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Attention: Gina Dorrington

Subject:

Wastewater Utility Manager

City of Ventura, Phase 3 Santa Clara River Estuary Groundwater Special Study,
Ventura, California.

Dear Ms. Dorrington:

PURPOSE AND SUMMARY

The purpose of this letter-report is to comply with the requirements of the City of Ventura,
Ventura Water Reclamation Facilities' NPDES permit which states in section VI.C.2.b.iii:

"Groundwater Special Study - The Discharger must perform a special study to document
the interaction between the estuary, discharge, and groundwater and determine if the
beneficial use of MUN applies to the water impacted by the discharge.”

In the Fact Sheet of the NPDES permit, section 111.C.1.b there is further explanation of this
special study requirement summarized here as several major points:

i) The wildlife ponds and estuary are known to be hydraulically connected to the
underlying groundwater basin, the unconfined and perched Oxnard Plain
Groundwater Basin. Effluent from the facility must not negatively impact
beneficial uses of the groundwater basin.

i) The State's drinking Water Policy states that all groundwaters of the state are
considered to be potentially suitable for domestic supply unless Total Dissolved
Solids (TDS) is greater than 3,000 mg/l, there is contamination that cannot be
treated, or the source does not provide sufficient yield (average yield of 200 gallons
per day).

iii) The special study required includes investigation of the groundwater basin and
the interaction between the groundwater and the ponds and estuary. Results of the
study should be sufficient to determine whether additional controls to protect the
groundwater are necessary and if the groundwater is a potential source of drinking
water.
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The major findings of this study are as follows:

e The Santa Clara River Estuary (SCRE or Estuary) is located within the Mound
Subbasin, Department of Water Resources (DWR) Bulletin 118 Subbasin number 4-
004.03 (not the Oxnard Subbasin, Bulletin 118 Subbasin number 4-004.02) (DWR,
2003)0

e The Mound Basin has a semi-perched aquifer in the vicinity of the estuary that extends
to a depth of approximately 40 to 50 feet below mean sea level (MSL) and is underlain
by clay layers that extend to a depth of approximately 300 feet below MSL, which
separate the semi-perched aquifer from the main groundwater production zones.

e There are no known wells producing from the semi-perched aquifer zone (based on
Ventura County records) with the shallowest well found having a well screen section
starting at a depth of 360 feet below ground surface, which is below the clay layer.

e The semi-perched or shallow groundwater is of poor quality with historical data
showing TDS values up to 3,907 milligrams per liter (mg/l). These higher values likely
reflect the influx of seawater into the Estuary.

e The shallow groundwater inland of the SCRE has high enough elevations to maintain
a gradient toward the ocean preventing seawater that intrudes the semi-perched aquifer
from traveling landward of the Estuary.

Based on these findings, it is concluded that a MUN designation is not appropriate for the
semi-perched aquifer beneath the Estuary or for surface water within the Estuary.

INTRODUCTION

This letter-report was prepared at the request of the City of Ventura (City) to evaluate
hydrogeologic conditions in the vicinity of the SCRE. Stillwater Sciences (Stillwater) is currently
preparing the City of Ventura Special Studies — Phase 3: Assessment of the Physical and Biological
Conditions of the Santa Clara River Estuary, Ventura County, California (Phase 3 report)
(Stillwater, 2018, [public draft November 1, 2017, interim draft January 1, 2018]). The City has
requested Hopkins Groundwater Consultants, Inc. to address several specific hydrogeologic
conditions for the semi-perched aquifer beneath the SCRE, including characterization of the semi-
perched aquifer soils and clay aquitard/cap, groundwater flow direction, water quality, and
potential for seawater intrusion. This hydrogeologic study is intended to supplement the Phase 3
studies being performed by the City and complete the characterization of groundwater flow in the
vicinity of the SCRE. The SCRE project area is shown on Plate 1 — Project Location Map. The
area within which pertinent data were available and utilized for the study is shown on Plate 2 —
Study Area Location Map.
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Data Sources

The Phase 3 Report (Stillwater, 2018) is the third phase of comprehensive studies
performed by Stillwater for the SCRE. The Phase 3 study includes physical monitoring of surface
water and groundwater at numerous locations in the SCRE over a 22-month period (from about
January 28, 2015 through December 6, 2016), evaluation of the monitoring data, and reporting to
summarize the findings. Prior to the Phase 3 study, Stillwater performed Phase 1 and 2 studies for
the SCRE that also included data collection and monitoring, evaluation, and reporting.

