TECHNICAL MEMORANDUM

Date: June 25, 2018
To: City of Ventura and Consent Decree Parties
From: Santa Clara River Estuary (SCRE) Scientific Review Panel (SRP) David Revell, Ph.D., Sharon Kramer, Ph.D., and Eric Stein, D.Env.
Subject: SRP Recommendations - FINAL
Introduction to the Scientific Review Panel (SRP) and its Charge
The Santa Clara River Estuary (SCRE) Scientific Review Panel (SRP) was convened in fall 2017 to
determine how much, if any, discharge from the Ventura Water Reclamation Facility (VWRF) is needed
to protect and sustain the native and endangered species known to use the SCRE, and/or how much
discharge could be eliminated to protect these species and sustain additional priority beneficial uses.
The SRP was convened as the City of Ventura’s consulting team was independently developing its own
recommendations for how much water can be discharged into the SCRE to protect and sustain priority
beneficial uses. A Technical Review Team (TRT), supported by the Wishtoyo Foundation and Heal the
Bay (additional parties to the Consent Decree), comprised of external technical experts, provided peer
review and comments on the City’s consultant work. The SRP was asked to review the City consulting
team’s report – both in draft and final form – and also reviewed stakeholder responses, in particular the
TRT’s, to the report’s findings and recommendations.
The City of Ventura and Consent Decree parties charged the SRP with preparing a written report
containing the following:
•
•
•

A review of available scientific materials used in the SRP’s technical analysis
A recommended average annual volume or flow rate from the Ventura Water Reclamation Facility
(VWRF) into the SCRE
A recommended Maximum Ecologically Protective Diversion Volume (MEPDV), which is the amount
of tertiary treated effluent that may be reduced or diverted while protecting sensitive species and
the ecology of the SCRE

By way of this technical memorandum, the SRP is (1) providing a recommended annual VWRF discharge
and MEPDV to the SCRE, and (2) describing its approach to developing these recommendations, which
are based on the best available science and the SRP’s technical expertise.

Initial SRP Considerations
The SRP focused its initial discussions on the broader ecological context in which its recommendations
would be developed. The SRP agreed that any recommendations developed must be caveated by the
fact that tertiary treated discharges are only one of many human factors that influence the ecological
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functioning of the SCRE. The SCRE is a complex and dynamic system that is heavily impacted by land
uses and water diversions within the larger Santa Clara River watershed, direct discharges to the
estuary, manual trenching of the SCRE’s beach berm that causes unseasonal breaching of the estuary,
and placement of dredge deposits from Ventura Harbor that alter the morphology of the SCRE berm.
By considering only one of many alterations to the SCRE system, the SRP necessarily needed to make a
number of assumptions about environmental conditions and decisions involving study methods – all of
which have the potential to introduce uncertainty into the analysis and potentially affect the study
conclusions. Furthermore, while the SRP’s analysis is based on the state of the SCRE under present
conditions, other physical processes, development patterns, watershed alterations and management
issues are likely to play out in the future. Consequently, the SRP’s recommendations may become less
applicable or become further complicated over time.

SRP Conceptual Approach
The SRP developed the following conceptual approach to meet its charge:
Step 1.
Step 2.
Step 3.
Step 4.

Develop the underlying premise and assumptions, and key questions for how to
establish discharge targets
Review the existing technical work and best available science to address the underlying
premise and assumptions, and key questions, developed in Step 1
Consider additional information, data, or knowledge not included in the previous
technical work
Develop recommendations for discharge patterns to the SCRE

The SRP presented this conceptual approach to the study’s TRT and to the City consultant team in a
“context and approach” memorandum that was circulated to the City and TRT on February 12, 2018,
followed by a call with the TRT and City consultants on February 22, 2018. The discussion during the call
was documented in a memorandum to the City, Wishtoyo, and Heal the Bay (HTB) on February 23, 2018.

Review of Existing Technical Work
The SRP’s initial review of existing technical work focused on the modeling and scientific assumptions
used by the City’s consulting team; the consulting team summarized these assumptions in Appendix A of
its Draft Phase 3 Report (Stillwater Sciences 2017). Because the SRP was concerned about the Draft
Phase 3 Report’s findings, the SRP focused on assessing the degree to which the findings may have been
affected by potential flaws in the assumptions. The SRP reviewed each Appendix A assumption and
identified areas of key concerns or disagreement; all of these assumptions and SRP’s responses are
presented in a table format at the end of this document (see Attachment A).
In summary, the SRP expressed specific comments or concerns regarding more than half of the
assumptions used in the Draft Phase 3 Report (Stillwater Sciences 2017). These comments and concerns
collectively speak to the major reasons that the SRP ultimately reached a different recommendation
from the TRT and City’s consulting team. The primary areas of disagreement revolve around:
•
•

The use of habitat quantity vs. quality as the primary measure of benefits vs. adverse effects
The heavy reliance on the Water Balance Model and its derivative models, which did not explicitly
consider the seasonal and episodic nature of coastal processes
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•

Incomplete consideration of the effects of various discharge scenarios on water quality in the SCRE

Additionally, the SRP lacks confidence in the Analytic Hierarchy Process (AHP) decision support tool used
by the City consulting team to compare VWRF discharge scenarios, in part because the SRP did not
participate throughout the decision-making process and thus did not have a full understanding of all the
decisions made during the process. Moreover, the SRP believes that the AHP process is inherently
subjective because it is based on selected individuals scoring the alternatives, founded on their
priorities, perspectives and relative expertises. Because the SRP did not feel that the AHP prioritization
would be germane to its own analysis, the SRP did not comment on the specific assumptions used for
the AHP decision support tool. Instead, the SRP relied on raw data, additional references, and model
outputs.

Beneficial Use Prioritization and Analysis
Given the SRP’s specific charge to protect sensitive species in the SCRE, the SRP deliberately focused on
a subset of all of the beneficial uses that were identified in the Final Phase 3 Report, and did not use the
AHP’s beneficial use optimization approach. The SRP focused on the following four prioritized beneficial
uses:
1. Rare, Threatened, or Endangered Species (RARE)
2. Spawning, Reproduction, and/or Early Development (SPAWN)
3. Migration of Aquatic Organisms (MIGR)
4. Estuarine, Wildlife, and Wetland Habitats (HAB)
The SRP, consistent with the Phase 3 work, focused on several sensitive species known to use the SCRE:
•

•

•

•

Tidewater goby (Eucyclogobius newberryi): This fish is listed as federally endangered and a
California Fish Species of Special Concern. The SCRE is federally designated critical habitat for
tidewater goby (USFWS 2013). Tidewater goby is the only sensitive species whose entire life history
is dependent on estuary habitat and water quality conditions.
Southern California steelhead (Oncorhynchus mykiss): This Distinct Population Segment is listed as
a federally endangered species. The SCRE is federally designated critical habitat for Southern
California steelhead (NMFS 2005); the SCRE provides (1) rearing habitat for young-of-the-year (YOY)
juveniles, (2) rearing and acclimization habitat for outmigrating smolts to physiologically transition
between freshwater and more saline ocean conditions, and (3) acclimitization habitat for upstream
migrating adults to adjust from more saline ocean conditions to freshwater (hereafter, steelhead).
Western snowy plover (Charadrius alexandrinus nivosus): This bird is federally listed as threatened.
The SCRE is federally designated critical habitat for the western snowy plover (USFWS 2012). In
particular, its nesting habitat consists of wind-blown sand dunes, and areas of sandy beach above
the high-tide line that feature occasional surf-cast algal wrack supporting small invertebrates and
are in generally barren to sparsely vegetated sandy terrain.
California least tern (Sternula antillarum browni): This bird is federally listed as endangered, state
listed as endangered, and identified as a California Fully Protected Species. The SCRE is important
because it provides feeding habitat for the California least tern, and the SCRE berm provides nesting
habitat.

The SRP selected tidewater goby as the most sensitive indicator for the ecology of the SCRE ecoystem.
Of the four species, the tidewater goby is most reliant on the SCRE for all aspects of its life history.
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Although the other senstive species (i.e., the birds and steelhead) rely on the estuary for critical periods
of their life history, they also spend part of their lives outside the estuary. Thus, the SRP focused first on
the life history of the tidewater goby in the SCRE, and examined how discharges from the VWRF may
affect the various life history stages and completion of its life cycle (Table 1). The SRP made the
following assumptions about the environmental conditions in the SCRE that would best serve tidewater
goby populations:
•
•
•

Offseason human-made breaches should be avoided, particularly in summer.
Salinity should vary throughout the year, as longer brackish/saline conditions are necessary to
deter invasive species populations and to support various goby life stages.
Stable water levels should be maintained, particularly in the summer season, with emphasis on
creating optimal water quality and habitat conditions during the most vulnerable goby life
stages.

The SRP also evaluated effects of VWRF discharge on steelhead, western snowy plover and California
least tern for the life stages supported by the SCRE (Tables 2, 3 and 4). Recommendations developed for
the goby were examined carefully against the life history needs of the other identified sensitive species
for the life stages dependent on the SCRE, and the SRP recommendations were adjusted as necessary to
ensure that all critical sensitive species life history needs are considered in arriving at the SRP’s
recommendations.
The SRP operated under a different fundamental premise than the Phase 3 work. Specifically, the SRP
began with an assumption that zero discharge from the VWRF (i.e., 100% discharge diversion) is
ecologically preferred unless there is evidence to the contrary. The rationale is that under “natural”
hydrologic conditions, the Santa Clara River would be a seasonally flashy system, with most discharge
events occuring in the winter and early spring, and low or no surface water discharge in summer
(Stillwater Sciences 2018). In the absence of effluent discharges, human modifications to the Santa Clara
River would further reduce dry-weather surface inflows to the SCRE; these watershed modifications
include diversions (e.g., Vern Freeman Diversion Dam) and groundwater recharge (i.e., percolation) in
the Oxnard Forebay reach between the Freeman Diversion Dam and the SCRE (Stillwater Sciences 2018).
Thus, one of the most important operating premises of the SRP analysis was that any VWRF discharge
volumes recommended by the SRP would need to result in likely ecological improvements over the zero
or no discharge scenario.
The SRP also operated on the premise that the volume of effluent discharge required to support priority
beneficial uses is not necessarily static throughout the year or season; the recommended volumes also
might change on an internannual basis. Any VWRF discharge volumes recommended by the SRP would
be based on mimicking the SCRE natural hydrology to support species migration or life cycle needs.
Thus, SRP recommendations might encompass higher surface flows during the wet season as well as
potential incremental increases in dry season discharge (e.g., dry summer and early fall conditions when
continuous surface flow from the Santa Clara River becomes disconnected with the estuary upstream of
the Victoria Avenue Bridge [Stillwater Sciences 2018]) to determine if effluent discharges would result
in: (1) no harm to the sensitive species in the SCRE, and (2) net benefit to the ecology and function in the
estuary.
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SCRE-Specific Considerations
In developing its recommendations, the SRP endeavored to take advantage of the extensive body of
work completed on the SCRE and the ecology of sensitive species, as well as the vast expertise on both
the City’s consulting team and the TRT. This information was augmented with data from both regional
monitoring surveys (i.e., the Southern California Bight Regional Monitoring Program) and local
monitoring surveys, as well as the SRP’s own knowledge and experience.
After reviewing the Final Phase 3 Report, the SRP identified several key SCRE-specific issues that would
be important to consider prior to developing its recommendations:
•
•
•
•
•
•

How long does it take to freshen the estuary following mouth closure or an overtopping event
under various VWRF discharge levels? How would altering the VWRF discharge affect the length
of time of closure?
How long does it take the estuary to “fill” (e.g., reach quasi-steady equilibrium water surface
elevation) under different levels of VWRF discharge? How does “time to fill” vary with average
wet- and dry-year Santa Clara River discharge?
What would be the impacts to the goby population if all VWRF discharge is stopped?
Are there any other anticipated changes in management in the SCR watershed that may offset
VWRF discharges and further complicate the ecological analysis?
Would the findings for tidewater goby differ from any other listed species, especially steelhead?
What effect would reducing or eliminating dishcarge from the VWRF have on nutrient
conditions in the estuary, eutrophication, and levels of known toxin producing algae or
cyanobacteria (or actual toxin production)?

