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Foreword from Santa Paula Basin Technical Advisory Committee

This Santa Paula Basin Hydrogeologic Characterization and Safe Yield Study (Safe Yield
Study) was prepared at the request of United Water Conservation District (United) in 2014 as
part of a coordinated effort by the Santa Paula Basin Technical Advisory Committee (TAC) to
determine safe yield of the Basin and to explore alternatives that could be implemented to
enhance Basin yield. The Superior Court of the State of California for the County of Ventura
entered a stipulated judgment to establish pumping allocations and establish a management
plan for the Santa Paula groundwater basin (United Water Conservation District vs. City of San
Buenaventura, original March 7, 1996, amended August 24, 2010 [hereinafter “Judgment’]).
The Judgment provided for the creation of a TAC with equal representation from United, the
Santa Paula Basin Pumpers Association (SPBPA), and the City of San Buenaventura. Under

the Judgment, the TAC is required to monitor hydrogeologic conditions in the Basin and to:

“...undertake or cause to be made studies which may: assist in determining the amount
of water which can be taken from the Basin without causing overdraft; assist in
determining whether surplus or temporary surplus water exists, and if so, to what
extent; identify additional replenishment sources for the Basin; develop programs for
the conjunctive use and operation of the Basin; and provide such other information as
may be useful in developing a management plan for operation of the Basin. The
Technical Advisory Committee shall also consider and attempt to agree upon the safe
yield of the Basin.”

The goal of this Safe Yield Study was to estimate safe yield of the Basin with available
information and using conventional analytical methods. In initiating this Safe Yield Study, the
TAC recognized that there may be limitations in such an approach or with available data, but the
study could still contribute to informed Basin management until a comprehensive, numerical
groundwater flow model is developed. In parallel with planning and execution of the Safe Yield
Study, the SPBPA initiated a study to identify additional replenishment opportunities and
develop programs for enhancing the operating safe yield of the Basin (Practical Measures/Yield
Enhancement Options Study). Together, the Safe Yield Study and Practical Measures/Yield
Enhancement Options Study are expected to further the ability of the TAC to guide basin
management efforts that will help in “meeting the reasonable water supply needs of the parties,

including protection for historic users, without harm to the Basin” as stated in the Judgment.
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Respectfully submitted,

Santa Paula Basin Technical Advisory Committee
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Executive Summary

Daniel B. Stephens & Associates, Inc. (DBS&A), in association with Richard C. Slade &
Associates, LLC (RCS) performed this hydrogeologic investigation and safe yield study of the
Santa Paula Subbasin (the Basin) for the United Water Conservation District (UWCD). Basin
safe yield was last considered in 2003 by the Santa Paula Basin Expert Group, who concluded
that extraction of 26,000 acre feet per year (ac-ft/yr) is sustainable based on “relatively stable or
small declines” in groundwater elevation during the study period. However, since that time data
have indicated long-term groundwater elevation decline within the Basin despite average annual

groundwater extraction of approximately 26,000 ac-ft/yr.

The objectives of this study were to estimate safe yield of the Basin based on available
hydrologic data and standard methods and improve conceptual hydrogeologic understanding of

the Basin to support the safe yield analysis and groundwater management planning.

The Basin is oriented along a northeast-southwest direction within the Santa Clara River
watershed of Ventura County, California. The Basin is located within a Mediterranean-type
climatic zone characterized by long dry summers and short mild winters; annual average
precipitation ranges from 17 to 19inches per year along the Basin floor. Surface water is
drained from the Basin primarily by the Santa Clara River, which flows from northeast to
southwest along the southeastern Basin boundary. Santa Paula Creek, the largest tributary of
the river within the contributing subwatershed, drains a large portion of the Sulphur Mountain

foothills, the Topatopa Mountains, and Santa Paula Ridge to the north.

Water-bearing formations include Holocene and Pleistocene undifferentiated alluvium and the
underlying San Pedro Formation. In general, the alluvium is divided into two basic units: the
younger alluvial channel deposits along the Santa Clara River (maximum thickness 80 to
100 feet), and the older alluvium (200 to 300 feet thick). Significant low-permeability layers
have been identified within the alluvium, correlated with Holocene alluvial fan deposits. The
San Pedro Formation is of Pleistocene age, unconformably underlies all alluvial sediments in
the Basin, and is exposed at ground surface along the hillsides north of Santa Paula. The
reported thickness of the San Pedro Formation is as great as 4,000 feet.

vii
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Aquifer properties (transmissivity, hydraulic conductivity, and storativity) were compiled from
previous reports, municipal supply well aquifer tests, and UWCD well database specific capacity
values. Near the northeastern Basin boundary hydraulic conductivity of active channel deposits,
undifferentiated alluvium, and San Pedro Formation were estimated to be 300 feet per day (ft/d),
126 ft/d, and 118 ft/d, respectively. Near the southwestern Basin boundary, average hydraulic
conductivity for the active channel deposits and undifferentiated alluvium were assumed to be
300 ft/d and 94 ft/d, respectively. Structural complexities in the southwestern boundary region
(including the Country Club fault and Oak Ridge fault zone) are assumed to at least minimize
hydraulic communication and groundwater flow across the southwestern Basin boundary within

the San Pedro Formation.

Available Basin storativity values range from 1x10™ to 9x10° and these values are
considered representative of the confined and/or semiconfined aquifer units. The general
direction of groundwater flow is toward the southwest, and the hydraulic gradient was estimated
to range from 0.001 to 0.006 feet per foot, based on groundwater elevation contour maps that

were prepared with respect to the geologic strata in which the wells are perforated.

Hydrologic groundwater balance estimation was conducted to provide a basis for safe yield
determination and to improve understanding of relative Basin inflow/outflows for ongoing
groundwater management planning. Groundwater balance component magnitudes were
estimated based on available data and using standard methods (e.g., Fetter, 2001; Freeze and
Cherry, 1979), consistent with the DBS&A proposed technical approach (DBS&A, 2013). The
hydrologic base period used for the groundwater balance was water years 1999 through 2012
(i.e., October 1, 1998 through September 30, 2012). Recharge by deep percolation of irrigation
and precipitation was estimated in part by application of an advanced watershed model
developed by DBS&A, known as the Distributed Parameter Watershed Model (DPWM). The
change in groundwater storage in the Basin was based on statistical trend analysis of 64 wells

throughout the Basin.
Average annual groundwater inflows over the base period were estimated to be 37,260 ac-ft/yr,

and average outflow was estimated to be 37,313 ac-ft/yr. The principal groundwater inflow
component was lateral underflow from the Fillmore Basin (25,244 ac-ft/yr, 68 percent of the total

vii
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inflow), with the remainder attributable to deep percolation of precipitation (6,549 ac-ft/yr, 18
percent of the total inflow), deep percolation of irrigation (3,879 ac-ft/yr, 10 percent), Santa
Paula Creek percolation (1,105 ac-ft/yr, 3 percent), and percolation from wastewater effluent
and septic systems (483 ac-ft/yr, 1 percent). The principal outflow component was groundwater
extraction (25,505 ac-ft/yr, 68 percent), while the remaining outflow was attributed to natural
outflow, that is, the combination of lateral outflow, discharge to surface water, and riparian
evapotranspiration (11,808 ac-ft/yr, 32 percent). Groundwater inflow increases significantly in
wet years relative to that in dry years; however, the groundwater balance analysis indicates that
most of the increased inflow exits the Basin as natural groundwater outflow in the wet years
rather than increasing long-term groundwater storage in the Basin. The net decline in the
amount of groundwater stored during the hydrologic base period was estimated to be 53 ac-
ft/yr, with a possible range of 42 to 1,477 ac-ft/yr based on a sensitivity analysis. Although
numbers are reported to the nearest acre-foot per year, the authors are not asserting that level

of accuracy in the findings of this Study

Uncertainties in the groundwater balance are due to data limitations and necessary
assumptions inherent to Basin-scale hydrologic analyses, and are typical of similar studies in
arid and semi-arid environments. Data gaps and limitations include the relatively short base
period (fourteen years), limited gage data for Santa Paula Creek and the Santa Clara River, lack
of Basin-specific storativity values representative of the unconfined or semiconfined
undifferentiated alluvium, and the generally poorly understood conditions that govern outflow to
the Mound and Oxnard Forebay Basins. In addition, the DPWM incorporates simplifying
assumptions necessary for Basin-scale watershed modeling, including the assumption of
constant annual irrigation rates and land use over time during the base period, and

homogenous properties (e.g., vegetation, soil-type) within each 295-ft x 295-ft model grid cell.

Annual average safe yield of the Basin was defined as the maximum quantity of water that can
be withdrawn annually without causing an undesirable result such as gradual lowering of
groundwater levels. Safe yield of a groundwater basin should not be taken simply as the sum of
all groundwater inflows; rather, sustainable groundwater extraction is limited to less than long-
term annual recharge because of natural system discharge. Therefore, safe yield of the Basin

was estimated based on the sum of groundwater inflows minus natural groundwater outflow,
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which is also assumed equal to the sum of historical groundwater extraction and change in
groundwater storage. Groundwater level decline and Basin storativity were identified as the
most significant potential sources of error impacting the safe yield estimate. A sensitivity
analysis was conducted to calculate an acceptably conservative safe yield range given
uncertainty related to those parameters. Based on this analysis, a current safe yield range of
24,028 to 25,463 ac-ft/yr is recommended. Therefore, despite limitations in the groundwater
balance, this sensitivity analysis indicates that the range of uncertainty in the resulting safe yield

estimate is approximately 1,500 ac-ft/yr (average percent difference of 6 percent).
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1. Introduction

At the request of United Water Conservation District (UWCD), Daniel B. Stephens & Associates,
Inc. (DBS&A) in association with Richard C. Slade & Associates, LLC (RCS), conducted a safe
yield study for the Santa Paula Subbasin (the Basin) located in Ventura County, California
(Figure 1). The objectives of the study were to update the safe yield of the Basin based on
available hydrologic data and standard methods and to improve hydrogeologic conceptual
understanding of the Basin to support groundwater management planning. The safe yield study
is being conducted concurrently with an operational study being led by the Santa Paula Basin
Pumpers Association. The operational study is evaluating alternatives for augmenting Basin

supply and increasing safe yield.

The remainder of this section provides background information and a general Basin description.
Section 2 summarizes the results of previous major studies of the Basin that were reviewed as
part of this study. Section 3 of this report provides a hydrogeologic description of the Basin.
Section 4 provides water balance calculations, including significant groundwater inflow and
outflow components. Section 5 presents the methodology and determination of Basin safe
yield.

1.1 Background

UWCD is authorized to conduct groundwater management activities within the Basin. In March
1996 a stipulated judgment by the Superior Court of the State of California created a Technical
Advisory Committee (TAC) composed of UWCD, the City of Ventura, and the Santa Paula Basin
Pumpers Association. The TAC monitors groundwater levels and quality, groundwater
pumping, Basin inflow and outflow, changes in stored groundwater, and determines the safe
yield of the Basin (UWCD, 2014a).

Basin yield was last considered in 2003 by the Santa Paula Basin Expert Group (SPBEG). The
SPBEG reported that the average pumping rate during the base period for their evaluation
(1983 through 1995) was approximately 26,000 acre-feet per year (ac-ft/yr), and concluded that

this extraction rate is sustainable based on “relatively stable or small declines” in groundwater
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elevation during the study period (SPBEG, 2003). Since that time, UWCD has documented
declines in groundwater levels within the Basin over various evaluation periods (UWCD, 2013a),
including recent years (e.g., 1999-2011), and over the longer historical period (e.g., 1944-2005),
despite pumping volumes that averaged 26,000 ac-ft/yr. Therefore, the Basin yield analysis is
being updated such that future groundwater extractions at the revised value, and under current

water balance conditions, would not result in continued long-term decline in groundwater levels.

1.2 Basin Description

The Basin is located in the lower elevations of the 1,613-square mile Santa Clara River
watershed (Figure 1). The Basin is located in Ventura County, California, and includes the City
of Santa Paula, the town of Saticoy, and portions of the City of San Buenaventura (City of

Ventura).

UWCD reports (e.g., UWCD, 2015) typically include two separate Basin delineations (Figure 2):

e Based solely on the extent of alluvial deposits and extending to the approximate
boundary with the Sulphur Mountain, South Mountain, and Santa Paula Ridge foothills.

e Based on the Basin Settlement boundary as determined in the March 1996 Superior
Court of the State of California stipulated judgment establishing a management plan for
the Basin (United Water Conservation District vs. City of San Buenaventura, March 7,
1996), which includes the extent of Basin alluvium and extends further northward into
the South Mountain and Santa Paula Ridge foothills to include outcrops of additional

formations, primarily the San Pedro formation.

For the purpose of this report, the Settlement Basin Boundary is used as the Basin boundary.
As defined by the Settlement boundary the Basin is oriented along a northeast-southwest
direction and is approximately 10 miles long and 36 square miles in area. The Basin is
bordered to the north by the low-permeability bedrock units of the Sulphur Mountain foothills,
Santa Paula Ridge, and the Topatopa Mountains, on the south by the South Mountain foothills,
on the northeast by the Fillmore Basin, and on the southwest by the Mound Basin and the

Oxnard Forebay Basin.
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The subwatershed contributing to Santa Paula Basin (excluding Santa Clara River flow from
upgradient areas of the watershed) was defined based on geographic information system (GIS)
subwatershed delineation data provided by UWCD. The subwatershed has an area of 115
square miles and includes the Santa Paula Creek subwatershed (extending to the Topatopa
Mountains) and the Sulphur Mountain foothills to the north of the Basin (Figure 2). The
subwatershed is bordered on the west by the Ventura River watershed, on the east and
southwest by the remaining portions of the Santa Clara River watershed, and on the southeast

by the Calleguas Creek watershed.

