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Section 1

Introduction

1.1 General Setting

This investigation is being conducted for the Cambria Community Services District (CCSD), which
provides water, and collects and treats wastewater for the town of Cambria and adjacent service
areas. The area of specific interest in this investigation is the lower portion of the San Simeon Creek
valley, extending about 3.5 miles upstream from the Pacific Ocean. The study area and major features
are shown on Figure 1-1.

The study area includes areas underlain by a significant alluvial aquifer along San Simeon Creek,
including the Van Gordon Creek tributary. Near the headwaters, the creek valley forms a steep, narrow
canyon. Along the final three to five miles before reaching the ocean, the valley widens to a floodplain
that is up to approximately one thousand feet wide. The floodplain is underlain by the groundwater
basin and is flanked by steep hillsides that rise 200 to 800 feet above the valley floor. A fresh water
lagoon is present in the lower portion of the valley that serves as an important ecological resource.
This lagoon forms behind an ocean beach berm and is supported by groundwater discharge and
surface water inflows.

CCSD and agricultural water users along San Simeon Creek use wells in the alluvial aquifer.
Groundwater occurs in the alluvial deposits beneath the creek, which drains the western flanks of the
Santa Lucia Range in San Luis Obispo County and discharges into the Pacific Ocean. The alluvial
deposits form flat valley floors, which are used for irrigated agriculture. The alluvial aquifer is
recharged primarily by seepage from San Simeon Creek, which typically flows during the winter and
spring rainy season.

The CCSD has a well field consisting of four potable water supply wells located approximately one mile
inland from the ocean. They also utilize a series of percolation ponds between the well field and the
ocean where secondary treated waste water is recharged back to the aquifer. Pumping during the dry
season results in seasonal declines in groundwater levels since production is supported by removal of
water from storage in the aquifer when the stream is not flowing.

Numerous private wells are present that irrigate farmlands on flat areas adjacent to the creek
bottoms. Native vegetation consists of trees, grass, and shrubs that grow along the creeks and field
borders. Grassy hillsides along the sides of the valleys are used for grazing. San Simeon State Park
occupies the western extent of the basin and includes a large campground, which obtains its water
supply from the CCSD.

1.2 Study Objectives

Extended drought conditions in the central coastal area of California have persisted over the past year,
which have resulted in a limited water supply for the CCSD well field. Studies have been ongoing to
identify additional water sources for the CCSD including indirect potable reuse of the percolated
secondary effluent. However, the persistent drought conditions have elevated concern on availability
of a reliable water supply since water levels continue to decline as aquifer storage is depleted. This
groundwater modeling study has been developed to support evaluation of the basin water
management alternatives to develop additional water supplies for CCSD to meet the emergency
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Section 1 ¢ Introduction

conditions. The specific objectives of this San Simeon Basin Groundwater Modeling study are provided
below.

1. Develop a groundwater model that is consistent with data from the United States Geological
Survey (USGS) WRIR 98-4061 model (Yates and Van Konyenburg, 1998) and the
2007 modeling analysis (Yates, 2007) to allow assessment of potential emergency water
supply alternatives focusing on recovery of brackish basin water near the current
percolation ponds.

2. The evaluation will consider the impacts of vertical flow and density driven flow in the
evaluation of alternatives.

3. The evaluation will assess residence times prior to recovery of treated wastewater effluent
as part of the alternatives evaluation.

4. The model will evaluate impacts of emergency water supply alternatives on San Simeon
Creek, and the fresh water lagoon area.

The evaluation will be based on available existing data, as supplemented by stream elevation survey
and select water quality data that are currently being collected.
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Section 2

Conceptual Model

The basin conceptual model documents the current understanding of the aquifer system at the site and
includes the data that are available to support this interpretation. This site conceptual model is based
on the 1998 USGS report (Yates and Van Konynenburg, 1998), supplemented by additional data that
have been collected since the late 1980s. This conceptual model is used to support development of the
groundwater model that will be used for assessment of emergency water supply alternatives.
Subsequent sections describe the nature and extent of the aquifer system, sources of recharge and
discharge, current aquifer use and a water budget.

2.1 Aquifer System Framework

The aquifer system framework describes the physical configuration of the alluvial aquifer, including its
areal extent, thickness and the lithology of the aquifer materials. The alluvial aquifer in the San Simeon
valley consists of sands and gravels with interbedded finer grain lithologies filling the bedrock valley of
San Simeon Creek and the lower portion of Van Gordon Creek. This alluvial aquifer extends to
approximately elevation -120 feet or deeper in its western extent, and likely extends to the off-shore
area, since the extent of the bedrock valley was influenced by lower sea level elevations in the geologic
past.