To answer these questions, the SRP initially reviewed the Draft Phase 3 Report, the Final Phase 3 Report
and their underlying assumptions (i.e., Attachment A), past project reports, and TRT reviews. Where
necessary, the SRP reviewed other relevant studies and data sets to supplement the material provided
in the Phase 3 Reports; instances where a conclusion was based on supplemental information are
indicated in the body of this technical memorandum.
The SRP reviewed the Draft Phase 3 Report Appendix A assumptions to evaluate the applicability of the
monitoring methods, modeling tools and findings for the SRP’s analysis. The SRP assessed the degree to
which the findings in the Final Phase 3 Report may be affected by potential flaws in the various
modeling efforts and scientific assumptions. The SRP also developed a list of questions for the TRT on
the assumptions used in the Draft Phase 3 Report. The questions were provided to the TRT in a
memorandum on February 12, 2018, and discussed with the TRT and City’s consulting team on February
22, 2018.

SRP Approach to Developing Recommendations
Using the results of these discussions along with all of the supplemental information gathered by the
SRP, the SRP took the following approach to establish a scientific foundation for developing its SCRE
discharge volume recommendations:
1. The SRP focused on aquatic life beneficial uses (RARE, SPAWN, MIGR, HAB), prioritizing the
capacity of the SCRE to provide quality habitat for the tidewater goby and other listed species
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2.

3.

4.
5.
6.

(as discussed above). The SRP determined that these beneficial uses were more critical to
support than others identified in the AHP, and that the other beneficial uses would not be
impaired by providing conditions supporting the aquatic beneficial uses. Moreover, the SRP
believes that the aquatic life beneficial uses are the most sensitive to potential changes in
discharge from the VWRF, and that protecting these uses will translate to overall protection of
all of the SCRE beneficial uses.
The SRP developed conceptual models of key needs for the four sensitive species, focusing on
beneficial drivers and negative stressors associated with each life history stage (see Table 1 for
the tidewater goby conceptual model, Table 2 for steelhead, Table 3 for western snowy plover,
and Table 4 for California least tern).
The SRP evaluated the likely ecological condition of the estuary under zero VWRF discharge. The
evaluation focused on effects on the goby relative to existing discharge conditions, and the
various discharge scenarios evaluated in the Final Phase 3 Report. Model results were used to
evaluate predicted effects of scenarios on habitat components (Stillwater Sciences 2018);
however, where model results were questionable, the SRP identified its concerns. The SRP did
not attempt to identify a discharge that optimized all beneficial uses. Instead, the SRP
considered incremental increases in discharge from zero, and attempted to identify the
maximum point above which additional discharges would result in undesirable adverse effects
on the aquatic life beneficial uses (i.e., the minimum point of adverse effects for the four
sensitive species). Finally, the SRP considered seasonal differences in discharges in terms of the
effect on tidewater goby (and other species) life history.
The SRP developed preliminary recommendations for MEPDV for tidewater goby.
The SRP analyzed recommendations from the tidewater goby life history analysis relative to life
history needs of other sensitive species, making adjustments as necessary.
The SRP prepared a technical memorandum of its findings and recommendations (this
document).
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Table 1: Tidewater goby life stage conceptual model for the SCRE showing positive drivers and negative
stressors (USFWS 2005, Hellmair and Kinziger 2014).
Life Stage
Negative stressor
Positive/beneficial driver
Egg [the peak of
spawning activity occurs
during the spring and then
again in the late-summer;
duration 9-11 days;
spawns in burrows in soft
sediments (e.g., sand, silt
and mud)]
Larvae [planktonic
duration 1-3 days]

Juvenile [benthic]

Adult [benthic, 1-year
lifespan typical]

1) Unseasonal breaching
2) Low dissolved oxygen
(DO)
3) Toxics

1) Unseasonal breaching
2) Rapid salinity change
3) High velocity
4) Low DO
5) Toxics
1) Unseasonal breaching
2) Rapid salinity change
3) High velocity
4) Low DO
5) Toxics
6) Predation/competition
by nonnative species
1) Unseasonal breaching
2) High velocity
3) Low DO
4) Toxics
5) Predation/competition
by nonnative species
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1) Stable estuary water surface elevation
(WSE)
2) Substrate suitable for burrows
3) Low salinities (0-15 ppt)
4) Low velocity
1) Stable estuary WSE
2) Low salinities (0-15 ppt)
3) Low velocity

1) Stable estuary WSE
2) Low salinities (0-15 ppt)
3) Low velocity
4) Submerged and emergent vegetation

1) Stable estuary WSE
2) Low velocity
3) Submerged and emergent vegetation
4) Tolerant of high salinity

Table 2. Steelhead life stage conceptual model for the SCRE showing positive drivers and negative
stressors (NMFS 2005, Boughton et al. 2017, D.W. Alley 2014, Booth 2016).
Life Stage
Negative stressor
Positive/beneficial driver
Young-of-the-Year [enters
estuary between January
and June to rear]

1) Unseasonal breaching

2) Shallow water <1 m/lack of
deepwater cover
3) Water quality:
• low DO (<4 mg/L)
• unsuitable temperature
conditions (>25⁰C),
• high salinity when not
acclimated (>28 ppt)
4) Toxics
Smolts [migrating, enters
1) Shallow water/lack of
estuary between January
deepwater cover
and June, can rear or go to 2) Water quality:
the ocean depending on
• low DO (<4 mg/L)
berm open/close
• unsuitable temperature
conditions]
conditions (>25⁰C)
3) Toxics
Adults [up- and
1) Closed mouth/berm during
downstream (kelt)
kelt downstream migration
migration, November(kelts cannot return to the
May]
ocean)
2) Lack of connected flow to
spawning habitat when berm
open

1) Stable estuary WSE
2) Deep water/cover habitat >1m
3) Water quality:
• non-lethal temperature (<25⁰C),
• high DO (>4 mg/L),
• lower salinities (0-15 ppt)

1) Deep water/cover habitat >1m
2) Water quality:
• non-lethal temperature (<25⁰C),
• high DO (>4 mg/L)

1) Open mouth/berm during kelt
downstream migration (kelts can return
to the ocean)
2) Connected flow to spawning habitat

Table 3. Western snowy plover life stage conceptual model for the SCRE showing positive drivers and
negative stressors (USFWS 2012; Powell 2001)
Life Stage
Negative stressor
Positive/beneficial driver
Adult nesting/eggs/chicks
[begins March, continues
through summer]

1) Unseasonal breaching
can scour nests on the
beach berm
2) Extensive vegetation
3) Lack of food resources
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1) Stable estuary WSE during nesting
period
2) Seasonal breaching in winter can
scour vegetation

Table 4. California least tern life stage conceptual model for the SCRE showing positive drivers and
negative stressors (USFWS 2006)
Life Stage
Negative stressor
Positive/beneficial driver
Adult nesting/eggs/chicks
[begins April, continues
through summer]

1) Unseasonal breaching can
scour nests on the beach
berm
2) Toxics

1) Stable estuary WSE
2) Forage in top 1 m of water column,
more forage area/higher water surface
elevation

Timeline of SRP Work
The SRP started receiving background information from the City of Ventura via Dropbox in October
2017, with the Draft Phase 3 Report (Stillwater Sciences 2017) provided on November 2, 2017. The SRP
provided a memo about its preliminary review of the Draft Phase 3 Report to the City of Ventura,
regulatory agencies and TRT on November 7, 2017, followed by a workshop in Ventura with the City of
Ventura and its consulting team, the regulatory agencies, and the TRT on November 8, 2017 to discuss
the Draft Phase 3 Report. The SRP received the TRT’s review of the Draft Phase 3 Report on December
11, 2017, followed by a workshop on December 20, 2017 to discuss review comments from the TRT and
regulatory agencies. On February 12, 2018, the SRP sent a memorandum to the TRT describing the
technical approach it was proposing to address the charge. Soon afterward, the Final Phase 3 Report
(Stillwater Sciences 2018) was provided via Dropbox on February 21, 2018. On February 22, 2018, the
SRP set up a conference call with the TRT, Corollo Engineers, and Stillwater Sciences to discuss the SRP’s
approach and discuss what had changed between the Draft and Final Phase 3 reports (Stillwater
Sciences 2017, 2018). Following the call, the SRP prepared a memo to the City of Ventura, Wishtoyo and
HTB documenting the discussion from the call. On March 9, 2018, Wishtoyo and HTB submitted a letter
to the SRP and City regarding the Wishtoyo and HTB position, along with comments on the MEPDV for
the SCRE and Final Phase 3 Report (Stillwater Sciences 2018), which was amended April 5, 2018
(Wishtoyo/HTB Rebuttal Letter). In addition, on March 8, 2018, the TRT submitted its comments on the
Final Phase 3 Report (Stillwater Sciences 2018) set forth in Attachment A of the Wishtoyo/HTB Rebuttal
Letter. On April 5, 2018, the SRP received a joint letter from the City, Wishtoyo and HTB regarding
clarification of the SRP’s charge based on the proposed approach. The SRP prepared a draft
memorandum with its recommendations to the City and consent decree parties on April 10, 2018. The
SRP received a written response from the Consent Decree parties on May 3, 2018; this was followed by
a conference call with the SRP, City, Wishtoyo and HTB on May 16, 2018 to discuss the May 3, 2018
response and next steps for the SRP to finalize its recommendations (this technical memorandum). This
final technical memorandum includes revisions made in response to the May 3 response letter and May
16 call with the Consent Decree parties. Each of these reports and comments were delivered later than
the schedule provided in the initial SRP’s charge, which resulted in the need to adjust the settlement
schedule to accommodate the SRP analysis.
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Overall SRP Recommendation for VWRF Discharge to the SCRE
The SRP recommends a MEPDV with a Continued Discharge Level (CDL) of 0.5 MGD or less, which
amounts to about a 90% diversion from current discharge volumes from the VWRF. Aquatic life
beneficial uses are likely to be protected with a CDL of 0 or 0.5 MGD, and the SRP believes either
would be acceptable. Allowing 0.5 MGD of discharge or less from the VWRF will stabilize estuary
water levels during the dry season, thus reducing the frequency of unseasonal breaches; the
recommended MEPDV also is likely to reduce nutrient loading to the SCRE compared to existing
discharge levels. Higher discharges above 0.5 MGD would be acceptable during winter storm flow
conditions, and are only acceptable when surface discharge from the Santa Clara River breaches the
berm to the ocean. These recommended flow reductions are most likely to support the four
sensitive species that depend on the SCRE during their various life history stages.

