ohsarved in 3 ral reproductive swdy. Mowever, currently dacthat is ot listed as a resinciad
matariat 1 Caiifornia (CFA 1990), The amounts of dacthat reqgistered for use in Califarnia increasag fram



1978 to a peak use in 1982, but leveied off in the 1880's, with the average yearly use from 1983 through
1887 of 410,000 pounds. In 1988, 398,000 pounds were applied primarily for prevention of pests on
broceali, onion, caulifiower, garic and landscape turf (DFA 19800,

Qacthal was detected in 31% of the samptes in Regions 2, 3, 4, 5, 7, and 8 in 1988-89. In past years the
frequency of dacthal dstection in sampies collectad statewide generally mirrored the usage of the
chemical. From 1882 to 1987, as usage leveled off so did the detection rate of dacthal, remaining
refatively constant at about 29%. Region 7 had the highest number of detections in 1988-89 with 82% of
the samples containing dacthal. Regions 2 and 4 followed with 38%. The EDL 95 for dacthal was
exceeded at six waler bodies in Region 7. The highest dacthai level measured in 1988-89 (2,000 ppb}
occurred in a 1989 channel catfish sample from Holtville Main Drain in Region 7, which is also the fifth
highest level detected to date statewide. The EDL 85 was exceeded in Regions 3, 4, and 7. Samples
from all three Regions reguiany exceed criteria for dacthal, particularty the Salinas area in Region 3,
Calleguas Creek-Revoion Slough area in Region 4, and the Alamo-New River drainages in Region 7.

DDT

COT and its congeners have been banned in the U.S. since the early 1970's because of their
environmental persistence, adverse effect on wildlife, and potential carcinogenicity. While DOT levels
have declined naticnwide since use was discontinued. there is evidence that DDE levels in the biota have
stabilized (USEPA 1886h). The long half-ife of DDE in biciogical tissue partiaity expiains this trend. In
addition, dicofol, a miticide used primarity on cotton in California, contains impurities of DOT-related
compounds. The contribution of dicofol to tissue residues of DDE has been a concern (USEPA 1988Dh).
The EPA required the reduction of DDT and related impurities in dicoto! to less than 0.1% by 1989
(USEPA 19860h). Nationwide, DOE residues in freshwater fish are about 400 ppb. DDT is listed by the
State as a known carcinogen pursuant to the 1986 Safe Orinking Water and Enforcement Act.

DOT was detected in 84% of the samples in 1988-89, a frequency similar to past years. DOT was
detected in every Region, except Region 1. The average levef of p,p' DDE in fish filet sampies in 1988-89
{372 ppb) is comparabie to the nationwide average. A higher average p.p’ DDE level ocourred in whaole
fish samples (1,020 ppb). The whole.fish average, like previous years, exceeds the NAS guideiine of
1,000 ppb for total DOT. In general, levels of DDT and its metaboiites in fish have not shown much of a
decline over the years. The FDA action ieval for DDT was exceeded in 3 1989 goldfish sampie from the
Rio de Santa Clara station in Region 4. This same goidfish sample aiso represented the highest
statewide level of DDT (19.270 ppb} ever recorded in the Program. The NAS guidefine was exceeded in
samples from Regions 3, 4, 3, 7, and 8. Areas with high DOT levels include: the lower Salinas Valiey
and the Harkins Siough-Watsonville Siough area in Region 3; Calleguas Creek-fevolon Slough area in
Region 4: Paradise Cut and the San Joaquin River in Region 3; the Alamo River and Warren Drain in
Region 7; and Peters Canyon Channet and San Diego Creek in Region 8. All ‘hese areas have a history
of high DOT levals.



Dizzinon

Oiaszirton, an organaphosphate insecticide and nematocide. is usad extensively for controf of househcid
insacts. soil insagts, and pests of edible crops and other plants (FCH 1989). Currenty there are no
Caiffornia restrictions piacad on the use of diazinon. However, accomding o EPA, any product labeied
for turf LUSe mUS: now CATy & prohibition for use on galf courses and sod @rms before it can be soid. in
the ten years pricr 1o 1987, statewide use of diazinon was consistert and averaged abaux

474,000 pounds per year (OFA 1980 through 1988). In 1987 and 1988, over 700,000 paunds of digzinon
were registered for use each year (DFA 1982 and 1980). The primary use of dgiazinen in 1987 and 1983
was for structural pest controf and landscape mairtenance averaging 39% of the towl usage each year.

Other apolications were made 1o almonds and ather fond craps.

Diazinon is rarely detected in the TSMP. From 1978 through 1987 anly ™o samples out of over

500 analyzed contained detectable levels. However, in 1988-89 three samples in three different Regions
contained detectable levels of diazinon. Carp from Aose Oraint in Region 7 had the highest level of
diazinon faund 1o date with 98 ppb. In Region 3, whoie threespine stickieback from Harkins Slough
upstream from Watsonville Slough comtained 63 ppb.  The third sample came from the Anza Channe! in
Region § and contained 58 ppb in whole fathead minnow. This is the first time that diazinon has been

detected in Region &.

Bieldrin

Diefdrin, an organachicrine pesticide, was usad for the coneraf of soil insects, public heaith insecs, and
termites. Ofeidrin, the epoxide of aidrin, is bicavaiiable via the breakdown of aidrin in the envirgnment ar
via direct application. In 1974; SPA suspended nearly all uses of gieldrin Decause of neyrgraxicity and
liver carcinogenicity to mammais. Subsaquenty, the use of dieldrin in Calffornia was cancalled

(SWRCB 1988h). The use of dieidrin throughout Calffornia has been minimal, decreasing each year,
Tom 165 pounds in 1878 to onty 0.2 gounds in 1987, the last year of repartad use. Dieidrin is 2 known
carginogen listed by the State pursuant to the 1986 Safe Drinking Water and Taxdc Enforcement Act

Dieldrin was detected in 34% of the sampies caflected sratewide in 1986-89 and in all Regions, excagt
egions 1, 8, and 9. This detection frequency has been fairly consistent for number of years. The
highest percentage af samples with detectable leveis of dieidrin occurred in Region 7 (62%) and

Region 2 (46%). Samples colfected in 1988-89 did not exceed the FUA acton levet for dieidrin. The
NAS quideiine was exceeded in Regions 3, 7, and 8. The highest 1988-39 levei of digidrin (620 pob} was
iound in a 1988 whoie sampie of threespine stickleback Tom Harkins Slougn upstream from ‘Watsonville
Siough in Region 3. The aext highest level {580 opbj aiso cccurred at this station in 1989, again in the
same species. The Harkins Sicugh-Wartsonville Siougn area atong with the Safinas area in Region 3
nistoricatly have the highest levels of dieidrin found statewide. Cther areas were the NAS guidefine was
axcaedad inciude: ‘Warren Orain in Segion 7 and wo samples rom “eters Canveon Chamnel in Region &,
The 140 DOD dieldrin mezsured in one of the two samuoies rom Feters Canyon Channel is the highest
coneamration of his chermcat found @ date in Region 3.