Land use within the Basin includes high-slope mountain foothills of Sulphur Mountain and South
Mountain with minor agricultural development, significant agricultural areas on the basin floor,
and urban developments within the cities of Santa Paula and Ventura and the community of
Saticoy. Major agriculture in the Basin includes citrus, avocados, row crops, and strawberries
(UWCD, 2013b).

The Basin is located within a Mediterranean-type climatic zone characterized by long, dry
summers and short, mild winters. Nearly all precipitation occurs in the winter months.
Precipitation rates are variable, and cyclic patterns occur, sometimes with sub-average rainfall
over several consecutive winters (droughts). Annual average precipitation rates over the last
30 years (1981-2010) increase moving from south-to-north, averaging from 17 to 19 inches per
year (in/yr) along the Basin floor to 36 in/yr at the mountain peaks north of the Basin boundary
(Figure 3). The 1890 to 2011 water-year average precipitation for the Basin floor is 17.51
inches (UWCD, 2013e).

The Basin is drained primarily by the Santa Clara River, which flows from northeast to
southwest along the southeastern Basin boundary (Figure 2). Santa Paula Creek is the largest
tributary of the Santa Clara River within the contributing subwatershed and drains a large
portion of Sulphur Mountain, the Topatopa Mountains, and Santa Paula Ridge to the north,
reaching its confluence with the Santa Clara River near the eastern Basin boundary.
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2. Previous Studies

Various groups within the Santa Clara River watershed have studied hydrogeologic conditions
in the Basin. Several previous studies that were reviewed as part of these water balance
calculations and updated safe yield determination are summarized in Sections 2.1 through 2.9.
In addition to those studies listed below, DBS&A was provided two recent studies in September
2015: (1) a preliminary evaluation of historical changes to the Santa Paula Creek channel and
potential effects on Basin recharge (Hopkins, 2015) and (2) an independent underflow

assessment between Fillmore and Santa Paula Basins (Bachman, 2015).

2.1 1993 Santa Paula Basin Water Resource Evaluation

Law-Crandall (1993) performed a water resource evaluation of the Basin on behalf of UWCD. A
groundwater budget was performed with a base period of 1956 — 1990, which was recognized
as a relatively ‘dry’ period. The study concluded that the Basin was recharged primarily by
surface-water percolation and subsurface inflow from the Fillmore Basin; most groundwater
exited the Basin by extraction, with a lesser amount attributed to subsurface outflow. The
average net pumpage demand from the basin was 22,000 ac-ft/yr. The total safe yield of the
Basin alluvium was determined to be 20,000 ac-ft/yr based on the Hill method; and it was stated
that an additional 800 ac-ft/yr was being “mined” from the San Pedro Formation. From 1956 to
1990, groundwater extraction and drought were estimated to result in a cumulative loss of
27,000 ac-ft of groundwater in storage, and the report concluded that the Basin was likely in a
threatened state of overdraft at that time.

2.2 USGS Groundwater/Surface Water Study

This U.S. Geological Survey (USGS) study focused on quantifying surface water/groundwater
interaction in the Piru, Fillmore, and Santa Paula basins (Reichard et al., 1999). Field data
collected included surface water gaging, groundwater level monitoring from nested wells, water
quality sampling and isotopic analysis, and aquifer “slug” tests for hydraulic properties.
Analytical modeling was also used to evaluate time series data of shallow groundwater levels

and Santa Clara River levels.
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Surface water gaging along the Santa Clara River within the Santa Paula Basin from 1993 to
1995 indicated a net surface water gain, and this was attributed to discharge of groundwater
from the shallow alluvial aquifer to the river. Eight gaging measurements were conducted, six
during releases from Lake Piru (Figure 1) and two during “zero-release” conditions.

Two sets of nested groundwater monitoring wells were constructed within the eastern portion of
the Basin; locations are shown on Figure 4, along with hydrographs for each well. For the
03N21W15G01/-02/-03/-04/-05 monitoring well series (referred to as SP-1 in the USGS report)
a 120-foot-thick low-permeability unit was observed in geophysical logs from 100 to 220 feet
below ground surface (ft bgs). Groundwater level hydrographs for this nested well indicated that
the 120-foot-thick low-permeability unit acts as a confining unit and hydraulically separates the
shallow alluvial groundwater (50 to 100 ft bgs) from the deeper alluvial and San Pedro

Formation units (greater than 250 ft bgs) at this location.

The 03N21W16H05/-06/-07/-08 monitoring well nest (referred to as SP-2 in the USGS report) is
located approximately 4,000 feet west of the 03N21W15G monitoring well series (Figure 4). At
this location, a 60-foot low-permeability unit was logged from ground surface to 60 ft bgs, and a
20-foot-thick low-permeability unit was logged from 80 to 100 ft bgs. Groundwater level trends
for monitoring wells at all depths in this location responded similarly to seasonal pumping

patterns.

Aquifer slug tests were conducted at all depths for both of the monitoring well nests in the Basin.
Resulting hydraulic conductivity values ranged from 18 to 100 feet per day (ft/d) for depths
representative of the alluvial aquifer and from 15 to 68 ft/d for depths representative of the San
Pedro Formation (based on formation depths reported by UWCD [2013a]).

Stable isotope analysis of groundwater samples (delta-deuterium and delta oxygen-18) for the
deepest interval at 03N21W16HO5S, the deepest well at this location (530-500 ft bgs) and
03N21W16HO08S, the shallowest well at this location (50-70 ft bgs) reflects recharge from local
runoff from mountains to the north. Results of stable isotope analysis for the remaining
groundwater samples for both nested wells were consistent with recharge from the Santa Clara
River. Radioisotope (tritium and carbon-14) analyses indicated groundwater ages of 300 to

400 years old in the deepest intervals of both nested monitoring wells (Reichard et al., 1999).
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2.3 2003 Investigation of Santa Paula Basin Safe Yield

Previous safe yield analysis of the Basin attempted two approaches: (1) Modified Hill Method,
which is based on a statistical regression between groundwater levels and annually extracted
groundwater volumes and (2) change in groundwater levels over a base period, which
compares groundwater levels at the beginning and end of a base period to determine if
groundwater extraction has caused a net decline (SPBEG, 2003).

The SPBEG study used 1983 to 1995 as a base hydrologic period, and groundwater pumping
over this period averaged 26,000 ac-ft/yr. The Modified Hill Method reportedly did not result in
an adequate correlation and therefore could not be used. The study stated that over the base
hydrologic period, water level measurements for 14 wells with adequate data indicated an
average decline of 4.9 feet, with more pronounced decline in the western portion of the Basin as
compared to the eastern portion. However, the authors also stated that the “small amount of
drop in water levels indicates that there is no apparent overdraft (i.e., long-term lowering of
water levels) in the Basin, with the exception of the very west end of the Basin where it appears
that water levels have fallen somewhat over the period which was considered.” Based on this
interpretation, the authors concluded that Basin extraction of 26,000 ac-ft/yr is “sustainable” and

would not adversely affect the Basin.

2.4 Santa Clara River Flow Percolation Investigation

In August and September of 2010 and 2011 UWCD staff conducted flow gaging of the Santa
Clara River to estimate river percolation within the Basin (UWCD, 2013c). UWCD field
monitoring in 2011 was more extensive compared to 2010 and provided the primary basis for
the UWCD study’s conclusions. Streamflow measurements were collected using a handheld
acoustic Doppler velocimeter (Sontek Flowtracker) at transects including an upstream location
(Willard Road) and downstream location (Orr Rd) (Figure 5). Pressure transducers were also
set at these locations, and flow was then estimated as a function of river stage. Percolation
along the 5.1-mile reach of the river was estimated by the difference in upstream and
downstream flow, while accounting for inflow from Santa Paula Creek, surface water diversions,

and riparian evapotranspiration.
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Average river reach percolation for August-September 2011 was estimated to be 4.0 cubic feet
per second (cfs) (ranging from a net gain of 2.3 cfs to a net loss of 8.6 cfs). However, UWCD
also concluded that the “error bars” associated with the analysis (e.g., due to uncertainty with
diversion volumes and evapotranspiration rates) are “larger than the total percolation calculated
for the Santa Clara River reach under investigation.” UWCD also acknowledged that river

percolation under high-flow conditions remains undetermined.

2.5 Santa Paula Creek Percolation Investigation

UWCD staff conducted streamflow gaging of the lower reach of Santa Paula Creek from April
2011 to February 2012 (UWCD, 2013d). Handheld acoustic Doppler velocimeter (Sontek
Flowtracker) measurements were used to estimate creek flow at two locations located
approximately 2 miles apart along the lowest portion of the Creek (Figure 5). Maximum stream
reach percolation to groundwater was measured to be 6.4 cfs, which was reported to be within
the accepted range of error for the methodology. Gaining conditions were also observed on
several dates. UWCD reported field identification of seeps along walls of the creek and
attributed this seep flow to localized perched water table conditions caused by low-permeability
lenses and percolation of irrigation water at a nearby ranch. Significant discharge was also
noted in a drain located along the creek channel leading from a city water supply reservoir.
Regional groundwater levels were found to be at least 47 feet below the channel elevation. It
was therefore concluded that the channel of lower Santa Paula Creek had not intercepted the
regional water table and that regional groundwater was not a source of water resulting in

gaining conditions along the reach.

2.6 Santa Paula Basin Groundwater Elevation Trend Assessment

UWCD conducted a detailed analysis of trends in historical groundwater levels within the Basin
(UWCD, 2013a). Basin wells were assigned to hydrogeologic depth zone classifications after

Mann (1959), based on their screened intervals and generalized geologic cross sections:

¢ Recent (i.e., Holocene) Alluvium (bottom of the well screen less than 110 ft bgs)

e Older Alluvium (screened between 110 to 300 ft bgs)
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e San Pedro Formation (upper screened interval starting at greater than 300 ft bgs)

e Older Alluvium and San Pedro Formation (screened across intervals less than 300 ft bgs

and extending to depths greater than 300 ft bgs)

¢ Wells with unknown construction

Hydrographs were generated for 90 wells and plotted on maps for each depth zone
classification. Annual high water levels were also determined for 13 selected wet years during
the interval 1944 to 2011. Long-term decline among periodic highs were observed for the
majority of the wells over the evaluated time periods (Table 1). Shallow alluvial wells located
near the Santa Clara River showed the least annual variability, while wells located in the west
and central Basin areas perforated in the San Pedro Formation and/or the Older Alluvium
showed the greatest declines. Average groundwater level decline over the period 1944 to 2005
was 13.3 feet or 0.22 feet per year (ft/yr). The period 1983 to 1995, used for the previous safe
yield estimate (SPBEG, 2003), exhibited an average net decline of 1.6 feet, or 0.13 ft/yr. More
recently, the 1997 to 2011 period exhibited an average net decline of 2.4 feet, or 0.17 ft/yr.

2.7 Infiltration Potential of Precipitation Falling on Developed Lands and
the Fate of Applied Groundwater Within UWCD

UWCD conducted water balance modeling for developed areas in groundwater basins within
UWCD boundaries for the period 2010 to 2012 (UWCD, 2013b). Water balance modeling
considered infiltration and deep percolation of applied irrigation water, runoff and infiltration of
precipitation, recharge by wastewater treatment plant (WWTP) effluent, and downward leakage
through low-permeability units that act to confine certain portions of the UWCD area. For the

purpose of this study, the Santa Paula Basin was considered to be uniformly unconfined.

Modeling of precipitation was based on the U.S. Department of Agriculture Natural Resource
Conservation Service (NRCS) Curve Number methodology, which provides an empirical
approach for estimating runoff based on mapped land use and soil properties. Precipitation
water that did not run off was considered to be available for infiltration into the soil.
Evapotranspiration, run-on of water from upland areas of the watershed, changes in soil

moisture storage, and deep percolation of precipitation past the root zone were not considered.
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Estimation of deep percolation of applied irrigation considered salt leaching and percolation
based on non-uniformity of water application and was based on a 2010 study of local irrigation
practices by the Irrigation and Training Research Center (ITRC, 2010). Leaching requirements
(LR), defined as the percentage of applied water needed to leach salts from the root zone,
ranged from 5 percent (sod) to 19 percent (avocado), and the area weighted average was
16 percent. Additional percolation was considered based on non-uniformity within irrigation
systems, or the distribution uniformity (DU), defined as “the measure of the uniformity with which
irrigation water is distributed to different portions of a field” (ITRC, 2010). DU is largely related
to pressure differences present within irrigation delivery networks. ITRC selected a DU value of
0.8 to be representative of local agriculture and suggested that irrigation non-uniformity results
most often in the deep percolation of water past the root zone. The percentage of “return flow,”
or the amount of applied water that percolates past the root zone, considered both LR and DU

and was reported to range from 39 to 42 percent for agricultural areas of unconfined basins.

Return flow in developed areas (municipal, industrial, and domestic) considered recharge from
recycled water percolation basins, septic systems, and landscape irrigation (assuming an LR of
0.16 and a DU of 0.8). Return flow percentage for developed areas was 64 percent for all three

years considered.

2.8 Santa Paula Basin 2012 Annual Report

The 2012 Santa Paula Basin annual report summarizes Basin conditions and collected data,
including precipitation, creek flow, diversions, extractions, water quality, and groundwater levels
(UWCD, 2015). Extractions for 2012 totaled 25,824 ac-ft/yr, with 96 percent of total pumping
assigned to Santa Paula Basin Pumpers Association individual party allocations. Historical
annual pumping (1980 to 2012) ranged from 16,710 ac-ft/yr (1983) to 33,453 ac-ft/yr (1990) and
averaged 25,699 ac-ft/lyr.  Groundwater level trends are documented, as discussed in
Section 2.5 (UWCD, 2013a). Primary groundwater quality concerns included sulfate, total
dissolved solids (TDS), hardness, iron, and manganese, which are elevated in some cases
above secondary maximum contaminant levels (MCLs) and/or micro-irrigation plugging hazard

indices. Also included within this report are informative maps documenting extractions by
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individual wells, and the UWCD-delineated groundwater potentiometric surface was shown to

extend throughout the Basin and into the bordering Fillmore and Mound basins.