This groundwater study incorporates data from all 3 Phases of studies, as well as
hydrogeological data available from nearby monitoring wells, water wells, and oil wells.
Additional sources of data include hydrogeological and geotechnical studies conducted for the
Ventura Water Reclamation Facility (VWRF), Ventura Harbor Keys Dredge Material
Impoundment Basin, and the Harbor Boulevard Bridge over the Santa Clara River. These data are
listed in the reference section of this letter-report, are used to describe the local hydrogeologic
setting, and used to construct a shallow subsurface profile along the coastline through the SCRE.

FINDINGS

Local Hydrogeologic Setting

The SCRE is located in the southwestern portion of the Mound Basin, however, a portion
of the study area at McGrath State Beach extends into the adjacent Oxnard Plain Basin. A review
of available geological data from deep water wells and oil wells indicates that the basins are
separated by the McGrath Fault zone (also known as the Montalvo Fault, [Yeats, 1988]) which has
a vertical offset in the deeper freshwater aquifer zones of up to approximately 500 feet. Plate 3 —
Hydrogeological Cross-Section Location Map indicates the approximate Mound Basin boundary
(as delineated by Bulletin 118 [DWR, 2003]), the location of the McGrath Fault zone, the
approximate location of wells with pertinent subsurface data, and the location of the
hydrogeological cross-section lines prepared for this study. Plates 4 through 8 — Hydrogeological
Cross-Section A-A’, B-B’, C-C’, D-D’, and E-E’ respectively, show our interpretation of the
regional subsurface hydrogeology within the vicinity of the study area.

As described by Staal, Gardner and Dunne, Inc. (SGD, 1991), the southwestern portion of
the Mound Basin is underlain by undifferentiated recent and older alluvial sediments that extend
to a depth of about 300 feet. The interpretation of data provided by this study indicates the
undifferentiated recent and older alluvial sediments likely extend to a greater depth of
approximately 500 feet in the vicinity of the SCRE. Aquifer zones in the Mound Basin that
comprise the uppermost coarse-grained layers available for groundwater beneficial uses, including
municipal, are located within the base of the older alluvial sediments and are separated from the
semi-perched aquifer by approximately 300 feet of fine-grained sediments (aquitard materials).
These aquifer zones are believed to be equivalent to either the Oxnard Aquifer or Mugu Aquifer
in the Oxnard Plain Basin.
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Groundwater in the recent alluvium that comprises the semi-perched aquifer in the vicinity
of the SCRE is unconfined and receives recharge as; a) direct precipitation, b) underflow from the
Mound Basin to the north and the Oxnard Plain Basin to the south, c) surface water infiltration
from the Santa Clara River (SCR), and d) infiltration of irrigation water (SGD, 1991).

Shallow Subsurface Materials

An interpreted shallow subsurface profile in the vicinity of the SCRE was constructed at
the location presented on Plate 9 — Hydrogeological Cross-Section F-F’ Location Map. As shown,
the north-south Cross-Section F-F’ extends from north of the Ventura Harbor southward through
the SCRE and across the McGrath State Beach area. The subsurface profile shown in Plate 10 —
Hydrogeological Cross-Section F-F’ was compiled from existing data obtained from water well
and oil well descriptive logs and electrical resistivity surveys, hydrogeologic studies and
geotechnical data from the VWRF (SGD, 1991, and Fugro, 1996), the Harbor Boulevard Bridge
over the SCR (Ventura County, 1955), and Ventura Keys Dredge Material Impoundment Basin
study (SGD, 1991).