Endosuitan

Sndosulian is & broad-spectrum insecticical chtorohvdrosarbon appiied primarily 1o grapes. artichokes,
alfaliz, tomatoes, metons. and head lettuce in California. In 1972, the DFA restricied the use of
sndosultan in California.  Subsequent restrictions have been adopted following the State Board's water
guality assessment repart recommendations. Sndosulfan is extremely OXic 10 aguatic organisms.
adversely affecting growth and deveiopment in the paris-per-triltion range (SWRCE 1984). Endosulian is
aiso acuiely toxic 1o mammals. Endosultan sulfate. the persistent breakdown proauct. is mare toxic than
the parent compound. The average amount of endosulian appiied in Califorria from 1878 to 1986 was
355,000 pounds {DFA 1980 througn 1988}, In 1987, 445,000 pounds were applied while 431,000 pounds
of endosulfan were appiied m 1988 (DFA 1989 and 1880).

Snoosutian was detected in 27% of the samples sialewide in Regions 1. 3, 4, 5, 7, and 8. The deiection
fraquency was twice as hign in 1988 as it was in 1988 {37% versus 16%). Prior to 1988, endosuffan was
detected in about 14% of the sampies. The Regions with the highest frequency of detection in 1988-8¢
were Region 7 {48%) and Region 3 (47%). Oniy one sampie in Region 1 had a detectable ievel of
endosulfan. Almos: 19% of the samples collected in 1988-89 exceeded the NAS guigeline in Regions 3,
4,3, 7, and 8. The nighest level detected {687 ppb) was in a 1988 threespine stickieback sampile
ecoilected from Espinpsa Siough in Region 3. This concentration was also the fourth highest found to
date in the Program. Many of the other concentrations in 1988-89 were aiso among the highest leveis
measured. Of the top 20 endosuffan concengrations detected since 1978, 50% of them were found in
1988 in Regions 3, 5, 7 and 8. Areas where nigh levels of endosuifan were found inciude: the Salinas
and Watscnville areas of Region 3; Calleguas Cresk arez of Region 4; the Cotusa Drain and

San Joaguin River area of Region 5; Imperial Valley in Region 7; and Peters Canyon Channel and

San Diego Creek in Region & The 143 ppb endosuffan detected in 1989 at Peters Canyon Channel is
the highest concentration vet found in Region 8. Of the areas mentioned above, oniy the Salinas area

hag a history of high endosulian leveis.

Endrin

Endrin is an insecticidal chisrohydrocarbon used aione or in combination with other insecticides for the
control of insects on cotton, broccoli, cabbage. vegetable seed and grains. It has also been applied 1o
non-cropiands for grasshopper cortrol and to archards for rodent removal.  Endrin use has been shamply
cyrtailed in the U.S. Endrin is listed as a restricted material in Califormia and only one product, a bird
repeliant, is registered with EPA and California {SWRCE 1988b). The mammuaiian toxicity of endnn is the
highest of the cyclodiene insecticides such as aidrin, dieldrin, endosulfan, heptachior, and chiordane
(USEPA 1980a). Despite endrin’'s high toxicity, the parent compound is metabolized and excrated more
readity than other arganochicrine insecticides (USEPA 1880a). Toxic metabolites such as 12-keroenarin
may persist, however. LimiteG use and rapid depuration may expiain the infrequency of detection of
endrin by the TSMP. Statewide, the average yearly use of endrin prior to 1986 was 380 pounds. The
amoumt used decreased sach vear until by 1986 there was zero usage {DFA 1980 througn 1980}
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Endrin was detected in five samples from Regions 3 and 4 in 1988-39. Only about 3% of the samples
from 1978 10 1987 contained detectahle levels of endrin. The highest cancentration found in 1988-29
(30 ppb) was in two whole sampies of threespine stickieback from Espinosa Stough and

Safinas Reciamation Canal in Region 3. This concentration is well betow the FDA and NAS criteria.
Sndrin was also detected in Harkins Slough upstream from Watsonville Slaugh in Region 3 and in the
fio de Santa Clara in Region 4. Endrin was first detacted in Region 4 in 1987,

Heptachior and Heptachior Epoxide

Heptachior, a chiorinated cyclodiene insecticide, was used o control sofl insects on food crops untif the
mid-1970's. Subseguent use was then reduced and limited to structural pest control, landscape
maintenance, and rights of way. Heptachior is a known carcinogen, causing fiver tumors in test
organisms (USEPA 1980b) and, along with heptachior epoxide, is listed by the state pursuant o the 1986
Safe Drinking Water and Toxic Znforcement Act.” The patantial health risk from exposure 1o this
termiticide by application to siructures was ane of the primary reguiatory concems of EPA, Heptachior
is acutely taxic o aquatic organisms, persistent in the environment, and bicaccumutates {USEPA 1980b).
Heptachior's carcinogenicity, potential for bicaccumuiation. and persistence led to its cancellation by the
E2a. All uses of curment stocks were prohibited after Aprit 15, 1988 (SWRCZ3 1988h). The average use
of neptachior per year prior to 1986 was 30,000 pounds (DFA 1980 through 1987). In 1987,

83,000 pounds waere registerad for use followed by oniy 3,000 pounds in. 1988,

Heptachior, the parent compound, was not detected in any samples collected in 1988-39. Pravigusty,
heptachigr, had been detected oniy once by the TSMP in a 1980 sample from the Alamo Rivar in
Region 7. Heptachior apoxide, the primary metabolite, was detected in three samples afl from Region 3.
Prior 1o 1988, heptachior epoxide had been derected in 4% of the sampies from Regions 2, 3, 4, 5.

and 8. Of the three 1988-89 sampies, the highest level found was 14 ppb in & whole threespine
stickleback sample from Harkins Slough. Al three of the sampies were well beiow the FDA and NAS
criteria. In previous years, Region 3 has had the highest incidence of heptachior epoxide detection,
primarily in the lower Salinas Vailey and Watsonville areas.

Hexachlorobanzene (HCS)

HCB. a wheat seed protectant, is ne longer registered in Calfifornia because of &s high soit persisience.
Commercial production of HC3 in the United States was discontinued in 1876. No uses have been
reported to the DFA for the tast ten report years (DFA 1980 through 1880}, HCB may De present as
imourities in other pesticides such as dacthai or pentachioronitrobenzene (SWRC3 1988c). While this
compound is oniy siigndy acutety toxic 1g marnmais, 1 is a known carcinogen {USEPA 1880c} and is
listed by the Stare pursuant 1o the 15986 Safe Drinking Water and Toxic Znforcement Act as 30th a
carcinogen and a reproductive Ioxicant. The ZPA nas conciuded thar nexachiorcbenzene has a nign
potential for vicconcantration in biota. Litle is known of the acute acuatic toxictty of HCZ

USEFPA 1880c).
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HCB was found SEEwide Tt 18% of the samptes from Regions 2,345, 7, and 8in1888-85This
detection frequency is only stightty higher than pravious years. The highest level found in 1888-89 was
53 ppb in a 1989 white catfish sampie from Lake Chabot in Region 2. This concentration is also the
highest detected to date in Region 2. However, Region 7 was the area with the highest incidence of
HCB detection {33%) as well as some of the highest levels overall for HCE, specifically, samples from the
New River. Samples from the New River have had high ievels of HCB since 1880. The EDL 95 was
exceeded at Lake Chabot in Region 2, Rio de Santa Clara in Region 4, and the New River. Samples
exceeding the EDL 85 were found in Regions 2, 4, 5, 7, and 8. The 9.6 ppb HCB detected in Region 4
and the 10 ppb detected in Region 8 are also regionwide highs,

Hexachlorocyciohexane {HCH) or Lindane

Four isomers of HCH (alpha-, beta- delta-, and gamma-} are monitored by the TSMP. Gamma-HCH Is
also known as lindane and is the only isomer with 2 known use. The devetopment of lindane was
preceded by the use of a technical grade HCH, known as BHC, which was a mixture of five
steroisomers. The production of lindane and the canceilation of BMHC. alsc used as a pesticide, resuited
from the discovery that the insecticidal activity of BHC was attributed solely i the gamma-isomer.