2.9 Ventura County Watershed Protection District Groundwater Section
Annual Reports, 2008 to 2013

Ventura County Watershed Protection District (VCWPD) releases annual groundwater section
reports that document results of the County’s regional groundwater level and water quality
monitoring program and data shared by other agencies, including UWCD. According to the
most recent VCWPD (2013) report, water quality in the Basin has not changed substantially
since 2007. As also documented by UWCD (2013e), TDS, sulfate, manganese, and iron are
elevated above their respective secondary MCLs in some locations within the Basin. Water
samples from two agricultural wells were analyzed for inorganics (Title 22 metals), and all were
found to be below their respective primary MCLs. A hydrograph is presented for Santa Paula
Basin “key well” 02N22W02C01S, showing clear water level declines from 2009 to 2013,
consistent with recent drought conditions.

For recent annual reports, potentiometric surface maps are presented for the entire Santa Clara
River Valley, including the Basin, for fall and spring. VCWPD potentiometric surface maps
reflect flow from northeast to southwest within the Basin, and indicate regional groundwater
inflow from the Fillmore Basin and groundwater outflow to the Mound Basin and the Oxnard

Forebay Basin.

2.10 Confining Bed Evaluation for Santa Paula Basin

Kenneth D. Schmidt and Associates prepared a confining bed evaluation for the alluvial portions
of the Basin on behalf of the Santa Paula Pumpers Association (KDSA, 2015). Well completion
reports and geophysical electric logs (E-logs) were used to generate maps and a cross section
of low-permeability units within the Basin that are interpreted to confine groundwater
(reproduced in Appendix A). Two southwest-northeast and three northwest-southeast trending
geologic sections were developed. KDSA designated two primary confining units, termed

Confining Bed A and Confining Bed B. Confining Bed A was interpreted to extend laterally
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through the maijority of the alluvium within the Basin northwest of the Santa Clara River, with
thicknesses of 140 to 300 feet and extending up to or near land surface. Confining Bed A was
absent near most of the reach of the Santa Clara River and decreased in thickness approaching
the river from the northwest. Confining Bed B was interpreted to be less extensive and deeper
(with the top of the bed occurring approximately 300 to 400 ft bgs and 50 to 130 feet thick), and
present only in the northeastern section of the Basin (east of R22W and north of Highway 126).
Unconfined groundwater was identified in stream deposits above Confining Bed A and beneath
or near the Santa Clara River; groundwater in the Basin was interpreted to otherwise be
confined.

11
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3. Basin Hydrogeology

Descriptions below have been interpreted largely from work by California State Water
Resources Board (SWRB, 1953), Mann (1959), mapping published by Dibblee (1992), Law-
Crandall, Inc. (1993), and RCS E-log correlations and well construction projects in the Basin. A
map of surficial geology, presented in Figure 6, shows that the northern portion of the settlement
boundary roughly aligns with the outcrop of the Saugus Formation (equivalent to the San Pedro
Formation, discussed below), except for the narrow canyons where the boundary follows the

geologic contact of the shallow alluvium.

3.1 Electric Log Correlations

Geologic cross section diagrams prepared by RCS are presented in Appendix B. The cross
sections were developed based on geophysical E-log correlations, and UWCD provided profiles
of the ground surface and scanned/digitized versions of E-logs across the Basin using their
Rockworks E-log database.

In order to define the subsurface geology throughout the Santa Paula Groundwater Basin, RCS
relied on the availability of water well and oil well E-logs in the region and various published
reference materials (described in Section 2) that discuss the surficial and subsurface geologic
conditions in the region. Many of the available E-logs for oil and gas wells and water wells in
the Basin had already been acquired and reviewed by RCS during the course of prior
groundwater studies. Further, UWCD maintains an extensive E-log database for the Basin.
Thus, the E-log correlations and the E-log correlation network that were independently
established by RCS for prior projects in and around the Santa Paula Basin formed the basis
upon which the new and enlarged E-log correlation network for this project was eventually

developed using the additional data provided by UWCD.

E-log correlation was necessary for RCS to independently corroborate the interpreted depths of
geologic contacts in wells throughout the Basin. This correlation work was useful in determining
the contacts between the undifferentiated alluvial materials and the San Pedro Formation in

various boreholes in the Basin. E-log correlation work also helped define potential offset along
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the Country Club fault, which helped to estimate the geometry of the outflow boundary
(Section X-X' in Appendix B) used for the outflow calculation (Sections 4.7.2).

Key data sources for the available E-logs included:

e California Division of Oil, Gas and Geothermal Resources (CDOGGR), which has
subsurface data (and E-logs) from the numerous wildcat and producing oil and gas wells

in the several oil fields in the region

o Pacific Section of the American Association of Petroleum Geologists (AAPG),
particularly their cross section CS-30 (Hopps et al., 1995)

¢ UWCD E-log database and construction reports for water wells in the Basin, including

those previously prepared by RCS and those prepared by other consultants

¢ |Interpretation of the E-log signatures associated with the key Fox Canyon member of the
San Pedro Formation, as derived from Plate 26 in the work by Mann (1959) (discussed

below).

Alignments for the cross sections were chosen by RCS based on E-log availability. Two cross
section alignments were ultimately chosen: A-A’, which is located near the southern portion of
the Basin, and B-B’, which lies near the northern end of the groundwater basin; both sections
trend in a generally northwest-southeast direction, perpendicular to the longitudinal axis of the
Santa Paula Basin. Alignments of the cross sections are shown on the Location Map in
Appendix B.

As is standard for development of cross sections from interpretation of E-logs, correlation began
with deep E-logs, significantly deeper than the depths of interest for the safe yield study. Vital to
defining possible key marker beds on the E-logs and to understanding the overall stratigraphy in
the region were the basic oil industry data and reports on shallow and deep stratigraphy.
Subsurface locations and alignments for the nearby oil fields, namely the Saticoy Oil Field and
the South Mountain Oil Field Area Bridge, were also available on the topographic base maps
and in literature for the region. These data and records helped provide the perspective of the oil

13
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industry professionals on shallow and deep geologic formations in the region and also provided
the basic control on the character of the spontaneous-potential (SP) and the resistivity curves
on the various E-logs. These oil field data also help establish the depth to the top and bottom
(base) of the San Pedro Formation across the region. In addition, a “type log” for the area was
used to help define the subsurface geologic contact between the undifferentiated alluvium and

the underlying San Pedro Formation.

The distinctive E-log signature of the “main Fox Canyon Sand” (or Fox Canyon Aquifer, as it is
commonly known) within the San Pedro Formation was first defined by Mann (1959, Plate 26;
defined in a personal communication between John Mann and Richard Slade in the mid-1970s
as the Standard Oil Company, Maulhardt Community No. 101-A, in Section 1 of TIN/R22W of
the Oxnard Plain). Previous work by RCS geologists in the Santa Paula Basin identified that
distinctive signature on the E-log for an oil well named “S.P.S (North) 2,” and this is considered

to be the “type log” for the Santa Paula Basin for the purposes of this report.

E-log correlation began with the logs previously correlated by RCS for prior projects in the
region, including the type log well S.P.S. (North) 2. The basic character and the changes in the
character of the SP and resistivity curves were examined laterally and vertically throughout the
Basin. Perforation intervals, the driller's terminology, and even the color of the sediments (if
provided by the driller on a log) were annotated on each available water well E-log, to be used
as additional tools to help understand existing conditions and changes in the lithology relative to

the E-log signatures.

Key results of correlation work are as follows:

e Correlation of the San Pedro Formation based on E-Log signatures was somewhat
problematic due to the unconformable nature of the contact between that formation and
the overlying “Qoa, or basal gravels” deposits shown on the cross sections. Deformation
and erosion of the San Pedro Formation prior to deposition of the older alluvium deposits
define that geologic contact as an angular unconformity. E-log correlation work
suggests that the San Pedro Formation beneath the Basin has been deformed by
tectonic forces over geologic time. In general, this deformation is expressed as a

synclinal-type structure within the San Pedro Formation within the Santa Paula Basin.
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This structure in the San Pedro Formation is corroborated by analysis of the outcrop
pattern along the northern flank of the basin. In general, ground surface exposures of
the San Pedro Formation strata in the low-lying foothills of the Sulfur Mountains are
parallel to the alignment of the Santa Paula Basin. The pattern of older sediments
outcropping at progressively greater distances from the longitudinal axis of the Basin
suggests synclinal structure. Geologic mapping by Dibblee (1992; basis for geologic
map presented in Figure 6) shows strike-and-dip measurements in the San Pedro
Formation (labeled as the Saugus Formation on the 1992 Dibblee map) that strike
parallel to the axis of the Santa Paula Basin and dip toward the axis of the basin at

angles on the order of 45 degrees.

The existence of the Country Club fault is confirmed by the correlation work. Although
the offset along the Country Club fault is distributed among numerous fault splays and
correlation across the fault is difficult, the estimated total offset along the fault is roughly
500 to 1,000 feet. The geologic materials on the northeast side of the Country Club fault
appear to be downthrown relative to those on the southwest side of the fault.

The base of fresh water (based on interpreted low TDS concentration), as interpreted by
E-log correlation work, is shown on both cross sections. In the central part of the Basin,

that contact is deeper than the total depth of the two cross sections.

On the southwestern side of Section B-B’, geologic contacts are shown to truncate
against the fault without significant deformation. It may be that the geologic formations
have been dragged upward along the fault and a synclinal feature is formed, but

definitive evidence for such structure is lacking.

No evidence for a laterally extensive confining low-permeability layer that extends across
the entire Basin has been observed in the E-log data, as discussed in Section 3.3.
However, as discussed in Section 3.3, relatively fine-grained deposits are present across
much of the Basin at varying depths. Furthermore, available storage coefficients in the
Basin are typical of confined or semiconfined aquifers. Therefore, despite the lack of

evidence in E-log data for a single confining low-permeability unit that extends across
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the Basin, it appears that confining or semiconfining layers are present across much of

the Basin.

Using the E-log correlation data described above, schematic cross sections were constructed at
the interpreted inflow (Section Y-Y’) and outflow (Section X-X') boundaries; these cross sections
are shown in Appendix B. The simplified sections were created using the E-Log correlations
shown on Sections A-A’ and B-B’ and expanding that correlation work to E-logs in the area of
the flow boundary calculations. Although not illustrated on Section X-X, data from Saticoy
Well 3 (2N/22W-2H2, projected onto Section X-X') was used to estimate the bottom contact
ofthe San Pedro Formation. For section Y-Y’, the “Deepest Well Near Boundary’
(Well 3N/21W-1N3) and Well 3N/21W-11F4 (the “Deepest Well in Area”) were used to help
define the effective depth of the San Pedro Formation for the purposes of the groundwater

inflow calculation discussed in Section 4.

3.2 Water-Bearing Units

Major water-bearing formations in the area include the Quaternary alluvium and the underlying
San Pedro Formation. In general, the undifferentiated Quaternary alluvium is divided into two
basic units: the younger alluvial channel deposits (Holocene alluvium) and the older alluvium
(Pleistocene alluvium). The younger alluvium generally consists of young gravel and sand
layers deposited by the Santa Clara River; maximum thickness of this unit is on the order of 80
to 100 feet. Underlying the younger river alluvium are alluvial fan deposits (Qht) and older
sediments (Qoa) deposited by the ancestral Santa Clara River; together, these units are
described as “older alluvium.” The thickness of the older alluvium is reported to range between
200 and 300 feet (Mann, 1959). Law-Crandall, Inc. (1993) recognizes two principal facies within
the older alluvium: the alluvial fan facies and the fluvial deposits. The alluvial fan facies is
reported to consist of alluvial fans and mudflows that lie in the northern and far western portions
of the Basin, whereas the fluvial facies reportedly consists of older fluvial deposits. These older
deposits are coarser in grain size and, as a result, are considered to be more permeable than
the younger alluvium, and they occur largely within the central and southern portions of the

Basin.
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Water-bearing sediments underlying all younger and older alluvium have been designated as
the San Pedro Formation by the California Department of Water Resources (SWRB, 1953) and
later by Mann (1959). However, Dibblee (1992) has designated the underlying formation as the
Saugus Formation. Work conducted by Law-Crandall, Inc. (1993) supports designating this unit
the San Pedro Formation in the Basin, consistent with SWRB (1953) and Mann (1959). In this

report, the unit is referred to as the San Pedro Formation.

The San Pedro Formation is of Pleistocene age and unconformably underlies all alluvial
sediments in the Basin. San Pedro Formation strata are exposed at ground surface in an east-
west direction along the hillsides north of Santa Paula and are shown by Dibblee (1992) to be
steeply dipping toward the Basin. Reportedly, the upper portions of the formation consist of
continental deposits, whereas the lower portion consists of near-shore marine deposits. The
formation is composed of gravel, sand, clay, and poorly consolidated conglomerate and
sandstone. Thickness may be as great as 4,000 feet (Law-Crandall, 1993). The water-bearing
zones within the San Pedro Formation yield significant amounts of groundwater to wells in the
region.

3.3 Low-Permeability Units

Previous investigators have noted the presence of an extensive and laterally continuous low-
permeability layer of fine-grained material (clay and silt) in near-surface portions of the alluvial
sediments of the Basin (e.g., Reichard et al., 1999; KDSA, 2015).

A laterally extensive confining layer that extends across the entire Basin has not been observed
in the E-log data, although there are limitations related to the E-log data. The density of
available E-log information is sparse in certain areas of the Basin and the majority of E-logs do
not include near-surface data. Water well E-logs available for this Study show resistivity data
beginning at depths ranging from 20 ft to 50 ft bgs. For oil well E-logs available for this study,
although a couple of logs have data beginning at depths of 80 ft bgs, the remainder of those E-
logs begin at depths of 500 ft bgs or greater. The general extent of confining materials
observed on E-logs is generally in agreement with the KDSA (2015) findings, although the

lateral continuity of the confining layers as illustrated in the KDSA (2015) report is subject to
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some uncertainty as it is based primarily on subjective interpretations in drillers’ logs. Further,
KDSA (2015) does not appear to honor the geologic structure of the Basin that is implied by the

outcrops and dip angles of the San Pedro Formation on the north side of the Basin.