A cross-section constructed as part of the City’s dredge project study (SGD, 1991) extends
generally east-west from the VWRF eastward through the Olivas Links golf course. The location
of the cross-section is shown on Plate 9, and a copy is included in Appendix A — Ventura Keys
Dredge Material Impoundment Basin Data along with other pertinent hydrogeological data.

As depicted on Cross-Section F-F’, the subsurface conditions in the SCRE area consist of
about 40 to 50 feet of primarily granular coarse-grained alluvial sediments (sand, silty sand with
gravel lenses) to an elevation of -40 feet underlain by primarily fine-grained clay (aquitard)
deposits with interbedded coarse-grained sand and gravel lenses to elevation -300 feet. The upper
coarse-grained unit is referred to as the “semi-perched aquifer” and the lower predominantly fine-
grained unit is referred to as the “clay cap.” In the Oxnard Plain Basin south of the McGrath Fault
zone, the coarse-grained permeable Oxnard Aquifer is located beneath the base of the fine-grained
clayey aquitard units at a depth of approximately 150 feet (see Cross-Section F-F’).

North of VWREF, the subsurface materials in the Ventura Harbor area consist of a thin layer
of granular surficial soil underlain by nearly 300 feet of clay and sandy clay soil (see Cross-Section
F-F’). Discussions with City of Ventura engineering staff (Mr. Brad Starr) indicate the Ventura
Harbor has been dredged to elevation 18 feet below mean lower low water (MLLW) level. We
note that an elevation of 18 feet below MLLW is equal to an elevation of approximately -20 to -
21 feet MSL. Cross-Section F-F* depicts the Ventura Harbor dredge elevation at about 20 feet
below MSL.

Groundwater Evaluation by Stillwater

As described in the Phase 3 report (Stillwater, 2018), groundwater along the north bank of
the SCR near the VWRF wildlife ponds and directly east of Harbor Boulevard, “that portion of
the north-bank floodplain situated closer to the SCRE, had groundwater levels responding to
changes in SCRE stage in a similar fashion as that observed in the south bank wells along McGrath
State Beach. In these four wells (GW-8 through GW-11), groundwater levels typically fluctuated
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with changes in SCRE stage, river flow, and direct precipitation (Figure 3-21a), with
groundwater-levels in wells positioned closest to the SCRE (i.e., GW-9 and GW-10) coinciding the
most with SCRE stage.” For reference, Figure 1 — Response of Groundwater Levels to Changes
in SCRE Stage (Stillwater Figure 3-21a) is included below and the approximate location of
monitoring facilities used in the Phase 3 Report (Stillwater, 2018) is indicated on Plate 11 —
Designated Monitoring Station Location Map.

Figure 1 — Response of Groundwater Levels to
Changes in SCRE Stage (Stillwater Figure 3-21a)

These data show that under high SCRE stage heights, MW-9 and MW-10 were consistently
lower than the SCRE and indicate significant flow to the north toward MW-11. The reverse is true

under low stage conditions where groundwater flow moves from MW-10 and MW-11 toward
MW-9 and into the SCRE.

The Phase 3 Report (Stillwater, 2018) went on to observe that, “Groundwater levels were
consistently higher than the nearby portion of the river bed elevation (or “thalweg™) by
approximately 2 to 8 feet, and were consistently lower than the approximate water surface levels
in the VWRF Wildlife/Polishing Ponds located to the west. The correlation between groundwater
levels and SCRE stage did not appear to deviate during the presumed irrigation season in the drier
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months, indicating that irrigation activities at Olivas Links golf course and the nearby agricultural
fields either: (1) do not cause seasonal changes in the local water table, or (2) do not influence
the water table to the same degree as does the SCRE water volume.”