! indane degradation by soil microorganisms is siow. Lindane is capable of isomerization to alpha- and
delta- forms by microorganisms and plants. The EPA has concluded that lindane is a human carcinogen
(USEPA 1985a). HCH was added to the State’s list of chemicais known to cause cancer in compliance
with the Safe Drinking Water and Toxic Enforcement Act of 1986.

Lindane is a muiti-purpose insecticide and acaricidal chicrinated hydrocarbon used against pests of
vegetable seads, forest products, livestock, and cotton (USEPA 1985a). in Calffornia, lindane is used
primarily for structural and residential pest contral. Other uses include landscape maintenance and
protection of cotton. Lindane is currently classified as a California restricted use maierial which requires
licenced private and commercial applicators to obtain permits for application on agricuitural
commodities. Statewide usage of lindane has fluctuated over the years with an average use of about
38,383 pounds between 1978 and 1987 (DFA 1980 to 1988). In 1887 and 1888, 23,000 and

31,000 pounds were applied, respectively, primarily for structural pest controf and caotton in Caiifornia

{DFA 1989 and 1990}

Total HCH was detected in 16% of the samples in 1988-89 from all Regions. except Regions 3 and 8.
This detection frequency is similar 1o past years. Lindane was detected in 15% of the samples and alpha
HCH was detected in 9% of the sampies (same regions as total HCH). Lindane was detected for the first
time in Region 1 in the Aussian River and in Mark West Creek. The beta- and delta- isomers of HCH
were not detected in any of the sampfes collected in 1988-39. No sampie exceeded the NAS guideline
for 1otal HCH and tindane. Prior to 1988, wtal HCH had exceeded the NAS guideling in five samples
from Regions 4 and 7. The highest findane level in 1988-89 was 15 ppb in a 1989 camp sample fram
Prado Lake in Region 8. Two red shiner samples from Psters Canyon Channel in 1982 contained the
two highest levels of aipha-HCH (8.3 and 8.7 ppb} detected statewide.



Methoxychior

Aczording to the 1988 Farm Chemical Handhook (FCH 1889), methoxychior is used extensively as an
agricuftural, structural, home, and garden insecticide. Tnere are presently no California ar EPA use
restrictions on methoxychior (SWRCB 1988c). There are few acute and chronic aguatic toxicty data for
methoxychior (USEPA 1986¢l. However, the £PA reports a low accumuiation rate and iow toxicities far
nirds and mammals. The statewide use of methoxychiar, orimarily for alfaifa crops and other agricuitural
uses, has been on a general decline since 1980 (DFA 1982 through 1988). [n 1987, 837 pounds were
used and, in 1988, anly 562 pounds were registered, primarily for aifaifa and landscape and industrial
area maintenance (DFA 1889 and 1290).

Methoxychior was detected for the first time by the TSMP in 1987. It appeared at one station an the
Salinas Reclamation Canal in Region 3 and at three stations on San Qiego Creek in Region 8. Residues
in tissue ranged from 17 to 28 pph. In 1388-88, there were four detections of methoxychior. in 1988,
methoxychior was detected twice in carp samples from Rose Drain (16 ppb) and the Alamo River

(15 ppb), both in Region 7. In 1989, a goidfish sampie from the Ric de Santa Clara in Region 4 and &
channet catfish sampie from the Holtville Main Drain in Region 7 containgd the hignest level found to

date (44 ppb).

QOxadiazon

Oxadiazon is a contact herbicide with pre- and eary post-emergence activity on both grasses and
broad-eaved species (FCH 1589). The recommended use is as a selective preemergent herdicide for
control of annual grasses and broadleaf weeds in wrf, omamentats, and flowers. The registered use of
oxadiazon in Califomia has increased consistentty from 500 pounds used in 1979 o 11,000 pounds in
1988. in 1987 and 1988, oxadiazon was primanily appiied for landscape mainienance, rights of way,
structural pest control, omamentats, turf, and roses. Oxadiazon is reportedly toxic to fish and bees
(FCTH 198%). Currently thera are no Caiifornia restrictions on oxadiazon.

The TSMP first identified cxadiazon in 1988. [n 1988-89, axadiazon was detected in nine sampies
collected in Regions 2, 4, 8, and 8. Region § had the highest incidence of detection at

83% (5 out of 8 sampies), inciuding the three highest leveis of oxadiazon found to date. All thrae
samples were whoie body red shiner samples from Paters Canyon Channel and San Diego Creek. The
highest level detected was 2,200 ppD at the Psters Canyon Channel Station in 1989. The second highest
was 1,800 ppb at San Diego Creek. 2iso in 1982, Ancther sample from Fetars Canyon Channel in 1988
contained the third highest level with 960 pph. Other areas where oxadiazon was found include:

Cayote Creek and Lake Chabot in Reqion 2, Harpor Park Lake in Region 4, Anza Channel in Region 2.
and Gualome lake in Region 4.



Parathion - Ethyl and Methyl

Sthyl and methyl pasathion are organophosphate insecticides. Ethyl parathion is used primariy in

caiifornia on atmonds, prunes, peaches, nectarines, plums, oranges, and head lettuce. Methyl parathion
is used primarity on rice, aifalfa. tomatoes, lettuce, catton, artichokes, and sugarbeets. Ethyl and methyl
parathion application in California requires a certified appiicator when used on agricutural commaodities.
Both are considered acutely toxic 10 aquatic organisms. The statewide use of ethyi parathion fluctuated
nhatween 1978 and 1986 with an average yearly use of 738,000 pounds (DFA 1980 through 1988). In
1987, 786.000 pounds were used statewide while 1,100,000 pounds were used in 1388, primarily for
aimonds (DFA 1982 and 1850). The average yearly use of methyt parathion has decreased from a high
of 413.000 pounds in 1978 to a low of 153.000 pounds in 1988 {DFA 1980 through 1990). Approximately
half the yearty use of methyl parathion was applied to rice and alfalfa. Methyl parathion is also used far

pubiic health and siructural pest control.

In 1988-39, ethyt parathion was detected in a totai of & sampie from Regions 2, 3, 4, and 7. From 1978
o 1987, ethyl parathion had only been detected in four samples collected in 1985 and one sample
coliected in 1986, all fram Region 7. The highest concentration detected n 1988-89 (38 pob) was found
in a 1988 carp sample from Rose Orain in Region 7. Other areas were athyl parathion was found
include: Calabazas Creek in Region 2. Harkins Siough in Region 3, Harbar Park Lake in Region 4, and

the Alamo Hiver in Region 7.