Figure 2-1 shows the location of wells and borings for which geologic information is available, with the
path of the cross-section provided on Figure 2-2, which show information based on boring logs, with
generalized interpretation of lithology between the boring locations. The alluvium west of the
confluence with Van Gordon Creek contains a larger percentage of fine grain material interbedded with
more permeable zones and may act as a confining to semi-confining unit for the deeper zones.

Figure 2-3 provides a geologic map produced by the US Geological Survey (Hall, et. al., 1979). This map
shows the extent of alluvial deposits in the San Simeon valley and adjacent areas, along with the
bedrock geology. Several faults have been mapped or inferred in the bedrock units, however, the USGS
concluded that they do not impact the alluvial deposits, so they are not expected to impact the
hydrogeology of the alluvial aquifer (Yates and Van Konynenburg, 1998).

The Hosgri fault zone is located sub-parallel to the coastline is this area and is about two miles
off-shore. This zone was identified as seismically active (Yates and Van Konynenburg, 1998). However,
due to its distance from the San Simeon valley alluvial aquifer, it is not anticipated to impact the
hydrology of the basin.

Bedrock units consist of highly fractured Franciscan rocks that are hydraulically connected to the
alluvial basin, however, their permeability is much lower than the alluvial aquifer and the bedrock has
a limited role in the hydrology of the basin, providing a limited amount of recharge to the alluvium that
is described in a later section.

Figure 2-4 shows the elevation of the bedrock surface that was interpreted from borings in the basin
in the 1998 USGS report (Yates and Van Konynenburg, 1998). This bedrock surface forms the lower
boundary of the alluvial groundwater system.
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2.2 Groundwater Occurance and Flow

The alluvium in the San Simeon basin is saturated, with groundwater near the ground surface at its
western extent. During the periods when water is present in San Simeon Creek, groundwater levels are
similar to those observed in the creek. The depth to groundwater increases away from the creek, since
in many areas of the valley the creek is incised below the adjacent terrace areas.

Groundwater levels decline during the dry periods of the year and in response to pumping. Water
levels are mounded in the vicinity of the percolation ponds that are operated by the CCSD. A
generalized water table configuration for the winter of 1989 is provided on Figure 2-5, showing the
down valley flow direction.

The average hydraulic gradient down the valley is about 0.006 ft/ft, with increased gradients in areas
where the width of the bedrock valley narrows (Yates and Van Konynenburg, 1998). Water level
elevations monitored at wells range from about 52 feet (NAVD 1988) to slightly above sea level at the
western extent. Vertical head differences can be observed at two locations, near the shoreline at well
8R3, and at adjacent shallow and deep piezometers at 9N2 and 9N3.

The 8R3 well has one interval screened in bedrock at depth of 130 to 140 feet, and a shallower zone
screened in the deep portion of the alluvial aquifer from 92 to 102 feet. Water levels in the two
intervals at 8R3 were very similar and do not suggest the presence of a significant gradient between
the fractured bedrock and the alluvial aquifer.

Water levels at the 9N2/9N3 location showed a significant downward gradient present, with the
shallow well showing an elevation of 18.37 feet, while the deep well had a water level elevation of
8.29 feet (NAVD 1988). The water table elevation at the shallow well is considerably higher than other
wells, suggesting that this is a perched interval that is affected by the nearby percolation pond or

Van Gordon Creek and not representative of the principal aquifer system. This is consistent with the
inter-bedded lithology logged in the adjacent well in the upper 20 feet, where well 9N3 is screened.

A fresh water lagoon is present at the western extent of the valley that appears to be in hydraulic
communication with groundwater, since it has water present through most years and has a water level
similar to the adjacent well 8R3.

2.3 Hydraulic Properties

Hydraulic characteristics of interest include the hydraulic conductivity, storage coefficient, specific
yield and effective porosity. Limited characterization has been conducted in past studies, primarily
quantifying hydraulic conductivity using pumping tests at seven wells located along the length of the
valley. Figure 2-6 shows the location of aquifer tests and the hydraulic conductivity that was reported
in the 1998 USGS report (Yates and Van Konynenburg, 1998).