E-log and driller's log data do support the existence of a high percentage of low-permeability
sediment in the alluvial sediments along the northern flank of the Basin and at certain depths in
other portions of the Basin, as discussed below. Accordingly, groundwater from a large
percentage of the wells in the Basin is considered to occur under semiconfined to confined

conditions.

To evaluate whether a thick section of low-permeability sediment (i.e., clay or silt) is continuous
in the upper 200 feet of alluvial-type deposits that mantle ground surface across the Basin, RCS
evaluated descriptions of the earth materials presented on approximately 220 drillers’ logs (i.e.,
water well completion reports) provided by UWCD. Specifically, RCS analyzed the percentage
of low-permeability sediments that were present in the driller's descriptions of the drill cuttings
observed at each well. In order to maintain consistency of the analysis from one log to another,
a single staff geologist was assigned to interpret the driller's descriptions on each log. The
estimated relative percentages of low-permeability sediment (clay and silt) were evaluated in
25-foot depth intervals for each log having the requisite data to a depth of 200 feet. The
resulting estimates of low-permeability sediment percentages for each depth interval and the
locations for the wells were plotted on a topographic basemap of the area. These maps are

presented in Appendix C for each of the selected depth zones.

Drillers’ logs are based on subjective interpretations, and therefore the maps of low-permeability
sediment percentages are considered illustrative but not quantitative. For example, review of
the maps in Appendix C reveals large variability between logs from the same area and depth
interval. Generally, high-percentage low-permeability sediment zones (greater than 50 percent)
were noted at all depths within the central and western portion of the Basin northwest of the
Santa Clara River, whereas the eastern boundary and River deposit areas exhibited generally

lower percentages of low-permeability sediment, consistent with KDSA's (2015) findings.

Review of the drillers’ logs further indicates that low-permeability sediment zones greater than

50 percent in the shallower intervals (equal to or less than 100 ft bgs) generally tend to correlate
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with surficial geologic sediments mapped as Holocene alluvial fan deposits (Qhf) by the
California Geologic Survey (CGS) (Figure 6), whereas zones with less than 50 percent low-
permeability sediment in shallower intervals generally correlate with latest-Holocene stream
terrace deposits (Qht) and latest-Holocene alluvial fan deposits (Qhfy), primarily located in the
southeastern portion of the Basin, subparallel and adjacent to the Santa Clara River and
tributaries. The final low-permeability zone map (Figure 7) was created using those geologic
contacts as mapped by CGS (Gutierrez et al., 2008) and is also generally comparable to the
extent of confining units as interpreted by KDSA (2015). KDSA (2015) Confining Beds A and B
extend to the eastern extent of the Basin, whereas Qhf is not mapped from the eastern portion
of the City of Santa Paula to the eastern Basin boundary (Figure 7). In this location the KDSA
Confining Beds are located greater than 100 ft bgs (Appendix A).

3.4 Non-Water-Bearing Bedrock

All Tertiary-aged (geologically older) rocks that underlie the San Pedro Formation are generally
considered to be non- or low-water bearing for general municipal water supply purposes. Some

references refer to these formations as the undifferentiated “Tertiary system.”

South of the Santa Clara River, these undifferentiated Tertiary units are comprised, from
geologically youngest to oldest, by the Las Posas Sand, the Pico Formation, the Monterey
Formation, the Conejo Volcanics, and the Topanga Sandstone. These rocks range in geologic
age from the Pliocene to the Miocene, respectively.

The Sespe Formation, which is the oldest geologic unit of the bedrock group, is exposed at land
surface in the South Mountain area, just south of the Santa Clara River. The Sespe Formation,
along with the stratigraphically higher (younger) units, has been juxtaposed against still younger
stratigraphic units (such as the San Pedro Formation) by the Oak Ridge fault. Therefore, that
area south of the Oak Ridge fault is deemed not suitable for the siting of water supply wells.

In the hills north of Santa Paula, the undifferentiated bedrock units consist of, from geologically

younger to older, the Santa Barbara Formation (Las Posas Sand) and the Pico Formation.

These geologic units are of Upper Pliocene-Pleistocene geologic age.
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Due to their cemented and/or well-lithified nature, the above “Tertiary unit” rocks possess limited
effective porosity and likely contain groundwater only along bedding planes, joints, shears, or
fractures. As a result, and because of their structural complexity and low permeability, these
rocks are not considered capable of readily yielding groundwater to wells. Moreover, they have
a very limited storage capacity, and their ability to provide long-term sustained yields to wells is
unpredictable. Thus, these cemented and/or lithified sedimentary rocks are not considered part

of the groundwater reservoir within the Santa Paula Basin.

3.5 Groundwater Interaction with Santa Clara River

The Santa Clara River within the Basin exhibits perennial flow and is influenced by releases
from Lake Piru (UWCD, 2013c). UWCD reports rising groundwater conditions beneath the river
near the Fillmore/Santa Paula boundary (UWCD, 2013c). The Santa Clara River within the
Basin has been previously documented as primarily a gaining reach (receiving groundwater
discharge) based on stream gaging from 1993 to 1995; however, losing conditions were also
observed (Reichard et al., 1999). Surface water gaging reported in the USGS study (Reichard
et al., 1999) were not always taken on the same day, and estimated gaining/losing conditions
based on these data may be in error because of changing flow rates caused by releases from
Lake Piru (UWCD, 2013c).

UWCD stream gaging in 2010 and 2011 measured a range of conditions along the river at
different times, including gaining conditions (2.3 cfs) to losing conditions (8.6 cfs), and UWCD
concluded that “error bars” associated with the analysis (e.g., due to uncertainty with diversion
volumes and evapotranspiration rates) are “larger than the total percolation calculated for the
Santa Clara River reach under investigation” (UWCD, 2013c). Similarly, UWCD (2013c) states
that during releases from Lake Piru, “the difference between the upstream and downstream flow
measurements in Santa Paula is commonly within the £5 percent error of the method used to

measure flow.”

UWCD has stated that percolation under high-flow conditions remains undetermined, but that

these conditions exist only over a few days each year. California Department of Water
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Resources (DWR) flow data for 1929 to 1932 indicated that more percolation was measured

during drier months when flow in the Santa Clara River was lower (UWCD, 2013c).

Groundwater and surveyed surface water elevation data collected adjacent to the Santa Clara
River throughout the Basin are sparse, making interpretation of the direction of
groundwater/surface water interaction difficult. Available groundwater elevation data collected
from monitoring wells located near the Santa Clara River were compared to the surface water
elevation of the Santa Clara River nearest to the well. Surface water elevations at each location
were obtained from GoogleEarth Pro, which includes digital elevation data of comparable
accuracy to digital datasets published by the USGS and other scientific agencies (Rusli et al.,
2014).

The USGS-installed depth-discrete monitoring well nest 03N21W15G01/02/03/04/05S is located
adjacent to the Santa Clara River in the northeastern portion of the Basin (Figure 4). River
stage is greater than observed groundwater elevation at this location, indicating that the river
recharges underlying shallow alluvium (Reichard et al., 1999). Analytical modeling relating
groundwater elevations at the shallowest interval of the depth-discrete monitoring well to river
stage indicated a strong hydraulic connection over a horizontal distance of 300 feet (Reichard et
al., 1999). However, further vertical recharge of streambed percolation from the shallow alluvial
sediments to deeper production zones of the Basin alluvium is limited in this location by the
presence of the 120-foot-thick low-permeability layer from approximately 100 to 220 ft bgs, as
noted by the USGS during installation of the monitoring well (Reichard et al., 1999) and
consistent with the KDSA (2015) confining-bed interpretation in this location (Appendix A).

The Santa Paula Water Recycling Facility (SPWRF) is located adjacent to the Santa Clara River
in the central portion of the Basin. Shallow groundwater elevation data are collected on a
monthly basis as a component of the Waste-Discharge Requirement (WDR) monitoring program
at the facility, and these data were obtained from WDR annual reporting (GSI, 2016). The
nearest SPWRF monitoring well to the river with continuous monitoring data is SPWRF-MW-5,
and data from this well are plotted relative to approximate river stage at this location on
Figure 4. Groundwater elevations observed at SPWRF-MW-5 have fluctuated above and below

the approximate river stage since 2005, indicating that groundwater may discharge to the river
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during relatively wet periods (e.g., 2005, 2010) and the river may recharge groundwater during

dry periods (e.g., 2015).

SPWRF annual compliance reports (FugroWest, 2011; GSI, 2016) consistently report net
groundwater flow toward the west and away from the river (indicating river recharge to
groundwater); however, few monitoring wells at the facility are located between the river and the
percolation ponds to constrain the estimate of groundwater flow in this area, and localized
mounding conditions could result in radial groundwater flow away from the percolation ponds,
including toward the river. The SPWRF facility is located in an area mapped with a thin-to-
absent confining layer (Appendices A and C; KDSA, 2015), and therefore, there is likely a direct

connection between the saturated river alluvium and deeper production zones in this location.

Low-permeability confining units are generally absent along the remaining reach of the Santa
Clara River in the Basin (Appendices A and C; KDSA, 2015). Three shallow monitoring wells
(O3N21W32C-a/b/c) are located adjacent to the river in the middle portion of the Basin,
approximately 1 mile northeast of the river's exit from the Basin into the Oxnard Forebay
(Figure 4). At this location groundwater elevations are generally slightly greater than river stage
during the majority of the period of record of the available data (1991-2014), other than during
the greatest extended drought periods (i.e., early 1990s, 2012-2014), indicating that shallow
groundwater discharges primarily to the river in this location. It should be noted, however, that
these wells are located near the Freeman Diversion Dam, which exhibits a degree of control

over groundwater elevations in the shallow stream-channel alluvium in the area.

In summary, available data indicate that river stage is greater than groundwater elevation in the
eastern portion of the Basin; however, recharge to the deep production zones may be limited by
the presence of low-permeability strata that separate shallow alluvial groundwater from deeper
alluvial zones and the San Pedro Formation. Moving toward the southwest, low-permeability
strata are thin or absent, allowing for direct connection of shallow saturated alluvium and deeper
zones. At the SPWRF, groundwater elevations fluctuate above and below the approximate river
stage, whereas nearer to the river’'s exit from the Basin at the location of 03N21W32C-a/bl/c,
groundwater elevations appear to be slightly greater than river stage throughout the majority of

the available period of record.
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3.6 Aquifer Transmissivity, Hydraulic Conductivity, and Storativity

RCS reviewed available reports from municipal supply well pumping tests and specific capacity
data available in the UWCD GIS database to compile data regarding Basin transmissivity,

hydraulic conductivity, and storativity (Appendix D).

3.6.1 Specific Capacity Data

The UWCD GIS well database lists specific capacity values for a number of wells in the Basin.
As reported by UWCD, the database was originally constructed by the USGS and has been only
minimally updated. Specific capacity values were primarily derived from water level and
pumping data listed on drillers’ logs, and therefore the dataset is subject to the typical

uncertainty associated with such logs.

Based on these data, transmissivity values (T) were calculated using the empirical relationship:
T = X * [Specific Capacity] [Eq. 3-1]

The value of X is dependent on the type of aquifer: 1,500 for unconfined aquifers, 1,750 for
semiconfined aquifers, and 2,000 for confined aquifers (Driscoll, 1986). For this equation,
specific capacity must be reported in gallons per minute per foot of water level drawdown
(gpm/ft ddn) and the resultant T is in units of gallons per day per foot (gpd/ft). RCS assigned
each well a value for X based on the perforation intervals in the data set compared to RCS's
subsurface hydrogeologic interpretations. Wells perforated only in undifferentiated alluvium
were assumed to be unconfined (X=1,500), whereas wells perforated in both the
undifferentiated alluvium and the San Pedro Formation were assumed to be semiconfined
(X=1,750), and wells perforated within the San Pedro Formation only were assumed to be
confined (X = 2,000).

After transmissivity was determined, the transmissivity was divided by the total listed perforated
length for each well (assumed to be continuous between the reported top and bottom of
perforation information) to provide an estimate of lateral hydraulic conductivity. By dividing the

transmissivity equally among the perforated sections in a well, this method of estimation
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assumes that each of the water-bearing zones perforated by the well have equal hydraulic

conductivities.

Table D-1 (Appendix D) presents specific capacity-derived lateral hydraulic conductivity values
for the geographic areas of the Basin based on the specific capacity data available in the
UWCD database. Basin areas (i.e., Santa Paula Creek Area, East Santa Paula Basin, Middle
Santa Paula Basin, Saticoy Area, West End Santa Paula Basin) as defined by UWCD are
shown in Appendix E. Large variability in lateral hydraulic conductivity values is observed within

the Basin areas:

e For the Santa Paula Creek/East Santa Paula Basin area, hydraulic conductivity ranges
from 11 to 4,086 gallons per day per square foot (gpd/ft®), with a geometric mean value
of 509 gpd/ft>.

e For the West End Santa Paula Basin/Saticoy Area, hydraulic conductivity ranges from
158 to 1,330 gpd/ft’, with a geometric mean of 740 gpd/ft®.

e For the Middle Santa Paula Basin area, the range is 36 to 1,900 gpd/ft’, with a median of
459 gpd/ft.

e For the fault area/south, the range is 30 to 1,750 gpd/ftz, with a geometric mean of
240 gpd/ft.