Methyl parathion was detected for the first time in the TSMP in 1988. It was not detected in 1989.
Sampigs from three water bodies contained detectable levets in 1988: goidfish from Harbor Park Lake
contained 13 ppb, channet cartfish from New York Sitough in Region 2 contained 11 pph, and suckers
trom Willow Creek in Region 5 caontained 10 ppb. Al three concentrations are at or near the detection

fimit of 10 ppb.

PCBs

The EPA banned PCBs as a pesticide ingredient and cancelled registration of products containing PCBs
in 1970. In 1977, the EFA promuigated zero discharge as the toxic pollutant effiuent standard for PCB
capacitor and transformer manuiacturers. PCHs are known carcinogens listed by the State pursuant to

the 1986 Safe Drinking Water and Taxic Enforcement ACt

The TSMP measures three congeners of SCB: 1248, 1254, and 1260. Prior to 1988, total PCBs were
detected in 28% of the sampies from all Regions, except Regions 1 and 6. 'n the last wo years, 23% of
the sampies contained detectable levels of PCB's found in Regions 2, 3, 4, 5, and 8. The highest rate of
detection of total PCBs occurred in Region 2 {69%) and Region 8 (57%). The mast stable congener,
PCH 1280, accounted for most of the detectable PCBs (20%) in 1988-89 samples. PCESs did not axceed
vhe FDA toterance evel of 2.000 ppb in 1988-88. However, the NAS guideiine was exceeded in three
samples from Regions 2, 4. and &. In Region 8, whole fathead minnow collected from Anza Channel in
10839 exceeded the guideline with 880 ppb, which was aisg the highest levet found in 1988-89. This
concentration is the highest PC3 level yet detected in Region 8. In Region 4, goidfish cotlected from
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Harbor Park Lake in 1989 excaeded the guideline with 820 ppt. A 1888 fargemouth bass sampte from
Vasona take in Region 2 cortained 636 ppb. PCBs last exceeded the guideline in Region Z at
Coyote Cresk in 1981 and 19€3 goldfish sampies.

Pentachiorophenci (PCP} and Tetrachicrophenal (TCP)

ACP and TCP are not part of the normal TSMP chemical scan. ~rom 1878 10 1987 a twotal of 14 samplas
from nine stations in Regions 1 and 8 have been analyzed for PCP and TCP. PLCP is used primarily as 2
fungicide and bacrericide in the treatment of wood products. Other uses for PGP inciude application for
structural pest control, landscape mainterance. and along rignis-cf-way. The registered use of PCF has
been reiatively low in California, with a yeariy average of about 3,400 paunds from 1978 through 1986

ln 1987 and 1988, 4,450 pounds and 5,235 pounds, respectively, were regisiered for siatewide use. The
manuiacture of TCP has been discontinued. The EPA restricted the appfication of PCF to nan-name
use. In addition, the SPA required the registrants to reduce levels of approximately 10 contaminants in
FCP products., 'Ftegiszrams waere required to fimit the dicxin contaminant to 1 ppm (USEPA 1886d). This
contaminant causes tumars in ats and mice (USEPA 1986d). ~CP s listed by the State as a known
carcinogen pursuant to the 1986 Safe Drinking Water and Toxic Snforcement Act.

Aegion t was the oniy region to request PCP and TCP analyze in 1888-89. Samples from five siations
were analyzed (Table 13). Cniy a 1988 whoie rainbow trout sampte from Beaugnton Creek contained a
detectabie level of PCP. TCP was not detected in any of the five samples. The 3.8 ppb PCP detecied in
1988 is the fifth time PCP has been found in Region 1.

Toxaphene

Toxaphene. a mixture of 177 different chiorinated camphenes, is a broad-specrum insacticide.
Toxaphene has been widely used in California in the past. particuiary on cotton (SWRCB 1982). Other
crops ta which it was applied were affalfa, broccoli, tomatoes, ceiery, beans, cloves. lettuce. cauliftower,
and pears. Secause of itS extreme chronic toxicity © aquatic organisms, taxaphene has been used as a
pesticide (¢ rermove non-game fish. However, loxaphene is 2 known mammatian carcinogen and nas
been placed on the State’s list pursuant to the 1986 Safe Drinking Water and Toxic Snforcement Act
Because of toxaphene’s high aguatic texicity, mammalian carcinogenicity, and environmenta
persistence. it is na longer registered in Califonia (SWRC3 1988b). There has been a substantial
decrease in use of Ioxaphene, sspecially 10 food crops, evidenced by 1,000.008 pounds registared in
16878 to 847 pounds reqistered in 1987 and zern pounds registered in 1988 (DFA 1880 througn 1980}, in
1987, 6% of the toxapnene regisierad was appiied 1o cotton and aifaifa.

Toxaphene was detected in 16% of the sampies in 1988-88. This detectdon frequency IS [ess than the
sialewide average of 22% from 1978 througn 1887. Toxapnene was getected in all Aegions, axcaot
Regions 1, 2. 5, and 9 with no one region dominating in frequency of detection. The nignest level of
toxapnene deteciad in 19868-38 {8.300 pph} was found in & 1889 geidfish sample from the

Rio de Santa Clara in Region 4. This was the only sampie i axcaed the #OA aclon ievei for 1axapnene.
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The 6,800 ppb was also the fifth highest tissue level recorded since 1578 and also the highest level yet
detected in Region 4. The NAS guideline for toxaphene was exceeded in 21 samples from Regions 3, 4,
5. 7. and & Soth the detection limit and the NAS guidefine for toxaphene is 100 ppb, so all samples with
detectable levels of toxaphene will exceed the guidefine. Areas where toxaphene was detected inctude:
the Safinas-Watsonville area in Region 3, Calleguas Creek-Revolon Slough area in Region 4,

Paradise Cut and the San Joaguin River in Region 5, the Imperial Vailey in Region 7, and

Peters Canyon Channel and San Diego Creek in Region 8. Taxaphene is regularly detected in ait these

areds.

Chemical Group A

The exposure of aquatic organisms 0 a combination of environmental poliutants may be deleterious at
levels below accepted standards for specific polittants. The NAS recognizes the potential threat to
predator species of a combination of pesticides and has deveioped a guideline af 100 ppb for the
combined or singuiar concentration of certain pesticides (NAS 1973). Included in this group of
pesticides, termed Chemical Group A, are aldrin, dieidrin, chiordane, endrin, heptachlor,

heptachior epoxide, HCH (inciuding findane), endosulfan, and toxaphene.

in 1988-89, Chemicat Group A. with wo exceptions, exceeded the guideline when at least one of the
group exceeded the individuai guidefine. The first exception was a 1988 whole red shinet from

Coyote Creek in Region 2. This sample had a Chemical Group A total of 116 ppb. Chiordane made up
most of this total with 89 ppb. nearly exceeding the individual guideline. Dieidrin and HCH were also
detected in this sampie bringing the total over 100 ppb. The second exception was atso from Region 2
in 1989. White catfish from Lake Chabot contained a Group total of 101 ppb. Chlordane also made up
most of this total with 87 ppb. Like the Coyote Creek sample, dieldrin and HCH were also detected in
small amounts. Chemical Group A has not been useful in identifying additionaf problems not already
uncoverad by assessment of individual pesticides in the group. Including the two 1989 samples from
Region 2, oniy four samples have exceeded the group guideline without axceeding the individuai

guideline.
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Trace Elements (Metals)