Responses of water levels in wells to stream stage changes were also used to estimate hydraulic
properties, however, these estimates yield a composite of storage coefficient and transmissivity, so it is
difficult to estimate hydraulic conductivity due to the highly variable storage coefficient, which could
range from the specific yield to a confined or semi-confined range.
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The results of the stream interaction estimates did indicate that the aquifer is highly permeable. The
horizontal hydraulic conductivity estimated from pumping tests ranged from 99 to 413 ft/day. The
geometric mean of the hydraulic conductivity is 220 ft/day. Figure 2-7 shows the statistical
distribution of hydraulic conductivity values.

The reported storage coefficients in the USGS Study were low compared to typical estimates for an
unconfined sand and gravel aquifer. This is likely due to the short term nature of the aquifer tests, use
of the pumping well response for analysis and the presence of finer grain interbeds, which would lead
to a confined to semi-confined response rather than physical drainage of pore space in the aquifer.
Based on the lithology of the aquifer, an estimate of 0.1 to 0.2 is estimated for the specific yield and the
effective porosity of the aquifer at the site, based on typical values estimated for this type of aquifer.

Estimating the effective porosity from the specific yield is a conservative approach, since the effective
porosity is likely to be higher than specific yield, which is the drainable portion of the pore space. Some
moisture will be retained under gravity drainage that will contribute to groundwater flow. A lower
effective porosity will result in a higher groundwater velocity, which is conservative for this analysis.

2.4 Boundary Conditions

Boundary conditions describe sources of water inflow and outflow to the basin, and include recharge,
subsurface inflow from surrounding bedrock areas, pumping, stream inflows, outflows and seepage,
evapotranspiration from groundwater, interaction with the ocean and percolation from wastewater
treatment plant effluent disposal ponds. This section describes each of these elements, while the
following section presents estimates of each of the water budget components.

2.4.1 Recharge

2.4.1.1 Recharge from Precipitation

Precipitation is estimated using the data from the San Luis Obispo-Poly Station, which was selected for
use in the 1998 USGS report (Yates and Van Konynenburg, 1998). Mean annual precipitation for the
period 1870-2013 was 21.93 inches. Rainfall increases with distance from the shoreline in this area,
estimates increasing to 40 to 50 inches in headwater areas east of the basin of interest.

Figure 2-8 shows the long term precipitation trend near the site, indicating that precipitation has been
significantly lower than the long term average for the last decade. The majority of the annual rainfall
occurs between November and April. Deep percolation of precipitation past the root zone will recharge
the aquifer and only occurs during significant precipitation events when soil moisture is above field
capacity and available moisture exceeds evapotranspiration demands.

Most recharge from precipitation occurs in irrigated areas, since the native vegetation areas only meet
these conditions during periods of average or greater precipitation. Evaluations during the USGS study
period for the 1998 report, using data from 1988 and 1989, indicated no significant recharge occurred
in the native vegetation areas (Yates and Van Konynenburg, 1998). This report estimated that the
quantity of recharge under average conditions originating from precipitation within the basin at

50 acre-feet (AF)/year, which corresponds to 0.75 inches of recharge, or 3.4 percent of the
precipitation.
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2.4.1.2 Recharge from Irrigation Return Flows

Irrigated agriculture is practiced within a significant portion of the basin. The 1998 USGS report
estimated that 37 percent of the applied water returned to the groundwater system as deep
percolation, which is reasonable for the flood irrigation practices in the late 1980s. Since that period,
irrigation practices have changed and more efficient sprinkler and drip systems are now used. A return
flow percentage of 15 percent of the applied water for current irrigation practices is estimated, based
on professional judgment.

2.4.1.3 Lateral Boundary Inflow

An additional source of water entering the system originates as discharge from surrounding fractured
bedrock. This term is difficult to determine from field measurements, but was estimated in the

1998 USGS report at 150 AF /year (Yates and Van Konynenburg, 1998). This term was estimated from
the contributing tributary areas of bedrock adjacent to the study area and modified downward based

on the calibration conducted by the USGS.

2.4.1.4 Stream Channel Seepage

The most significant source of recharge to the aquifer system is seepage from the San Simeon Creek
channel during runoff periods. Water levels in the basin recover rapidly with the onset of stream flow
in the fall and winter and decline when stream flow ceases in the spring. Stream flows during the

2009 to 2013 time period are shown on Figure 2-9. The quantity of recharge from the stream is a
function of the period of time that the stream is flowing and the amount of pumping that is occurring in
the aquifer.