Across all geographic areas of the Basin, the lateral hydraulic conductivity values for the

different units are:

¢ Undifferentiated alluvium: Values range from 36 to 4,086 gpd/ft> with a geometric mean
of 489 gpd/ft*

e San Pedro Formation: Values range from 84 to 1,333 gpd/ft’, with a geometric mean of
508 gpd/ft’.

e Wells perforated within both formations: Values range from 11 to 1,377 gpd/ft’, with a
geometric mean of 177 gpd/ft’.
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City of Santa Paula Well No. 12 was constructed in 1991 and has louvered perforations placed
continuously between the depths of 260 feet and 700 feet. Based on these depths, RCS
interprets that for the total 440 feet of louvers in this well, 40 percent are within the
undifferentiated alluvium geologic materials and the remaining 60 percent are within the San
Pedro Formation. As part of RCS’s work for the City of Santa Paula in 1995, available specific
capacity test data that existed then for City of Santa Paula Well No. 12 were summarized.
Specific capacity measurements from the years 1991 and 1992 were available for City of Santa
Paula Well No. 12 for seven pumping rates ranging from 1,170 gallons per minute (gpm) to
4,000 gpm; the duration of each of the pumping periods is unknown. Based on the geometric
mean of those data, and using Equation 3-1, a transmissivity value of 269,300 gallons per day
per foot (gpd/ft) was derived for the seven pumping rates. Because no depth-discrete pumping
(spinner log) information is available, no reliable method for determining the separate
transmissivities of the alluvium and the San Pedro Formation is possible. For this reason,
hydraulic conductivity values for this well were not included as part of the Basin inflow

calculation.
3.6.2 Supply Well Aquifer Test Reports

Transmissivity, lateral hydraulic conductivity, and storativity values were also compiled from
available municipal and irrigation supply well aquifer test reports (Table D-2). Available well
testing reports included City of Ventura Saticoy Wells No. 2 and No. 3, City of Santa Paula Well
Nos. 12, 13, and 14, and Farmers Irrigation Company (FICO) Well Nos. 10 and 12. Average
hydraulic conductivity values were calculated for each well test and ranged from 588 to 1,130
gpd/ft2. Storativity (S) values were calculated from aquifer tests of those supply wells for which
a separate observation well was available to be monitored. Resulting S values ranged from 107
to 9 x 107 (Table D-2).

Representative specific yield values for unconfined aquifers can be difficult to determine from
standard aquifer tests due to the effects of “delayed drainage” (Kasenow, 2001). To adequately
determine the specific yield of an unconfined aquifer, the aquifer test must be sufficiently long to
overcome delayed drainage; a pumping test continuing for multiple days may be required
(Kasenow, 2001). Hence, aquifer tests for wells in unconfined aquifers in the Basin would likely
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display storativity values consistent with semiconfined to confined conditions due to the

relatively short durations of those tests (i.e., generally £24 hours).

Review of data and information from previous aquifer tests are discussed in the following
subsections. Locations for each of the wells discussed below are highlighted on Figure 2.

3.6.2.1 City of Santa Paula Well No. 13.

This well was subjected to a four-point step drawdown test and a subsequent 29-hour constant
rate pumping test immediately following its construction in December 1995. The well was
provided with casing to a depth of 690 feet and contains Moss louvers between the depths of
320 feet and 350 feet and between 400 feet and 670 feet. Based on the step test rates of 1,350
to 2,800 gpm, the calculated short-term specific capacity values for this well ranged from
118 gallons per minute per foot of water level drawdown (gpm/ft ddn) at the higher step rate to

134 gpm/ft ddn at the lower step rate (the static water level was at a depth of 84 feet).

Based on pumping the then-new well at 2,400 gpm for a continuous period of 29 hours, the
longer-term specific capacity was calculated to be 121 gpm/ft ddn. Groundwater pumped by
this well could be considered to occur under confined aquifer conditions for three reasons:
(1) the well is considered to be perforated in sediments of the San Pedro Formation, (2) water
levels were measured to be 236 feet above the depth to the uppermost perforations, and
(3) clay materials were observed in the drill cuttings in the portion of the borehole above the
perforated interval in this well. As a result, the theoretical transmissivity of the aquifers
perforated in this well could be estimated using the empirical relationship of Equation 3-1; the
resulting transmissivity value for this well is 212,000 gpd/ft.

Using water level drawdown data from the constant rate test of this well, a transmissivity value
of 254,000 gpd/ft was determined for the early-time data (the initial 100 minutes of pumping),
whereas a transmissivity value of 522,000 gpd/ft was calculated for the late-time data (after the
initial 100-minute pumping period); the water level drawdown curve for this test appeared to
change its slope after 100 minutes of continuous pumping. This change in slope (or “flattening”
of the time drawdown curve) could suggest that the cone of depression created during the
pumping test reached a recharge boundary or is being affected by a leaky aquitard. Graphical
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analysis of the water level recovery measurements for this pumping well revealed a

transmissivity value of 268,000 gpd/ft.

During this pumping test of City Well No. 13, water levels were also manually measured in two
nearby wells: City Well No. 11 (located 760 feet south of Well No. 13) and Farmers Irrigation
Company (FICO) Well No. 10 (located 640 feet north of Well No. 13). Curve analysis of water
level drawdown data in City observation Well No. 11 revealed a slight decrease in slope in the
water level drawdown data at approximately 150 minutes into this pumping test; similar analysis
of the water level drawdown data in FICO Well No. 10 showed a slope change at approximately
100 minutes. Similar to the calculations performed for water level drawdown data in the
pumping well (City Well No. 13), evaluation of early- and late-time data revealed the following

transmissivity values:

e Early-time drawdown data: 285,000 gpd/ft in City Well No. 11 and 491,000 gpd/ft in
FICO Well No. 10

e Late-time drawdown: 759,000 gpd/ft in City Well No. 11 and 734,000 gpd/ft in FICO
Well No 10.

Notably, because drawdown did occur in the two nearby water level observation wells during the
29-hour pumping test of City Well No. 13, calculations could be made of aquifer storativity.

Resulting storativity values were:

e City Well No. 11: 4.1 x 10~ and 2.36 x 10 using early- and late-time data, respectively

e FICO WellNo. 10: 4.3 x 10° and 7.8 x 10~° using early- and late-time data, respectively

3.6.2.2 City of Santa Paula Well No. 14.

Immediately following its construction in February 1997, a 4-point step drawdown test, followed
by a 26%2-hour constant rate pumping test, were conducted on this well. The well is cased to a
depth of 820 feet and was provided with Moss louvers continuously between the depths of 370
and 800 feet. Step test rates ranged between 2,255 and 3,454 gpm, and short-term specific
capacity values in the range of 171 to 200 gpm/ft ddn were calculated; the static water level was
at a depth of 58 feet at the date of the test.
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The 26'2-hour constant rate test was conducted at a rate of 3,000 gpm, and a longer-term
specific capacity for the then-new well was calculated to be 162 gpm/ft ddn from these data. A
theoretical transmissivity value for the aquifers perforated by this well, using Equation 3-1, was
calculated to be 344,000 gpd/ft for confined aquifer conditions. Using the standard Theis and
Cooper-Jacob solutions, transmissivity values of 285,000 gpd/ft and 267,000 gpd/ft,
respectively, were calculated in the referenced report using water level drawdown data from the
pumping well. Using the short-term (3 hours) water level recovery data, the Theis solution
revealed a transmissivity value of 300,000 gpd/ft. Because no nearby wells were available to be
used as additional water level observation wells during the pumping test of City Well No. 14,

storativity could not be calculated from this test.

3.6.2.3 Saticoy Well No. 2 (Well No. 2W/22W-2K9)

This well, which was constructed to a depth of 420 feet, was interpreted by the well consultant
(Staal, Gardner & Dunne, 1988) to have encountered “older alluvium” from ground surface to a
depth of 130 feet and then strata of the San Pedro Formation from 130 feet to the total drilled
pilot-hole depth of 430 feet. A 4-point step drawdown test was performed in December 1987 at
rates of 550 gpm, 1,100 gpm, 1,650 gpm, and 2,200 gpm.

Short-term specific capacity values for this test ranged from 35.9 to 23.6 gpm/ft ddn (the static
level was at 18 feet). The 24-hour constant rate test was at 2,200 gpm, and resulted in a

specific capacity for the then-new well of about 23 gpm/ft ddn.

During the testing, water levels were monitored in the new pumping well and in an on-site water
level monitoring well. Transmissivity values provided in the February 1988 report were
111,700 gpd/ft and 109,600 gpd/ft, depending on method of analysis, for water level drawdown
data in the monitoring well, 170,600 gpd/ft for drawdown data from the pumping well, and
135,100 gpd/ft for recovery data from the pumping well and monitoring well. This results in a

geometric mean transmissivity value of approximately 129,600 gpd/ft.

3.6.2.4 Saticoy Well No. 3 (Test Well; tentative Well No. 2N/22W-2K12)

This test well was drilled to a depth of 1,005 feet and cased to a depth of 985 feet, with 2-inch-
diameter PVC casing; perforations were interspersed with blank casing between the depths of
235 feet and 985 feet. The units interpreted by the site consultant (FugroWest, 1999) were the
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“‘Mugu Aquifer” of the “Upper Aquifer System” (UAS) from 250 to 290 feet and the “Hueneme
Aquifer” of the “Lower Aquifer System” (LAS) from 300 to 1,004 feet.

3.6.2.5 Saticoy Well No. 3

Drilled in late 2012 to replace existing Saticoy Well No. 2, this new water supply well was
constructed to a depth of 662 feet. Johnson wire-wrapped well screen was placed at the
following depths: 312 to 392 feet, 422 to 502 feet, and 512 to 652 feet. The cement sanitary
(annular) seal was set to a depth of 251 feet. A step drawdown test conducted in November
2012 was performed at rates ranging from 1,023 gpm to 4,030 gpm and resulted in short-term
specific capacity values for the new well in the range of 91.9 to 68.2 gm/ft ddn, respectively (the
pre-test static water level was at a depth of 17 feet). The project consultant, Hopkins
Groundwater Consultants Inc (Hopkins, 2013) also reported that a 24-hour constant rate
pumping test was performed at a rate of 2,990 gpm and resulted in a specific capacity for the
new well of 71 gpm/ft ddn. Various analytical methods used by Hopkins identified aquifer
transmissivity values in the range of 197,900 to 227,500 gpd/ft. Evaluation of early-time data by
Hopkins from a nearby water level observation well (Alta Mutual No. 9, at a distance of 791 feet)
resulted in storativity values in the range of 0.0012 to 0.00096. The average of all data sets for
transmissivity was 234,000 gpd/ft, whereas the averages of all Saticoy Well No. 3 data sets

were transmissivity of 203,000 gpd/ft and storativity of 0.001.

3.6.2.6 Farmers Irrigation Company (FICO) Well 12 (3N/21W-12F7)

Pumping test data were analyzed by UWCD for a step test performed in FICO Well 12.
Pumping was performed at rates of 2,000, 3,000, and 4,000 gpm, each for a continuous period
of four hours. Water level drawdown data were analyzed by UWCD using curve-fitting software
and a variety of analytical solutions, and ultimately resulted in transmissivity values in the range
of approximately 183,000 gpd/ft and 290,500 gpd/ft.

Following that pumping test, an “unplanned” pumping period occurred in nearby FICO Well 11
which induced drawdown in FICO Well 12, and water level drawdown data were collected
during that pumping period. UWCD also analyzed those data, resulting in a transmissivity value
of 276,600 gpd/ft. Ultimately, UWCD suggested that a transmissivity of 290,500 gpd/ft (derived
from data collected during the unplanned pumping period of FICO Well 11) was representative

of site conditions. Because FICO Well 12 was a water level observation well during the
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“‘unplanned” pumping of FICO Well 11, those data were used by UWCD to also determine a

storativity value of 1.18 x 107°.
3.7 Spinner Log Results

Results of known spinner logs (i.e., dynamic flow surveys) previously performed in wells in the
Basin are available for City of Santa Paula Well No. 13 (constructed in 1995, with perforations
from 320 feet to 380 feet and from 400 feet to 670 feet) and for City Well No. 14 (constructed in
1996 with perforations from 370 to 800 feet). Those results were discussed in separate reports
by RCS (in January 1996 and April 1997, respectively), that summarized the drilling,
construction, and testing of those two City wells. Spinner log testing confirms that a significant
portion of the flow into the tested wells originates from the deeper perforations within the San
Pedro Formation and therefore supports the inclusion of underflow into the Basin of the San
Pedro sediments.

The spinner log for City Well No. 13 was conducted by Welenco Inc in December 1995, just
prior to the termination of the constant rate pumping test of this well (at the time of the survey,
the pumping rate was 2,437 gpm). Estimates were made of the groundwater inflow into the
upper section of perforations as a group, along with inflow estimates into each successive
45-foot depth interval in the lower section of perforations (from 400 feet to 670 feet). The

spinner log revealed the following information regarding inflow rates and depths:

e About 16 percent (386 gpm), of the pumping rate originated from the uppermost
perforated interval in the well (between the depths of 320 and 380 feet); these

perforations are interpreted to derive water from the undifferentiated alluvial sediments.

e The remaining 84 percent (2,051 gpm) of the pumping rate originated from the lower
perforations in the well, which was interpreted to derive groundwater from the San Pedro

Formation.
These spinner test data for City Well No.13 were used to determine the transmissivity values for

the undifferentiated alluvial deposits and the San Pedro Formation. Applying the relative

percentages described above, the transmissivity is 43,200 gpd/ft for 60 feet of perforations in
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the undifferentiated alluvium and 226,680 gpd/ft for 270 feet of perforations in the San Pedro

Formation.

The spinner survey of City Well No. 14 was conducted by Barbour Well Surveying Corporation
near the end of its constant rate pumping test in February 1997; the recorded pumping rate was
3,005 gpm at the time of the survey. Reported groundwater inflow percentages and rates were

as follows:

e 13 percent (392 gpm) from the 370- to 470-foot depth of perforations
e 74 percent (2221 gpm) from the 470- to 680-foot depth zone of perforations

e 13 percent (392 gpm) from the 680- to 800-foot zone of perforations

These data suggest that flow from the San Pedro Formation is a key contributor to the total flow
rate in City Well No. 13 (City Well 14 is perforated entirely within the San Pedro Formation).
Further, it is clear that the contribution from the deeper perforated zones in these wells is not as
great as the contribution from the shallower perforated zones. While these results are highly
dependent on the flow rate at the time of the test and the duration of pumping, the data suggest
that groundwater availability (in terms of pumping rates) from these deeper zones in the San
Pedro Formation may diminish with increasing depth. Therefore, while constructing wells
deeper than 800 to 1,000 ft bgs in the Basin may be feasible (based on E-log interpretation of
the base of fresh water), these spinner test data suggest that the flow rates from those deeper
zones may be limited and the additional depth therefore may not greatly increase the potential

capacity of a well.