Arsanic

Arsenic IS a cOTCern as a suriaca water pollutant because of its human carcinogenicity, persisiencs in
the environment, and potentiat for bicaccumuiation in aguatic organisms (SWRCB 1984). Arsenic is
iisted 2s a known carcinogen Dy the State pursuant w0 ihe Safe Drinking Water and Taxic Enforcement

Act of 1886, Arsenic may reach surface waters fram natural sources of this trace siement or Qy

agricultural apolication of arsenical pesticides. Investigation by the State Board of arsenic levals in the

San Joaquin Valley conciuded that use of arsenical pesticides may increase the concenirations in
arainage waters and sediments (SWRCB 1984}, In 1988, the iotal combined arsenical peslicide usage
statewide was 152,000 pounds (DFA 1990). Between 1381 anc 1988, the average yeary application of
all arsenic-based compounds combined was 164.000 pounds (DFA 1983 through 1989). Sodium
arsenite, cacodylic acid, and monosodium methanearsonate (MSMA) were the most predominantly used
arsenic-based pesticides in recent years. In 1988, these three pesticides represented 39.9% of the
arsanic-based pesticides registered for use in California (DFA 1990). Scdium arsenite was applied sately
0 grapes. Cacodyiic acid and MSMA were used primarily for cotton, rights of way, oranges, landscape
maintenance, and several other non-agricultural purpeses. Anocthet arsenic-based pesticide, disodium
methanearsonate {DSMA), was used relatively axtensively [n the eary 1980s, but usage has decreasad 0
just over 182 pounds in 1988. In Calffarnia. DSMA is used mainty for cottan and landscape maintenance
({DFA 1980 through 1880). Other arsenic-based pesticiges still used in very smail amounts in 1988

fi.2. less than 2 pounds) include arsenic pentoxide and arsenic trioxide. Several arsenic-based
pesticides, such as lead arsenate, used before in California are no ionger registered with OFA.

Arsenic was detected in §3% of the sampies coltected in 1988-8¢. This frequency is lower than the past
three vear average detection of 79%. Starting in 1983, the analvtical method used to detect arsenic was
imoroved resuiting in better recovery and the lower detection fimit of 0.05 ppm. Following the change in
method. the number of sampies with detectable levels of arsenic increasad from 32% from 1978 t0 1984
10 T9% from 1985 to 1987. On a regicnal basis. Regian 1 had the highest rate of detectich in 1988-29
with 82% foliowed Dy Region 3 with 73%, Region 3 with 72%, and Region 2 with 69%. Statawide, 11 out
of 95 samples comaining detectable levels of arsenic exceeded the EDL 95 criteria with 17 samples
axceeding the EDL 85. The Z0L 95 was exceeded ar Suisun 3ay in Region 2: Monterey Harbor and
Goieta Slough West in Region 3; Mugu Lagoan in Region 4 and San Dieguitc Lagoon and Tiuana
Zstuary in Region 9. Prior to 1988, high leveis of arsenic were found in manv of the same water bodies.
The two highest levels of arsenic found to date, 28.0 and 16.0 ppm, were detected in 1988 and 1982
sampies of grey smocthnound shark from Mugu Lagoon in Region 4, A 1988 diamond wrbot sample
from San Dieguito (agoon, a 1988 sriped bass sampie from Suisun 2ay, and a 1989 biue rockiish
samoie from Monterey Harbor zontained the highest leveis of arsenic (9.8, 1.3, and 1.3 pom,
respectively) found in each Aegion. The .5 ppm was alsa the thid nighest level yet detected. The
=D 35 exceedances were found in Aegions 1, 2. 3. S, ana 2.



Cadmium

by the TSMP. Cadmium may be elevated in

Cadmium is one of the most tOXic trace slements anatyzed
charge, or municipal effluent (USEPA 1985h).

surface water due to fallout from air poliution, industrial dis
Cadmium is used in electroplating, as a pigment in paints, and as a stabifizer in plastics. The
bicavailabiiity, toxicity, and potential bioconcentration of cadmium depends on the chemicai form of
cadmium. The free divalent cadmium is the mast readily assimilated form. In aquatic habitats,
narticulate matter, dissolved organic material, and inorganic ligands will affect cadmium speciation. In
addition, there is substantiat variability in the sensitivity of fish species to cadmium. There ts scme
evidence that trout ang striped bass are mare sensitive than other freshwater species (USEZPA 1985b).
Furthermore, the TSMP has detected higher cadmiwm levels in rainbow trout and largemouth bass,
suggesting that these species may accumuiate higher levels in the liver or by the nature of their level in
the food chain they may be exposed o more cadmium. These factors indicate the difficulty in
determining the exposure and impact of cadmium on aquatic organisms and their predators. Cadmium
is a known human carcinogen listed by the State pursuant to the 1986 Safe Crinking Water and

Toxic Enforcement Acl.

Cadmium was detected in 78% of the sampies in 1988-82. In years prict to 1988, cadmium was
detected in neary all of the sampies analyzed (94%). Samples from ail nine Regions contained
detectable levels of cadmium. On a regional masis, the highest rates of detection were found in Regicn 5
(22 out of 22 samples), Region 4 (8 out of @ samples), Region § (16 out of 18 samples), and Region 2

(15 out of 17 sampies). The EDL 95 was exceeded at anfy two stations: Mugu Lagoon in Region 4 and
n Region 5. The highest level of cadmium found in 1988-88 was

mple from Mugu Lagoon. This concentration is the

highest cadmium tevel found in Region 4 and is also the third highest cadmium concentration since
1978. In 1989, the sample from Mugu Lagoon contained 3.2 ppm cadmium. The EDL 85 was gxceeded
in Regions 2, 3, 4, 5, 6. 8, and 9. The 1.0 ppm cadmium found in a 1989 white sturgecn sampie from
Suisun Bay in Region 2, the 0.54 ppm in a 1989 brown trout sampie from Pine Creek in Region 6, and

the 0.5 ppm found in a 1989 channel catfish sample from Oso Reservoir in Aegion 9 are the highest
to 1988, Lake San Antonic in Region 3 and the Keswick

highest cadmium levels in the State.

the Sacramento River near Keswick i
5.5 ppm in a 1988 grey smoothhound shark sa

concentrations found in each regions. Prior
station on the Sacramento River were identified as having the

Chromiucm

Zievated chromium concentrations have been detected by the TSMP in watersheds where probable
sources of chromium are mine drainage, agricuitural runoff, and ingustrial discharge (SWRCB 19886).
Chromium-enriched water from acid mine waste has increased chromium concentrations in both the
the San Joaguin River. Agricultural runoff may contain chromium-based
o control diseases of turf {(FCH 1988}

| piating, aluminum ancdizing, leather 1@nning,
The textile, ceramic, glass. and

The bioavailapiiity and toxicity of
The toxicity of chromium

Sacramento River and
fungicides which have been used io preserve wood and 1
Industrial uses of hexavalent chromium salts include meta
and the manuiacture of paints, éxpiosives, CBramics. and paper.
photegraphic industries Ltilize trivatent chromium in their processing.
-hrormium depends on the metal's oxidation state. pH. hardness. and safinty.
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e 100 times more sensitive than carp, biuegill, and

to fish species is variable. Salmonid species ar
cumutated in gils, iver and kidney rather than

iathead minnows (USEFPA 1984). Because chromium is ac
umulating toxic levels of chromium in edible tissue (Jaworski 1985).

muscle, fish usually die before ace
chromium is 2 mammalian carcinogen

Thereiore, the potential for bicmagnification is iow. Hexavalent
listed Dy the state pursuant to the 1886 Saie Drinking Water and Toxic Snforcement Act.