2.4.1.5 Waste Water Percolation Pond Recharge

Much of the water that is produced by the CCSD is returned after receiving secondary treatment to the
lower part of the basin by discharging to a series of four percolation ponds. The quantity of water
discharged to the percolation ponds during the period 2009-2013 is shown on Figure 2-10. This water
infiltrates to the alluvial aquifer except for a small percentage that is lost to evaporation. The average
discharge during the 2009 to 2013 period was 0.56 million gallons per day (MGD).

2.4.2 Discharge

2.4.2.1 Municipal Pumping

The CCSD maintains a potable water supply well field in the San Simeon basin that provides a
significant portion of the water to the Cambria community. Additional water for the CCSD system is
obtained from the Santa Rosa basin. In addition to the water supply pumping, a gradient control well is
periodically pumped as needed to maintain an adequate westerly gradient from the CCSD well field
toward the percolation ponds to avoid inducing flow of treated wastewater back toward the well field.
Figure 2-11 shows the average monthly pumping rates from the CCSD well field during 2009-2013.
The average production rate from the San Simeon well field over this period was 0.51 MGD.

2.4.2.2 Agricultural Pumping

The alluvial aquifer is used for irrigation within the valley. The agricultural pumping during the late
1980s was estimated in the USGS report at 450 AF/year (Yates and Van Konynenburg, 1998). During
an update to this analysis in 2007, this production was estimated at 180 AF/year, based on changes in
irrigation practices and interviews with water users. (Yates, 2007)
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2.4.2.3 Evapotranspiration from Groundwater

Limited evapotranspiration from groundwater occurs in areas where groundwater levels are near the
surface in riparian areas near the channel of San Simeon Creek. This term was estimated at 30 AF /year
in the USGS report (Yates and Van Konynenburg, 1998).

2.4.2.4 Discharge to Surface Water

Water in the aquifer will discharge to the surface water system during periods when the groundwater
levels are higher than adjacent stream levels. This occurs primarily in the lower extent of the basin
extending from the location of the percolation ponds to the ocean. Figure 2-12 shows the locations
where water was present in the San Simeon Creek channel during February 2014, indicating that
groundwater discharge was occurring in these reaches. Elevations of the water surface (NAVD 1988)
are shown on the figure.

These observations were made during a period when there had been no precipitation for multiple
months. In addition, there is significant subsurface outflow to the ocean that occurs from the basin.
This quantity was estimated by the USGS at 320 AF/year by calibration of their model

(Yates and Van Konynenburg, 1998). Mean sea level in this area is 2.82 feet referenced to the NAVD
1988 datum used in this report. Mean seawater level was interpolated between the primary NOAA tidal
stations at Port San Luis and Monterey (Yates, 2014 personal communication).

2.5 Water Budget

A basin water budget summarizes the components of inflow and outflow to the aquifer at the project
site. The water budget from the 1998 WRIR report is summarized on Table 2-1 and represents
averages for the late 1980s period that was used in the USGS analysis.

Current practices have decreased agricultural pumping and return flows, and the CCSD now uses
percolation ponds rather than the spray irrigation that was used in the late 1980s. The net inflows and
outflows were balanced using estimates of the uncertain terms, primarily ocean outflow, resulting in an
overall net inflow to the basin of 1760 AF/year with an equivalent outflow of the same quantity. The
USGS estimates of areal recharge and lateral boundary inflow were retained for the current study, the
remaining components were based on updates from the 2007 study (Yates, 2007), and flow records
maintained by the CCSD. Components that cannot be measured with available field data, such as the
ocean outflow and stream gains and losses were calculated in the model.
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Table 2-1  Alluvial Aquifer Annual Water Budget Estimates from 1988 USGS Study

Budget Item Inflow (AF) Outflow (AF) Net flow (AF)
Rainfall recharge 50 50
Stream Seepage 950 -410 540
Subsurface Inflow and Outflow
Lateral Boundary Inflow 150 150
Ocean Boundary Outflow -320 -320
Agricultural Water Use
Pumping -450 -450
Irrigation Return Flow 170 170
Nonagricultural Water Use
CCSD Pumping -550 -550
Rural Pumping <-10 <-10
CCSD Percolation 440 440
Septic Tanks <10 <10
Evapotranspiration -30 -30
Change in Storage 0
Totals: 1760 -1760 0

Note: From Yates(1998)
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