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EXECUTIVE SUMMARY

The City of San Buenaventura (City; also known as Ventura) owns and operates the Ventura
Water Reclamation Facility (VWRF) which, over the past 5 years, has discharged an average of
7.2 million gallons per day (mgd) of tertiary-treated wastewater to the Santa Clara River Estuary
under waste discharge requirements contained in Order No. 00-143, adopted by the California
Regional Water Quality Control Board, Los Angeles Region (Regional Board), on October 12,
2000 (NPDES Permit No. CA0053651). Although the VWRF has been discharging to the Santa
Clara River Estuary for approximately 45 years, the discharge is in conflict with the State Water
Resources Control Board’s Water Quality Control Policy for the Enclosed Bays and Estuaries of
California (Resolution No. 74-43, 1974), which mandates that the discharge of municipal and
industrial wastewaters to enclosed bays and estuaries be phased out. Exceptions to this policy
are limited to circumstances in which a Regional Board finds that the treated wastewater
enhances the quality of receiving waters above that which would occur in the absence of the
discharge. A previous exemption to this policy was granted in 1977, on the basis that the VWRF
discharge enhanced fish and wildlife habitat and non-contact water recreation. However, more
recent information regarding the relationship of the discharge to the ecological function of the
estuary is lacking. Consequently, this study was initiated at the request of the Regional Board
with the specific objective of identifying enhancements to beneficial uses associated with the
Santa Clara River Estuary that could be directly attributed to the VWRF discharge.

The results of this study clearly indicate that the discharge enhances beneficial uses associated
with the estuary environment. These enhancements are primarily related to improvements in
habitat and water quality, which have direct benefits to the aquatic community. Moreover, these
benefits to water quality and the aquatic community are likely to result in additional benefits to
higher trophic levels (e.g., birds) that rely on the aquatic community for food resources, as well
as enhancing recreational uses associated with the estuary.

1. The discharge provides a portion of the freshwater inflow that historically entered the
estuary, but is now currently appropriated for other uses by upstream diversions. In fact,
the discharge is frequently the only source of freshwater available to the estuary during
extended dry weather periods.

2. Effluent from the VWREF is high-quality water compared with urban, agricultural, and
groundwater inputs to the lagoon. In the absence of flows from the VWRF, the lagoon
would be dominated by inputs from these other sources, lowering the overall water
quality of the lagoon.

3. Effluent flow in the discharge channel maintains a continuous source of water during
breach outflow events when the lagoon drains, providing an area of habitat stability
during periods when most of the lagoon is dry.

4. The discharge channel provides critical side-channel habitat for aquatic organisms,
including the endangered tidewater goby, during periods of high river outflows when
elevated flow velocities and sediment scouring preclude the use of most of the lagoon by
resident organisms.

5. Given that the discharge is responsible for most of the flows entering the estuary during
dry weather periods, it is largely responsible for initiating the berm breaches that occur
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during the summer months. These breaches allow at least partial draining of the lagoon,
improving circulation, flushing and overall water quality.

6. Again, given that the discharge is responsible for most of the freshwater inflows to the
lagoon that occur during dry weather periods, it is largely responsible for filling the
lagoon following breaching events. As the lagoon fills, it creates hydraulic pressure that
directs subsurface flows towards McGrath Lake. Otherwise, these subsurface flows,
including groundwater with elevated TDS and seepage from agricultural operations,
would flow towards the lagoon, further degrading its water quality.

Overall, these results indicate that the discharge is clearly enhancing beneficial uses associated
with the estuary and, therefore, meets the requirement for obtaining an exception to the
Enclosed Bays and Estuaries policy. Moreover, the improvements to water quality and habitat
attributed to the discharge are consistent with the Regional Board’s overall objectives to protect
beneficial uses. A more detailed summary of these findings, as well as the background of this
study are presented in the following sections of the Executive Summary; the report and
associated appendices provide the complete basis for these conclusions.

This investigation was initiated in the fall of 2003. In addition to evaluating enhancements, the
study addressed two major issues raised in previous discussions with regulatory agencies:

1) The level and effect, if any, of copper in the effluent stream. This study assessed
copper toxicity on both marine and freshwater test species, and analyzed estuary
sediments to determine if copper, as well as other contaminants of concern, are
accumulating to levels that might result in adverse effects.

2) The effect of the freshwater effluent discharge on the habitat and species in _the
estuary. Through an assessment of historical hydrological and ecological conditions,

and their interactions, this component evaluated the effect of the freshwater effluent
on the estuary.

Six sampling events related to water and/or sediment quality were completed, covering both wet
and dry periods. In addition, Water Effect Ratio (WER) studies were performed on water
samples collected during four events to determine the bioavailability of copper in the samples,
as well as develop site-specific water quality criteria for copper. Hydrological and ecological
evaluations were also carried out to compare current and historical conditions with respect to
variations in flow regimes and habitat quality. This report presents the results of these studies,
as well as an integrated analysis of the data obtained.

The results of this analysis identified several areas in which the discharge from the VWRF
enhances beneficial uses associated with the Santa Clara River Estuary, particularly as they
relate to maintaining suitable habitat and water quality. These parameters are basic
requirements for supporting aquatic and terrestrial organisms associated with the estuary,
including species requiring special protection. In addition, maintaining a viable estuary
environment also enhances recreational uses associated with the estuary.

Specific areas of enhancement include:
Habitat

1. The discharge channel supports freshwater marsh, improving habitat diversity. Marsh is
a key habitat component of estuaries that supports both aquatic and terrestrial
organisms. Most of the marsh historically associated with the Santa Clara River Estuary
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has been lost due to reclamation projects and appropriation of river flows for other uses.
Continuous freshwater flows ensure maintenance of plant communities and habitat in
the estuary even during dry periods. Without input from the VWRF, such inflows would
be largely absent due to upstream diversions of river flows during most of the dry
months between June and October.

The discharge channel provides side-channel habitat (i.e., refugia) during outflow
events. Historically, the estuary was composed of a complex network of channels,
sloughs and small ponds, which provided extensive off-channel habitat for aquatic
organisms during flood periods when high flows rushed to the ocean. Today, virtually all
such historic side-channel habitat has been lost due to extensive levee construction on
both sides of the lower river. These levees have constrained the channel, increasing
current velocity and scouring during high outflow events. In contrast, the discharge
channel provides a stable low-flow environment that remains relatively unaffected by
high outflow events, reducing the probability that resident aquatic organisms will be
swept out to sea.

In addition, the discharge channel maintains a continuous source of water during breach
outflow events when the lagoon drains, providing habitat stability. When the lagoon
drains during normal breaching events, water remains only in the main river channel and
in a few perched ponds trapped in depressions, thus reducing aquatic habitat to <10
percent of what is available during periods when the lagoon is flooded. Organisms in
these shallow exposed areas are vulnerable to predation, as well as impacts of elevated
temperature. Under these conditions, the discharge channel retains its integrity as
desirable habitat. In addition, the edges of the discharge channel are heavily vegetated,
providing both cover and food.

Current habitat conditions in the lagoon are consistent with the requirements of the
tidewater goby, which have been listed by the U.S. Fish and Wildlife Service as
“‘Endangered,” due to declines in their distribution and abundance, their existence in
semi-isolated population units, their susceptibility to certain types of disturbances, and
their limited ability to disperse and colonize new habitats. Poor water quality is one
factor that has been identified as an issue limiting goby populations. In this case, the
discharge from the VWRF is not only consistent with general water chemistry (e.g.,
salinity) preferred by the goby, its overall quality is higher than the urban, agricultural,
and groundwater inputs that would seasonally dominate in-flows to the lagoon in the
absence of the VWRF discharge. Another factor identified as potentially affecting goby
populations is being swept from their preferred lagoon habitats during periods of high
outflows. As described above, the discharge provides a clear benefit to the gobies in that
the side channel and associated habitat provides a refuge from high out-flows during
flood events.

Water Quality

1.

Prepared

Effluent from the VWRF is high-quality water in terms of lower total dissolved solids
(TDS) and contaminant and nutrient loads, compared with urban, agricultural, and
groundwater inputs to the lagoon. In the absence of flows from the VWREF, the lagoon
would be dominated by inputs from these other sources, particularly during dry periods.
Elevated TDS, contaminants and nutrients all contribute to reductions in overall water
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quality. Indeed, elevated nutrients can result in eutrophication that, in the absence of
sufficient circulation, can lead to fish kills as oxygen levels in the water decrease to
concentrations that no longer support aquatic life. This situation has been noted in a
number of lagoons in southern California in which the natural flow regime has become
dominated by urban and agricultural inputs.

Hydrology

1.

Discharge from the VWRF makes up a portion of water that historically flowed to the
estuary, but is now appropriated for uses upstream. Anecdotal evidence indicates that
perennial flows existed in lower river, even during dry months, providing water to the
estuary and marshes that extended well upstream. However, beginning in the late
1800s, intensive development of water resources in the basin reduced groundwater
reserves and altered surface flows in the river. Upstream appropriations of water for
agricultural use and managing salt-water intrusion have reduced annual flows to the
estuary by as much as 75 percent, depending on the water year, and eliminated surface
flows to the estuary during most of the dry weather months. For example, between 1928
and 2001, no natural river flows reached the estuary in approximately 70% of the dry
weather months between June and October. Thus, in dry months, flows from the VWRF
are clearly an important component of freshwater inputs to the estuary, accounting for up
to 100% of fresh water entering the estuary.

Under current conditions, the discharge is responsible for berm breaching that occurs
during the summer months, improving lagoon circulation and flushing. Many southern
California lagoons undergo periods of hypoxia due to elevated nutrients, eutrophication
and high temperatures during the summer months. This can result in fish kills, plant die-
offs, etc., all of which are indicative of poor water quality conditions and demonstrate
reduced ability to support the aquatic community. Indeed, minimizing such adverse
conditions are of concern in terms of maintaining viable tidewater goby populations. To
the extent that the discharge comprises most of the freshwater flows reaching the
estuary during dry months, it provides most of the impetus required to initiate the
breaching process.

In the process of filling the lagoon, the discharge not only provides water of high quality,
it creates a differential in the hydraulic pressure gradient such that subsurface flows are
directed towards McGrath Lake. Otherwise, these flows (including groundwater and
seepage from agricultural operations) would be towards the lagoon, further degrading
water quality in the lagoon.

In addition to identifying enhancements, this study also included a detailed analysis of potential
impacts associated with the discharge, as well as an evaluation of historical ecological and
hydrological conditions associated with the estuary. This analysis resulted in the following
findings:

Water and Sediment Quality

1.

Prepared

Analysis of historical data indicates no relationship between effluent toxicity and
copper concentrations.