The Olivas Links golf course uses recycled water from the VWREF for irrigation and does
not utilize a water well. The adjacent farmland north of Olivas Park Drive in the Mound Basin
and south of the Santa Clara River in the Oxnard Plain Basin have wells constructed in the deeper
more productive aquifer zones and do not pump water from the semi-perched aquifer zone.

The Phase 3 Report (Stillwater, 2018) concludes that “groundwater flow was consistently
directed toward the SCRE during open-mouth periods and away from the SCRE during closed-
mouth periods (see Figure 3-20a). As such, the groundwater-flow gradient generally has an
inverse relationship with SCRE stage (Figure 3-21b).”

We concur with the Phase 3 Report (Stillwater, 2018) general assessments of groundwater
flow proximate to the SCRE. In addition, available data indicate a prevailing west-southwest
regional groundwater gradient exists in the semi-perched aquifer within the study area regardless
of whether the SCR mouth is open or closed. As shown on Plate 12 — Groundwater Elevation
Contour Map, October 1, 2015 (Berm in Place), we see the regional gradient in the semi-perched
aquifer results in groundwater flow toward the coastline. In the vicinity of the SCRE, the
groundwater gradient flattens out and flows into and around the estuary. Under these conditions,
groundwater exits the coastal sediments as underflow; 1) through the SCRE berm along the beach,
2 ) into the Ventura Harbor to the north, 3) through the shoreline south of the river, and 4) into
McGrath Lake to the south.

Plate 13 — Groundwater Elevation Contour Map, January 17, 2016 (Berm Breached) shows
a similar prevailing regional gradient inland of the SCRE. The regional gradient under these
conditions changes in the vicinity of the SCRE and forms a groundwater divide south of the SCRE
where flow moves westward to the coastline, northward toward the estuary and the Ventura
Harbor, and southward toward McGrath Lake. The available data indicate that changes in the SCR
mouth conditions cause groundwater flow in the vicinity of the SCRE to range back and forth
between these 2 extremes as the estuary drains and refills (see Plates 12 and 13).

Figure 2 - VWRF Wildlife Pond Monitoring Wells shows the approximate monitoring well
locations. Data from the monitoring wells along the southern edge of the VWRF wildlife ponds
(GW-13, GW-14, and GW-15) show only minor changes in water level due to the influence of
changes in the SCRE stage. These data also show that the recharge mound in the immediate
vicinity beneath the ponds remains above the SCRE stage. Figure 3 — Response of Groundwater
Levels in Wildlife Pond Monitoring Wells (Stillwater Figure 3-20a) is included below for
reference of these study data (Stillwater, 2018).
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Figure 2 - VWRF Wildlife Pond Monitoring Wells

Figure 3 — Response of Groundwater Levels in
Wildlife Pond Monitoring Wells (Stillwater Figure 3-20a)
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The data from wildlife pond monitoring wells indicate that the fairly constant recharge
from the VWREF ponds creates a groundwater mound and dominates the underlying groundwater
elevations. The localized mound causes flow westward toward the coastline, southward toward
the SCRE and northward toward Ventura Harbor. The westernmost monitoring well, GW-12,
located on the west side (beach side) of the wildlife ponds, shows considerably lower groundwater
elevations (10 to 15 feet) than the other 3 wells. This well shows very little mounding effect from
the wildlife ponds, virtually no response to SCRE stage oscillations, and it fluctuates in a manner
that shows tidal and perhaps storm surge influences. This may reflect the presence of highly
permeable river bed deposits that are present in the vicinity of MW-12 and quickly transmit
groundwater laterally toward the coastline.

Based on our interpretation and evaluation of these available data, we deduce that while
the SCRE stage locally influences groundwater levels in monitoring wells GW-9 and GW-10, the
groundwater conditions east of Harbor Boulevard are influenced primarily by SCR flows, regional
precipitation, and irrigation return flows that recharge the semi-perched aquifer. This is shown by
the groundwater levels in MW-8 which consistently remained at elevations between 14 and 15 feet
above MSL throughout the observation period. The groundwater elevation in MW-8 was always
above peak SCRE stage height (see Figure 1) and demonstrates that local groundwater conditions
within the semi-perched aquifer, a short distance inland of the SCRE, provide protective heads and
a constant offshore gradient.