In 1988-89, chromium was detected in 31% of the samples from ail Regions, exceot Begion 7. This is
about the same level of detection that seeurred from 1978 thraugh 1987 Region 1 had the highest rate
of detection with 33% of ts samples containing chromium followead by Region 2 with 46%. Chromium
was detected in Region § at a much higher frequency {22%) than was found in past years (3%). The
DL 95 was exceeded in Regians 1, 2, 3, and 8. Areas with high chraomium levels include:
Hardscrabbie, tndian, and Big Sulfur Creeks in Region 1 Cavyote Creek in Region 2; the

Sacramento River near Keswick in Region 5; and Anza Channef in Region 8. In previous years, the
=0l 95 was exceeded in some of the same areas of the State inciuding Hardscrabbie Creek,

Caoyote Creek, and the Sacramento River. The highest concentration of chromium {0.73 pom) cccurred
in a 1589 whole red shiner sampie from Coyote Creek. This red shiner sample was also the highest fish
e 1978. The previous high fisn concenuation was 0.71 ppm in a 1987
Invertebrates contain the highest chromium

The 0.38 ppm chromium found in a 1989

tissue ievel found siatewide sinc
whole fathead minnow sampie from the same station.
concentrations found in the Program ranging up to 2.1 ppm.
wnole fathead minnow sampte fom Anza Channgl is the hignest concantration detected in Region &.

The EDL 85 was exceeded in fiegions 1, 2, 3, 4, 5, 6, and &

Copper

Slevated copper concentrations may resuit

Copper in aguatic tiota is widespread throughout the stare.
or copper salts are usad in

from industrial effiuent, -aigal control efforts, or mine runoff. Metailic copper
alloy manufacture, the electrical industry, textile processes, pigmentation, tanning, photography,
engraving, and slectropiating. Copper is alsc a companent of certain insecticides and fungicides.
Ouring 1988-88, 3,400,000 pounds of copper mased insecticides and fungicides were used in Calfifornia.
Copper sulfate, copper nydroxide, coppef, and copper oxychioride suffate were used in the highest
amouns, primarily for nut and fruit crops, and landscape maintenance. Mine wastes nave heen
implicated as the source of elevated Topper in the upper Sacramerto River. Flevated copper in suriace
waters is a potential potlution hazard o aguatic organisms. Copgper does Nol appear 10 bicconcenirate
in ihe adible tssue of reshwater organisms o any significant degree. This fow Dioconcentralion factor
and the relativeiv iow mammalian toxicity reguces the potential human neaith sk rom ingestion of

‘resnhiwater fisn [USEPA 1980d).

Tvpicaily, copper was detected in all of the sampies anaiyzed in 1988-38. The S0L 35 was axceeded in
Hign cooper ievels were found at Mclaniel Siougn in
Region 1, Suisun 3ay in Region 2. Carmet Lagoon in Aegion 2. the 3an Gaorief River in Region 4, the
Sacramento River near Keswick and Central Qrain in Region 3. 3ig Zear Lake in Region 8, and San

The nighest copper ieved in 1988-89 {300 com} was found in & 1388

+his concentration was the sixth nignesi

nine sampies from Aegions 1, 2. 3, 4, 5, 8 and. &

Clequito Lagoan in fegion S,
rainBow Tout samoe from the Sacramentio River near Keswick
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overall and the third highest for rainbow trout since 1978. A 1988 sampie of brown trout from the

cast Walker River in Region & contained 230 ppm copper which is the highest concentration found to
date in that Region. Copper is a metai whose uptake and accumulation seems to be more species
dependent than other metals. Trout are known to accurnuiate copper in the liver fo 2 much higher level
than other species. Because of this, trout are treated separately in the TSMP and ranked only against
other trout when calculating the £DLs for copper. Like trout, white bass seem aiso to accumuiate
copper to high levels. The highest ievel of copper found in non-trout, non-white bass sampies {110 ppm)
ocourred in a 1988 striped bass sampte from Suisun Bay in Region 2. The EDL 85 was exceeded in

Regions 1, 4, 5. 8, 8, ancd 9.

Lead

Lead is moderately toxic to aguatic organisms. Lead is a known reproductive toxicant in humans and
two lead salts, lead acetate and lead phosphare, are human carcinogens. Lead is listed as a
reproductive toxicant by the State pursuant 10 the 1986 Safe Drinking Water and Toxic Enforcement Act.
Urban runoff and industrial effluents can contribute to lead loading. A variety of lead saits are useg
extensively in industry, although the fargest source contributing to surface water runoff in urban areas is

thought to come from leaded gasoline {LJSEPA 1980Ce).

Lead was detected in 11% of the samples in 1888-82. [n recent years, the frequency of detection has
decreased. From 1978 to 1983, about 40% of the samples contained detectabie levels of lead. This rate
decreasad to 19% from 1984 to 1987. The widespread use of unieaded gasoline is thought to be the
main reason why lead is not detected as frequentty. Lead was detected in all Regions, except for
Regions 1 and 5. The Region with the highest frequency of detection was Region 2 with 38%. The

£DL 95 was exceeded at oniy one station, Coyote Creek in Region 2. The 1989 whole red shiner sampie
collected at this station tied the highest statewide concentration of lead found in the Program (1.1 ppm).
In 19886, a whale threespine stickleback sampie from San Leandro Creek in Region 2 aiso contained

1.1 ppm iead. The EDL 85 was exceeded in Regions 2, 3, 4, 7, and 8. The areas exceeding the EDL 85
include: Suisun Bay in Region 2, Goleta Slough in Region 3, the San Gabriel River in Region 4, the

New River in Region 7, and Anza Channel in Region 8. Elevated levels of lead wers previously found in
the San Gabriel River in 1983 and 1985. The other arsas mentioned above have no history of elevated

tead levels.