Analysis of species present in the estuary clearly suggests that the community is
dominated by a combination of freshwater species and brackish species tolerant of
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10.

11.

12.

13.

freshwater. Marine species appear to be present on a transient and opportunistic
basis associated with ocean inflows during tidal breaching.

Some of the most sensitive taxa used to determine the freshwater copper criterion
are found in the estuary, suggesting that copper is not limiting their distribution.

Copper and other contaminants of concern (i.e., zinc, nickel and selenium) are not
accumulating in sediments in the estuary.

Copper concentrations in sediments are below sediment quality guidelines, as were
concentrations of other contaminants of concern.

The low frequency of toxicity observed in sediment samples further suggests that
sediment quality is generally good throughout the lagoon.

Intermittent toxicity observed in sediment samples was not related to concentrations
of copper or other contaminants measured. Reduced survival of amphipods
appeared to be related to the presence of coarse sediments, and the cause of
reduced normal development of mussel larvae was not determined.

Over 100 toxicity tests were conducted on water samples from the lagoon.
Approximately 10 percent of the samples exhibited toxicity, with most of the toxicity
occurring during stormwater or dry weather outflow events, suggesting that upstream
and groundwater sources are of concern. No toxicity was observed during a dry
weather period when the lagoon was full; this condition would correspond with
maximum influence of VWRF on water quality in the lagoon.

Generally, water samples collected from the lagoon did not exhibit toxicity to
freshwater aquatic test organisms, other than what could be attributed to elevated
salinity.

Generally, no adverse effects were observed with bivalve larvae (Mytilus sp.), the
most sensitive species used to determine the marine copper water quality criterion.

Overall, the frequency and intensity of toxicity was low, with no sampling location
consistently eliciting a response.

Copper concentrations were generally low in all water samples tested, and no
relationships were observed between aquatic toxicity and concentrations of copper
or other contaminants of concern.

Results from the WER studies indicate that the bioavailability of copper in samples
collected from the lagoon is appreciably less than in laboratory seawater. Site-
specific marine acute and chronic water quality criteria were calculated as 17.8
micrograms per liter (ug/L) and 11.5 pg/L, respectively.

Ecological Conditions Associated with the Estuary

1.

Historical accounts describe the area as rich in biological resources, including
marshes, small lakes, side-channels, and riparian woodlands that supported diverse
and abundant wildlife.

Ecological impacts have been appreciable due to considerable alterations that have
occurred over time to the estuary and floodplain originally associated with the Santa
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Clara River delta; only approximately 10 percent of the historical area associated
with wetlands, floodplain, and estuary remain.

Current habitat complexity and extent have been dramatically reduced compared
with historical levels, reducing carrying capacity.

The estuary is currently dominated by flood scouring and deposition events.

The estuary still supports a number of sensitive and endangered species, including
birds, reptiles, and fish. The tidewater goby, in particular, is abundant throughout the
lagoon, and steelhead are still found in the Santa Clara River.

Water chemistry and substrate composition in the lagoon generally match conditions
preferred by tidewater goby.

The freshwater marsh associated with the discharge channel comprises a significant
portion of the remaining habitat diversity found in the estuary.

The discharge channel itself is probably the best example of side-channel habitat
remaining in the estuary and lower river; therefore, it provides critical off-channel
habitat (refugia) for species such as the tidewater goby during periods of high river
outflow (i.e., flood events).

There is no evidence that freshwater flows from the VWRF have significantly altered
the vegetation community associated with the estuary.

Hydrological Conditions Associated with the Estuary

1.

Hydrological impacts on the system are extensive and pervasive due to changes in
water storage and use, channel modifications, and flow manipulation throughout the
system.

Historical accounts describe perennial flows in the river, "throughout the valley.”

Appropriation of water for use upstream of the estuary has reduced flow in the river
at Montalvo by as much as 74 percent on an annual basis, with the greatest effect
occurring in dry years.

Water appropriation has also changed flow duration curves, reducing fish passage
opportunities for migratory species (e.g., steelhead).

Deriving an estimate of natural historical monthly flows is problematic because
uncertainties associated with the prediction process become proportionally greater
during low-flow periods. In addition, the flow gauge at Montalvo was not installed
until 1928; therefore, even the earliest flow data associated with the lower Santa
Clara River are available only after development of water resources was already well
underway.

Based on the period of record (i.e., 1928 — 2001), the effluent discharge replaces a
portion of upstream flows that would have contributed to estuary inflows, but have
been diverted for other uses. This situation is most clearly apparent during dry
rainfall years.

Under dry weather conditions, effluent discharge from the VWRF may account for
100 percent of the freshwater entering the estuary.
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8.

10.

The cycle and duration of lagoon breaching and reconstruction are functions of
lagoon capacity, outflow, and sediment delivery to the river mouth, with outflow and
capacity having greater importance in terms of triggering a breach, and sediment
accumulation affecting the duration of the breach (i.e., speed of barrier beach
reconstruction). Under current dry weather conditions, flows from the VWRF
dominate inputs to the lagoon, and trigger breaching events when the lagoon water
level exceeds the barrier beach height.

Levee construction has considerably reduced the floodplain and overall storage
capacity of the lagoon.

Littoral sand supply to the mouth of the Santa Clara River has been significantly
reduced due to trapping behind dams and bypassing of material dredged from the
Ventura Harbor. These changes slow barrier beach construction following outflow
events.

The results of this, and other studies, suggest that the estuary is currently operating as a viable,
if highly modified, ecological unit. Moreover, there is no evidence that discharge from the
VWREF is responsible for any negative impacts on the estuary. In fact, the discharge is in a
unique position in terms of enhancing beneficial uses, particularly during dry weather periods.
Overall, water and sediment quality are generally good, and habitat conditions appear to be
relatively stable. Therefore, given the complexity of the system, careful consideration should
be applied prior to altering any of the components currently contributing to ecological function.
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1.0 INTRODUCTION

The City of San Buenaventura (City; also known as Ventura) owns and operates the
Ventura Water Reclamation Facility (VWRF) located at 1400 Spinnaker Drive, Ventura,
California, adjacent to the Santa Clara River Estuary. Constructed in 1958, the facility
has discharged an average of 7.2 million gallons per day (mgd) of tertiary-treated
wastewater to the Santa Clara River Estuary over the past 5 years. The City discharges
the effluent under waste discharge requirements contained in Order No. 00-143,
adopted by the California Regional Water Quality Control Board, Los Angeles Region
(Regional Board), on October 12, 2000. Order No. 00-143 also serves as a permit under
the National Pollutant Discharge Elimination System (NPDES Permit No. CA0053651).

In 1974, the State Water Resources Control Board adopted the Water Quality Control
Policy for the Enclosed Bays and Estuaries of California (Resolution No. 74-43). This
policy states that the discharge of municipal wastewaters and industrial process waters
to enclosed bays and estuaries should be phased out at the earliest practicable date.
Exceptions to this provision may be granted by a Regional Board only when the
Regional Board finds that the wastewater would consistently be treated and discharged
in such a manner that it would enhance the quality of receiving waters above that which
would occur in the absence of the discharge.

In response, the City filed a facilities plan for effluent utilization in 1976 that included a
demonstration of enhancement of the Santa Clara River Estuary due to the plant’s
freshwater discharge. This plan indicated that some of the beneficial uses of the estuary,
such as fish and wildlife habitat and non-contact water recreation, were enhanced by the
presence of the discharge. Consequently, Order No. 77-100, adopted by the Regional
Board in May 1977, granted the City an exception to the discharge prohibition and
allowed discharge of treated municipal wastewater into the Santa Clara River Estuary.
The demonstration of enhancement was based on maintaining a minimum daily
discharge flow rate of 5.6 mgd.

In 1996, due to concerns over effluent copper concentrations, the City conducted a
source control study for copper. This study identified that the major source of copper in
the wastewater effluent was from corrosion of the potable water supply system piping.

In 2000, the City received an updated permit from the Regional Board (NPDES Permit
CA 0053651). This permit included requirements for copper concentrations based on the
California Toxics Rule (CTR), which provides that the most stringent water quality criteria
shall be applied in calculating numerical limitations (saltwater criteria in the case of
copper) in cases where the discharge is to an estuary that is subject to a combination of
freshwater and marine influences. The CTR limit for copper based on a discharge to the
marine environment with no dilution is 3.1 micrograms per liter (ug/L). Because the
effluent has an average concentration in excess of 10 ug/L copper, the City recognized
that it could not meet the CTR saltwater aquatic life criterion for copper and,
consequently, asked that the Regional Board staff recommend the application of the
freshwater limit for copper, which is 52 ug/L.

Subsequently, the Regional Board issued Time Schedule Order (TSO) No. 00-144 giving
the City until October 12, 2002, to achieve compliance with the marine criterion. In the
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meantime, the TSO required the City to comply with interim limits based on the CTR
freshwater aquatic criterion. TSO No. 00-144 further required the City to conduct a
translator study to determine the ratio between total and dissolved copper in the estuary,
develop a recalculation procedure for the bioavailability of copper in the estuary (Water
Effect Ratio), and to conduct a Resident Species Survey to determine if the marine or
freshwater criterion was more applicable. In 2001, the Regional Board amended TSO
No. 00-144 with TSO No. 01-058, which extended the submittal date for the required
studies identified above.

In 2002, the City completed a Metal Translator Study and Salinity Profile of the Santa
Clara River Estuary and a Resident Species Study (City 2002a and b). The Metal
Translator Study and Salinity Profile of the Santa Clara River Estuary determined that
metal concentrations entering the study area from upstream closely approximated those
found in the treated wastewater. In addition, the City’s ability to comply with the copper
limits was not significantly improved by incorporating a site-specific translator (ratio of
total to dissolved) into the application of the saltwater quality criterion for copper.

This study also concluded that the salinity in the estuary was predominantly below the
saltwater threshold of 10 parts per thousand, but exceeded the freshwater threshold of
1 part per thousand 95 percent of the time, according to the definition in 40 CFR Part
131 (California Toxics Rule). However, salinity levels fluctuate considerably,
approaching freshwater levels during periods when the mouth of the estuary lagoon is
closed, but increasing to 10 parts per thousand or higher when the lagoon is open to
ocean water influence. The Resident Species Study concluded that most of the
organisms present were either freshwater taxa, or euryhaline species tolerant of low
salinity conditions.