McGrath Lake

Review of the monitoring well data for GW-1 located within about 800 feet of the SCRE,
and GW-2 and GW-3, located about 2,000 and 3,500 feet south of the SCRE, shows an inverse
groundwater flow relationship with the SCRE stages as described by the Phase 3 Report
(Stillwater, 2018). We note the level of McGrath Lake is controlled by pumping water out of the
lake and was typically maintained at an elevation of about 6 to 7 feet above MSL during the period
from January 28, 2015 to December 6, 2016, except for a one-month-period in March 2016 when
the lake level increased to approximately 9 feet above MSL. The higher level appears to be related
to seasonal precipitation and runoff that resulted in corresponding increases in the SCRE stage and
groundwater elevation in monitoring wells GW-1 through GW-3 for that period of time.

Because the three coastal monitoring wells are in a line along the shore, they show a linear
gradient, not a plane surface. Groundwater contours shown on Plates 12 and 13 utilize the closest
study wells perpendicular to the coastline and indicate groundwater flow is directed southward
toward McGrath Lake when the SCR berm is in place and northwestward toward the SCRE when
the berm breaches. Based on the available shallow groundwater monitoring well data south of the
SCRE, it appears the groundwater inflow into McGrath Lake is likely dominated by native
groundwater inflow from the shallow semi-perched aquifer east of McGrath Lake under most if
not all SCRE conditions. The prevailing groundwater flow gradient east of Harbor Boulevard is
established by the relatively constant elevated heads observed in the inland monitoring wells
located just west of Victoria Avenue (see Plates 12 and 13).
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Groundwater Quality/Seawater Intrusion

The SCRE studies present a large amount of data and analyses relative to surface water
quality and interaction between surface water and groundwater flow into the SCRE from the
adjacent VWRF wildlife ponds. This study focuses on the groundwater quality in the semi-perched
aquifer in the immediate vicinity of the SCRE and the potential for seawater intrusion during times
when wave run-up flows over the berm and contributes substantial seawater to the surface water
impounded in the estuary. As depicted on the groundwater elevation contour maps shown on
Plates 12 and 13, the overall groundwater flow direction for the semi-perched aquifer is westward,
generally parallel to the SCR.

As indicated on Plate 9, the southern portion of Ventura Harbor is located about 500 to
1,200 feet north of the VWRF wildlife ponds and approximately 2,000 feet north of the SCRE. As
depicted on Cross Section F-F’ (see Plate 10), the Ventura Harbor dredged elevation of about 20
feet below MSL is well below the thalweg in the SCRE. Based on internet research, the Ventura
Harbor commenced operations in 1963, and ocean water has been present in the Harbor for over
50 years. To date, none of the shallow monitoring wells constructed in the vicinity of the harbor
indicate seawater intrusion into the semi-perched aquifer.

The City’s report for the Ventura Keys dredge material impoundment basin (SGD, 1991)
describes the hydrogeologic setting and groundwater quality in the semi-perched aquifer for the
impoundment basin on the east side of Harbor Boulevard north of the SCR. The report describes
the groundwater in the semi-perched aquifer at the dredge impoundment site as “calcium-
magnesium-sulfate in chemical character, with TDS (total dissolved solids) concentrations
ranging from 1,268 to 3,596 parts per million (ppm).” Based on their evaluation, the report
concluded ““the semi-perched aquifer has been affected by water recharging the system from the
Santa Clara River, irrigation water return flow (Olivas Park Golf Course and upgradient
agriculture), and seepage from the VWRF clarification ponds. A comparison of semi-perched
aquifer water quality to the effluent from the treatment plant was made using a trilinear analyses
diagram. These data suggest the effluent to be of similar quality to the semi-perched aquifer water,
with lower TDS on average.”