Major Determinants for MEPDV and CDL Recommendation
The SRP identified the six most important determinants supporting development of its discharge volume
recommendations. The SRP agreed that the first two are the highest-priority determinants (#1, #2). The
latter four – all associated with habitat quality – were treated equally by the SRP, as the SRP was not
able to reach consensus on how to rank them, and they are thus just bulleted.
1) Adverse effects of unseasonal (dry season) breaches or other sudden changes in water level
and salinity: These effects are perhaps the most critical impacts to the SCRE. Reduced
discharges will reduce water surface levels in the estuary and limit the need/desire to artificially
breach the mouth during typical summer dry period conditions. Maintaining 0.5 MGD, vs. zero
discharge, may stabilize water levels (Figure 5-1 from Final Phase 3 Report; model results
indicate VWRF discharges of 1.9 MGD or less quickly stabilize estuary water levels) in the dry
season, yet reduce the water surface elevation associated with existing discharge levels, which
should reduce the likelihood of unseasonal breaching. For example, at 0.5 MGD, the SCRE
appears to stabilize at approximately 5.3 ft elevation (Table 5-5 in Final Phase 3 Report); artificial
breaching occurred at SCRE stage 7.4 ft or greater during the Phase 3 study period (Table 3-4 of
the Final Phase 3 Report). Anthropogenic dry season breaching has detrimental and, at times,
catastrophic impacts to both tidewater goby and juvenile steelhead (Entrix 2010, USFWS 2005),
and, depending on the timing, can also affect western snowy plovers and California least terns if
nests or chicks are in the location of the breach.
2) Seasonality of wave overwash into the estuary: This phenomenon is not well included in the
Water Balance Model (and thus also not fully accounted for in derivative models from the Water
Balance Model, including the heat and mixing models – Attachment A). The Water Balance
Model assumes a steady inflow of the unmeasured component during spring, summer and fall
(which includes wave overwash). Spring overwash is likely to be higher than summer or fall due
to seasonally lowered outlet channel and beach berm crest morphology. In addition, fall
overwash volumes can vary widely based on fall wave climate. Based on wave analysis
conducted by the SRP, the time periods of largest divergences in the Water Balance Model
(Figure 4-15 in the Final Phase 3 Report) are related to changes in beach morphology and wave
overwash.
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•

•

•

•

Focus on “natural” hydrology: The SRP sees no need to “replace” natural hydrology as a
rationale for discharge from the VWRF. Dry season discharge from the Santa Clara River was
naturally low with the exception of very wet years, and the majority of freshwater input to the
SCRE comes via groundwater flow (based on the Phase 3 hydrogeological study [Hopkins
Groundwater Consultants Inc. 2018]). Moreover, much of the water being treated at the VWRF
and discharged to the estuary comes from either the Ventura River or its tributaries, Lake
Casitas, or deep groundwater aquifers in the Santa Clara River watershed, and therefore would
not historically have been part of the estuary’s freshwater inputs were it not for the VWRF
discharge. Maintaining 0.5 MGD would provide for continued infiltration via the treatment
ponds and subsequent groundwater discharge to the SCRE. The decreased VWRF discharge may
also maintain thermal and salinity stratification and associated refugia for goby and juvenile
steelhead.
Nutrient loading: Reduced VWRF discharge to 0.5 MGD would minimize nutrient loading to the
SCRE and reduce the probability (or duration) of hypoxia that has been observed in the estuary.
Zero discharge may actually result in slightly higher nutrient levels due to the reduction in
infiltration through the treatment ponds. The benefits of “dilution” alluded to in the Phase 3
report are not justified, as loading vs. concentration is the more important determinant of
potential responses in the primary producer community that can lead to eutrophication or
harmful algal blooms.
Salinity stratification: Lower freshwater discharge from the VWRF will help promote some
salinity stratification, particularly following closure and after overtopping events. This
stratification may increase spatial heterogeneity in the SCRE, which may be desirable during
certain times of the year when it can create refugia from the pressures of invasive and/or
predatory species.
Bird habitat: Reduced discharge will decrease foraging habitat for California least terns in the
SCRE, but may increase nesting habitat and reduce the likelihood of nest flooding by maintaining
a lower, stable water surface elevation during the nesting period. However, least terns tend to
nest on the ocean side of berms, and they also forage in the ocean (USFWS 1985), so a decrease
in estuary habitat is unlikely to have an adverse effect.

SRE Considerations by Season
The major determinants listed in the prior section are based on the following understandings about
seasonal SCRE patterns under various discharge scenarios.
Spring
• Zero or low VWRF discharge would have less effect on the estuary function as the mouth closes
in the spring with declining streamflow; spring mouth closure provides low velocity habitat for
the goby during the critical egg and larval life stages and suitable rearing conditions for youngof-the-year juvenile steelhead.
• During the spring, a rebuilding beach berm crest and sand sill forms in the outlet channel, which
reduces tidal influence into the estuary and supports tidewater goby egg and larval life stages
and juvenile steelhead that depend on low estuary salinities. Existing levels of VWRF discharge
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•

•

•

likely increase the duration of opening by increasing the freshwater outflow volume and
expanding scour associated with the tidal prism.
During the spring, as the estuary mouth closes, with higher VWRF discharge there is a decrease
in the number of days with higher levels of salinity in the SCRE (see Figure 5-6 in the Final Phase
3 Report). However, a small level of discharge (0.5 MGD) decreases the number of days and
levels of high salinity in the SCRE when compared to no VWRF discharge, to levels supporting
tidewater goby egg and larval life stages and juvenile steelhead rearing.
The zero or low VWRF discharge would reduce the spring water surface elevation and thus the
likelihood for artificial breaching, which could occur at lesser water surface elevations than
those noted in Table 3-4 of the Final Phase 3 Report, particularly since the beach berm
elevations (Barnard et al. 2009) and outlet channel thalweg elevations are seasonally low as the
beach rebuilds.
Intuitively, a low discharge (0.5 MGD) over a zero discharge may have a beneficial effect by
supporting a slightly longer spring upstream migration period for adult steelhead by keeping the
mouth open longer; however, the duration of mouth opening also depends on factors such as
river discharge, berm conditions, and wave overwash that are not addressed by the model.

Summer
• Zero or low discharge during the summer dry season would reduce the likelihood of artificial
anthropogenic breaching events. Unseasonal breaching is likely exacerbated by VWRF discharge
that “fills” the estuary. Unseasonal breaching is the greatest adverse impact to the fish species
that use the estuary and to nesting terns and plovers.
• Some small amount of VWRF discharge (0.5 MGD) would provide baseline flow to increase the
water surface elevation in the estuary compared to no VWRF discharge, which could increase
the likelihood of breaching at appropriate times (e.g., late fall and winter), depending on wave
climate, volumes of overwash, and discharge from the Santa Clara River (see Table 5-5 and
Figure 5-1 in the Final Phase 3 Report).
• Some small amount of VWRF discharge (0.5 MGD) could prevent the system from staying saline
during drought year. Typically, there is a low likelihood of breaching during drought years, but
wave overwash could increase salinity, and without estuary inflows, the SCRE may retain higher
salinities throughout the summer. While adult tidewater goby can tolerate high salinity
conditions, larval and juvenile goby and juvenile steelhead prefer lower salinities for rearing, so
some discharge may be more beneficial than zero discharge.
• Some small amount of VWRF discharge (0.5 MGD) would decrease the number of days of high
salinity in the SCRE after an artificial breaching event (see Figure 5-7 in the Final Phase 3 Report),
especially when compared to no VWRF discharge.
• Additional inundation area associated with higher VWRF discharges (see Tables 5-4 and 5-5 of
the Final Phase 3 Report) may provide a carbon source from periodically inundated marsh plain
vegetation. However, this may be detrimental from a habitat perspective due to potential for
nest flooding of California least terns and artificial breaching that increases likelihood of fish
stranding.
• Freshening of the estuary will take much longer after an artificial breach if the mouth closes,
assuming the SRP recommended wastewater discharge is the primary freshwater inflow to the
estuary during the summer. Slower freshening would hinder invasive species that prefer stable
freshwater conditions and still provide more stable estuary water levels late into the summer.
• Juvenile steelhead rear in the estuary during spring/summer, and although decreased discharge
results in less habitat area (0.5 MGD = 49 acres of open water habitat versus full discharge = 108
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acres; see Table 5-5 of the Phase 3 Report), habitat conditions would be improved because
unseasonal breaching resulting in mortality or exposure of juveniles to ocean conditions when
they are not physiologically prepared, would be unlikely to occur. Tidewater goby would be
spawning or in larval and early juvenile life stages. A stable, low salinity estuary provides optimal
habitat for these life stages, even if the acreage of habitat is lower. There is no evidence that the
quantity of SCRE habitat is limiting growth or survival of tidewater goby or juvenile steelhead
(see TRT December 8, 2017 comments on November 2017 Draft Phase 3 Report). Therefore,
improving habitat quality should take precedence over expanded habitat quantity.
Fall

•
•

•

Artificial breaching is likely to be exacerbated by VWRF discharge; this is likely the largest
potential adverse impact to the fish species.
Reduced VWRF discharges may promote higher salinities later into the summer and fall seasons
associated with reduced seepage gradients through the beach face, and increased salinity
contributions from wave overwash to overall estuary volume during critical life stages in the
spring and fall. These factors may negatively affect existing nonnative fish species, and help
reduce invasion by new nonnative species (plants and animals).
There may be more rapid rises in water levels and salinity from wave overtopping. Changes in
the seasonality of wave overwash are not included in the spring to fall seasonality of the Water
Balance Model (Table 4-3 of the Final Phase 3 Report, Attachment A). Wave patterns historically
would see an increase in fall overwash from higher waves. This would likely increase relative
salinities (due to lower overall volumes in the estuary), with longer time to freshen under
reduced VWRF scenarios; this could result in a stratified estuary, which could improve habitat
conditions for goby and steelhead (Hayes et al. 2011). However, wave overwash can increase
salinity and cause die-off of freshwater algae, reducing dissolved oxygen levels, which can have
a detrimental effect to juvenile steelhead if levels are too low and upstream migration is not
possible due to low Santa Clara River discharge.

Winter
• Some salinity stratification may occur, depending on breaching, wave overtopping and river
flows.
• Mouth open and connectivity with the watershed facilitate flushing and steelhead migration.
• Additional VWRF discharges during this period have little influence on the estuary.
• As system starts to close again, the VWRF discharge should be reduced to reduce overfilling,
which facilitates artificial breaching and decreases the risk that adult steelhead would enter the
estuary but have insufficient discharge from the Santa Clara River to migrate from the estuary to
spawning tributaries.