The preamble to the CTR provides that the most stringent water quality criteria shall be
applied in calculating numerical limitations. However, it also provides for the use of
alternative criteria (in this case, the freshwater criterion for copper) in situations where
such an application is scientifically defensible. Thus, based on the results of the above
studies, the City requested that the Regional Board apply the freshwater criterion, rather
than the saltwater criterion, to establish effluent limitations for copper in the facility
discharge. If this request were to be approved, the discharge would be in compliance
with site-specific discharge limits for copper of 18 ug/L and 52 ug/L for monthly average
and daily maximum, respectively.

In late 2002 and early 2003, Regional Board staff invited representatives from the U.S.
Fish and Wildlife Service, California Department of Parks and Recreation, California
Department of Fish and Game, and National Marine Fisheries Service to attend two
meetings to discuss “Water Quality Criteria Applied on Santa Clara Estuary for Ventura
Water Reclamation Plant” and “Impact of Continued Effluent Discharge by Ventura
Water Reclamation Plant.”

The meetings resulted in a series of conclusions and recommendations.

o Baseline information regarding salinity profiles and descriptions of the biota in the
estuary prior to the facility’s first discharge in 1958 is unavailable, making it
difficult to evaluate the impact of the facility’s freshwater discharge on the
estuary.
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The facility has been discharging wastewater to the Santa Clara River Estuary for
more than 45 years. Thus, it is possible that the ecosystem could have shifted
from an estuarine community to one dominated primarily by freshwater
organisms, as indicated in the Resident Species Study (City 2002b).

Wildlife habitat might be improved through a return to a more natural flow regime,
particularly with respect to preservation of rare and endangered species.

The City’s demonstration of enhancement of the Santa Clara River Estuary due
to the facility’s freshwater discharge should be reevaluated and verified for the
current discharge conditions.

The City should conduct toxicity tests on the effluent using non-freshwater
species.

The City should analyze copper accumulation in the sediments of the estuary.
The freshwater quality criteria of the CTR are inappropriate for the Santa Clara
River Estuary due to the presence of marine and estuarine species.

In addition to addressing non-compliance with the copper limits, the fundamental
question of whether the VWRF should be allowed to continue discharging into
the estuary should be evaluated.

The meeting attendees also discussed possible alternatives that would eliminate the
facility’s discharge to the estuary. These included the following:

Based

Ocean discharge. This would be very expensive and may not be feasible.

A new outfall located upstream of the estuary. A new outfall may provide a
solution to the copper issue; however, this alternative does not resolve the
impact of the extra freshwater in the estuary.

Reduction of treated wastewater discharge. The allowable quantity of discharge
should not be greater than the water withdrawn from the Santa Clara River. The
remainder of the treated wastewater should be recycled.

Recycling 100 percent of treated wastewater. The City would need to conduct a
feasibility study.

Zero discharge during the dry weather season.

in part upon these recommendations, Regional Board staff required a

reevaluation of the 1976 demonstration of enhancement of the Santa Clara River
Estuary due to the facility’s discharge. As a first step, the City was directed to submit a
work plan to the Regional Board by February 28, 2003, outlining a scope of work that
would demonstrate enhancement and a time schedule for submittal of the final report.
Subsequently, the City has undertaken an environmental study of the Santa Clara River
Estuary to verify the impacts of the VWREF effluent disposal into the estuary. This study
addresses the two primary issues raised by the Regional Board:

1)

2)

Prepared

The level and effect, if any, of copper in the effluent stream. This study
assesses copper toxicity effects of the effluent on both marine and freshwater
test species and analyzes estuary sediments to determine if copper is
accumulating to levels that might result in adverse effects; and

The effect of the freshwater effluent discharge on the habitat and species in
the estuary. Through an assessment of historic hydrologic and ecological

conditions, and their interactions, this study assesses the effect of the
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freshwater effluent on the estuary. As part of this analysis, positive benefits of
the discharge that enhance the quality of the receiving environment are
identified.

This investigation was initiated in the fall of 2003, and included six sampling events. The
first sampling event, conducted in October 2003, was characterized as a “dry weather”
event. The beach berm was intact and the estuary inundated with water. Water quality
measurements were taken at this time, as well as sediment samples. The sediment
samples were measured for grain size; total organic carbon; toxicity; and copper, zinc,
selenium, and nickel concentrations. The November 2003 event was characterized as
“wet weather,” the berm was breached, and the lagoon was flowing into the ocean. Only
water quality measurements were taken during the November sampling event to support
the hydrological component of the overall investigation. The third sampling event was
conducted in March 2004. This event was also characterized as a “wet weather event”
with the berm open. In addition to sediment samples, which were subjected to the same
analyses described above, water samples were taken for evaluation of toxicity and for
analysis of concentrations of contaminants of interest. In addition, Water-Effect Ratio
(WER) studies were carried out on the water samples to determine the bioavailability of
copper in the samples.

Additional water sampling events that characterized toxicity, contaminant concentrations,
and WERs were carried out in the July 2004 (dry weather, berm closed), September
2004 (dry weather, berm open), and January 2005 (wet weather, berm open).
Hydrological and ecological evaluations were also carried out to compare current and
historical conditions with respect to variations in flow regimes and habitat quality. The
ecological evaluation involved review of historical literature for the region, analysis of
aerial photographs and historic maps, mapping of vegetation communities, and
identification of sensitive species. This effort was aimed at identifying (1) the historical
baseline condition of the estuary; (2) the extent of changes that have occurred over time,
and any impacts that the discharge from the VWRF may have had on the estuary, as
determined by changes in the biological community. The hydrological component
evaluated flow and diversion data, historical records, and relationships between rainfall
and flow to develop models that would facilitate prediction of historical conditions, as well
as identify the relative contribution of the VWRF to overall flows. In addition,
hydrodynamics in the lagoon were monitored in an effort to determine the effect of the
VWRF discharge on the frequency of breaching the berm at the mouth of the lagoon.

This report provides a description of methods and findings of studies that have been
completed. It also includes the results that were previously submitted to the City in an
earlier Progress Report (May 2004). Ultimately, the findings are discussed in terms of
impacts and benefits associated with the discharge from the VWREF.
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2.0 Evaluation of Toxicity Associated with the Ventura
Water Reclamation Facility and Associated
Contaminants of Concern

This component of the study contained a number of different elements designed to
provide a comprehensive basis for examining the extent to which discharge from the
VWRF may impact the beneficial uses of the estuary in terms of toxicity or elevated
concentrations of contaminants. Specifically, historical data on effluent toxicity and
copper concentrations were evaluated to determine any relationships between copper
and adverse effects. In addition, the general literature on copper toxicity was evaluated
to identify sensitive species and compare these species to those found in the lagoon.
The objective of these two tasks was to determine if elevated concentrations of copper
were associated with toxicity in laboratory tests, and to determine if copper might be
having a long-term effect on organisms in the receiving environment in terms of
eliminating sensitive taxa from the suite of species potentially present in the lagoon.

Because contaminants may accumulate in sediments over time, this study also
incorporated a sediment sampling program to identify whether toxicity was present, and
whether concentrations of selected contaminants exceeded their respective sediment
quality guidelines. The toxicity tests were conducted with bivalve larvae and amphipods
using standard protocols, and sediment concentrations of copper, zinc, nickel, and
selenium were determined analytically and compared to both the results of the toxicity
tests and to the appropriate sediment quality guidelines. Samples for this component
were collected at two different points in time, one representing a dry weather berm-
closed condition, and one representing a wet weather berm-open condition.

Water quality in the lagoon, including toxicity tests and sampling for selected chemical
parameters, was determined in four discrete sampling events. The original objective
was to sample when the berm was opened and closed under both dry and wet weather
conditions. However, overall time constraints and weather patterns made it impossible
to collect a sample during a wet weather, berm-closed condition. Consequently, both
wet weather samples were collected during periods when the berm was breached.

Water quality monitoring entailed taking measurements of basic water quality
parameters (i.e., temperature, DO, pH, and conductivity/salinity) at different locations
throughout the lagoon. Measurements were taken at different depths if the lagoon was
full; otherwise, one sample was generally taken at each site if the depth was shallow
enough to be considered fully mixed. In addition, samples were taken for toxicity testing
with both marine and freshwater species, as well as for measurement of selected
contaminant concentrations (i.e., copper, nickel, zinc, selenium, and cyanide).

Because of concerns regarding the appropriateness of applying the current marine water
quality criterion for copper to the lagoon, WER studies were also conducted on samples
collected for toxicity tests. These studies compared the relative toxicity of copper in
samples collected from the lagoon to the toxicity observed in clean seawater to develop
a ratio for adjusting the current copper criterion to reflect site-specific characteristics that
reduce the bioavailability of copper in water samples from the lagoon. The WER was
determined using the test organisms with the greatest sensitivity to copper (i.e., mussel
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larvae) and reflects samples collected from sites distributed throughout the lagoon, and
collected at four separate times during the year.

Prepared by Nautilus Environmental Page 6



City of San Buenaventura
Updated Enhancement Study of the Santa Clara River Estuary
May 2005

2.1 Review of Historical Toxicity Data and Measured
Copper Concentrations

2.1.1 Methods

Historical records of toxicity and measured copper concentrations associated with the
effluent were obtained from the City for the period between 1999 and 2003 and entered
into a spreadsheet. The records for toxicity and copper concentrations were then
screened to eliminate records for which sampling for chemistry and toxicity did not occur
on the same day. Next, regressions were performed between copper concentrations and
the various endpoints obtained from the toxicity tests to determine any relationships
between copper concentrations and toxicity. The data were further evaluated to
determine if there was an apparent threshold for copper toxicity and what concentration
ranges were tolerated by the test species.

2.1.2 Results

Copper concentrations in effluent samples tested for toxicity in the period between 1999
and 2003 were evaluated to determine if they were related to any observed effects.
During this period, data are available from eleven 7-day Ceriodaphnia dubia survival and
reproduction toxicity tests. No adverse effects on survival were noted in any of the tests,
although reproduction was reduced in two of the tests. Copper concentrations
associated with all of tests ranged up to 40.1 pg/L, with a median of 11.4 ug/L. There
was no relationship between the concentrations of copper present and the reproductive
response (R? = 0.046). These data are shown in Figure 2-1.

Data from 34 fathead minnow tests were associated with measured copper values,
which reached as high as 160 pg/L, with a median of 8.6 ug/L. Of these 34 samples,
only two resulted in reduced survival and growth. Again, there was no evidence of a
relationship between copper concentrations and toxicity (R? < 0.02). These data are
shown in Figure 2-2.

Selenastrum (green algae) tests were conducted on 33 samples for which there were
measured copper concentrations. Only three of these tests resulted in reduced cell
numbers. Copper concentrations were as high as 48.6 ug/L, with a median of 7.7 ug/L.
There was no relationship between copper concentrations in the samples and toxicity
(R? = 0.000). These data are shown in Figure 2-3.