Mercury

Mercury is the most toxic of the trace eiements analyzed by the TSMP. It is acutely taxic to aguatic
organisms at levels less than 3 ppb (USEPA 1986¢). Mercury picaccumuiates in fish to levels that are
hazardous to human health. Previous mbnrtoring by the TSMP has found leveis above the FDA action
levei of 1.0 ppm in water bodies of central Cafifornia and along the north coast. Fossible sources of
mercury are the naturally occuming cinnabar deposits and related mining activities in the coast /@ange.
and past gold mining activities in the Sierra foothitls.
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As is usually the case, mercury was datected in neary all samples (98%) analyzed in 1988-89. More
samples were analyzed for mercury than for any other substance. 1he FDA action level for mercury was
axceaded in three samples from Region 2. in 1988, rainbow trour and sucker from Alamitos Creek
downstream of Almaden Reservoir con@ined 1.55 and 1.32 pom mersury, respectively. Goldfish from
Almaden Reservoir sampled in 198¢ contained 1.5 ppm mercury. which was the highest conceniration

measured in 1988-89. Sight sampies from Regions 1, 4. 5, and 7 excesded the MIS for mercury of

0.5 ppm. Tne MIS axceedances accurred at Lake Pilsoury, Lake Sonoma. and Lake Mendocing in
Region 1; Mugu Lagoon in Region 4; Sullards Bar Resarvoir in Region 3; and the New River near the
International Soundary in Region 7. Samptes from the Alamitos Creek siation axceeded the FDA action

lavel in 1886 and Lake Fillsbury exceeaed the MIS in 1981.

Nicke!

gs, mine runoff. or municioal and industrial effiuents.
TSMP in the northern coastat range. Narural
Haowever, nickel

Nicikel can enter surface waters from natural sourc
Slevated concentrations of nickel have been reported by the
nickei deposits are not readily bicavailabie because of nickel's low solupiiity in water.
may be maobilized by acidification from acid mine waste. Urban or industrial sources of nickef include
eiectroplating processes, fossil-fuel refining, and neavy fuel ol combusticn. Nickei nas a relatively low
aguatic toxicity compared to the other trace elements monitored oy the TSMP. Nickel, however. is a

xnown human carcinogen listed oy the State pursuant to the 1986 Safe Orinking Water and Toxic

Enforcement Act,
Nickel was detected in 21% of the samples in 1988-89 in afl Regions, axcept Regions 7 and 9. From
1978 to 1987, nickel was detected in 24% af the samples anaiyzed. The region with the highest

frequency of detection was Region 1 with 47%_ The =DL 95 was exceeded at Smith River,

ardscrabble Creek. and indian Creek in Region 1; Coyote Creek and Suisun Bay in Region 2;

Maliby Creek and the San Gabrigt River in Region 4: and Pine Cresk and Grass Valley Lake in Region 8.
All three Region 1 stations, Suisun Bay, and the San Gabriel River have a history of elevated nickel
levels. The highest nickel concentrations detected in 1988-8¢ were 1.2 ppm in white sturgeon from
Suisun 3ay and 1.1 ppm in mozambique matthbrooder from the San Gabriel Hiver. The 1.2 ppm
concantration is the hignest nickel level detected in Region 2. 3rown rout from Pine Creek and bullhead
fram Grass Valley Lake contained 0.5 ppm nickei. which is the first time nickel had been detected in
Region 6. The EDL 85 was exceeced in Regions 1, 3.3 and 8.

Selenium

Toxicity of selenium to agugtic organisms and their oredators nas been a sialewide concam since it 'was

identified as the siement responsibie for emoryonic apnormaiities in DIFYs irom
Kastarson National Wildlife Aefuge. Sutisequent investigation oy the T3MF indicated stevaleq selenium
The OHS nas issuec dish consumption

ievels in agricuttural drains and the Salton Sea in Region i
the Saiion Sea. Setenium is an

neaith 3dvisanies for ooth the Grassiand area surrounding Kesterson and
acsenniai mineral. its toxiciy is affected oy its oxidarion siate. The Wo main sourcas of selerium in
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identified sources of selenium poliution include effiuents
cultural practices. At slevated levels,
thers, reproductive failure and

nature are coal deposits and marine shaies.
fram oil refineries and concentration of seleniferous soils via agr
selanium can become toxic ta fish, with symptoms including, among O

death {Lemiy and Smith 1987, Bainbridge et al. 1850).

Selenium was detected in nearly all (97%) of the samples for which it was anaiyzed. Selenium is
typically found in most sampies. The MIS for selenium (2.0 ppm) was exceeded in a 1989 largemotth
hass sample from Bear Guich Reservoir in Region 2 and at five stations in Region 7. The Region 7
stations are the Salton Sea, Rose Drain, Verde Drain, Wiest Lake, and the Colorado River upstream of
the Imperial Dam. The highest level of sefenium found in 1988-89 {2.7 ppm) was found in a 1983
hairdiella sample from the south Salton Sea. The remaining four sampies from Region 7 ranged in
concentration from 2.2 to 2.5 ppm. The 2.0 ppm found at Bear Guich Reservoir is the first time seienium

aqualed or exceeded the MIS in Region 2.

Silver

Silver is highly toxic 1o aquatic organisms, ranking as one of the most toxic of the trace elements

analyzed by the TSMP. Eievated siiver ievels in Cafffornia are associated with heavy industry or mining
food processing, and the bDeverage industry.

activities. Metallic siiver is used in alloys, electropiating,
Silver nitrate s used in photography, the ceramics industry, and electroplating. in 1987, a change in
TSMP instrumertation increased the sensitivity for the detection of silver, thereby reducing the detection
limit from 0.02 to 0.01 ppm. As a resuit of this change in instrumentation, the detaction freguency

increased by nearly 20% from 1386 10 1987.

In 1988-89, siiver was detected in 44% of the samples collected statewide. This is & decrease in
detection frequency from 51% in 1887, Samples from aft nine Regions had detectabie ievels of silver.
The highest rate of detection aceurred in Region & with 72%. Only one sampie in Region 7, the

New River near the Interational Boundary, contained silver above the detection limit. The EDL 85 was
exceeded at McDaniel Siough in Region 1; Suisun Bay in Region 2; Mugu Lagoon and the

San Gabriel River in Region 4; Courtright Reservoir, Hyntington Lake, and Wishan Reservoir in Region 5;
and Martis Creek, Owens River Gorge, and Pine Creek in Region 6. Of these statians, only the

San Gabrief River has a history of high siver levels. The highest silver concentration found in 1988-89
(5.4 ppm} was detected in a mozambique mouthbrooder sampie from the San Gabriel River. This

concentration was also the highest silver level yet measured in the Program. The previous statewide

high was 4.1 ppm in a 1985 ffapia sample from the same station. The 3.6 ppm siiver in 8 1589 brown
1.3 ppm in a brown trout saimple Tom

trout samole from Courtright Reservoir in Aegion 5 and the
Martis Creek in Region & are regionwide highs. The EDL 885 was exceeded in Regions 1, 2, 3, 4, and &.
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Zine

Zinc is an essantiat race mineral and, at high daoses. it is acutely toxic 10 freshwater species. The
toxicity and bioavailabiiity of zinc depends on physical and chemical characteristics such as pH, salinity,
remperature, and turbdity. Cievated zinc concentrations in surface waiers have been associated with
mine runoff and industrial effiuent. Zinc nas many uses, including efectroplating and alloy
manufacturing, and is a compaonent of many products such as cosmetics, pharmaceutics, dyes, paint,

and insecticides,

Typicaily, zinc was detected in all samples analvzed in 1988-88. The =DIL 95 was exceeded ar

8ig Lagoon in Aegien 1, Suisun Bay in Regton 2, Moss Landing Hartior and Monateray Harbor in

Region 3, Zagle Lake in Region 6, and Anza Channe! in Region 8. Only Suisun Bay has a history of high
zinc levels. The highest level of zinc tound in 1988-89 (63 ppm) was detscted in a 1989 white sturgecn
sampie from Suisun Bay. This concentration is the highest level of zinc in fish found to date starewide,
Twag nigher vaiues were found in 1980 crayiish sampies from the Caiarado River (Region 7} and the

San Diego River {Region 8). The 30 ppm zinc in a 1989 sculpin sample from 8ig Lagoon in Region 1
and the 42 ppm in a 198 whoie sampie of tathead minnow from Anza Channel in Region 8 are the

nighest concentrations detected 10 date in each region. The ZDL 85 was exteeded in Regions 1, 3. 4. &,

and 2.