Caveats and Additional Considerations
The SRP recommendations include the following caveats and additional considerations for monitoring
and management measures that would improve the scientific understanding of the SCRE. These
considerations are called out by the SRP to improve future decision making without identifying specific
entities required to conduct these.
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1. There is a need for ongoing monitoring and adaptive management. The SRP recommendations
should be periodically revisited as conditions change and additional knowledge is gained
through monitoring. Focus areas for ongoing monitoring should include:
i.
Changes associated with modification in the water management practices of United
Water Conservation District that result in changes to river hydrology, affecting water
quality and water surface level predictions.
ii.
Altered conditions associated with proposed restoration actions in the river and estuary
related to McGrath State Park.
iii.
Rates of estuary filling, stratification and stage need to be monitored and adaptively
managed, especially with changes to the bathymetry of the estuary following large
storm events, and changes to the beach dynamics associated with dredge spoil
placement.
iv.
Water quality conditions associated with changing patterns of discharge from both the
Santa Clara River and the VRWF, particularly frequency, extent and duration of hypoxic
episodes, algal blooms, primary production, and cyanotoxin.
2. Along with the reduced VWRF discharge, there is a need to better quantify the contribution of
groundwater discharge to overall nutrient input to the estuary.
3. There should be improved quantification of the effect of groundwater extraction on direct
groundwater discharge to the estuary.
4. There is a need to improve understanding and quantification of the role and relative importance
of wave overwash in terms of inputs to the estuary with improvements integrated into the
Water Balance Model for high, low, and average wave years.
5. Active invasive plant (i.e., arundo) and animal control (i.e., corvids) should also be part of any
ongoing management of the estuary.
6. Consider moving the VWRF discharge point of entry to further upstream in the estuary closer to
Victoria Avenue Bridge, to create more “natural” heterogeneity in the SCRE by moving the
freshwater input away from the berm and closer to other freshwater inputs.

Rationales Supporting SRP Recommendations
The recommendations developed by the SRP are supported by the following summaries of relevant SCRE
knowledge and insights. These rationales draw from an immense body of past scientific work by the City
and its consulting team, the TRT, and the SRP’s own knowledge and expertise.

Definition of “Natural” Functioning
The SRP recommendations are based on restoring and managing the SCRE to promote “natural” estuary
functioning. Key elements of this “natural” function include:
•
•

Seasonally high flows and episodic high sediment discharge provide mineral and organic matter
to shape the estuary and beach, as well as functions to open the mouth seasonally and provide
flushing
Gradual mouth closure due to the combination of declining winter and spring freshwater flows
from the Santa Clara River, reducing tidal prism and mouth building sedimentary processes due
to longer period waves inducing bar formation
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•
•
•
•

A longer freshening of the SCRE over the spring and summer due to lower seepage during a
closed mouth with reduced surface and VWRF discharge and groundwater discharge
Dependence of sensitive endemic species on seasonal changes in dynamic physical processes
(e.g., overtopping causing changes in salinity) that many nonnative competitors and predators
are not well adapted to
Low nutrient loading to the estuary to maintain oligotrophic to mesotrophic conditions and
minimize the likelihood of harmful algal blooms
Potential for increased stratification and more brackish conditions in the SCRE with lower
freshwater input from VWRF discharge, depending on overwash conditions

Effects of Unseasonal Breaching
Unseasonal, anthropogenic breaching during the crucial summer and early fall life stages of goby and
steelhead pose the greatest risk to these species. In addition, nesting plovers and terns may also be
impacted if they are nesting in the location of the breach. The impacts of an unseasonal breach can be
catastrophic and lead to substantial mortality of fish species and potential plover and tern nests/chicks.
In particular, rapid estuary dewatering can leave fish isolated in small ponds or trapped on mud/sand
flats that were previously shallow water habitats. Observations of an artificial breach have shown
substantial mortality of stranded steelhead and goby in the SCRE (Entrix 2010). Tidewater goby eggs are
laid in burrows and completely susceptible to stranding if water elevations drop. Rapid dewatering can
transport fish out of the estuary to the ocean, or rapidly increase the salinity within the estuary, when
juvenile steelhead and tidewater goby are unable to tolerate rapid salinity changes.
Additionally, the rapid velocity of flows during the breach can activate or mobilize contaminated or toxic
sediments which can further impair water quality including rapid reduction in dissolved oxygen levels in
the estuary (McLaughlin et al. 2012).

Reduced Nutrient Loading
Review of both the Phase 3 report and past water quality analysis show that primary producer
concentrations are above critical levels associated with eutrophication and dissolved oxygen
concentrations are below critical levels at least 40% of the time, primarily during mouth closed
conditions; as noted by the TRT, dissolved oxygen levels often exceeded saturation as well. The primary
sources of nutrients driving these patterns are discharges from the VWRF and groundwater exfiltration.
High nutrient and temperature levels likely also contribute to observed cyanobacteria blooms in the
SCRE. Cyanobacteria were prevalent in the SCRE in 2017. Monthly samples of relative abundance of
community composition showed a wide range of cyanobacteria genera and a high abundance
throughout most of 2017. There were many potentially toxin-producing genera present including the
following: Dolichospermum, Microcystis, Phormidium, Planktothrix, Oscillatoria, Geitlerinema,
Aphanizomenon, Anabaena, and Cylindrospermopsis. Previous studies conducted in 2015 also detected
multiple potential toxin producing cyanobacteria in the SCRE, including Geitlerinema, Anabaena,
Phormidium, Oscillatoria (Tatters et al., 2017).
There were multiple freshwater and marine toxins detected in August 2017. Microcystin concentrations
were 124 μg/L and Anatoxin-a concentration was 19.5 μg/L, both of which are produced by
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cyanobacteria. These concentrations both exceed the California recreational health thresholds, for
which there are 3 thresholds). The Microcystin concentrations are 6-fold higher than the Danger Tier II
threshold, and the recommendation from the CA Statewide Voluntary Guidance
(http://www.mywaterquality.ca.gov/monitoring_council/cyanohab_network/docs/appendix_a.pdf).
The proportion of nutrient loading associated with groundwater exfiltration vs. VWRF is unknown and is
an area that warrants additional investigations. However, reducing nutrient loading from the VWRF can
only serve to improve eutrophication and associated hypoxia. The benefits of reduced nutrient loading
outweigh potential concentration reductions associated with dilution from VWRF discharge. Dilution is a
transient solution because nutrients tend to accumulate in estuarine sediments where they can be
resuspended (particularly during breach or high flow events) and drive future primary producer blooms
(Sutula et al. 2006). In contrast, concentration and load reduction will have longer lasting and more
prevalent benefits to the system.

Replicating Natural Hydrology
Part of the rationale for allowing some amount of VWRF discharge to the estuary is that freshwater
flows to the estuary have been diminished over time due to groundwater extraction and surface water
diversion. In fact, much of the treated VWRF discharged to the estuary comes from either the Ventura
River or its tributaries, Lake Casitas, or deep groundwater aquifers in the Santa Clara River watershed,
and therefore would not have historically been a part of the estuary’s freshwater inputs were it not for
the VWRF discharge into the SCRE.
Although both surface and groundwater use have affected hydrology of the lower Santa Clara River,
Section 3.3.3 of the Final Phase 3 Report does not directly address the issue of “natural” dry season river
flow to the estuary. As the report correctly states, natural flow patterns were highly variable over time,
and dependent on water year type. However, Figure 3-10 does not adequately convey typical dry season
flow to the estuary. Based on a review of source data used in the development of the Santa Clara River
historical ecology analysis (Beller et al. 2011), we can conclude that the predominant historical pattern
was little to no continuous surface flow from the Santa Clara River to the SCRE during summer and fall in
most years, with the exception of groundwater inputs that provide trickle flows in the gaining reach
downstream of Victoria Avenue Bridge and upstream of the SCRE. Although some portions of the Santa
Clara River were naturally perennial during the dry season, most evidence from the 18th and 19th
centuries suggest absence of surface flow in the lower reach (losing reach) before reaching the Victoria
Avenue Bridge (gaining reach). In particular, the reaches downstream of Saticoy are characterized by
deep, coarse alluvial material where most surface flow infiltrated. These reaches were devoid of
wetland or riparian vegetation apart from a large willow swamp on the southern margin of the estuary
that was supported by surfacing groundwater. Furthermore, most small tributaries in the lower river
valley were discontinuous with the mainstem river except following large rain events, providing further
evidence that surface flow quickly infiltrated.
The lack of persistent dry-season surface flow even before the installation of the Vern Freeman
Diversion Dam is important because it suggests that the only freshwater inputs to the estuary during the
summer were likely from local groundwater discharge and limited trickle flows in the gaining reach
downstream of Victoria Avenue Bridge. Modeling of more contemporary conditions (i.e., within the 20th
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century) by USC, Ventura County, the Corps of Engineers and others suggest more continuous dry
season low flows (tens of cfs), likely due to agricultural and urban runoff. Consequently, justification for
VWRF discharge as a “replacement” for historical summer baseflows may be erroneous and more recent
summer baseflows have likely been augmented by land use activities.
The hydrogeological investigation that accompanies the Final Phase 3 Report (Hopkins Groundwater
Consultants Inc. 2018) supports a conclusion that a shallow semi-perched aquifer provides low EC (and
low salinity) groundwater input to the SCRE. Existing surface and groundwater management actions are
unlikely to have altered this condition particularly since the high TDS levels of the groundwater near the
coast make it unsuitable for municipal use and seawater intrusion does not appear to be a problem
(Hopkins 2018). This is consistent with historical conditions shown on the 1855 T-sheet, which include an
extensive freshwater willow swamp on the southern edge of the SCRE, likely supported by a shallow
perched aquifer (Figure 1). During closed mouth conditions, the subsurface geology promotes
groundwater accumulation in this area near the current location of McGrath Lakes.

Historical willow swamp located on
the south side of the SCRE

Figure 1: 1855 T-sheet showing freshwater willow swamp on the south side of the SCRE.

Effects of Surface Water Diversion on the Lower Santa Clara River
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The Vern Freeman Diversion Dam was constructed in 1991, approximately 10 miles upstream of the
SCRE to help provide potable water supply to Ventura County. Surface water diversion at the Vern
Freeman Diversion Dam is as great as 375 cfs, and typically occurs during the descending limb of the
hydrograph when suspended sediment loads drop in the Santa Clara River. Because the greatest amount
of diversion tends to occur during the descending limb of the hydrograph, the discharge that might
normally reach the SCRE in the spring is truncated, which affects estuary water quality conditions, filling
rates, berm closure, salinity, and migration connectivity for steelhead between the ocean and upstream
spawning habitat, and downstream migration to the ocean or SCRE for juvenile steelhead. However,
starting in water year 2018, the United Water District reduced its diversion to meet the National Marine
Fisheries Service 2008 Biological Opinion (NMFS 2008) Reasonable and Prudent Alternative that
provides improved surface flow connectivity during the descending limb of the hydrograph through the
lower Santa Clara River to the SCRE for upstream adult steelhead migration and downstream kelt and
juvenile outmigration. The SRP assumes that diversions may be modified in the future to improve
conditions in the lower river for steelhead and that these improved conditions will also benefit the SCRE.
Additional diversion reductions may negate the need for the SRP recommended 0.5 MGD discharge
from the VWRF.