In addition to copper concentrations appearing completely unrelated to toxicity in the
samples tested, these data also indicate that the overall incidence and degree of toxicity
associated with the discharge are quite low. Moreover, comparing the actual copper
concentrations found in the effluent with long-term laboratory (AMEC/Nautilus) reference
toxicant average ECs, values for each of the species tested suggests that, for the most
part, copper concentrations in the effluent are well-below actual toxicity thresholds for
these species. In fact, over the entire dataset, only three concentrations exceeded
“effects thresholds.” The fact that these samples, which were tested with fathead
minnow, did not exhibit toxicity, suggests that the copper present was less bioavailable
in the samples than in clean laboratory dilution water.
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Ceriodaphnia Reproduction
Toxicity vs Copper
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Figure 2-1. Relationship between historical (1999 — 2003) copper data and
concurrent toxicity to Ceriodaphnia 7-day reproduction. No samples were toxic
to survival.
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Figure 2-2. Relationships between historical copper data (2000 — 2003) and
concurrent toxicity to fathead minnow chronic survival and growth.

Prepared by Nautilus Environmental Page 9

(1/611) 1addoy



City of San Buenaventura
Updated Enhancement Study of the Santa Clara River Estuary

May 2005
Toxicity to Selenastrum Algae Growth
vs Total Copper
4= =100

=90

I - 80

” 31 p = 0.949 70

= AMEC mean copper r? = 0.000 - 60

) EC50 for Selenastrum L 50
(&)
%
(o}
|—

Figure 2-3. Relationship between historical copper data (1999 — 2003) and
concurrent toxicity to Selenastrum algae growth.
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2.2 Comparison of Sensitive Species with Those Found
in the Estuary

2.2.1 Methods

Copper toxicity data from the AQUIRE acute and chronic aquatic toxicity database and
the database used for the U.S. Environmental Protection Agency (USEPA) water quality
criterion for copper were downloaded into a spreadsheet, including species, test type,
duration, and endpoint. Invertebrate and fish species identified as being present in the
estuary in the Resident Species Report (City 2002b) were also entered into a database;
characterized as freshwater, marine, or estuarine; and compared against the toxicity
database to evaluate their sensitivity to copper. If a match could not be made at the
species level, the comparison was made to genus or, if necessary, to family. For
example, if data were not available for green sunfish (Lepomis cyanellus), data for the
closely related bluegill (L. macrochirus) were used instead. Copper data were used only
if reported as “copper,” and not as a copper salt.

These data were used to evaluate two issues: (1) which of the criteria (i.e., marine or
freshwater) is more representative of the organisms actually present in the estuary; and
(2) whether species present in the estuary belong to taxa that are considered sensitive
to copper. With respect to the first issue, the biological community present in the estuary
should determine the most appropriate application of the criteria values which, by
definition, are intended to protect the most sensitive species present. However, since the
estuary has received discharge containing elevated copper concentrations from the
treatment plant for an extended period of time, it could be argued that the species
assemblage has been shaped by the presence of copper and that sensitive species
have been extirpated. Consequently, the second issue addresses whether sensitive taxa
remain in the estuary; their presence would support the argument that copper toxicity is
not a defining variable with respect to community structure.

2.2.2 Results

Approximately 20 aquatic species have been reported from the estuary. Most of the
resident species would be characterized as freshwater. Some are euryhaline with a
range of salinity tolerances, and a few are stenohaline marine species that appear to
enter the estuary on an opportunistic basis when the berm is breached and saltwater
enters the lagoon on high tide.

Benthic invertebrate community structure is often used to characterize both condition
and quality of a given habitat because the relative lack of mobility of these organisms
ties them to a particular environment. Conversely, more mobile organisms may use
habitat on an opportunistic and transient basis, even though it may not provide suitable
conditions for long-term occupancy. Comparison of the invertebrate species found in the
estuary with those for which copper toxicity data are available found no matches among
taxa used to develop the marine criterion, even at the family level. Conversely, four
matches were found with taxa used to develop the freshwater criterion. With respect to
fish, three species matches were found with the freshwater database and two euryhaline
taxonomic matches were found in the marine database.
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Of all taxa for which matches were found in the databases, the freshwater taxa exhibited
the greatest sensitivity. The two most sensitive taxa were Daphnia sp., and Hyalella
azteca. Both of these taxa are commonly used in tests that evaluate and regulate water
quality; the presence of these organisms in the estuary suggests that water quality is
typically reasonably good and that copper is not limiting their distribution.

Prepared by Nautilus Environmental Page 12



City of San Buenaventura
Updated Enhancement Study of the Santa Clara River Estuary
May 2005

2.3 Sediment Quality
2.3.1 Methods

A total of 11 sediment samples were collected on 17 October 2003 from the Santa Clara
River Estuary. The sampling period was considered a “dry weather” sampling event; the
estuary was closed to the sea by a sandbar and the lagoon area inundated with water.
Samples were generally collected across three north-south transects corresponding to
the upper, middle, and lower portions of the lagoon. Three samples were collected along
each transect. In addition, one sample was collected upstream of the bridge and another
from the effluent discharge channel. The sampling locations are shown in Figure 2-4
(note that the lagoon shown in this figure represents an outflow condition and is not
inundated as was the case during the 17 October sampling event) and identified using
Global Positioning System (GPS) equipment (Garman Model 76). Samples were
collected in a 10 x 10 centimeter (cm) stainless steel Van Veen grab; a total of 4 liters (L)
of sediment was collected at each station. All samples were stored in coolers with blue
ice and transported to the laboratory on the day of collection. At the laboratory, they
were stored at 4 degrees Celsius (°C) until use. Sediments were tested for toxicity
within 8 days of collection.

All of the sediment samples were analyzed by Cal-Science Environmental Laboratories
(Garden Grove, CA) for copper, nickel, zinc, and selenium concentrations by ICP-MS
(USEPA Method 3050B/6020), and total organic carbon (TOC) (USEPA Method 9060).
These results were reported on a dry-weight basis. Grain size was determined at
AMEC/Nautilus (San Diego, CA). Concentrations of the trace elements were compared
with commonly applied threshold values for evaluating sediment quality (Long et al.
1995). With the exception of the sample collected from upstream of the bridge (D-1), the
samples were also tested for toxicity using the 10-day amphipod test (survival) and the
48-hour larval bivalve test (survival and shell development). The toxicity tests were
performed according to methods presented in USEPA (1994a) and PSEP (1995) for the
amphipod and mussel tests, respectively.

Eleven sediment samples were again collected on 16 March 2004. This sampling event
was considered representative of “wet weather” conditions; runoff from recent rains had
breached the sandbar; the lagoon freely drained to the ocean on outgoing tides and filled
on incoming tides. Sampling was undertaken during an outflow period, with the lagoon
partially or completely drained and water confined to main channel areas and to isolated
perched pools. Samples were collected for toxicity and chemistry from the same sites
previously sampled (Figure 2-4), using the methods described above. Detailed test
methods are presented in the appendices.
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2.3.2 Results
2.3.2.1 October 2003 (Dry Weather: Berm Closed)

Sediment quality

Copper concentrations were relatively low at all sites, generally between 2.3 and 4.2
milligrams per kilogram (mg/kg), except at Sites A-1 and B-4 where they reached 16.9
and 19.3 mg/kg, respectively. These two sites were also associated with the highest
concentrations of organic carbon, with TOCs of 10,920 and 16,950 mg/kg, respectively.
TOC at the other sites ranged from 1,590 to 7,070 mg/kg. These data are shown in
Table 2-1, which also includes selenium, nickel, and zinc concentrations in the different
samples. Concentrations of nickel ranged between 0.6 and 20.4 mg/kg, with no apparent
trend across sites. Selenium concentrations were below the detection limit of 0.5 mg/kg
at most sites; the highest concentration was 0.9 mg/kg. Concentrations of zinc were
somewhat more variable and ranged from below detection to 63.1 mg/kg across the
sites; however, there was no apparent relationship between zinc concentrations and the
location of the site sampled.

To determine if these metals concentrations are likely to cause adverse effects on the
benthic community, these concentrations were compared with the “effects range-low”
(ERL) values proposed for marine and brackish waters by Long et al. (1995). These
values correspond to the 10th percentile concentration at which biological effects were
reported in a large dataset compiled by these investigators. All measured concentrations
were below their respective ERL values (no value is available for selenium). However,
the two highest concentrations of nickel were slightly over 20 mg/kg; the ERL for nickel
is 20.9 mg/kg (see Table 2-5 in Section 2.4).

Sediment grain size

The distribution of sediment grain sizes is summarized in Table 2-2. Virtually all of the
sites contained relatively coarse-grained sediments, predominantly composed of sand.
Percent fines ranged between 1.3 and 5.4 percent, except for Sites A-1 and B-4, which
exhibited 47.9 and 60.8 percent fines, respectively. These two sites were also
associated with the highest concentrations of TOC, and copper.

Toxicity

The results of the toxicity tests are summarized in Figures 2-5 and 2-6. Amphipods
(Eohaustorius estuarius) provided no indication of adverse effects associated with the
sediments collected; survival averaged 90 percent in the controls, compared with a
range of 82 to 91 percent across the test samples (Figure 2-5). None of the samples
were statistically different from the control. Furthermore, there were no statistically
significant relationships between the observed responses, grain size (i.e., % fines), TOC,
or metal concentrations.

The mussel (Mytilus galloprovincialis) data were more variable; recovery of larvae with
normal shell development averaged approximately 89 percent in the sediment controls
and ranged from 23 to 99 percent in the test samples (Figure 2-6). The lowest recovery
(23%) was associated with a sample from B-1, located near the discharge point. Sites B-
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3, A-1, and B-4 exhibited intermediate levels of response (58, 72, and 77 percent
recovery, respectively); of these three samples, only B-3 was significantly different from
the control (p<0.05). There were no apparent relationships between the observed
responses and TOC, % fines, or metals concentrations; R? values associated with these
relationships were <0.05.