The study also reported that higher TDS and electrical conductivity (EC) concentrations
were observed in the western portion of their study area (monitoring well MW-7 adjacent to the
VWRF wildlife ponds). The study indicated “monitoring well MW-7 has an EC of 5,880
pmhos/cm and a TDS concentration of 3,907 ppm” while the easternmost monitoring well near the
Olivas Park Golf Course (MW-4) “displayed the lowest EC and TDS values of 2,160 pumhos/cm
and 1,268 ppm, respectively.” They concluded “these numbers suggest degradation in water
quality to a more brackish nature to the west”” (SGD, 1991). We believe these data reflect the
influx of seawater into the estuary, where mixing and above ground movement of the saltier water
inland of the Harbor Boulevard Bridge contributes to the elevated salt levels in the underlying
semi-perched groundwater. Figure 4 — SCRE Breached Berm and Refill Conditions conceptually
shows the mixture of the various water sources that refill the estuary after the beach berm begins
to re-establish and the furthest point inland where seawater can encroach.
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Figure 4 — SCRE Breached Berm and Refill Conditions

Under these conditions, there is likely moderate mixing of the denser brackish water in the
estuary with the underlying groundwater as a result of the higher density of the saltwater mixture
in the overlying body of water in the SCRE. After the beach berm is re-established and the estuary
fills, the continued seaward movement of groundwater eventually pushes the shallow groundwater
seaward and establishes a saltwater/freshwater interface nearer the shoreline. This condition is
conceptually shown in Figure 5 — SCRE Full with Prevailing Shallow Groundwater Conditions.

This dynamic likely occurs on a cyclical basis and the extent to which brackish/saline water
can be transported inland depends on the stage of the SCRE and the elevation of the SCR thalweg
when ocean water is introduced into the SCRE. Because the VWRF wildlife ponds are located on
the western portion of the SCRE, groundwater recharge from the ponds will continue to discharge
along the shoreline westward of the natural groundwater recharge location that is provided by
brackish/saline surface water within the SCRE.

Figure 5 - SCRE Full with Prevailing Shallow Groundwater Conditions
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The semi-perched aquifer is relatively shallow and based on the Ghyben-Herzberg
principle, only 2 feet of fresh groundwater above MSL in the semi-perched aquifer is required to
provide sufficient freshwater head to retard seawater intrusion based on the density difference
between ocean water and groundwater. Even during drought conditions, the groundwater
elevations measured in MW-8, MW-9, MW-10, and MW-11 provide protective heads at all times
around the estuary (see Figure 1). Available data from MW-1, MW-2, and MW-3 indicate that
the coastal area between the SCRE and McGrath Lake also has sufficient head that prevents
landward movement of seawater. These protective water level conditions are observed by the
study to be present even during drought conditions.

Based on the available data (SGD, 1991), the water quality data indicate the groundwater
in the semi-perched aquifer beneath and in the vicinity of the SCRE is generally not suitable for
use as a potable water supply because of the natural comingling of ocean water recharge from
within the estuary.

Active Wells in the Vicinity of the SCRE

The semi-perched aquifer in the Mound Basin and the northwest portion of the Oxnard
Plain is not presently and has not historically been produced for beneficial uses. The absence of
wells in this aquifer zone is largely a function of its poor quality water and low production
potential. Historical well records indicate that wells have been constructed beneath the clay cap
in deeper more productive aquifer zones with a better quality groundwater. Table 1 — Active Wells
Proximate to the SCRE summarizes existing wells and the construction details of the well screen
section.