Seasonality of Wave Climate Driving Sediment Transport and Overwash
A large part of the Water Balance Model utilizes an unmeasured term that includes groundwater and
wave overwash. Presently, the model only directly considers tides to drive seepage across the beach and
salinity exchange in the SCRE. The periods of largest divergences in the model result from measured
water surface elevations (Figure 4-15 in the Final Phase 3 Report), and are related to changes in beach
morphology and wave overwash.
Waves in this region vary seasonally in direction, height and period (BEACON 2009, Barnard et al 2009).
The wave run-up coupled with the tides (i.e., total water levels) drive sand transport along the beach,
which influences the outlet channel thalweg elevation (e.g. beach sill) and the beach berm crest. The
geomorphology of the beach (slope and elevation) affects the wave runup elevation and the berm crest
elevations seasonally, which ultimately determine the overwash volume. Overwash volume, when
combined with the surface and groundwater discharges, affects the salinity levels and temperature in
the estuary.
Waves in the summer tend to come from the south with long periods from an oblique angle to the
shoreline, and generally build the beach berm crest elevation and close the inlet without a major
overwash component, except when the outlet channel is still open. In the fall and winter, waves come
from the west-northwest with longer periods and larger wave heights, which can drive substantial wave
overwash into the estuary. In the spring when the beach tends to be at its lowest elevations, waves can
be a combination of late season winter waves combined with shorter period smaller wind waves, which
can rapidly change the shape of the beach. A period of small wind waves followed by a late season long
period west swell can contribute significant volume of water into the estuary.
For the Phase 3 study period, wave data from the closest wave buoy in the Anacapa Passage (CDIP
#46217) was obtained, filtered to fill any missing data and processed to match the 30-minute intervals
of the water surface elevation data for comparison. A simple wave runup calculation (Stockdon et al.
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2006) appropriate for sandy beaches was used, and the results are shown in Figure 2, which integrates
the recorded water level data and other data shown in Figure 3-28 in the Final Phase 3 Report. Please
note that additional wave transformation and direction could also be factored in, but were beyond the
scope, budget, and charge of this simple wave run up analysis.
From Figure 2, it is evident that wave runup is much higher than the tidal elevations, and can contribute
substantial volumes of salt water depending on beach berm crest elevations (which vary seasonally
between 9 and 14 feet NAVD [Barnard et al. 2009]) and outlet conditions throughout the year. When
wave runup exceeds the berm crest elevation or beach sill in the open outlet channel, then overwash
occurs into the estuary and, depending on the estuary’s water surface elevation, may contribute large
volumes of salt water to the system and raise the estuary water levels. This overwash volume can fill
several feet of the estuary in a few hours around high tides.

Figure 2. Wave runup included with the data from Phase 3 report Figure 3-28.
In December 2015 alone, there were approximately 100 hours of wave runup that exceeded a 13-foot
NAVD beach crest elevation (with some elevations of wave runup over 17’ NAVD) that would have
contributed salt water into the estuary and raised the water surface elevation by about 3 feet. From
Figure 3-3 Phase 3 report, this would have added 400-600 acre feet of salt water into the estuary, and
inundated an additional 75-125 acres of freshwater wetland, riparian, and foredune habitats.
Inopportune timing of removal for calibration of the sondes during the largest wave overtopping event
on December 11, 2015 left a salinity data gap that was not collected during this event, but upon
replacement, the sondes showed substantial increases in salinity.
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Wave overwash volumes, while episodic in nature, currently constitute a much smaller relative portion
of the estuary volume under the existing VWRF discharge. SRP recommended reductions in the VWRF
discharge proposed here would result in wave overwash volumes constituting a higher portion of the
overall water volume in the estuary. An increase in relative volumes of salt water vs. reduced fresh
water would increase the potential for a stratified or more brackish estuary.

Habitat Needs for Sensitive Fish Species
The most fundamental life history requirements for tidewater goby are low velocity, stable water
surface elevations, and low salinities (<15 ppt) during egg, spawning and early larval and juvenile life
stages (e.g., spring, early summer). Early tidewater goby life stages require low salinity water quality for
early growth and survival that typically occurs in the spring, when the hydrograph drops and the beach
and outlet channel thalweg elevation build reducing salinity inputs. Similarly, juvenile steelhead rear in
the estuary during the spring and summer season, and depend on cool water temperatures (<25⁰C,
Boughton et al. 2017), low salinities, and rearing habitat with low velocity flows and abundant food
sources. Unseasonal breaching can result in stranding, transport out of the estuary and exposure to high
salinities in the estuary when they are not physiologically prepared. Out-of-season artificial breaching is
a primary negative impact on survival of these life stages for both species and has resulted in mortality
of tidewater goby and steelhead in the past (Entrix 2010). Even though these breaches were not
typically conducted by the City of Ventura, they are in part a result of high out-of-season water surface
levels caused by VWRF discharge to the estuary.
The Final Phase 3 Report based habitat requirements on primary constituent elements of designated
critical habitat, namely depth and quantity (acres) or habitat; however, recent literature has improved
scientific understanding of habitat factors affecting tidewater goby and steelhead survival. For example,
earlier goby life stages lack tolerance of abrupt salinity changes, such as those that occur during
breaches, particularly artificial breaches (Hellmair and Kinziger 2014; Figure 3). Not only are these life
stages susceptible to transport out of the estuary during artificial breaches, but those that remain in the
estuary are exposed to rapid increases in salinity and are also negatively affected. This early life history
typically occurs during low wave conditions with reduced likelihood of wave overtopping. Artificial
breaches also affect the adult life stage by stranding adults or transporting them out of the estuary to
the coast during summer and fall, as observed by Entrix (2010). The adult life stage is the dispersive life
stage for tidewater goby, and under natural conditions, natural breaching would occur when storm
events increase river flows in the winter and early spring in the SCRE and in adjacent rivers and streams,
such that all of the nearby estuaries breach simultaneously and freshwater plumes along the coast can
guide dispersing adults to adjacent watersheds and provide recolonization or genetic exchange (Lafferty
et al. 1999). The percent of time that the mouth is open, and the number of acres of habitat, are not
good indicators for quality habitat conditions; however, percent time closed during critical life stages
could be a reasonable indicator.
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Figure 3. Size-specific mortality of tidewater goby (n=163) subjected to a 20ppt increase in salinity for 16
hours, illustrating high mortality of juvenile stages and resilience of adults (Excerpt from Hellmair and
Kinziger 2014).
Additionally, adult tidewater gobies can withstand high salinity conditions (i.e., salinities exceeding >41
ppt [USFWS 2005]). Higher salinity conditions could help decrease competition and predation from
nonnative invasive fish, but the SCRE, as it is currently configured, would unlikely become hypersaline,
although it could become more saline at 0.5 MGD or less compared to its salinity under the VWRF’s
current discharge.
The SRP disagrees with the Final Phase 3 Report assumption that goby and steelhead habitats are depthlimited or based on quantity (acres or volume) of habitat. For example, the Final Phase 3 Report
indicates habitat suitable for tidewater goby is between 0.1 and 2 m deep. In fact, this has been
considered an artifact of the methods used for sampling, which generally is limited to people seining
(and hence, limited to the height of their waders or approximately 1-1.5 m) (Goldsmith 2017, personal
communication). Surveys conducted in deeper water portions of estuaries and lagoons have indicated
that tidewater gobies are likely not limited by depth. Steelhead, on the other hand, may need greater
depth to provide cover from avian predators, which supports a low discharge (0.5 MGD discharge level)
over a no discharge level. Terns typically capture prey within 15 cm of the water's surface 1. The
bathymetry of the SCRE is such that between scenarios 7 and 8, there is an increase in the amount of
open water habitat; however, that jump is associated with shallow water inundating shallow mudflats
1

See https://www.fws.gov/r5gomp/gom/habitatstudy/metadata/least_tern_model.htm
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and may not be providing good habitat conditions for juvenile steelhead rearing (see Table 5-5, and
Appendix F). In fact, inundation of this shallow habitat acreage may increase the mortality risk due to
stranding during an artificial beach and rapid dewatering event. The SCRE provides important
acclimation habitat for adult steelhead migrating to upstream spawning tributaries, and for smolts and
downstream migrating kelts, and rearing habitat for young-of-the-year steelhead. Estuary rearing
provides juveniles an opportunity to increase their size before ocean entry, and young-of-the-year
steelhead to exercise a life history strategy of over-summering in a food-rich estuary prior to ocean
entry. Attaining this larger size at ocean entry is critical to maximizing opportunity for ocean survival,
which can even be quite low even for larger juveniles.
Steelhead rearing in coastal estuaries is a well-documented and important steelhead life history strategy
(Hayes et al 2011). Juvenile steelhead that rear in estuaries have been found to grow larger and become
more adapted to surviving the ocean migration and returning as adults to spawn, compared to
steelhead that rear in freshwater tributaries in upper watersheds (Bond et al. 2008, Hayes et al. 2008).
Most nonnative fish predators and competitors in the estuary are less tolerant of saline conditions.
Hence, periods of increased or variable salinity – especially in the fall during the more salinity-tolerant
adult tidewater goby life stage and during the steelhead smolting stage – could improve habitat quality
by making habitat less tolerable to many of the introduced fish predators and competitors.

More Is Not Better
One of the premises of the Final Phase 3 Report is that “more” habitat is better than having “quality” of
habitat; the SRP disagrees with this premise for the following reasons:
1) Tidewater goby typically occur in small coastal estuaries and lagoons (USFWS 2005). For
example, most estuaries and lagoons where goby occurs are 1.25 to 12.5 acres, with most stable
and largest populations occur in lagoons 5 to 125 acres (USFWS 2005; Figure 4).
2) Juvenile steelhead also rear in small coastal estuaries – and often in small estuaries that also
support tidewater goby. Between 1993 and 2014, fish were counted at a trap entering the
diversion canal at the Vern Freeman Diversion Dam approximately 10 miles upstream of the
SCRE (Booth 2016). During this time, 2,338 juvenile steelhead were captured, of which
approximately 10% were young-of-the-year; in addition, kelts were also captured in the trap
(Booth 2016). Typically, United Water transported young-of-the-year back upstream to
tributaries and smolts and kelts to the estuary (or released smolts and kelts back into the Santa
Clara River if there was sufficient flow for volitional migration to the estuary) (Howard and
Booth 2014); the young-of-the-year juveniles likely would have reared in the estuary if not
trapped and transported back upstream. If these numbers are reflective of true abundance (e.g.,
trapping was effective at capturing most of the juveniles), then the quantity of SCRE habitat is
not likely to limit steelhead rearing 2, so VWRF discharge reductions should not be detrimental to
steelhead or gobies. For tidewater goby, a stable estuary in spring and summer with lower
salinity and no artificial breaching would provide better habitat conditions for rearing juveniles
not yet competent to withstand high salinities. Seasonal (e.g., spring, early summer) stable
2

For example, in Scott Creek, Santa Cruz County, the estuary is approximate 4.5 acres and 1, 498 individual
juvenile steelhead were captured and tagged in the estuary between February 2003 and December 2004 (Hayes et
al. 2008), whereas in the SCRE at 0.5 MGD the modelled equilibrium open water habitat is 49 acres (Table 5-5.
Stillwater Sciences 2018) with far fewer juvenile steelhead likely using it for rearing.
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conditions in the estuary would support rearing life stages of both goby and steelhead species.
For both species, the quality of habitat is much more of a factor affecting survival than quantity
of habitat.