Table 2-1. Sediment Metals and TOC Measurements
17 October 2003 - Dry Weather Sampling Event

Site Copper Nickel Selenium Zinc TOC
(mg/kg) (mgkg) (mglkg) (mg/kg) (mg/kg)
A-1 16.9 0.7 ND ND 10920
A-2 34 3.1 ND 9.1 7070
A-3 2.3 20.2 19 63.1 2730
B-1 3.1 4.3 ND 12.1 4900
B-2 42 6.0 ND 18.1 4680
B-3 3.0 42 ND 9.5 3040
B-4 19.3 204 0.9 61.4 16950
C-1 3.8 3.3 ND 8.2 1590
C-2 2.7 34 ND 18.4 2750
C-3 28 3.8 ND 6.9 3360
D-1 29 42 ND 7.9 2010

All values reported as dry weight.
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Table 2-2. Summary of Grain Size Results

17 October 2003 - Dry Weather Sampling Event

Site %Gravel  %Sand  %Silt % Clay ;ﬁ;‘g;
A-1 1.1 51.0 329 15.0 479
A-2 16.2 81.2 1.3 1.3 2.6
A-3 0.2 98.5 1.3 0.0 1.3
B-1 2.3 95.1 1.3 1.3 2.6
B-2 1.9 92.7 2.7 2.7 54
B-3 2.2 95.2 1.3 1.3 2.6
B-4 0.0 39.2 42.4 18.4 60.8
C1 0.2 98.5 1.3 0.0 1.3
Cc-2 7.6 91.1 0.0 1.3 1.3
C-3 13.2 84.2 13 1.3 2.6
D-1 30.0 68.8 0.0 1.3 1.3
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Figure 2-5. Summary of sediment toxicity test results for amphipod 10-day
survival. Santa Clara River Estuary samples were collected 17 October 2003.
Mean (+1 SD) values are displayed. No significant decreases relative to the
control were observed.
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Figure 2-6. Summary of sediment toxicity test results for bivalve embryo

development.

Santa Clara River Estuary samples were collected 17 October 2003.

Mean (+1 SD) are displayed. A significant reduction in survival/normal embryo
development was observed for samples B-1 and B-3.
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2.3.2.2 March 2004 (Wet Weather: Berm Open)

Sediment quality

Sediment metals concentrations and TOC are summarized for the different sites in Table
2-3. Selenium concentrations were below the detection limit of 0.5 mg/kg at all sites.
Copper concentrations were relatively low at all sites, generally between 2.69 and
4.1 mg/kg. Nickel concentrations ranged between 3.8 and 6.4 mg/kg, with no particular
trend across sites. Zinc concentrations were also relatively uniform across sites, and
ranged between 11.5 and 16.2 mg/kg. Sediment metal concentrations were all well
below their respective ERL sediment quality guidelines (Long et al. 1995). TOC
concentrations ranged between 1,400 and 8,100 mg/kg, with no indication of any trends
across sites.

Sediment grain size

The distribution of sediment grain sizes is summarized in Table 2-4. Virtually all of the
sites contained relatively coarse-grained sediments, predominantly composed of sand or
a mixture of gravel and sand. Percent fines ranged between 1.0 and 7.8 percent.

Toxicity

The results of the toxicity tests are summarized in Figures 2-7 and 2-8. With respect to
the amphipods (Eohaustorius estuarius), control survival exceeded 95 percent,
compared with a range of 76 to 95 percent across the test sediments (Figure 2-7).
Survival in samples from A-1, B-3, C-2, and C-3 ranged between 76 and 85 percent;
survival in sediments from these sites were all significantly less than the controls.
However, there appeared to be no statistically significant relationships between the
observed responses and % fines, TOC, or metals concentrations. Conversely, % gravel
was inversely related to survival, suggesting that a predominance of coarse grain size
adversely affected survival.

Recovery of mussel (Mytilus galloprovincialis) larvae with normal shell development
averaged approximately 68 percent in the sediment controls and ranged from 51 to 98
percent in the test samples (Figure 2-8). The lowest recovery (51%) was associated with
the sample from B-1, located near the discharge point. This sample was retested to
confirm these results and again exhibited reduced recovery of normal larvae compared
with the sediment controls (61% vs 88%, normal larvae, respectively). There were no
apparent relationships between the observed responses and TOC, % fines, % gravel, or
concentrations of the selected metals; R? values associated with all of these
relationships were <0.10.
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Table 2-3. Sediment Metals and TOC Measurements

16 March 2004 - Wet Weather Sampling Event

Site Copper Nickel Selenium Zinc TOC
(mg/kg) (mg/kg) (mglkg) (mglkg) (mg/kg)
A-1 3.3 3.8 ND 12.1 2400
A-2 4.1 55 ND 16.2 4000
A-3 27 6.5 ND 11.5 3300
B-1 38 4.8 ND 15.7 2400
B-2 3.1 44 ND 12.4 2500
B-3 32 4.4 ND 125 3900
B-4 4.1 5.2 ND 15.4 3800
C-1 29 4.1 ND 11.5 1700
Cc-2 3.0 4.4 ND 12.1 6700
C-3 29 43 ND 11.5 1400
D-1 38 5.4 ND 13.7 8100
All results reported on a dry weight basis.
Table 2-4. Summary of Grain Size Results
16 March 2004 - Wet Weather Sampling Event
Sitt  %Gravel %Sand  %Silt  %Clay % Fines
(Silt+Clay)

A-1 12.1 84.2 1.2 25 3.7

A-2 1.7 95.8 1.3 1.3 25

A-3 04 91.9 3.9 39 7.7

B-1 1.7 97.0 0.0 1.3 1.3

B-2 5.1 93.8 1.1 0.0 1.1

B-3 9.2 88.4 1.2 1.2 25

B-4 0.1 921 5.2 26 7.8

C-1 11.0 87.9 0.0 1.0 1.0

C-2 144 83.2 1.2 1.2 24

C-3 29.0 69.8 0.0 1.2 1.2

D-1 17.4 81.3 0.0 1.2 1.2
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Figure 2-7. Summary of sediment toxicity test results for amphipod 10-
day survival. Santa Clara River Estuary samples were collected 16 March
2004. Mean (+1 SD) values are displayed. A significant reduction in
survival was observed for samples A-1, B-3, C-2, and C-3.
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Figure 2-8. Summary of sediment toxicity test results for bivalve embryo
development. Santa Clara River Estuary samples were collected 16
March 2004. Mean (+1 SD) values are displayed. No significant decreases
relative to the control were observed.
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2.3.3 Potential Impacts of Disposal of Dredged Sediments

During February 2004, it was brought to AMEC/Nautilus’ attention that sediments
dredged from the Ventura Harbor were being disposed offshore of the beach to the
south of the mouth of the Santa Clara River. Since this coincided with a beach break
condition (river mouth open and the estuary subject to saltwater incursions on an
incoming tide), there was concern about the potential for suspended sediments to be
carried into the lagoon and deposited on high tides. Depending on the level of
contaminants present, this scenario could affect not only the results of the toxicity tests,
but also any correlations between contaminants and toxicity. Furthermore, it was
possible that such relationships might be erroneously attributed to contaminants present
in the effluent discharge. Consequently, we requested data on the contaminant
concentrations in the sediments to determine the extent they might affect the results of
the study.

Interestingly, while the Ventura Harbor is dredged on an annual basis, concentrations of
potential sediment contaminants are measured less frequently. Consequently, we were
able to evaluate only the most recent data. In 2002, Applied Environmental
Technologies, Inc. (AET), measured physical and chemical parameters associated with
sediments from dredging sites in the harbor. Chemical parameters included polynuclear
aromatic hydrocarbons (PAHs), phthalates, pesticides, polychlorinated biphenyls
(PCBs), phenols, oil and grease, total recoverable petroleum hydrocarbons, sulfides,
and various metals. On the basis of the analytical results, AET concluded that (1)
chemical concentrations measured in sediments from these sites were not
environmentally significant; and (2) no significant impacts would result from disposal of
these sediments offshore of the Santa Clara River (AET 2002 a and b).

Of particular interest to this study are the concentrations of copper, zinc, nickel, and
selenium. These data are summarized in Table 2-5 and compared with their associated
toxicity threshold values (Long et al. 1995). In general, copper concentrations ranged
from slightly less to slightly greater than the threshold for adverse effects (ERL), and well
under the median value for adverse effects (“effects range-median” [ERM]). Zinc
concentrations were all below the ERL; whereas, nickel concentrations all exceeded the
ERL but were less than the ERM. No threshold values are available for selenium. Given
that some of the copper and all of the nickel concentrations exceeded their respective
threshold effects concentrations, it is not possible to eliminate the possibility of adverse
effects associated with these sediments. However, assuming that the amount of
sediment entering the estuary from this disposal operation is likely to be quite small
relative to sediments deposited from upstream sources during recent storm events, it is
likely that the impact of metals from Ventura Harbor sediments on sediment chemistry in
the estuary will be minimal.
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Table 2-5. Comparison of Concentrations of Selected Contaminants in Ventura
Harbor Sediments to Sediment Quality Criterion

Connecting Ventura

Metal ERL ERM Channel Harbor
Copper 34 270 33.8 184 -49.7
Zinc 150 410 112 82.3 -137
Selenium na' na 1.81 0.27 - 0.44
Nickel 20.9 51.6 34.8 22.5-33.7

'No value provided (Long et al. 1995).

All concentrations are in mg/kg.

ERL - Effects range low (corresponds to 10™ percentile).
ERM - Effects range median (corresponds to 50" percentile).
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2.4 Field Water Quality Evaluation
2.4.1 Methods

Water quality measurements, including depth, were generally taken in the field at the
time sediment and water samples were collected. Measurements were typically collected
across three north-south transects corresponding to the upper, middle, and lower
portions of the lagoon. Three samples were collected along each transect. In addition,
one sample was collected upstream of the bridge and another from the effluent
discharge channel. The sampling locations are shown in Figure 2-4 (note that the lagoon
shown in this figure represents an outflow condition). Where possible, temperature,
conductivity, and salinity were measured at the surface, mid-depth and bottom; pH was
measured at the surface only; and DO was measured at the surface and mid-depth.
However, some sampling events occurred when the berm was open and the lagoon at
least partially drained. Under these circumstances, water at some locations was either
absent or too shallow to sample at multiple depths. Instrumentation included YSI Model
55 (DO), and Orion Models 250A and 130 (pH/temperature and conductivity/salinity,
respectively).

2.4.2 Results

2.4.2.1 October 2003 (Dry Weather: Berm Closed)

Water depths ranged between 3.0 and 7.0 feet, depending upon location. The deepest
points were associated with the lower portion of the main river channel (Sites A-2 and B-
3). There was little indication of temperature stratification; temperatures across all sites
and depths ranged between 20.7 and 22.2°C. pH was highest above the bridge (9.2)
and lowest at the effluent discharge point (7.1). Otherwise, pH at all sites ranged
between 8.6 and 8.9. Salinity and conductivity exhibited similar patterns, with most sites
averaging between 2.0 and 2.4 parts per thousand (ppt), regardless of depth. Exceptions
included Sites A-2 and B-3, which exhibited noticeably higher salinities (11 - 12 ppt) at
the bottom depth compared with the surface and mid-water sampling points, which
averaged 2.3 ppt. Site A-1 exhibited a modest increase in salinity at the bottom,
compared with mid-water and surface measurements; this site was located in the
discharge channel. The lowest salinity (1.5 ppt) was observed at the surface at the
effluent discharge point and increased with increasing depth to a maximum of 2.9 ppt at
this site. Dissolved oxygen was supersaturated at all sites, except at the discharge point,
which was 7.5 milligrams per liter (mg/L). These data are presented in Table 2-6.