Table 1 — Active Wells Proximate to the SCRE

MOUND BASIN WELLS
L DEPTH OF
iy STATE WELL NUMBER PRODUCTION ZONE BENEFICIAL USE

(FEET)
1 02N23W14H01S 407 - 1,137 AGRICULTURE
2 02N23W13E01S 523 -1,123 AGRICULTURE
3 02N23W13F02S 521 — 982 AGRICULTURE
4 02N23W13G01S 360 — 860 AGRICULTURE
5 02N23W13K03S 800 — 1,200 AGRICULTURE
6 02N23W13K04S 800 — 1,200 AGRICULTURE
7 02N22W18N01S 660 — 1,200 AGRICULTURE
8 02N23W24F01S 365 — 927 AGRICULTURE
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Table 1 — Active Wells Proximate to the SCRE (continued)

OXNARD PLAIN BASIN WELLS
— DEPTH OF
STATE WELL NUMBER | PRODUCTION ZONE BENEFICIAL USE
NO.
(FEET)

9 02N22W19P01S 160 — 300 AGRICULTURE
10 02N23W25G02S 100 — 206 INDUSTRIAL
11 02N23W25H01S 130-238 AGRICULTURE
12 02N23W25M01S 150 - 223 AGRICULTURE
13 02N23W25R02S 162 - 182 AGRICULTURE
14 02N23W25Q01S 190 — 220 DOMESTIC
15 02N23W35B01S 140 — 196 INDUSTRIAL

The approximate location of these wells in relation to the SCRE is shown on Plate 14 —
Active Water Well Location Map. As indicated by available data, all wells in the Mound Basin
have perforated intervals (production zones) that begin at depths greater than 350 feet below
ground surface. Inthe Oxnard Plain Basin, the production zones of active water wells are at depths
greater than 100 feet below ground surface (see Table 1). In both basins, the well production zones
are located below the shallow confining clay layers. The lower aquifer zones produced by
historical wells are protected from degradation that could emanate from the SCRE in the semi-
perched aquifer zone because of: 1) the clay aquitard layers, 2) the protective groundwater
elevations, and 3) the offshore gradient that persists even during drought conditions.

CONCLUSIONS

The SCRE is located in the southwestern portion of the Mound Basin and is underlain by
the semi-perched aquifer. The semi-perched aquifer consists of an unconfined layer of sand and
gravel and extends to an elevation of approximately 40 to 50 feet below MSL. The semi-perched
aquifer is underlain by an aquitard layer(s) (clay cap) consisting primarily of clay and sandy clay
with lenses of sand and gravel to an elevation of approximately 300 feet below MSL which
separates the semi-perched aquifer from the main groundwater production zones. There are no
known wells producing from the semi-perched aquifer zone. Based on Ventura County records,
all active wells produce from aquifer zones that are over 350 feet below ground surface.

Shallow groundwater in the semi-perched aquifer remains at elevations that are sufficiently
high enough to prevent landward movement of saltwater that could result from a greater density
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of the ocean water. Groundwater quality in the semi-perched aquifer beneath the SCRE is poor
and non-potable as a result of natural ocean water influx into the estuary. The prevailing offshore
groundwater gradient in the vicinity of and beneath the SCRE continues to control the
brackish/saline water that mixes within the estuary and degrades the underlying semi-perched
groundwater (see Figures 4 and 5). Available data indicate that the various inland sources of
groundwater recharge to the semi-perched aquifer maintain the prevailing offshore flow conditions
that prevent further onshore movement of the brackish groundwater, even during drought climatic
cycles. Based on these conditions, we conclude that a MUN designation is not appropriate for the
semi-perched aquifer beneath the Estuary or for the surface water in the Estuary.

CLOSURE

This report has been prepared for the exclusive use of City of Ventura and its agents for
specific application to the VWRF Estuary Studies. The findings, conclusions, and
recommendations presented herein were prepared in accordance with generally accepted
hydrogeological engineering practices. No other warranty, express or implied is made.

O

Sincerely,
HOPKINS GROUNDWATER CONSULTANTS, INC.

Curtis J. Hopkins

Principal Hydrogeologist

Professional Geologist GEO 5695
Certified Engineering Geologist EG 1800
Certified Hydrogeologist HG 114
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Plate 8 — Hydrogeological Cross-Section E-E’
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Breached)
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Appendix A — Ventura Keys Dredge Material Impoundment Basin Data
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