Figure 4. Tidewater goby distributions identified in the Recovery Plan (USFWS 2005).
3)

“Open water” habitat in the Final Phase 3 Report is “the area of the SCRE that remains open
water under open-mouth conditions when the SCRE reaches its minimum stage of 4.5 ft
NAVD88 and the constant open water area from the VWRF ponds” (Table 5-5). The estuary is
considered full at 10 feet NAVD. As indicated by the bathymetry of the estuary, open water
habitat increases with stage which increases with VWRF discharge. However, much of the
increase in open water habitat especially above elevation 9 NAVD expands shallow water
habitats up onto the mud flats, creating conditions that, during unseasonal breaches, can result
in increased stranding and potentially increased predation.

Effects on Bird Nesting and Foraging Areas from SRP Recommended Discharge
Western snowy plover and California least tern would also benefit from reduced VWRF discharge that
are recommended by the SRP to enhance conditions supporting rearing of tidewater goby and
steelhead. Preferred nesting habitat for western snowy plover includes beach conditions that would
exist after natural closure events in the late spring and summer, e.g., open beach and foredune habitats
used for nesting above the high tide line on barren to sparsely-vegetated sandy beaches. Artificial
breaches during the summer may impact existing nesting and foraging habitat for the plover and
potentially wash away nests, egg, and chicks if in the location of the breach. Minimizing disturbance to
the estuary and beach after nesting has been initiated in spring would benefit western snowy plover.
California least terns would have increased nesting habitat at lower SCRE stage than currently available
under existing discharge, supporting a low level of acceptable discharge from the VWRF (0.5 MGD).
Although there is potentially more foraging habitat in the SCRE at higher stages with higher discharge
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from the VWRF, it is unlikely that California least terns depend solely on foraging in the SCRE because
they also forage in the ocean.

Conclusions
To authorize discharges to the SCRE, the Regional Board is required to find that the treated wastewater
in question 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. The
“maximum ecologically protective diversion volume” (MEPDV) is the maximum volume or flow of VWRF
discharge that could be diverted from existing SCRE discharge levels (4.7 MGD) to maximize beneficial
uses in the estuary and continue to support sensitive habitats and species.
The SRP analysis begins with the premise that the MEPDV should be 100% (i.e., zero discharge) unless
there is compelling evidence to the contrary. The burden of proof is that any discharge above zero
would improve the ability of the estuary to mimic “natural physical processes and habitat conditions”
and to support beneficial uses, particularly those that support sensitive native species over invasive
species, with an emphasis on species listed for protection under the state and federal Endangered
Species Acts – namely the tidewater goby, southern California steelhead, western snowy plover, and the
California least tern.
The SRP has concluded that the rationale presented to support discharges recommended in the Final
Phase 3 Report is not well-supported and fails to make a compelling case that discharges much greater
than zero would enhance beneficial uses, particularly for sensitive species (Table 5; Attachment A).
Table 5. Summary of reasons why reduced VWRF discharge would improve habitat conditions for focal
sensitive species.
Tidewater goby

Steelhead

Estuary Habitat Conditions in Spring and Early Summer
Low salinity, low
Provides conditions for Provides rearing
velocity, low variability spawning and early life habitat for young of
to stable WSE
stage survival
the year
Unseasonal breaching
Negative effects on
Negative effects on
spawning and juvenile
rearing juvenile life
life stages, due to
stages, due to
stranding, transport
stranding, transport
out of estuary, abrupt
out of estuary when
salinity change
not physiologically
ready, and abrupt
salinity changes
Estuary Habitat Conditions in Late Summer/Fall
Increased salinity from Provides suitable
Allows steelhead to
wave overtopping
habitat conditions for
physiologically adapt to
adults while decreasing ocean salinity
habitat suitability for
nonnative fishes
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Western snowy plover
& California least tern
Provides nesting
habitat, foraging
habitat
Negative effect on
nesting habitat and
potential direct loss of
eggs and young,
decreased foraging
opportunities for least
tern
No effect

Estuary habitat Conditions in Winter
Increased riverine
Estuary filling and
discharge
breaching provide
dispersal for adults to
other estuaries

Allows smolts to access
the ocean, and adults
to enter the estuary
and migrate upstream
to spawn

Natural breaching
improves nesting
habitat for western
snowy plover

In contrast, below is a summary of the major reasons that the SRP’s recommendations will mimic
natural conditions and support beneficial uses in the SCRE:
1. SRP-recommended discharge supports native vs. nonnative species. Decreased discharge (from
VWRF’s current 4.7 MGD to 0.5 MGD or less) will reduce artificial breaching and maintain low
salinity levels in the estuary in spring and summer but increase salinities during the fall. The
seasonal increase in salinity will reduce the likelihood of invasion by aggressive nonnative plant
or animal species, and may be detrimental to those nonnatives that are already in the system.
Furthermore, invasive species management should be a part of any watershed or estuary plan,
and decisions that affect suitable habitat for invasive species cannot be made in isolation from
such watershed management plans.
2. SRP-recommended discharge replaces freshwater inputs. Outside the storm season, the
predominant freshwater input to the SCRE is from groundwater discharge and water from the
gaining reach downstream of the Victoria Avenue Bridge and upstream of the SCRE (with the
exception of diversions by United as described above). This pattern appears to be similar to
what occurred under historical/natural conditions when, during the dry season, surface flow
from the Santa Clara River was intermittent and often percolated into the losing reach upstream
of the Victoria Avenue Bridge without reaching the SCRE; therefore, there was little connected
freshwater input to the estuary, with the exception of very wet years. Moreover, most of the
municipal water being treated at the VWRF and discharged to the estuary comes from the
Ventura River watershed, tributaries, or deep aquifers that would not normally been discharged
into the SCRE. Subsurface conditions at the estuary are largely unchanged from historic and
upstream groundwater management actions, which affect deep aquifers but not the shallow
perched aquifer that provides most freshwater input to the estuary. Therefore, the conclusion
that VWRF discharge is necessary to replace diverted natural inflows is not well-founded. If
United Water’s diversions become modified through long-term agreements – for example,
through a habitat conservation plan process – a zero discharge for VWRF should be revisited.
3. SRP-recommended discharge can help stabilize the estuary and facilitate berm breaching at
appropriate times (late fall, winter). Discharges have the effect of hastening freshening and
increasing the propensity for breaching due to either natural or human induced factors. Wave
overtopping in the fall can rapidly fill the estuary during a time when tidewater goby and
juvenile steelhead are more developed to handle higher salinity levels. Artificial dry season
breaching has perhaps the most detrimental effects to steelhead, tidewater goby, and western
snowy plover and California least tern nests and chicks. These artificial breaches should be
minimized to the maximum extent possible. According to the water balance modeling in the
Final Phase 3 Report, at 0.5 MGD discharge, the SCRE appears to stabilize at approximately 5.3 ft
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elevation; unseasonal breaching occurred at SCRE stage 7.4 ft or greater. Therefore, zero to low
(0.5 MGD) discharge volume best promotes beneficial uses and habitat for sensitive fish species.
In addition, a longer period of brackish conditions, or salinity stratification caused by reduced
seepage through the beach berm may stress nonnative species and provide improved survival
capacity for the sensitive native species.
4. SRP recommended discharge improves water quality. Although some dilution may occur as a
result of VWRF discharge, any benefits would be offset by enhanced nutrient loading associated
with the discharges. Nutrient reduction to the estuary is best achieved by eliminating discharges
with moderate to high N and P levels. Therefore, less discharge from the VWRF as
recommended by the SRP would improve water quality and best support beneficial uses by
reducing overall nutrient loading.
5. SRP-recommended discharge expands/increases habitat necessary for sensitive species. As
discussed at length, more habitat is not always the best prescription; rather the SRP supports
improved habitat quality over quantity. Higher VWRF discharge may result in more total area of
open water and shallow subtidal habitat. However, habitat quality is preferred to quantity for
the species of concern in the SCRE. Tidewater goby often occur in small estuaries, with stratified
water columns that provide thermal, temperature, and salinity refugia. Steelhead rearing is
promoted by maintaining mouth closed conditions for as long as possible during the summer
rearing period. Bird species thrive best if nest inundation is reduced and shallow foraging
habitat is maintained. Low VWRF discharge promotes conditions that best support habitat
quality for all sensitive species.
In sum, the SRP does not believe there is a compelling scientific rationale for substantial VWRF
discharges to the SCRE. In considering the MEPDV, the SRP assumed that any incremental increase in
discharge above zero would need to result in an equal or higher likelihood of maintaining aquatic life
beneficial uses. The SRP recommends a low discharge (i.e., CDL = 0.5 MGD) be considered the maximum
volume discharge (i.e., MEPDV = 90% diversion) because it would maximize the potential for supporting
beneficial uses in the estuary; a CDL of either 0 or 0.5 MGD would achieve this goal. During winter
months when the Santa Clara River is openly flowing through the estuary into the ocean, higher VWRF
discharges such as the volume being currently discharged could be allowed, and would not be expected
to adversely affect beneficial uses. If management changes occur that alter downstream flows (e.g.,
decreased diversion by United, especially in the spring during the natural decline in the hydrograph),
then additional consideration should be given to a 100% MEPDV reduction (i.e., zero (0.0) MGD
discharge).
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Attachment A

SRP comments to Assumptions from Appendix A of the DRAFT Phase 3 Report
Assumption from Appendix A

SRP Comment

1 General Assumptions

(No SRP comments)

2 Suitable Habitat Availability
1.

In examining habitat suitability for selected focal species as well as other
native and nonnative species considered by the Phase 3 study, we rely
upon long established ecosystem “niche theory” that assumes individual
species are adapted to a range of environmental conditions (Grinnell
1917) within each habitat type (Section 1.5.2). Wildlife associations with
key habitat types is presented in Section 3.7 and cross walk tables
showing how habitat use by focal species relates to the more common
estuarine species present in the SCRE is included in the report (Table 3-30
and Table 3-32).

(No SRP comments)

2.

With consideration to changes in the dynamics of SCRE morphology as
well as mouth breaching dynamics, we assume that support of beneficial
uses by fish and wildlife species is represented by observed as well as
modeled changes in water quality conditions and the amounts of open
water, wetlands, as well as other habitat types represented.

The assumption that beneficial uses are a function of the amount of open water and other habitats is not a
valid assumption. Habitat quantity does not necessarily relate to habitat quality. The assessment should
consider temporal variability in the system by identifying a critical condition or period that is important for
focal species survival. For example, temperature or salinity within a defined range during a period of the
year necessary to meet a critical life-stage (e.g., larval) rather than relating beneficial use to overall habitat,
try to relate to conditions during the period of the year most associated with survival of the focus species
and those detrimental to invasive species.

3.

For existing conditions, we assume that available information regarding
habitat use, direct toxicity testing results, as well as literature-based
assessments of potential water quality impacts upon native species are
representative of current discharge conditions

(No SRP comments)

4.

For assessment of future conditions, we assume that habitat suitability
varies in response to common variable used in Physical Habitat Modeling
Simulation (PHABSIM) assessments (Bovee 1986), including depth,
velocity, cover, as well as modeled changes in VWRF discharges affecting
general water quality (Section 1.5).

We are confused over the use of PHABSIM, which is typically used to assess suitable habitat in riverine
systems, but is not commonly used for estuaries – moreover, most researchers have moved away from the
occupancy=quality assumptions inherent in PHABSIM to more sophisticated tools that account for
probabilities of occurrence as a function of habitat variables – common examples would include a basic
GLM or GAM analysis based on available data.