2.4.2.2 November 2003 (Wet Weather: Berm Open)

This sampling event was conducted during an extreme low tide 2 days after the berm
had been breached. In contrast to the inundated condition of the estuary observed 3
weeks earlier, the lagoon was essentially drained and flowing freely to the ocean at the
time of sampling. Aside from a few localized ponds located along the southern margin of
the estuary, the flows were restricted to the channels associated with the Santa Clara
River and the effluent discharge. Field measurements for this event were taken by
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Kamman Hydrology & Engineering, Inc. (KHE) and do not correspond to any sediment
or water sample collections.

Water quality measurements were taken at a total of 11 locations within the channels, as
well as from 2 of the “perched” ponds located adjacent to the river channel along the
southern edge of the estuary. In general, sampling locations were distributed along
upstream:downstream gradients; three sites were measured in the discharge channel,
six sites were measured in the Santa Clara River channel between the Harbor Boulevard
Bridge and the breach in the sand berm, and two sites were measured at the junction of
the two channels. The locations of the sampling sites for this event are shown in Figure
2-9.

Because water depths did not exceed 1.5 feet, and the flowing conditions suggested that
there was complete mixing throughout the water column, only single measurements
were made at each site. Parameters measured included temperature, conductivity, pH,
and DO. All measurements were performed with a handheld YSI 556 multi-probe system
that was calibrated the day prior to monitoring. All measurements were stored in the
unit’'s internal memory and downloaded directly into a personal computer to avoid
transcription errors.

Maximum water depth was 1.5 feet. Temperature ranged between 19.0 and 21.6°C
across all sites. pH ranged between 7.42 and 7.76 across sites. Salinity exhibited
somewhat higher variability; the highest values (11.6 — 13.7 ppt) were observed in the
isolated ponds located south of the main channel (Sites 67 and 69) and likely represent
residual conditions associated with saltwater inflows to the estuary during the previous
high tide. Salinities associated with the main river channel upstream of the confluence
with the discharge channel (Sites 66, 68, and 70 — 72) ranged from 1.6 ppt at the
upstream end to 4.4 ppt at the downstream end. Sites in the discharge channel ranged
between 1.3 and 1.7 ppt. Salinities at the junction of the two channels were 1.9 and 8.6
ppt and, just prior to entering the ocean, the salinity was 6.5 ppt. Dissolved oxygen was
supersaturated at all sites, particularly in the discharge channel where values as high as
322 mg/L were measured. These concentrations decreased rapidly to between 47 and
66 mg/L at the confluence of the two channels. Values associated with the main river
channel were between 10 and 31 mg/L. The elevated DO concentrations reported for
this event should be considered qualitative, as they were not verified with a Winkler
titration, and may reflect calibration error or damaged probe membrane. These water
quality data are presented in Table 2-7.

2.4.2.3 March 2004 (Wet Weather: Berm Open)

Water samples were collected on 16 March 2004. This was a “wet weather’ sampling
event; runoff from recent rains had breached the sandbar, and the lagoon freely drained
to the ocean on outgoing tides and filled on incoming tides. Sampling was undertaken
during an outflow period, with the lagoon partially or completely drained, with water
confined to main channel areas and to isolated perched pools. No overlying water was
present at Sites B-2, C-1, and C-2. Water depths ranged between 0.3 and 2.5 feet,
depending upon location. The deepest point was associated with the lower portion of the
main river channel (Site A-3). There was little indication of temperature stratification,
which was expected, given the relatively shallow water depths across sites. However,
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temperatures were noticeably lower in upstream sites located near the Harbor Boulevard
Bridge (C-3 and D-1), compared with the temperatures associated with the rest of the
sites. Temperatures in the vicinity of the bridge ranged from 15.2°C to 16.4°C, compared
with a range of 18.5 to 20.5°C across the remaining sites. pH ranged between 7.44 and
8.64, with no particular relationship between sites. The salinity of water entering the
estuary was approximately 1.5 ppt; similar values were also found at Sites A-1 and B-1.
The site closest to the mouth of the estuary (A-3) exhibited strong stratification; although
it was only 2.5 feet deep, salinity at the surface was 6.3 ppt, compared with 30 ppt at the
bottom. Salinity at the remaining sites ranged from 3.1 ppt (A-2) to between 12.7 and
14.4 ppt (Sites B-4 and B-3, respectively). Dissolved oxygen ranged between 8.7 and
13.0 mg/L, with no particular pattern across sites. These data are presented in Table 2-
8.

2.4.2.4 July 2004 (Dry Weather: Berm Closed)

Water depths ranged between 2.0 and 5.5 feet, depending upon location. The deepest
points were associated with the lower portion of the main river channel (sites A-2 and B-
3). Temperatures across all sites and depths ranged between 24.4 and 27.1°C. Site B-
1 exhibited an inverse temperature gradient with the warmest water (27.0 °C) at the
bottom, and cooler water (25.1 and 25.9 °C, respectively) measured at the middle and
surface depths. pH was highest below the bridge (9.84 at A-3) and lowest above the
bridge (8.97), with the exception of the surface measurement taken at site B-1 (7.69).
Otherwise, pH at all sites ranged between 9.04 and 9.77. Salinity and conductivity
exhibited similar patterns, with most sites averaging between 2.6 and 3.2 ppt, regardless
of depth. Exceptions included sites C-3, A-2, and B-3, which exhibited noticeably higher
salinities (7.5, 7.7, and 9.5 ppt, respectively) at the bottom depth, compared with the
surface and mid-water sampling points. Sites A-1 and A-3 exhibited a modest increase
in salinity at the bottom, compared with mid-water and surface measurements; these
sites were located in the discharge channel. The lowest salinity (1.3 ppt) was observed
at the surface at the effluent discharge point, and increased with increasing depth to a
maximum of 4.0 ppt at this site. Dissolved oxygen was supersaturated at all sites,
except at the discharge point which was 5.0 mg/L at the surface and 4.0 mg/L at mid-
depth. These data are presented in Table 2-9.

2.4.2.5 September 2004 (Dry Weather: Berm Open)

Water depths ranged between 0.3 and 4.3 feet. Three of the 11 sites (B-2, C-1, and C-2)
were dry because the berm was open and the lagoon only partially full. Water quality
sampling at sites B-1, C-3, and D-1 was restricted to the middie of the water column due
to the shallow depth of the water. Water temperatures during this sampling event
ranged from 18.1 to 25.7 °C, depending upon location and depth. Salinity
measurements ranged between 3.3 and 34.5 ppt, with most measurements falling
between 22.6 and 33.2 ppt. Salinity at site B-1, which is located nearest to the VWRF
outfall, was 3.3 ppt. Salinity at sites C-3 and D-1 were 4.6 and 4.1 ppt, respectively. pH
ranged from 7.74 to 8.43, with higher pH at sites with higher salinity. Dissolved oxygen
ranged from 7.6 to 17 mg/L. Site B-1 exhibited the lowest DO, while the highest DO was
measured at mid-water at site B-3. These data are presented in Table 2-10.
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2.4.2.6 January 2005 (Wet Weather: Berm Open)

Water depths ranged between 1.0 and 3.0 feet. Water temperature ranged from 12.9 to
18.7 °C, depending upon location and depth of measurement. Salinity was noticeably
lower during this event than previous events, most likely due to the large volume of
freshwater input from the river from the large storm event that occurred during January.
Salinity ranged from 0.6 to 2.7 ppt, with the exception of site A-3, which exhibited a
salinity of 9.5 ppt. pH ranged from 7.46 to 8.75. Dissolved oxygen ranged between 6.1
and 11.8 mg/L, with the lowest measurements at sites C-3 and B-4 (6.1 and 6.2 mg/L,
respectively). The highest DO value was measured at site D-1. These data are
presented in Table 2-11.
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Table 2-6. Dry Weather Field Water Quality Measurements Sampled
on 17 October 2003 (berm closed).

Depth Temperature Salinity Conductivity DO
Sample ID (ft) (°C) (ppt) (umhos/cm) pH (mg/L)
0 215 2.3 4360 8.74 16.7
A-1 25 21.6 24 4440 nr 16.7
5.0 21.7 4.3 7840 nr nr
0 21.3 2.3 4400 8.72 16.5
A-2 35 21.3 2.3 4400 nr 16.7
7.0 22.0 11.9 19930 nr nr
0 21.0 2.0 4220 8.90 15.2
A-3 2.3 20.8 2.2 4210 nr 156.5
4.6 20.7 22 4210 nr nr
0 219 1.5 2780 7.10 75
B-1 24 21.4 15 3110 nr 7.6
4.7 21.8 2.9 5400 nr nr
0 22.2 2.3 4350 8.83 >20.0
B-2 1.5 22.2 2.3 4350 nr >20.0
3.0 22.2 2.3 4350 nr nr
0 21.7 2.3 4340 8.65 18.9
B-3 3.2 21.7 2.3 4340 nr 19.1
6.3 221 10.6 18650 nr nr
0 21.7 2.3 4420 8.55 19.1
B-4 2.6 21.7 2.3 4430 nr 18.2
5.1 21.7 2.3 4430 nr nr
0 219 2.1 3930 8.77 >20.0
C-1 1.6 219 2.1 3910 nr >20.0
3.1 21.9 2.1 4040 nr nr
0 21.9 2.2 4200 8.92 >20.0
C-2 1.6 219 22 4200 nr >20.0
3.1 21.9 2.2 4220 nr nr
0 220 2.2 4200 8.92 >20.0
C-3 23 22.0 2.2 4200 nr >20.0
4.6 22.0 2.2 4250 nr nr
0 21.8 22 4230 9.15 >20.0
D1 17 21.8 2.2 4230 nr >20.0
3.4 21.8 2.2 4240 nr nr
nr - not recorded
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Table 2-7. Wet Weather Field Water Quality Measurements Sampled

on 6 November 2003° (berm open).