3.8 Groundwater Flow Direction and Gradient

RCS created water level elevation contour maps for the Basin using water level data provided
by UWCD in combination with water level data available from the California DWR’s CASGEM
website (CDWR, 2014). Based on water level data in the UWCD database, depth to water in
the Basin typically ranges from 35 ft bgs (25th percentile) to 86 ft bgs (75th percentile), with a
median of 53 ft bgs.
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Water level data for the years 2000, 2010, and 2012 were examined for wells with data
available within 10 days before or after April 1 of each of those years. These years were
chosen as they represent the 25th, 50th, and 75th percentile rainfall years (Section 4). April
was chosen because it is near the end of the rainy season and occurs before abundant
pumping for irrigation might begin in the Basin. Further, water level data for wells in the
CASGEM database typically display water level data around the April 1 date, due to the
requirements of CASGEM. Wellhead elevation for each well was obtained from the UWCD

database.

Available perforated intervals for each well in the water level database (provided by UWCD) for
this analysis were derived from GIS data files. Those data files list only the shallowest
perforated depth and the deepest perforated depth for each well. They do not include the
discrete perforated intervals in each well (i.e., it is unknown whether or not the wells have
continuous perforations between the reported shallowest and deepest perforated depths, or if
there are blank zones within the listed perforated interval). These perforated intervals were
used to evaluate which geologic formation(s) are likely perforated by the well; this was generally
accomplished by comparing the depths below ground surface to the geologic map and RCS
cross sections. Wells with no listed perforated intervals, but with depths that were considered to
cross formation boundaries, were considered to be indeterminate and were not used for

creating groundwater elevation contour maps.

As part of the groundwater elevation contour map development process, RCS initially plotted a
series of five maps for each of the three water years (2000, 2010, and 2012). Each set of five

contour maps was constructed as follows:

e Map 1. All data in the data set were plotted, regardless of the depth of the perforations.
For nested monitoring wells such as USGS SP-1 (03N21W15G01/-02/-03/-04/-05),
water level data from the discrete zone perforated in the undifferentiated alluvial

materials were used.

e Map 2. Water level data for wells considered to be perforated solely within the

undifferentiated alluvium were plotted. Some of the wells in the database have
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perforations that include both the lower portions of the undifferentiated alluvial sediments

and the upper San Pedro Formation; these wells were excluded.

e Map 3. For this map, water level data for two types of wells were used: wells considered
to have perforations solely in the San Pedro Formation and wells with perforations that
cross both undifferentiated alluvium and the San Pedro Formation (in a number of
cases, wells perforated across this boundary had a majority of the perforations within the

San Pedro Formation).

e Map 4. This map is the same as Map 2 (water level data for wells perforated within the
undifferentiated alluvium), except that wells perforated across the undifferentiated

alluvium/San Pedro boundary were also included.

e Map 5. Water level data for wells considered to be perforated strictly within the San
Pedro Formation were plotted (wells perforated across the undifferentiated alluvium/San

Pedro boundary were excluded).

Ultimately, only Maps 1, 2, and 3 were retained, and only Maps 2 and 3 were used for the
determination of hydraulic gradients (Appendix F). Variations in water level elevations and
contour patterns between Maps 2 and 4 were not great, but localized anomalies in the contour
data resulted in the decision to exclude Map 4. In addition, water level data for Map 5 were very
sparse, and therefore the limited contours generated for this map were determined to be

unreliable.

To create the contour maps, grids were calculated for each well set using natural neighbor
interpolation methods and GIS software. From those grids, contour lines of equal water
elevation were plotted in 5-foot contour intervals. The resultant computer-generated water level
elevation contour data were then truncated at any location where the contoured data intersected

known outcrops of geologic materials other than the San Pedro Formation.

Contour data for all the maps created reveal a groundwater barrier in the western and
particularly the southern portions of the Basin (illustrated by a steepening of the water level

elevation contours). This barrier appears to exist in the general vicinity of the Country Club
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fault, as shown on the geologic map by Mann (1959), and as also shown herein on Cross
Section A-A’ (Appendix B). This barrier appears to be in approximately the same area in which
the settlement boundary crosses the Santa Clara River and is otherwise located generally north
of the settlement boundary. Subsurface geologic and/or geophysical (E-log) evidence for this
fault extending east of Cross Section A-A’ was not found by RCS. However, the contour data in
the area east of Cross Section A-A’ suggests that the barrier extends to the south/southeast of

the A-A’ cross section alignment toward the Santa Clara River and South Mountain.

Groundwater gradients were calculated for each of three contour map dates (April 2000, April
2010, and April 2012) and for both Maps 2 and 3. Four horizontal hydraulic gradients (feet of
groundwater elevation change per foot of horizontal distance [ft/ft]) were then calculated for
each map: two on the upgradient side of the inflow boundary, for distances of 5,000 lineal feet
and 10,000 lineal feet, and two on the upgradient side of the outflow boundary, for distances of
5,000 lineal feet and 10,000 lineal feet. The gradient calculation locations and the calculations
themselves are shown on the groundwater elevation contour maps (Appendix F). The general
direction of groundwater flow is toward the southwest. Horizontal hydraulic gradients ranged
from 0.001 to 0.004 ft/ft for April 2000, 0.002 to 0.006 ft/ft for April 2010, and 0.002 to 0.006 ft/ft
for April 2012.

3.9 Vertical Gradient Evaluation

Two depth-discrete monitoring wells have been identified within the Basin for evaluation of
vertical groundwater gradients; locations and hydrographs for each well are shown on Figure 4.

Well cluster 03N21W16H05S/07S/08S (identified as SP-2 by the USGS [Reichard et al., 1999])
displays obvious differences in water levels between the alluvium and San Pedro. RCS
calculated the vertical gradient for the interval from the bottom of the alluvium (well -16H07S) to
the shallow San Pedro (well -16H06S, see Appendix D). In all cases, the gradient is downward.
The average gradient is 0.0050 based on the water level data from April 2000, 2010, and 2012
and 0.0095 based on the water level data from October 2000, 2010, and 2012.

Well cluster 03N21W 15G01S/02S/03S/04S/05S (identified as SP-1 by the USGS [Reichard et

al., 1999]) shows minor differences in water levels between the alluvium and the shallow San
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Pedro formations as compared to 03N21W16H05S/07S/08S (Figure 4). Gradient calculations
for April 2000 and 2012 indicate an upward gradient from the San Pedro (well -15G03S) to
alluvium (well -15G04S), whereas those for April 2010 show a relatively small downward
gradient. The average gradient for the three April calculations is 0.0001 (upward gradient). For
the October 2000, 2010, and 2012 water level measurements, relatively small downward

gradients are calculated, and the average is 0.0004.

3.10 Groundwater Quality Character

The groundwater quality character in the Basin was identified by analysis of the general
minerals (in equivalents per million), including key cations (calcium, magnesium, and sodium)
and key anions (bicarbonate, sulfate, and chloride). Stiff water-quality pattern diagrams were
prepared for groundwater sample results previously obtained by others from representative
wells. Stiff diagrams are recognized as being a useful method for identifying the character of
the groundwater in each well in a groundwater basin and for allowing comparison of the
groundwater character in different wells across an entire groundwater basin. Stiff water-quality
pattern diagrams were evaluated to determine if there was an obvious distinction in water
quality character that could be used to identify distinctly different aquifers. A map showing the

Stiff diagrams for wells with available data is shown in Appendix F.

Differences in the groundwater quality character from one well to another across a groundwater
basin can reveal variations resulting from differences in well depths, screened zones, or
pumping rates and/or pumping levels. Differences in groundwater quality character noted in a
single well over time could relate to water quality changes resulting from many different issues
that could cause the blending of water entering the well from different aquifers of different water
quality. Examples of scenarios that could alter the flow regime in a well are (1) portions of the
casing perforations have become plugged over time by biological growths, (2) the pumping rate
has increased or decreased over time, or (3) Basin-wide static water levels have declined over
time. These types of occurrences would, in turn, possibly reduce the inflow from particular
perforated zones into a well.
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Changes in groundwater quality character were reviewed to potentially determine whether the
Stiff diagrams could be used to determine the geologic formations into which a well was
perforated. Review of the diagrams reveal that differences in groundwater quality character in
the Basin do not appear to vary greatly with the geologic formation into which a well is
perforated, but rather vary by their relative location within the Basin. In general, the
groundwater character in a large majority of the wells shown on the map is calcium-sulfate.
Two wells located in the middle to southern portions of the Basin display a sodium-sulfate
character. Wells in the southern portion of the basin tend to have higher TDS concentrations
than wells in the northern portion of the Basin. Based on the available dominant cation and
anion data reviewed for this study, there is no clear distinction in groundwater quality character
between wells that are perforated in the undifferentiated alluvial sediments versus wells

perforated within the San Pedro Formation.

As discussed in Sections 2.7 and 2.8, previous reports have documented groundwater quality
impairments in the Basin, including impairment from sulfate, TDS, hardness, iron, and
manganese. The concentrations of some of these constituents are elevated, and in some
cases, were above their respective secondary MCLs and/or micro-irrigation plugging hazard

indices.
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4. Groundwater Balance

Hydrologic groundwater balance estimation provides a basis for safe yield determination and
ancillary benefits to UWCD and Basin stakeholders in improving the understanding of relative
Basin inflow/outflows for ongoing groundwater management planning and updating of the
UWCD numerical groundwater model.

Primary groundwater inputs include deep percolation of precipitation including Santa Paula
Creek percolation and mountain front recharge (P,), deep percolation of irrigation (P;), lateral
groundwater inflow (GW;) from the Fillmore Basin (Figure 1), percolation of recharge from the
SPWRF (WWTP) and recharge from septic systems (Se). Groundwater outputs include
groundwater extraction (E), lateral groundwater outflow to the Mound Basin and Oxnard
Forebay Basin, and potentially net groundwater discharge to the Santa Clara River. For the
purpose of the groundwater balance, natural groundwater outflow (i.e., all groundwater outflow
from the Basin besides extraction from production wells [O,4]) is considered to be primarily due
to lateral groundwater underflow, with lesser contributions by riparian groundwater consumption

and net groundwater discharge to surface water. The groundwater balance is given by:

AGW, =[P, + P; + GW; + WWTP + Se] — [E + O] [Eq. 4-1]

where AGW, = The change in groundwater storage

As discussed in Section 2.5, groundwater elevations exhibit inter-annual fluctuation and long-

term decline, indicating a net loss of groundwater in storage (i.e., negative value of AGW).

Groundwater balance component magnitudes have been estimated based on available data
and using standard methods (e.g., Fetter, 2001; Freeze and Cherry, 1979), consistent with the
DBS&A proposed technical approach (DBS&A, 2013). Components of the water balance that
are determined to vary substantially from year-to-year (e.g., recharge from deep percolation of
precipitation) are calculated for representative precipitation conditions, including the average
(over entire base period), median, 25th percentile, and 75th percentile conditions. Although
numbers are reported to the nearest acre-foot per year, the authors are not asserting that level

of accuracy in the findings of this Study.
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There is uncertainty regarding the net effect of groundwater interaction with surface water in the
Santa Clara River over time, and throughout its reach within the Basin, as discussed in Section
3.5. However, the limited available data suggest that groundwater discharging to the Santa
Clara River in the west part of the basin may be the dominant interchange between surface
water and groundwater. Therefore, the Santa Clara River is generally considered to receive
groundwater discharge and not be a net source of groundwater recharge (Section 3.5) and net
groundwater discharge to the Santa Clara River is grouped within the natural groundwater

outflow term.

4.1 Hydrologic Base Period

UWCD requested an update of the safe yield that reflects current conditions and includes a
representative hydrologic base period. Furthermore, UWCD directed that the safe yield analysis
be conducted for a period following potentially major hydrologic changes to the Basin, including
the development of Freeman Diversion (1991) and U.S. Army Corps of Engineers projects on
lower Santa Paula Creek (1998) that may have led to compaction of the streambed channel

sediments (Figure 5).

Based on these criteria, the hydrologic base period is from water years 1999 through 2012
(October 1, 1998 through September 30, 2012). VCWPD records for precipitation gage 225
(Wheeler Canyon), which provide a continuous precipitation record over this time period and
also extend historically to water year 1967, were used for evaluation of the hydrologic base
period. Annual precipitation at VCWPD gage 225, VCWPD gage 175/175A (Saticoy), VCWPD
gage 245/245A/245B (Santa Paula), and CIMIS Station #198 are plotted for comparison on
Figure 8, and gage locations are shown on Figure 5. Over the entire historical record at gage
225 (1967 to 2013), average and median annual precipitation is 22.7 and 19.0 inches,
respectively. In comparison, for the 1999 through 2012 base period, average and median
precipitation values were 21.6 and 21.7 inches, which are in reasonable agreement with the
longer-term record. Furthermore the hydrologic base period begins and ends with water years

with similar precipitation, 11.9 inches for water year 1999 and 12.0 inches for water year 2012.
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Water year 1998, the year prior to the beginning of the hydrologic base period, exhibited the
greatest precipitation from 1957 to 2014 as measured at rain gages in Saticoy and Ventura
(Figure 8). However, review of Basin hydrographs indicates that groundwater levels did not
increase to elevations that were significantly greater than those during other periods during the
beginning of the 1998 water year (October 1997 to March 1998), and declined by the beginning
of the 1999 water year (October 1998). Therefore, by the beginning of the hydrologic base
period (October 1998), groundwater elevations were not elevated above historical norms due to

the exceptionally wet year in 1998.