5.

In the absence of more specific information relating habitat suitability to
VWRF discharges (e.g., water depth or water quality), we assume that
suitable habitat varies in proportion to the areal coverage of various
habitats types supporting native and non-native species (e.g., open water,
mudflats, wetlands, riparian, etc.)

As stated above, the assumption that suitable habitat varies in proportion to areal coverage is suspect
because it does not account for key properties that control whether or not a species can persist, such as
temperature, salinity, turbidity, etc. The assumption also may favor ignoring the variability in the system
which may create more favorable habitat conditions for competing species.

3 Water Balance Evaluation
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3.1 General Assumptions
1.

All surface water and groundwater inputs and outputs are assumed to be
represented in the water balance.

Wave overtopping and tidal prism is not explicitly included in the model in the surface water term. This
influences the variability of salt volume seasonally as a result of variations in the berm elevation and inlet
channel dimensions. This term could be much better qualified with readily available buoy and tide data.

2.

Hydrologic characteristics of the SCRE subwatershed are assumed to be
homogeneous (i.e., rainfall, runoff, evaporation have uniform areal inputs
and losses to the water balance).

3.

Historical data used in the water balance (i.e., bathymetry, berm
dimensions, hydrology, etc.) were assumed to be representative of future
and equilibrium SCRE conditions.

There are several problematic assumptions here. The biggest is probably that future conditions are the
same as historic in terms of watershed discharge, discharge from McGrath Lakes, etc. The analysis should
include some consideration of changes in future hydrologic conditions, which are probable given changes in
climate, land use, and water management practices. In addition, the variability in the historic record is
important to understand the role of the VWRF during wet and dry conditions as well as high wave, low
wave conditions. The estuary has not evolved based on average annual conditions. This could be handled
through a series of simple sensitivity analyses.

4.

Data measured at a specific timescale (i.e., 1 hour) was assumed to be
uniformly distributed across that timescale if it was downscaled to a
smaller timescale (i.e., 30 minutes).

(No SRP comments)

5.

Surface water flows from McGrath Lake were assumed to not influence
conditions in the SCRE since there was no evidence of a surface water
connection between McGrath Lake and the SCRE during 2015-2016.

(No SRP comments)

6.

The rate of precipitation was assumed to be constant over the course of a
storm and equal to total rainfall as measured at downtown Ventura
(Station 66E) divided by the duration of the storm.

(No SRP comments)

7.

Subwatershed runoff downstream of Victoria Ave was assumed to be
represented by the Rational Method so runoff is assumed to be a function
of storm intensity, drainage area, and land use within the drainage.

(No SRP comments)

8.

Symmetrical storm-event hydrographs were assumed for calculations of
subwatershed runoff and used the assumptions storms delivering less
than 1 inch of water were negligible; there was no runoff from
contributing areas prior to and following storm; the time from peak
discharge to zero discharge was twice storm duration and was essentially
the total hydrograph duration; and the rising and falling limbs of the
storm hydrographs were linear from zero discharge to peak discharge.

Hydrographs are not symmetrical. A Gaussian or similar type of skewed curve is more reflective of actual
hydrographs. Storms delivering less than 1 inch could still impact hydrology if they occurred after ground
saturation, or when the estuary is near berm crest elevations, and since much of the subwatershed is
paved/hardened this may not be a realistic assumption. 10. Why assume that transpiration is negligible?
Why not use PET or other estimates that account for both evaporative and transpirative losses?

9.

Subwatershed runoff flow from north and south banks of the SCRE
contribute flows uniformly across the SCRE water surface.

(No SRP comments)

10. Transpiration losses by wetland and riparian vegetation were assumed to
be negligible in comparison to evaporation.
3.1.1 Groundwater Flows

(No SRP comments)
Unclear groundwater assumption on whether there was seepage across the beach face into the lagoon or if
there was a tidal signature to the seepage rates.
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1.

Groundwater flow velocities were assumed to be approximated by Darcy
flow through porous media, with flow velocities determined by relative
differences in water levels between the SCRE and monitoring wells and
proportional to the distance between the water level measurements (i.e.,
hydraulic gradient) as well as hydraulic conductivity estimates based on
soil types and grain size.

2.

Groundwater flows were assumed to be approximated by the apparent
(i.e., Darcy) velocity above, multiplied by a cross sectional seepage face
approximated by a length (i.e., along the river bank or beach berm) and
depth, assumed to be equal to the depth to the confining aquitard of the
shallow aquifer surrounding the SCRE.

3.

Groundwater flows were assumed to be contributed to the SCRE in
proportion to the contributing bank lengths between monitoring wells.

4.

Seepage from the VWRF Wildlife Ponds up to Harbor Blvd. was assumed
to be proportional to the measured water levels in wells in GW-13, GW14, and GW-15. Because the data in the well nearest the ocean (GW-12)
did not fluctuate with changing SCRE stage, the portion of seepage flows
from the western-most pond were assumed to flow to the ocean and
were not included in the SCRE water balance.

5.

Groundwater flows from the north bank upstream of Harbor Blvd. were
assumed to be weakly dependent upon to the measured water levels in
wells in GW-8, GW-9, GW-10, and GW-11.

6.

Upstream areas of the north bank were assumed to contribute flows
under all stage conditions in the SCRE because measured water levels in
GW-5 on the north bank were consistently higher than those in GW-4.

7.

Areas of the south bank upstream of Harbor Blvd. were assumed to
contribute no flows under all stage conditions in the SCRE because
measured water levels in GW-7 on the north bank were consistently
higher than those in GW-6.

8.

Groundwater flows along the south bank downstream of Harbor Blvd.
were assumed to be proportional to the measured water levels in wells in
GW-1, GW-2, and GW-3.

3.1.2 Berm Flows
1.

Berm seepage flows are assumed to follow the same Darcy flow relations
governing groundwater flows above (See items 1 and 2 under
Groundwater Flow).

(No SRP comments)
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2.

SCRE mouth berm breaching conditions were assumed based on historical
observations, elevation threshold triggers, and tide ranges as measured at
the NOS Santa Barbara tide station.

Specific assumptions of elevation threshold triggers and historical observations are to vague to evaluate.
The largest wave event in 10 years occurred (December 11, 2015) during this recent period of study, this
changed the beach and inlet location substantially.

3.

The SCRE mouth is assumed to close based upon thresholds based upon
observations of combined surface flows and tidal ranges within either
winter/spring (tidal range is <5.0 ft NAVD88 and net inflow is <65 cfs) or
summer/fall (tidal range is <4.0 ft NAVD88 and net inflow is <30 cfs).

Sediment is moved into the mouth by waves during closure during higher wave runup events, the sequence
of closing may also determine the salinity and stratification that may occur for a period of time following
closure, with persistence determined by the volume of freshwater discharge.

4.

Surface water flow in and out of the SCRE during open-mouth periods was
assumed to be a function of the estimated stage and tide levels.

The tidal prism, largely derived from stage, flow and tide levels also has a velocity which can scour a
channel and maintain it open for longer periods of time during larger spring tides.

3.1.3 Unmeasured Flows
1.

Unmeasured flows used to close the water balance calibration during
SCRE filling periods were assumed to be a combination of base flow, wave
overwash, and drainage of bank storage groundwater.

2.

Unmeasured flow from base flow entering the Santa Clara River channel
downstream of Victoria Ave. bridge was assumed to be a constant 0.36 cfs
during all times based on measurements of surface flow downstream of
Victoria Ave. bridge.

3.

Based on a consideration of the non-linear processes involved in both
wave overwash and drainage of bank storage groundwater, it was
assumed these two components of unmeasured flow can be represented
together in an exponential decay function of the maximum unmeasured
flow from wave overwash and drainage of bank storage groundwater, the
rate of decrease for unmeasured flow from wave overwash and drainage
of bank storage groundwater, and the time after a berm breach sealed.

4.

Maximum unmeasured flow from wave overwash and bank storage
groundwater was assumed to be a constant across a season.

5.

Maximum unmeasured flow from wave overwash and drainage of bank
storage groundwater was assumed to be a constant average of the
seasonally determined maximum unmeasured flow from wave overwash
and drainage of bank storage groundwater when no berm breaches
occurred during a season.

Needs to characterize wave climate and potential magnitude of volumes that could be included in the
overtopping term. Exponential decay may not be the best for wave overtopping since they are typically
episodic events during high tides. Assume that this assumption is also evaluated with both seasonality and
a high wave vs low wave year to see the effect on model parameters. By comparing this with some
additional wave information from buoys (see comments above), we could better qualify the relative
importance of the various unmeasured flows. My sense is that the wave overtopping volume exceeds the
groundwater contributions in the time period of instrumented data, but that may not always be the case
during low wave energy years.

Needs to characterize wave climate and potential magnitude of volumes that could be included in the
overtopping term. Exponential decay may not be the best for wave overtopping since they are typically
episodic events during high tides. Assume that this assumption is also evaluated with both seasonality and
a high wave vs low wave year to see the effect on model parameters. By comparing this with some
additional wave information from buoys (see comments above), we could better qualify the relative
importance of the various unmeasured flows. My sense is that the wave overtopping volume exceeds the
groundwater contributions in the time period of instrumented data, but that may not always be the case
during low wave energy years.

33

6.

Detailed discussions of the unmeasured flow assumptions are presented
in Section 4.1.9 and Section 4.2.2.

(No SRP comments)

3.2 Analysis of Equilibrium Stage and Relative Breaching Frequencies
1.

The equilibrium water balance assumes similar lagoon morphology and
baseline flows as those encountered during the relatively dry 2015–2016
monitoring period. For example, future lagoon morphology is assumed to
be represented by bathymetry/topography conditions during recent
(2012-2016) surveys.

Presumably the lagoon morphology is represented using the hypsometry (stage volume or storage) to
provide an understanding of the relative importance in this assumption, it would be worth knowing how
much storage volume would have to change to affect the quantity of habitat.

2.

Equilibrium stage estimates assume a series of constant VWRF flow
scenarios along with 2015 conditions for all other water balance
components (e.g., river, precipitation, evaporation, tides, etc.) along with
stage-dependent equations to solve for groundwater inflow/outflows.

The equilibrium stage estimates do not track large filling events (presumably caused by overwash), the
constant flow assumption does not allow for these and account for rapid changes in water quality
parameters (crashing DO, or changes in salinity/stratification). This would likely ripple through the mixing
model and perhaps bias model results that tended to show a well-mixed estuary.

3.

The groundwater gradients driving groundwater flows were assumed to
be a linear function of SCRE stage with the equations determined from
2015-2016 data except the east portion of the North Bank Floodplain
which was assumed to be a constant based on 2015-2016 data.

This assumption is a bit confusing, based on this statement that the groundwater flows could be out of the
estuary as well as into it, and that is controlled by the estuary stage relative to both groundwater levels and
ocean tide levels. (at least that is how I think about it), also the relative importance of this groundwater
discharge may vary in dry and wet years, this sensitivity would be helpful to better understand.

4.

Groundwater flow from the VWRF Wildlife Ponds under equilibrium
conditions was assumed to be zero when the VWRF discharge was equal
to zero.

Why this assumption? Wouldn’t this also be driven by the groundwater gradients based on the stage as in
#3?