Depth Temperature Salinity Conductivity DO
Sample ID (ft) (°C) (ppt) (umhos/cm) pH (mg/L)
60 nr 20.1 1.3 2502 7.61 3224
61 nr 20.5 1.6 3030 7.45 163.7
62 nr 20.5 1.7 3301 7.44 78.1
72 nr 19.0 1.6 3032 7.71 101
7 nr 19.9 23 4274 7.63 10.6
70 nr 20.1 27 5035 7.71 14.6
68 nr 21.0 3.2 5871 7.76 16.8
66 nr 21.1 44 7944 7.76 240
63 nr 20.3 1.9 3590 7.42 65.9
64 nr 216 8.6 14769 7.62 47.7
65 nr 216 6.5 11417 7.67 30.6
69 nr 20.3 11.6 19498 7.55 14.6
67 nr 212 13.7 22615 7.71 226

#Measurements taken by KHE. Depth not recorded.

nr - not recorded
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Table 2-8. Wet Weather Field Water Quality Measurements Sampled
on 16 March 2004 (berm open).

Sample Depth Temperature Salinity Conductivity DO
ID (ft) (°C) (Ppt)  (umhosicm) P (mg/L)
A-1 0.3 204 1.5 nr 7.58 9.3
A-2 1.0 20.5 3.1 nr 7.79 10.5
A3 0.3 18.5 6.3 nr 8.17 11.6

25 18.5 30.0 nr 8.52 13.0
B-1 1.0 19.8 14 nr 7.46 8.7
B-2 nw
B-3 0.3 20.2 14.4 nr 8.64 12.0
B-4 03 19.0 12.7 nr 7.44 11.3
Cc-1 nw
C-2 nw
C-3 1.0 16.2 1.7 nr 7.62 10.9
D-1 0.3 16.4 1.5 nr 8.05 10.9

nr - not recorded
nw - no water present
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Table 2-9. Dry Weather Field Water Quality Measurements Sampled

on 20 July 2004 (berm closed).

Depth Temperature Salinity Conductivity

Sample ID (ft) (°C) (Ppt)  (umhos/cm) pH DO (mg/L)

Surface 26.8 3.1 5830 9.73 >20

A-1 Middle 26.7 3.2 5840 9.73 >20
3.7 26.0 4.6 8230 nr nr

Surface 26.6 3.0 5620 9.77 >20

A-2 Middle 26.6 3.0 5660 9.75 >20
5.5 26.1 7.7 14570 nr nr

Surface 271 3.1 5790 9.84 >20

A-3 Middle 27.0 3.1 5850 9.83 >20
4.3 25.8 4.0 7700 nr nr

Surface 259 1.3 2500 7.69 5.0

B-1 Middle 25.1 1.3 2570 9.04 4.0
4.3 27.0 4.7 8890 nr nr

Surface 26.4 2.6 4770 9.27 >20

B-2 Middle nr nr nr nr nr

2.0 26.4 2.7 4840 9.54 >20

Surface 25.4 2.8 5250 9.52 >20

B-3 Middle 254 2.9 5320 9.54 >20
5.3 25.8 9.5 9340 nr nr

Surface 26.0 3.0 5640 9.72 >20

B-4 Middle 25.9 3.0 5640 9.69 >20
4.0 244 3.2 5890 nr nr

Surface 25.2 3.0 5540 947 >20

C-1 Middle 25.2 3.0 5550 9.47 >20

2.5 25.2 3.0 5540 9.44 >20

Surface 25.3 2.9 5460 9.53 >20

C-2 Middle 25.2 2.9 5440 9.40 >20
3.3 25.1 2.9 5340 nr nr

Surface 25.1 29 5390 952 >20

C-3 Middle 25.1 2.9 5400 9.29 >20
4.7 25.0 7.5 13320 nr nr

Surface 25.1 2.7 5110 8.97 >20

D-1 Middle 24.9 2.7 5170 8.97 >20
3.3 24.9 2.8 5210 nr nr

Note: Site B-2 was only 0.6 meters deep; therefore, only surface and bottom values
were measured. Due to limitations of cord length on pH and DO meters, only sites B-

2 and C-1 have recorded measurements at depth for these parameters.

nr - not recorded
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Table 2-10. Dry Weather Field Water Quality Measurements Sampled
on 28 September 2004 (berm open).

Depth Temperature Salinity Conductivity DO
Sample ID  (ft) (°C) (ppt) (umhos/cm) pH (mg/L)
0.1 20.1 4.0 nr 8.11 9.6
A-1 0.3 18.8 31.1 nr 8.15 9.9
0.9 18.1 32.1 nr 8.13 9.8
Surface 18.3 2§'163t° nr 8.15 8.5
A-2 Middle 18.2 33.2 nr 8.20 8.8
25 18.1 33.2 nr 8.21 8.9
Surface 18.6 327 nr 8.26 10
A-3 Middle 18.2 344 nr 8.29 11
4.3 18.2 34.5 nr nr nr
B-1 Middle 225 3.3 2470 7.74 7.6
1.0-2.0
B-2 nw
Surface 20.3 247 nr 8.06 9.8
B-3 Middle 19.9 31.6 nr 8.43 17
1.2 19.9 31.6 nr nr nr
B-4 Middle 20.8 28.3 nr 8.15 10
1.2
C1 nw
C-2 nw
C-3 Middle 25.3 46 4880 7.89 15
0.3-0.5
D-1 Middle 25.7 4.1 4020 7.85 14
0.5-0.7

Note: When depths were shallow, water quality measurements were taken in the

middle of the water column only.

nr - not recorded

nw - no water present
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Table 2-11. Wet Weather Field Water Quality Measurements Sampled
on 31 January 2005 (berm open).

Depth Temperature Salinity Conductivity DO
Sample ID  (ft) (°C) (ppt) (umhos/cm) pH (mg/L)
A1 Middle 18.7 2.1 3660 8.03 10.3
0.5-1.0
A-2 Surface 18.1 25 4380 8.34 9.5
<1.0
A-3 Surface 17.7 95 nr 8.27 8.9
1.0
Surface 18.3 1.2 2160 7.89 9.3
B-1 15 18.3 1.2 2160 7.90 9.4
3.0 18.3 1.2 2160 7.92 9.5
B-2 Middle 14.6 0.7 1310 8.33 10.2
1.0
B-3 Middle 13.4 0.6 1142 8.44 10.7
1.0-2.0
B-4 Middle 14.2 2.7 4300 7.46 6.2
2.5
C-1 Surface 12.9 06 1135 8.75 11.1
1.5
C-2 nw
C-3 Surface 16.4 1.9 3330 7.92 6.1
<1.0
D-1 Surface 13.2 0.7 1178 8.45 11.8
1.0

Note: Water quality measurements were taken at the surface or in the middle of the
water column only at sites with shallow depths

nr - not recorded
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2.5 Water-Column Toxicity Tests

2.5.1 Methods

A total of four samples were collected for toxicity tests during each of the four sampling
events. One sample was collected from the effluent outfall channel, one from the main
channel upstream of the junction between the outfall channel and the main river channel
through the estuary, one at the confluence of the river and outfall channels, and one just
upstream of where the main channel cut through the sandbar at the mouth of the
estuary.

When the berm was open, and water depths were shallow, samples were collected with
a 4-L polyethylene beaker and transferred into 20-L polyethylene buckets for a total of
approximately 40 L per site. Sampling containers were pre-rinsed with site water prior to
filling. When the berm was closed, and water depths were deep, samples were collected
using a plastic hand pump and transferred into 20-L polyethylene buckets for a total of
approximately 40 L per site. When the berm was open, samples were collected on an
outgoing tide, such that net flows were clearly downstream, thus eliminating the
possibility of “short-circuiting” between the outfall channel and the main river channel
upstream of its junction with the outfall channel. This study design was selected because
it involved an upstream reference site, the discharge, and a mixture of the main flow and
discharge. Thus, if any toxicity was observed it would be possible to separate upstream
sources from the discharge, as well as identify any interactions between them. Samples
were collected at the same locations when the berm was closed; however, under these
conditions, there was no clear circulation pattern in the lagoon. The sampling site codes
correspond to the sampling sites shown in Figure 2-4.

All samples were stored in coolers packed with wet ice and transported to the laboratory
on the day of collection. At the laboratory, they were stored at 4°C until used. Toxicity
tests were generally initiated on water samples within 36 hours of collection.

Toxicity tests were conducted on all water samples using a comprehensive suite of
freshwater and marine testing protocols. Test organisms included representative
freshwater (fathead minnows, Ceriodaphnia dubia, and Selenastrum capricornutum) and
marine (mysids, topsmelt, giant kelp, and mussels) species. Test procedures followed
those described in the appropriate marine and freshwater testing manuals (USEPA
1995, 2002a, 2002b; ASTM 1993). Note that an abbreviated dilution series was
performed with the freshwater species since the effluent and receiving environment is
already being tested with freshwater species as part of the City’s routine monitoring
program. Full dilution series were used with the marine species since previous
information on their sensitivity to samples of the effluent and receiving environment was
not available. Detailed test methods are presented in the appendices.

Performing toxicity tests with freshwater organisms on samples from the estuary was
complicated because the salinity of the samples varied between sites and could pose
variable levels of stress on the test organisms. Consequently, each sample was tested
with a concurrent salinity control. To separate salinity effects from other constituents
present in the sample, statistical comparisons were made between the test
concentration and the appropriate salinity controls.
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Similar issues were associated with tests conducted with the marine organisms in which
the salinities of the samples needed to be increased in order to achieve the salinity
required by the test protocols. In these cases, salinity was increased by the use of
artificial dried sea salts, or by addition of hypersaline brine. Addition of dried sea salts
meant that the samples could be tested at full-strength; whereas, addition of brine
resulted in modest dilutions of the samples. Regardless, statistical comparisons were
made against the appropriate controls to identify the presence of any adverse effects.

Sub-samples were also taken and submitted to CRG (Torrance, CA) or Cal-Science for
analysis of total copper, nickel, selenium, and zinc. Concentrations of these analytes
were determined using ICP-MS (USEPA Methods 1640 and 6020/200.8, respectively).

2.5.2 Results
2.5.2.1 March 2004 (Wet Weather: Berm Open)

Freshwater species

Survival of fathead minnow larvae exceeded 80 percent in samples from Sites A-2, B-1,
and C-3. Conversely, only 20 percent survival was observed in sample B-3; since this
site exhibited a salinity of 14.4 ppt and no larvae survived in the corresponding salinity
control sample, reduced survival in this sample was attributed to elevated salinity.
Growth resuits in the remaining samples were similar to those observed for survival;, no
adverse effects occurred; in fact, average dry weights of larvae exposed to the samples
exceeded those of their corresponding salinity controls. Overall, these results suggested
that there were no adverse effects in samples beyond what could be attributed to the
salinities of the samples, and that the response was limited to one sample in which the
salinity reached 14.4 ppt. Conversely, the salinities of the remaining samples ranged
between 1.4 and 3.1 ppt. These data are summarized in Figure 2-10.