APPENDIX 1
Toxic Substances Monitoring Program
Summary of 1988-89 Data: Organic Chemilcals In Fish Exceeding Selected Crileria
(ppb, wel welght)

STATIUY STAFION SPECIES T1SSUE SAMPLE Total thlor- Dacthal Total Dieldyin
HUMBER HAHE CODE DATE Chiardane pytifas IV
(H/F) (EDL) (EDL) (H/F Y (N/F)

205.30.00 Coyote Cr/Broken Rd PRS v 07711769
205.40.01 Vosono Lake LMB F 07713/89
206.50.03 Lake Chabot WCF F 1i1/21789
309.10.04 Harkins §t/u/s Watsonville 5l 51e o a7/28/88 379904 62004
305.10.04 Harkins St/u/s Watsonville 5t STA W 07/28/B8 3528.04 58004
305 .10.07 Watsonwviile SlfLee Rd SHF F o7 /28/88
306.G0.06 Elkliorn $Lough YFG F 0fs27/88
309.10.06 Salinas Rec Clfu/s Tenbladero 51 S0 W 07/26/68 220 .Q* 112604 22008
309.10.08 Espinoss Siough 5TB W 07726/88 1112.04 f40.0#
309.10.50 Alisal Slough/Hest Salinas S5TH W 07 /25788 2549 .08

- STATION Total alpha- Hexa- Oxadiazon Total Toxaphene Chemical

ro HUMBER Erclosul fan HEH chloro- PCB Group

benzene A
(H/E) (EDL) (W) (H/F) (H/F) (K/F) )
205.30.08 9.7 , 11634
205.40.01 480, 0¥
206.50.03 53 0%+ 220.0%~
305.10.04 412.08 P30.04 2061 .64
305.10._04 3r2. 00 B20.0K 1858 .44
305.10.07 199.0¥ 216,04
306.00.06 110,08 110.04
Su9.10.06 3284 R0 04 1416, 64
309.10.08 &B7 .64 400,04 1296 .94
309.10.10 130.04 300.0# 514,48
* = Exceeds the EDL 85. ** = Exceeds the EDL 9%, # = Equals or exceeds WAS recommended guideline. H# = Equals or exceeds FDA action leve

EbL means that the results were compared to EDL 83 and EDL 95 velues. N means that the results were compared to NMAS criteria only.
K/F meons that the results Were compared to HAS end FDA criterie.

F = Filet. d = "hole Body.
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APPENDHX O {conlinued)
Toxic Substances Monitoring Program
Station Sampling History

Station Station SAMPLE YEAR *

Narme Husnber 1978 197¢ 1980 1981 1982 1783 1984 1985 1986 1e87 1988 1989 1990 19914
Old Selinas River/Holera Road 309.10.03 - - -- .- .- -- ) -- -- - .- -- -- --
0td Satinas River/Monterey Bunes Way Brg  309.10.04 -- -- -- - - TG J0 -- -- . . .- .. ..
Fajarc River/d/s Righway 1 Bridge 305.10.03 -- -- TOH 10 TGTH TD - .- .. .- - - . .
Pajarc River/Highway 129 Bridge 305.20.00 -- - O -- .- -n .- - . .- . .- - .

Raberts Lake 309.10.01 .- -- -- -- - -- -- - - .- -- -- -- - T10TH
salinas Rec Canal/w/s Tembladero Slough 309.10.06 -- - .- .- .- -- -- .- - - 10 .- - .
Salinas Reclamation Canal/Airport Road 36910 .17 .- -- - - -- -- .- “- 10 10 . - - .-
Salines Reclamation Canal/Davis Road 309.10.13 .- - .. .. -- .- 10 10 T0 i0 . .- . ..
$alines River Lagoon 109.10.00 .- - - -- -- 0 . . - - .- .- .. .
Salinas River Ho. 2 30%.10.%90 -- - .- - - -- - . - 10 .- . .- .-
Salitas River/8lanco Drain 309.10.05 .- .. -- .. .- 10 10 -- . .- .. .. .- -
Salinas RiverseBlanca Road 109.16.07 -- .- .- -- -- 10 0 . . .. . . .- .-
salinas River/Gonzales 309.30.00  TOIH  JOIH  TOWM -- TOTH -- .- - -- - .- -- -- -.
Salinas River/HMouth 309.10.18 -- -- -- -- TOTH -- - - .- . - .- .- ..
;Muu Salmon Cyeek 308.00.02 .- .- -- - -- -- -- - - -- .- - - - TH --
San Antonic River/llighway G19 309.81.14 - - - -- -- -- .- TH . . . - .- . ..
s5an Clemente fleservoir 107.00.19 -- -~ - .- M .- -- -- -- -- .. .- .- .-
San Larenzo River/dig lrees 306 . 12.06 T0TH TOH TH JOIH - - -- .- - - - - -- TOTH - -
San Lorenzo Rives /Grabam Ll Road 304, ¥2.09 .- - ™ - -- -- . .- .. . .- . .-
San Loremzo River/Zayante Creek 34,1210 - .- 13} -- - -- - . - - . .- .- . .-
San Luis Ohispe Creek/d/s SLO 310.24.02 -- .- - -- -- .- -- -- - -- -- TOTH  TOTH --
San Luis Obispo Creek/uss SLD 310.24 .32 - - -- - - -- -- = .- -- - - T0TR  TOIM -
Santa Hacis River/Houth 312.10.00 -- -- -- .- -~ - - -- -- .- .- .- -- -- 10
Santa Rosa Creek 30,1403 .- .- - - -- .- -- .- - i . -- - -- .-

Schuann Lake 304.12.90 -- .- - - - - .. -- - - - -- -- .- TOTH
Haddel Creek 304.10,02 -- - -- -- -- .- -- - “- -- -- -- ™ -
Hatsonviile Siough/llarkins Stough Road 305.10.08 .- -- .- -- - .- - -- 10 - .- .- .. .
Watsanville $lough/Lee Road 305.10.07 -- - - -- -- -- .- .- .- - . 10 . . .
Hatsonville Slough/San Andreas Road 305.10.02 -- -- -- . .- -- 10 TOTH .- . .- - .- .-
Hatsonviile Siough/u/s Harkins Siough 209.10.05 -- .- .- - . - - .- 1o . . .- . .. ..
Whale Rock Reservoir v, -- -- .- -- -- -- -- - -- - - TOTH .- --

4 -+ = Hot Sampled, 10 = Trace Organics Only. TH = Trace Hetals Oniy. 1014 = Trece Organics and Trace Metals,




Recent Fecal Coliform Bacteria Testing Data

from Santa Cruz County Department of Environmental Health
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