5.

The mouth breaching frequency analyses assumed a series of constant
VWRF flow scenarios along with available Santa Clara River discharge,
precipitation, tide data, and evaporation rates. All data that could not be
determined from historical records was assumed to be represented by
2015 conditions (e.g., GW levels).

Assumptions related to extrapolation of a single year of data seems to warrant a sensitivity analysis for key
inputs (surface flow, groundwater, overtopping), and varying outputs (berm crest elevation and alongshore
beach berm length).

6.

During the relative breaching frequency model runs, the maximum
unmeasured flow from wave overwash and drainage of bank storage
groundwater was assumed to be equal to the constant average of the
seasonally determined maximum unmeasured flow from wave overwash
and bank storage groundwater that was calculated in the water balance.

This assumption of using constant averages ignores the episodic events, and would tend to bias model
results to show a steady filling rather than episodic pulses. The seasonal variation for each of these
unmeasured parameters is also important to consider.

4 Modeled Changes in Vegetation Community and Habitat Types

Habitat shifts are largely a function of changes in WSE – however, there does not appear to be any
consideration of accretion/deposition or scour (or relative changes in deposition or scour). Is there any way
to account for this important element of elevation changes? From historic photos do we have a sense of
any large fluctuations in the size and shape of the estuary? What about changes in the breach frequency
that may result in water quality parameters (e.g. salinity, DO, temp)
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1.

Existing and future vegetation community types are assumed to be
controlled by average water levels, salinity tolerances, as well as
disturbance due to channel scour and SCRE mouth breaching.

(No SRP comments)

2.

Modeling of vegetation communities was based upon changes from
recent (2016) vegetation mapping and assumes future vegetation
distribution is based upon long-term average SCRE elevations. Using
literature based and observations of water depth associations with
species (Section 5.3.1), the following successional rules were assumed:
a. Riverine reaches. Modeling of future vegetation conditions above
equilibrium water surface elevation (WSE) in riverine habitats subject
to greater scour and disturbance are assumed to remain or shift to
riparian vegetation, whereas areas below the equilibrium WSE are
assumed to remain or shift to open water habitats.
b. Lagoon perimeter. Modeling of future vegetation conditions above
equilibrium water surface elevation (WSE) in lagoon areas subject to
lower scour are assumed to remain or shift to riparian habitats,
whereas areas 0–3 ft below the equilibrium WSE are assumed to
remain or shift to freshwater wetland habitats. Areas deeper than 3
ft below the equilibrium WSE are assumed to remain or shift to open
water habitats. For existing salt marsh habitats, areas lying below the
modeled WSE are assumed to shift to either freshwater wetland
habitats or open water depending upon depth (i.e., water depth > 3ft
shifts to open water).
c. Beach and Foredune habitats. Modeling of future vegetation
conditions above equilibrium water surface elevation (WSE) in areas
near the beach subject to breaching and beach building process are
assumed to remain or shift to open beach and foredune habitats,
whereas areas below the equilibrium WSE are assumed to remain or
shift to open water habitats.
d. Campground Area. Modeling of future vegetation conditions above
equilibrium water surface elevation (WSE) in areas near the McGrath
State Beach campground are assumed to remain or shift to either
riparian habitats or to revert to disturbed/developed habitats near
the campground itself. Areas 0–3 ft below the equilibrium WSE are
assumed to remain or shift to wetland habitats.

(No SRP comments)

5 Water Quality Conditions
1.

Under existing conditions, spatial variations in water quality are assumed
to be represented by synoptic surface water quality measurements
collected during fish and aquatic habitat surveys, longer term seasonal
variations by locations used for grab sampling for NPDES compliance, as

(No SRP comments)
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well as observed differences between water quality Sonde locations.
Temporal patterns in water quality are assumed to be represented by
seasonal synoptic survey results as well as diel variations in in situ water
quality at the three Sonde locations deployed in the SCRE.
2.

Recognizing that VWRF facility upgrades completed in 2011 may have
altered nutrient loading to the SCRE, we assume that conditions assessed
since 2012 are representative of existing water quality conditions in the
SCRE.

(No SRP comments)

3.

Assessment of future water quality conditions are assumed to be solely
attributed to variations in VWRF flows and treatment and do not consider
other variability or changes in nutrient levels or potential contaminants
arriving from areas contributing to the SCRE sub watershed and lower
Santa Clara River.

Not considering contributions from the lower Santa Clara River is a bit suspect. Suggest sensitivity analysis
to account for potential effect of changes in watershed loading. As indicated above, future scenarios for the
lower Santa Clara River may include decreases in diversions leaving more water in the lower river channel.
Even if some of that water never reaches the estuary as surface flow, it augments groundwater that could
affect water quality in the estuary.
The assumptions in this section are predicated on the fact that the data sondes accurately reflect general
conditions in the estuary (e.g. system is well mixed). Given the limited number of sondes and single depth,
the assumption of representativeness should be used with caution.
Is the assumption that there is no legacy sediment contamination or nutrient loading appropriate? (not
stated here explicitly)

4.

Because water quality conditions in the outfall channel location is strongly
influenced by discharges from the VWRF Ponds, we have assumed that
future conditions in the open water portions of the SCRE are primary
determinants of habitat suitability for native species.

(No SRP comments)

5.1 Estuary Mixing Model Assumptions

1.

Mixing model approaches used to assess future salinity as well as nutrient
loads assume complete estuary mixing and that the total of all material
inflows and outflows balance over the course of a day (i.e., mass in equals
mass out). Although these assumptions are not always valid due to nonsteady periods of estuary filling, wave overwash inputs of salinity, among
other factors, this assumption is generally valid based upon the
predominance of uniform water quality conditions with depth (i.e, profile
data) as well as in spatially explicit mapping conducted during seasonal
species surveys (See Appendix F).

2.

The conductivities of SCRE inflows and outflows used in the mixing model
are detailed in Section 4.3 for 2015 – 2016 and Section 5.3 for alternative
VWRF discharge scenarios. The component of unmeasured attributed to
wave overwash and drainage of bank storage groundwater was assumed

As we have previously discussed, and acknowledged, the assumption of a well-mixed system may not be
valid. Also, the zero order reaction kinetics for ambient nutrients, neglect loading from sources other than
the VWRF, which is likely not true.
(No SRP comments)
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to be primarily wave overwash and assigned a conductivity consistent
with seawater. The initial SCRE conductivity was assumed to be 2624
uS/cm based on averages of the measured estuary conductivity after
several months without berm breaches.
3.

The estuary conductivity was assumed to be constant when the outflow
from the estuary through a berm breach was greater than 5,000,000 cubic
feet.

4.

The analysis of conductivity under alternative VWRF discharge scenarios
assumed the estuary conductivity had reached equilibrium before berm
breaching and the time the SCRE mouth was open was sufficiently brief
that the initial SCRE conductivity when the berm breach closed was equal
to 2624 uS/cm. Under frequent berm breaching conditions or after a long
period when the SCRE mouth was open, this assumption is not valid and
the initial SCRE conductivity would be higher.

5.

In assessing the potential for episodic algal blooms and associated impacts
to DO and pH, we assume that nutrient loading can be represented by
VWRF and other sources and that nutrient uptake can be represented on
an areal basis (i.e., areal or “zero order” reaction kinetics not
strongly dependent upon ambient concentrations).

5.2 Estuary Heat Balance Model Assumptions

1.

The estuary heat balance was assumed to be the sum of advective heat
transport from the water balance inflows and outflows and surface heat
exchange transport from insolation (solar radiation), long wave radiation
(in and out), and evaporation.

2.

Heat exchange from heat transport processes not specifically listed in
Section 4.4. (i.e., conduction between air and water, conduction between
water and estuary sediments, etc.) was assumed to be zero.

3.

The estuary heat balance was assumed to be in equilibrium with its
surrounding so the sum of the advective and surface exchange heat
transport processes is equal to zero.

4.

All surface heat exchange processes were assumed to uniformly transport
heat across surfaces.

The assumption of well-mixed and average inflows also bias the estuary heat balance model since one
would expect temperature changes to be shorter term and potentially impact quality of habitat at smaller
microscales.
(No SRP comments)
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5.

Assumptions of the equations and the various parameters needed to
represent advective and surface heat exchange in the SCRE are detailed in
Section 4.4.

6 Comparison of VWRF Discharge Scenarios
6.1 Assessment by Beneficial Use Assumptions
1.

The beneficial use assessment assumes present day support of beneficial
uses may be assessed by present day monitoring of discharge and estuary
stage, groundwater monitoring data, mapping of habitat types, aquatic
and terrestrial species monitoring data, as well as historical and present
day compilations of water quality data.

2.

The assessment assumes future support of beneficial uses may be
assessed using water balance and GIS model approaches to examine
changes in equilibrium estuary stage, changes in open water, wetlands,
and other vegetation community types, water quality conditions, relative
breaching frequencies, as well as other factors.

3.

The analysis of discharge scenarios by beneficial use relies on the
information and tools developed in prior sections, and is thus subject to
the assumptions made in the development of those tools or compilation
of information.

4.

Selection of factors affecting beneficial uses as well as metrics and
threshold criteria for comparison of VWRF discharge scenarios (Section
5.5) were based on the scientific literature and professional judgment,
with the intent to capture the primary determinants of habitat suitability
that are relatable to VWRF discharges. Although several other variables
may potentially affect population levels and abundance, their exclusion
from analysis was considered valid on the basis that (a) they were not
deemed to have large enough effects to be considered, (b) there are not
sufficient data to accurately characterize their effects, and/or (c) their
effects are unaffected by varying VWRF operations. Specific examples of
variables that may affect realization of that beneficial use, but were not
included in the comparison of discharge scenarios, are detailed in the
main text of the report (Sections 5.5.1 through 5.5.11), including rationale
for their exclusion.

6.2 Weighting of Beneficial Uses
1.

Weighting of beneficial uses was based on the assumption that not all
beneficial uses are of equal value, and that protection of rare and
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endangered species, as well as protection of native species and ecological
functions of the SCRE should be prioritized.
2.

The process for weighting was based on the assumption that an expert
consensus approach to the Analytic Hierarchy Process (AHP) for weighting
was effective in accurately reflecting the true relative values of the
beneficial uses of the estuary and the factors supporting those beneficial
uses.

6.3 Determination of Enhancement
1.

The determination of enhancement was based on an assumption that
increased realization of beneficial uses, represented by the scoring of
discharge scenarios by beneficial use and relative weights of each
beneficial use, under current discharge (Scenario 1) relative to the
absence of discharge (Scenario 11) constitutes enhancement of the
estuary.

2.

We assumed that not all beneficial uses must be enhanced under current
VWRF discharges vs an assumption of zero discharge, but that the
weighted balance of beneficial use realization must be greater.

6.4 MEPDV Recommendations
1.

MEPDV recommendations assumed that the AHP weighting process
appropriately weighted ecological beneficial uses, such that prioritization
scores can be used as a measure of the realization of ecological functions
of the SCRE.

2.

We assumed that reductions in beneficial use realization (as measured by
the prioritization score resulting from the AHP) of less than 10% from the
maximum are ecologically protective. The results of the AHP were
reviewed for consistency as well as common understanding of factors
affecting beneficial uses of the SCRE.
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