Survival of C. dubia exposed to samples from the lagoon was also influenced primarily
by salinity. Survival in the laboratory control was 80 percent, compared with a range of 0
to 100 percent across the sampling sites. Two of the Sites, A-2 and B-3, exhibited
survivals of 50 and 0 percent, respectively. However, these values were similar to their
corresponding salinity controls and, therefore, these responses were attributed to
salinity. Similarly, reproductive output appeared to be strongly influenced by the salinity
of the samples, with no apparent evidence for any additional effects. These data are
summarized in Figure 2-11.

The results of the Selenastrum (green algae) tests are more difficult to interpret. Clearly,
the elevated salinity associated with the sample from Site B-3 was likely responsible for
the reduced cell numbers observed in this sample. However, cell numbers in the other
three samples were all significantly less than their corresponding salinity controls, which
may imply that other constituents present in the samples were responsible for the
reduced growth (Figure 2-12). Interestingly, field blanks (site water not inoculated with
Selenastrum, but with nutrients) incubated concurrently with the exposure flasks also
exhibited elevated chlorophyll concentrations as measured by fluorescence. Thus, it is
possible that algae already present in the samples sequestered the added nutrients and
prevented the Selenastrum from reaching their optimum cell density. Alternatively,
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organic material present in the samples may also have bound some of the
micronutrients added to the flasks and reduced the amount available for growth by the
introduced Selenastrum.

Marine species

Marine toxicity tests included bivalve larvae (Mytilus sp.), topsmelt, giant kelp, and
mysids. The samples were tested up to full strength with topsmelt and mysids, since
addition of dried sea salts did not dilute the samples. Conversely, because the salinity of
the samples was increased with hypersaline brine in tests with Mytilus and giant kelp,
modest dilutions of the samples occurred. Consequently, the highest concentrations
tested with bivalve larvae were 66 (C-3 and B-1), 67 (A-2) and 75 percent (B-3).
Similarly, the highest concentrations tested with giant kelp were 60 (A-2), 58 (B-1), 68
(B-3), and 59 (C-3) percent.

Survival of topsmelt ranged between 88 and 100 percent, depending upon the sample
tested. Although the reduction in survival was relatively small, it was statistically
significant in the sample collected at C-3. Growth was significantly reduced in the
highest concentrations of all samples tested when compared with the salt control. The
level of reduction ranged from approximately 18 to 37 percent of the dry weight observed
in the controls. The greatest reduction was associated with the sample collected farthest
upstream (i.e., C-3). These data are summarized in Figure 2-13.

Survival of mysids averaged between 95 and 100 percent across all four samples,
indicating that exposure to the samples did not increase mortality. No adverse effects
were observed with the growth endpoint, as well (Figure 2-14).

No adverse effects were observed with bivalve larvae, even at the highest
concentrations tested. These data are shown in Figure 2-15.

No adverse effects on the germination of giant kelp spores were observed. By way of
comparison, percent germination averaged between 78 and 90 percent in the highest
concentrations of all the samples tested, compared with a range of 83 to 89 percent in
the brine controls, and 76 to 82 percent in the laboratory controls. Growth averaged
higher in each of the test samples than in the controls. These data are presented in
Figure 2-16.
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Figure 2-10. Summary of toxicity test results (March 2004) for fathead minnow 7-

day survival and growth. Mean (+1SD) values in 100-percent sample are

displayed. No statistically significant decreases were observed compared to

concurrent salinity controls.
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Figure 2-11. Summary of toxicity test results (March 2004) for water flea 7-day
survival and reproduction. Mean (+1SD) values in 100-percent sample are
displayed. No statistically significant decreases were observed compared to
concurrent salinity controls.
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Figure 2-12. Summary of toxicity test results (March 2004) for algal growth
inhibition. Mean (+1SD) values in 100-percent sample are displayed. A significant
reduction in growth was observed for samples A-2, B-1, and C-3, relative to the
salt control.
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Figure 2-13. Summary of toxicity test results (March 2004) for Pacific topsmelt 7-
day survival and growth. Mean (+1SD) values in 100-percent sample are
displayed. A significant reduction in survival was observed for sample C-3, and a
significant decrease in growth was observed for samples A-2, B-1, B-3, and C-3,
relative to the salt control.
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Figure 2-14. Summary of toxicity test results (March 2004) for mysid 7-day
survival and growth. Mean (+1SD) values in 100-percent sample are displayed.

No statistically significant decreases were observed compared to concurrent salt
controls.
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Bivalve Larval Development
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Figure 2-15. Summary of toxicity test results (March 2004) for bivalve 48-hour
embryo development using Mytilus galloprovincialis. Mean (+1SD) values are
displayed (see text for highest concentrations tested). No statistically significant
decreases were observed compared to concurrent brine controls.
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Giant Kelp Germination
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Figure 2-16. Summary of toxicity test results (March 2004) for kelp spore
germination and growth. Mean (+1SD) values are displayed (see text for highest

concentrations tested). No statistically significant decreases were observed
compared to concurrent brine controls.
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2.5.2.2 July 2004 (Dry Weather: Berm Closed)

Freshwater species

In addition to the salinity controls, three of the samples had a pH above 9.00, which
exceeds the range specified in the USEPA protocols. Consequently, the samples were
tested with concurrent salinity and pH controls. To separate salinity and pH effects from
other constituents present in the samples, statistical comparisons were made between
each full-strength sample and the appropriate salinity control for site B-1, and the
salinity-adjusted pH controls for sites A-2, B-2, and C-2.

Survival of fathead minnow larvae was 90 percent or greater in all samples. Growth
results were similar to those for survival; no adverse effects were observed. In fact,
average dry weights of larvae exposed to the samples exceeded those of their
corresponding salinity controls. The mean dry weight of fish exposed to the samples
ranged from 0.41 to 0.53 milligrams per fish (mg/fish); whereas, the weights of the fish in
the salinity controls ranged from only 0.36 to 0.38 mg/fish. These data are shown in
Figure 2-17.

Due to unforeseen health problems with the C. dubia culture, 7-day results for survival
and reproduction were poor in all controls and treatments. Therefore, the results
reported here are only for 96-hour survival and should be used for qualitative purposes
only. Mean survival was 100 percent for site B-1, which was the site with the lowest
salinity. The remaining sites exhibited lower survival, with mean values of 30, 40, and
50 percent survival for sites A-2, B-3, and C-2, respectively. However, none of these
data were significantly different compared to the appropriate pH or salinity controls. This
suggests that the reduced survival observed in samples A-2, B-3, and C-2 can likely be
attributed to elevated salinity or pH, rather than the presence of toxic constituents.
These data are shown in Figure 2-18.

The results of the Selenastrum (green algae) tests were slightly affected by salinity,
based on the differences between the lab control (0 ppt) and the salinity controls (1.1 to
3.1 ppt). The mean cell density of both lab controls exceeded 2.0 x 10° cells per milliliter
(cells/ml), while the salinity and pH controls exhibited growth in the range of 0.9 to 1.8 x
10° cells/ml.  Conversely, algae exposed to filtered ambient water from sites A-2, B-3,
and C-2 exhibited greater increases in mean cell density than the corresponding salinity
or pH controls, with cell numbers ranging from 1.4 to 2.0 x 10° cells/ml. On the other
hand, unfiltered samples tested concurrently exhibited low growth, with means ranging
from 0.20 to 0.33 x 10° cells/ml; nearly an order of magnitude lower than the filtered
samples, or the salinity controls. Thus, it is likely that native algal species and/or
particulate debris in the samples sequestered the added nutrients and prevented the
Selenastrum from reaching their optimum cell density. These data are presented in
Figure 2-19.

Marine species

Increasing the salinity of the samples with hypersaline brine in tests with the blue mussel
and giant kelp resulted in highest test concentrations of 67 and 65 percent, for the
mussel larvae and giant kelp, respectively. These two species were also tested up to full
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strength with the addition of artificial sea salts. All of the salinity adjustments for the
Pacific topsmelt and mysid shrimp were performed with artificial salts; these species
were tested up to full strength.

Neither survival nor growth of topsmelt larvae was adversely affected by exposure to the
samples. Mean survival ranged between 92 and 96 percent, and mean biomass ranged
from 1.2 to 1.6 milligrams (mg) among all samples tested. Notably, biomass was greater
in all four samples tested at full strength, compared with the corresponding salt controls.
These data are shown in Figure 2-20.

Survival of mysids averaged between 95 and 100 percent across sites, indicating that
exposure to the samples did not cause mortality. In addition, no adverse effects were
observed for growth, with the mean biomass ranging from 0.26 to 0.49 mg. These data
are shown in Figure 2-21.

Mussel larvae were tested up to 67 percent sample with the addition of hypersaline
brine, and up to full-strength sample with the addition of dried sea salts to increase
salinity. No adverse effects were observed, even at the highest concentrations tested.
Mean normal development for the embryos exposed to undiluted samples ranged from
84 to 89 percent; these values were not statistically different from the artificial salt control
(see Figure 2-22).

Increasing the salinity of the samples with hypersaline brine in tests with the giant kelp
resulted in a high test concentration of 65 percent. This species was also tested up to
full strength with the addition of artificial sea salts. No adverse effects on the germination
or growth of giant kelp spores were observed, compared with the appropriate controls.
Percent germination averaged between 66 and 73 percent in the highest concentrations
of all the samples tested. Growth averaged between 11.3 and 16.6 micrometers (um).
These data are shown in Figure 2-23.
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Fathead Minnow Survival
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Figure 2-17. Summary of toxicity test results (July 2004) for fathead minnow 7-day
survival and growth. Mean (£1SD) values in 100-percent sample are displayed.

No statistically significant decreases were observed compared to concurrent
salinity control (Site B-1) and pH control (Sites A-2, B-3, and C-2).
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Ceriodaphnia Survival
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Figure 2-18. Summary of toxicity test results (July 2004) for water flea 96-hour
survival. Mean values in 100-percent sample are displayed. No statistically
significant decreases were observed compared to concurrent salinity control
(Site B-1) and pH control (Sites A-2, B-3, and C-2).
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Selenastrum Growth
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Figure 2-19. Summary of toxicity test results (July 2004) for algal growth
inhibition. Mean (¥1SD) values in 100-percent sample are displayed. All unfiltered
samples showed a significant decrease relative to the salinity control (t-test, p<
0.05, n=4).
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Pacific Topsmelt Survival
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Figure 2-20. Summary of toxicity test results (July 2004) for pacific topsmelt 7-day
survival and growth. Mean (£1SD) values in 100-percent sample are displayed.
No statistically significant decreases were observed compared to the salt control.
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