Hydrologic balance water components were calculated for average (over the entire hydrologic
base period from 1999 through 2012), median, 25th percentile, and 75th percentile water year
conditions. During the selected period, the 25th percentile annual precipitation was 12.0 inches
(water year 2012), the median precipitation was 21.7 inches (most similar to water year 2000,
precipitation of 19.9 inches), and the 75th percentile precipitation was 26.0 inches (most similar

to water year 2010, precipitation of 24.8 inches).

4.2 Groundwater Inflow from Fillmore Basin

RCS performed underflow calculations from the Fillmore Basin to the Santa Paula Basin using

Darcy’s Law:
Q=KiA [Eq. 4-2]

Where: @ = Underflow from the Fillmore Basin to the Santa Paula Basin [L*/T]
K = Lateral hydraulic conductivity of the aquifers into which the producing water wells

are constructed [L/T]
i = Groundwater gradient within the aquifers into which the producing water wells are

constructed [-]
A = Cross-sectional area of the underflow across the boundary between the Fillmore

and Santa Paula groundwater basins (i.e., groundwater flow perpendicular to the

direction of flow) [L?]
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Lateral hydraulic conductivity (K) of aquifer units at the inflow boundary was estimated based on
RCS compilation of available hydraulic conductivity values (Section 3) and a previous study
conducted for the SPWRF (FugroWest, 2007), as listed in Table D-3. For the active channel
deposits, hydraulic conductivity was estimated to be 300 ft/d based on the FugroWest (2007)
study. For undifferentiated alluvium, hydraulic conductivity was assumed to be 126 ft/d based
on the geometric mean of (1) the geometric mean of specific capacity-derived values for the
Santa Paula Creek/East Santa Paula Basin wells interpreted to produce water from only the
undifferentiated alluvium (Table D-1), (2) the geometric mean of data from nine wells reported
by FugroWest (2007), (3) data from the Santa Paula Water Company (SPWC) Well No. 13
aquifer test, and (4) data from the FICO Well 12 aquifer test. For the San Pedro Formation,
hydraulic conductivity was assumed to be 118 ft/d based on the geometric mean of (1) the
geometric mean of specific capacity-derived values for the Santa Paula Creek/East Santa Paula
Basin wells interpreted to produce water from only the San Pedro formation (Table D-1),
(2) SPWC Well No. 13 aquifer test results, and (3) SPWC Well No. 14 aquifer test results.

Hydraulic gradient at the inflow boundary was obtained for each geologic unit from RCS
groundwater elevation contour maps for 2000, 2010, and 2012 (Appendix F). Assumed
hydraulic gradient values are listed in Table D-5, and the locations at which gradient

measurements were made are shown in Appendix F contour maps.

Cross-sectional areas were based on available geologic maps and RCS-prepared cross
sections. For the northern inflow boundary, because no groundwater barriers are known to exist
and none were apparent in the groundwater contour mapping work, the settlement boundary
between Santa Paula Basin and the Fillmore Basin was selected. The location and schematic
cross section of that boundary (Y-Y’) are provided in Appendix B. Cross-sectional depth (850
feet) for the purpose of the inflow calculation was determined using the perforated interval of the
deepest producing well in the area (well 3N/21W-11F4, located 4,800 feet southwest of the
inflow boundary), and this is considered to be the effective depth of the current water-producing

strata in the Basin.

Table D-5 compiles lateral hydraulic conductivity, groundwater gradient, and cross-sectional
area information for each polygonal segment of Cross Section Y-Y’ and presents the final

calculated groundwater inflow for water years 2000, 2010, and 2012. These total inflows
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ranged from 22,320 ac-ft/yr for 2012 to 30,909 ac-ft/yr for 2010, with an average of 25,244 ac-
ft/yr for all three years. Based on this average value for all three years, approximately
10,000 ac-ft/yr (40 percent of the underflow) is attributed to undifferentiated alluvium and active
channel deposits, whereas approximately 15,000 ac-ft/yr (60 percent of the underflow) is
attributed to the San Pedro Formation.

4.2.1 Comparisonto Santa Paula Basin Pumper’s Association Inflow Estimate

Groundwater inflow from the Fillmore Basin into the Santa Paula Basin was estimated by
Bachman (2015) on behalf of the Santa Paula Basin Pumper’s Association. Bachman presents
an average underflow value of 19,700 ac-ft/yr, using Equation 4-2, compared to an average of
25,200 ac-ft/yr used for this study. Below is a discussion of how the Bachman assumptions
differ from those used for this study for each of the three variables in the equation. Differences
are primarily due to Bachman’s application of a lower hydraulic conductivity of 30 ft/d for the
San Pedro Formation (with reference to KDSA, 2015, which does not include the 30 ft/d value or
specific discussion of hydraulic conductivity) compared to the value of 118 ft/d applied by RCS,
and Bachman’s assumption that hydraulic gradients in the San Pedro Formation can be
assumed to be the same as gradients in the undifferentiated alluvium. Because RCS applied a
hydraulic conductivity for the San Pedro Formation based on cited observed test results
(Section 3, Appendix D), and independently calculated hydraulic gradients for both the San
Pedro Formation and the undifferentiated alluvium using available water level data, the RCS
value is considered to be more consistent with available data and is used in the groundwater
balance.

4.2.1.1 Hydraulic Conductivity (K)

For the active channel deposits (Layer 1 or shallow aquifer in the Bachman study), the K value
used in this study is nearly twice that of the Bachman estimate. The volume of active channel
deposits relative to the other geologic formations of the estimation is very small, and therefore

the calculation is not highly sensitive to this factor.

For the undifferentiated alluvium (Layer 2 or Oxnard-Mugu Aquifer in Bachman) Bachman
applies a K value of 120 ft/d, which was derived by UWCD for FICO Well 12 (UWCD, 2013f).
Note that UWCD defined that value as preliminary until further testing could be completed. The
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present study applied a similar K value of 126 ft/d to the undifferentiated alluvium; that value
was derived from the geometric mean of values estimated from specific capacity data, as well

as two pumping tests (Table D-1).

RCS estimated a K value for the San Pedro Formation (Layer 3 or Hueneme Aquifer in
Bachman) of 118 ft/d; this value is based on measured values, including those from two aquifer
tests for two City of Santa Paula wells constructed in the San Pedro Formation. Bachman
estimated a much lower value of 30 ft/d, based on the work of KDSA (2015). Review of the
KDSA (2015) study reveals no specific discussion of hydraulic conductivity, and therefore, the
exact method of determining how KDSA identified a K value is unclear.

4.2.1.2 Gradient (i)

Gradients calculated and presented by Bachman (2015) for the undifferentiated alluvium (or
Layer 2) are quite similar to the gradients used in this study (Table D-6). However, those same
Layer 2 gradients are applied to Layer 3 in the Bachman report (2015). The present study
provided an independent determination of the groundwater gradient in the San Pedro
Formation. As described in Section 3.7, three different contour maps were created based on
the perforation intervals in the wells from which water level data were collected (these maps are
shown in Appendix F). Because there is not an abundance of wells near the eastern settlement
boundary, gradient data for the San Pedro Formation were derived from wells located west of
the boundary, as illustrated on the Appendix F maps. In this study, groundwater flow gradients
in the San Pedro Formation were determined to be roughly one-half of the gradient calculated
for the undifferentiated alluvium.

To determine the sensitivity of hydraulic gradient, the inflow calculation for this study was re-
calculated using the average of the gradients reported by Bachman (2015), with the K values
provided by RCS. The result was an average inflow of 35,000 ac-ft/yr, a value that is about
10,000 ac-ft/yr higher than the RCS calculation. Because the Bachman study (2015) used a
lower K value for the San Pedro Formation, the assumption that the gradient from the
undifferentiated alluvium can be applied to the San Pedro Formation did not have a great effect
on the overall inflow calculation. However, the higher K value applied by RCS to the San Pedro
Formation, coupled with the larger gradient applied by Bachman to the San Pedro Formation,

resulted in a significantly greater calculated inflow value in total and in the San Pedro Formation
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specifically. In contrast, the calculation of inflow through the undifferentiated alluvium using the
RCS-estimated K values and the average of Bachman’'s groundwater gradients yielded an

estimate of 10,000 ac-ft/yr, the same value calculated by RCS as described in Section 4.2.

4.2.1.3 Cross Sectional Area (A)

The cross section provided by Bachman is referenced to the Ventura Regional Groundwater
Model. Although not explicitly illustrated in Bachman’s 2015 report, the length of his cross
section is shown to be roughly 8,500 feet. This includes only the portion of the inflow boundary
up to the northern terminus of the alluvial deposits on the Basin flow. It does not include the
outcrop portion of the San Pedro Formation in the adjoining hillsides.

Bachman defines a “shallow aquifer” whereas RCS defined only a much smaller “active channel
aquifer.” For the total cross-sectional area of undifferentiated alluvium (Layers 1 and 2 for
Bachman versus active channel and old alluvium by RCS), Bachman calculated an area of
roughly 3.4 million square feet (M ft?), of undifferentiated alluvium, whereas RCS calculated an
area of about 2 Mft>. As shown on Cross Section Y-Y’, RCS did not include portions of the
undifferentiated alluvium that were interpreted to be within the “High Percent Low-Permeability
sediment” Zone.”

For the San Pedro Formation, Bachman calculated an area of 2.5Mft?, whereas RCS
calculated an area for the San Pedro Formation of 5.2 Mft>. RCS calculation areas G, H, I, and
J (shown as the orange-colored regions on the RCS Y-Y’ cross section) equal roughly 2.4 M ft*
and therefore account for some of the discrepancy. If these regions were removed from the
RCS calculation, then the inflow across the boundary calculated by RCS would be
18,000 ac-ft/yr.

4.3 Groundwater Recharge from Deep Percolation of Precipitation and

Irrigation

The Basin is located within a Mediterranean-type climatic zone characterized by long dry
summers and short mild winters. Nearly all annual precipitation occurs in the winter months.

Precipitation rates are variable, and cyclic patterns occur, sometimes with sub-average rainfall
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over several consecutive winters (droughts). Recharge from precipitation is also variable and
follows similar trends. Recharge to the Basin is composed of mountain front recharge (recharge
within ephemeral washes in the transition zone between the mountain block and the Basin
floor), local recharge (along sandy drainages in the interior of the Basin), and diffuse recharge
(precipitation that infiltrates on the broad lowland areas between washes and is significantly

decreased in developed areas due to the presence of impervious surfaces).

Recharge from precipitation and irrigation is estimated using an advanced watershed model
developed by DBS&A, the Distributed Parameter Watershed Model (DPWM). As discussed in
Section 4.3.6, recharge of perennial streamflow within Santa Paula Creek was estimated
separately from the DPWM based on UWCD field gaging data (UWCD, 2013d).

4.3.1 DPWM Methodology

Application of the DPWM allows for quantitative estimates based on site-specific climatological,
geologic, soils, land use, and vegetation factors. DBS&A developed the DPWM based on the
MASSIF model developed by Sandia National Laboratories (2007). The DPWM is similar in
concept to watershed models used by the USGS (e.g., INFIL [Hevesi et al., 2003]). The model
relies on the widely accepted United Nations FAO-56 procedure for computing actual
evapotranspiration (AET) from the reference evapotranspiration (ET,) estimated using the
Penman-Monteith method (Allen et al., 1998, 2005). Water budget components accounted for
in the model include precipitation, irrigation, bare soil evaporation, transpiration, runoff, run-on,
soil water storage, and deep percolation (recharge). Complete documentation of the DPWM is
provided in Appendix G.

Precipitation falling on a specific location within the contributing subwatershed may run off
(based on rainfall intensity greater than surface infiltration rates) or infiltrate into the soil profile.
Runoff may become run-on into other areas, where it may be available for infiltration. Upon
infiltration of water into the soil profile, water may be stored and subject to subsequent
evapotranspiration. If the soil moisture content increases above soil moisture field capacity,
water will be subject to deep percolation at a rate governed by the hydraulic conductivity of the
soils and underlying geologic formations. Deep percolation past the root zone is considered to
eventually result in recharge of the underlying groundwater.
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Within the contributing subwatershed, upland areas north of the Basin are primarily low-
permeability Tertiary-aged bedrock units (Figure 6), and precipitation in these areas is likely to
lead to significant runoff. Some of the precipitation that falls on the mountain terrain runs off into
higher-permeability ephemeral washes and becomes recharge in the transition zone between
the mountain block and the sediments at the margin of the Basin floor. This recharge process,
termed mountain front recharge (e.g., Wilson and Guan, 2004), occurs in major washes and
perhaps hundreds of minor washes that collect water that runs off the mountain block.
Recharge to the alluvial washes is likely to contribute to groundwater within the Basin as lateral
underflow from the ephemeral washes.

A general schematic of the DPWM is given in Figure 9. The upper DPWM layer (Layer 1)
includes bare soil evaporation and transpiration, and its thickness is based on the maximum

depth of bare soil evaporation. Layer 1 is divided into two nodes (Nodes 1 and 2).

Node 1 is the bare soil fraction of the cell where evaporation is dominant, and Node 2 is the
fraction of the model domain cell surface covered by vegetation canopy, where transpiration is
dominant. Bare soil evaporation does not occur in Node 2, but transpiration occurs to some

degree in both Nodes 1 and 2.

The second layer (Layer 2, Node 3) represents the remainder of the root zone for the vegetation
type; its thickness is the maximum rooting depth minus the thickness of Layer 1. Transpiration
is dominant in Layer 2, but some diffuse evaporation also occurs. The final layer (Layer 3,
Node 4) represents the thickness of soil below the root zone and allows no transpiration or
evaporation. The thickness of Layer 3 is the depth to alluvial sediment or bedrock minus the
thicknesses of Layers 1 and 2. In cells with deep alluvium, the thickness is limited to 20 meters
minus the root layer thicknesses. Drainage from Layer 3 is limited by the bedrock saturated

hydraulic conductivity when it is less than the soil saturated hydraulic conductivity.

Routing of precipitation within the developed areas of the subwatershed is impacted by
urbanization, including covering of the land surface with impervious surfaces (i.e., pavement,
asphalt, rooftop). The presence of impervious surfaces is generally understood to increase
runoff and concomitantly decrease infiltration and deep percolation to groundwater.
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For the purpose of DPWM modeling, a “percent impervious surface” is assigned to each model
grid cell. The impervious surface portion of each cell in the DPWM model receives no irrigation,
contains no vegetation, and accepts all runoff from surrounding areas of the cell. Furthermore,
runoff on impervious surfaces within each cell will be routed directly to the impervious surface
portion of the next downgradient cell and so on, until reaching the closest mapped surface water
channel. In this way, DPWM routing of water in developed areas represents, in an approximate

sense, storm flow to storm water drains and then to surface water channels.

4.3.2 DPWM Limiting Assumptions

Although the DPWM provides an advanced and efficient watershed model for estimating
recharge, several limiting assumptions are necessary to execute the model over the relatively
large subwatershed within the available resources of the overall safe yield project. Key
assumptions include:

o All water that percolates past the root zone is assumed to recharge to groundwater.

e Properties (e.g., soil type, vegetation type, percent impervious surfaces) within each
model grid cell are constant.

e Soil properties of the vegetated portion of developed areas are not adjusted for the

presence of artificial fill or compaction.
o All surface water is routed through the model within a 1-day time step.

e Because all runoff is routed to impervious surfaces when present, focused recharge in

developed areas (e.g., from building roofs to vegetated areas) is not accounted for.

o Average representative land use from 2013 was used over the entire time period (1999

through 2012), and changes in land use will not be accounted for.

e Irrigation rates are constant from year to year, an assumption that does not account for

inter-annual fluctuations in irrigation as influenced by climate and other factors.
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4.3.3 DPWM Domain and Input Parameters

The DPWM model domain covers the Santa Paula Basin and entire upgradient contributing
watershed separate from the Santa Clara River (Figure 2) and consists of uniform grid cells
295 feet (90 meters) on a side. The model has been run for the complete base hydrologic
period, water years 1999 through 2012, using a daily time-step routine. Model input data were
collected from weather stations, site-specific literature sources, and general literature sources,
and/or estimated from other properties, as described below and fully documented in
Appendix G.

The topography used in the model was derived from USGS digital elevation models (DEMs).
The DPWM grids use the slope, azimuth, and elevation and routing of flow as predicted by the
DEMs.

Direct climate inputs to the DPWM include daily total precipitation, maximum daily air
temperature, minimum daily air temperature, and average daily wind speed. These data were
collected from the local VCWPD precipitation gage 225, other local gages, and CIMIS Santa
Paula climate station #198 (Figure 5). Daily precipitation data are spatially distributed over the
watershed based on the parameter-elevation regressions on independent slopes model

(PRISM) estimate of the normal mean precipitation (Daly et al., 1994), as presented in Figure 3.

The spatial distribution of vegetation types in undeveloped areas was obtained from digital land
cover datasets provided by the California Gap land cover mapping project (Lennartz et al.,
2008).

4.3.3.1 Soils and Impervious Surfaces

Soils data were obtained from the U.S. Department of Agriculture (USDA) SSURGO database,
which contains electronic data from field surveys conducted by the USDA. The USDA
databases provide soil texture data (percentage of sand, silt, and clay), saturated hydraulic
conductivity, and dry bulk density for each soil horizon. Soil water retention characteristics were
estimated using soil texture data obtained from SSURGO and input into the widely used Rosetta
application, which was developed for this purpose (USDA, 1999). The USDA reports soil depth

for depths shallower than 5 feet. For soils specified as greater than 5 feet in thickness by the
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USDA, the soil depths are assumed to be far greater than the maximum rooting depth of any

vegetation association (20 meters).

Percent impervious surface was assigned for each model grid cell based on 2006 impervious
surfaces data available from the USGS National Land Cover Dataset (NLCD) and presented on
Figure 10. Recent research has indicated that impervious surfaces exhibit measurable
infiltration of water following precipitation events, mostly through cracks in pavements and
asphalts (Wiles and Sharp, 2008). Over broad areas, the result may be significant quantities of
infiltrated water. The project team has conducted a literature review in order to evaluate the
value of hydraulic conductivity assigned to the impervious surfaces in DPWM. Previous studies
included double-ring infiltrometer experiments on pavements and asphalts (Wiles and Sharp,
2008), weighing lysimeter experiments of infiltration through fresh-laid asphalt (Ramier et al.,
2004), laboratory permeameter testing on new asphalt cores (Huang et al., 1999), and previous
urban watershed/climate modeling (Dupont et al., 2006). Based on this review, a hydraulic
conductivity value of 1 x 107 centimeters per second (cm/s) (0.028 ft/d) was assigned to the

impervious surfaces within the model domain.

4.3.3.2 Geologic Units and Alluvial Low-Permeability Sediment Zone

Geologic units underlying the soils of the subwatershed may restrict net infiltration when the
saturated hydraulic conductivity of the underlying media is less than the soil infiltration rate and
soils are shallow. The distribution of sediment and bedrock types (as mapped originally by
Dibblee, 1992) has been obtained in GIS format from the California Geologic Survey (Gutierrez,
2014) and is displayed on Figure 6. The vertical saturated hydraulic conductivities for geologic
units were estimated from literature sources in conjunction with the hydrogeologic evaluation

conducted and reported herein.

Saturated hydraulic conductivity of the alluvial geologic units was of particular concern because
of the presence of low-permeability layers (i.e., clay or silt), which may restrict vertical
percolation. As described in Section 3, RCS developed illustrative maps of the percentage of
low-permeability sediments based on interpretation of available drillers’ logs (Appendix C).
Visual inspection revealed low-permeability sediment zones greater than 50 percent generally
correlate with surficial geologic sediment mapped as Holocene alluvial fan deposits (Qhf) by the
California Geologic Survey (Figure 7), whereas zones with lower percentages of low-
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permeability sediment correlate with latest-Holocene stream terrace deposits (Qht) and latest-
Holocene alluvial fan deposits in the eastern Basin (Qhfy). Therefore, for the purpose of
DPWM, geologic units mapped as Qhf were assumed to exhibit relatively high low-permeability

sediment content and reduced vertical hydraulic conductivity.

DBS&A searched the State Water Resources Control Board (SWRCB) Geotracker online
database for aquifer tests conducted within the shallow low-permeability alluvial sediments. The
Geotracker database was considered to be a potentially useful resource, as waste-
contaminated sites listed in the database are typically subject to hydrogeologic investigation
within shallow sediments (e.g., less than 100 feet). A comprehensive search of the Geotracker
database revealed one site located within the low-permeability sediment mapped zone that
included aquifer testing: the former ARCO Facility No. 1983, 11005 Citrus Drive (Figure 7). At
this site, aquifer slug tests were conducted at three monitoring wells perforated between 3 and
14 ft bgs (Arcadis, 2010). Aquifer test data were interpreted using the AQTESOLYV parameter
estimation program, and results were 0.1 ft/d for two wells and 0.2 ft/d for the third well. These
values were reported to be “reasonable given the documented lithology of the site, which is
characterized as sandy to clayey silt and clay with minor interbedded clayey to silty sand”
(Arcadis, 2010). Based on these results, for the purpose of DPWM modeling, a vertical

hydraulic conductivity of 0.1 ft/d was assigned to the Qhf geologic zones.

4.3.3.3 Agricultural Land Use and Irrigation

Vegetation types in agricultural areas were obtained from GIS coverage provided by the
Ventura County Agricultural Commissioner (VCAC, 2013), as presented by UWCD (2013b).
Agricultural land use, irrigation rates, and default crop water requirements (e.g., crop factors) for
use in DPWM modeling were assigned to be consistent with UWCD (2013b) and ITRC (2010).
Recent land-use designations (VCAC, 2013) were assigned for all years within the simulations,
and it was assumed that land-use changes (e.g., cropping changes) were not significant over

the base period.

The simplifying assumption was made that irrigation rates are constant from year to year. This
assumption does not account for inter-annual changes in irrigation rates as influenced by
climate and other factors; however, irrigation return flow is expected to be relatively constant as
opposed to episodic patterns of rainfall. The amount of irrigation that occurred each month was
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allocated from annual irrigation rates, proportional to the relative amount of reference

evapotranspiration that occurred each month (as determined from CIMIS data).

4.3.4 Areas Contributing Deep Percolation of Precipitation

Model cells assumed representative of areas for which deep percolation of precipitation
contributes to Basin recharge are presented in Figure 11. As discussed in Section 4.3.1, upland
areas generally north of the Basin (Figure 6) are primarily low-permeability Tertiary-aged
bedrock units, and deep percolation to bedrock units is not considered to recharge the Basin.
Therefore, as delineated on Figure 11, these areas are not used to calculate DPWM-predicted
Basin recharge.

Because the Santa Clara River is generally considered to receive groundwater discharge and
not be a net source of groundwater recharge (Section 4.0), model cells representative of the

area of the Santa Clara River are excluded from DPWM-predicted recharge results.

Deep percolation within alluvial washes outside the Basin settlement boundary (Figure 6) is
assumed to eventually recharge the Basin as lateral underflow, and therefore, predicted
recharge within these model cells are included in DPWM-predicted recharge results (Figure 11).

For the case of the Santa Paula Creek subwatershed, significant groundwater is observed to
discharge to Santa Paula Creek in the general location of USGS gage 11113500 near the
northern Basin settlement boundary (Figure 5), where the stream is perennial. Some or all
recharge within the Santa Paula Creek subwatershed therefore eventually “daylights” as surface

water and is unavailable for recharge to the Basin as lateral groundwater underflow.

DBS&A applied digital filtering methods to estimate the proportion of Santa Paula Creek flow
attributable to groundwater discharge to surface flow (baseflow) at USGS gage 11113500.
Daily streamflow records for USGS gage 11113500 were processed by digital filtering, which is
used to estimate the baseflow component of the surface water flow hydrograph (Lim et al.,
2005). Results of the baseflow separation are presented for each water year in Table 2, and

results are shown graphically for water year 2011 in Figure 12. Observed average total flow at
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the USGS gage for all water years was 19,585 ac-ft/yr, and the estimated average baseflow

component of that was 11,393 ac-ft/yr (58 percent).

Estimated baseflow using the digital filtering analysis (11,393 ac-ft/yr) was greater than the total
DPWM-estimated recharge within alluvial channels of the Santa Paula Creek subwatershed
(3,337 ac-ft/yr). This indicates that essentially all groundwater recharge to alluvial channels in
the Santa Paula Creek subwatershed north of the settlement boundary daylights and discharges
to surface water near the boundary. Therefore, the Santa Paula Creek subwatershed area was

excluded from the DPW M-predicted Basin recharge results (Figure 11).

Basin recharge resulting from the perennial flow in Santa Paula Creek was estimated separately
from the DPWM and is described in Section 4.3.6. Therefore, the area of the Santa Paula

Creek channel was also excluded from DPWM-predicted Basin recharge results.

4.3.5 DPWM Results

Table 3 presents average annual DPWM-predicted Basin recharge over the entire study
hydrologic base period (1999 through 2012) and for the selected water years 2000 (median),
2010 (75th percentile), and 2012 (25th percentile). Over the entire study hydrologic base
period, the average annual total deep percolation of precipitation and irrigation was predicted to
be 10,428 ac-ft/yr, including 6,549 ac-ft/yr from precipitation (63 percent) and 3,879 ac-ft/yr from
irrigation (37 percent). The majority of precipitation-related recharge (5,430 ac-ft/yr) occurred
within the Basin, as compared to alluvial washes outside the settlement boundary (1,119 ac-
ft/yr).  Importantly, median, 25th, and 75th percentile conditions resulted in less annual
precipitation-related recharge as compared to the 14-year average, demonstrating that the
average is skewed by the heaviest precipitation years (e.g., 2005).

Figure 11 presents a map of average annual modeled recharge from precipitation and irrigation.
Recharge rates for the alluvial portions of the Basin floor generally range from 2 to 10 inches
per year (in/yr) on average, compared to 0 to 5 in/yr for the area of the San Pedro outcrop in the
northern portion of the Basin. Spatial variability is also influenced by the presence of impervious

surfaces in developed areas of the cities of Santa Paula and Ventura (Figure 10).
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4.3.6 Santa Paula Creek Recharge

UWCD (2013d) performed stream gaging within Santa Paula Creek in April 2011, May 2011,
September 2011, and February 2012 (Section 2.4). Gaging was conducted at Harvard
Boulevard and at Bridge Road, which are located 0.55 and 3.1 miles upstream of the confluence
with the Santa Clara River, respectively (Figure 5). UWCD estimated percolation between the
two locations based on the observed difference in streamflow, assuming that any decrease in
streamflow at the downstream location was due to streambed percolation. UWCD (2013d)
states that a source of error was the presence of flow into the creek from perched groundwater
seeps observed along the west bank of Santa Paula Creek in the vicinity of a surface water
reservoir on Wilson Ranch and irrigated orchards near the terminus of Say Road. Increased
flow in the seeps at Wilson Ranch is reported following irrigation events at the ranch (UWCD,
2013d). Minor inflows from perched groundwater seeps between the gaging locations were not

accounted for in the flow balance calculations.

Figure 12 displays total flow at USGS gage 11113500 for water year 2011, which encompasses
most of the UWCD gaging dates that occurred during the same year. April and May 2011
gaging was conducted by UWCD following precipitation in March 2011 and during the resulting
baseflow recession. DBS&A compiled UWCD gaging results and corresponding measured flow
at USGS gage 11113500 for each day. Percolation of surface water to groundwater between
the USGS gage and Bridge Road on each day was taken as the difference in flow at each
location. Figure 13 presents a linear regression of estimated percolation within this reach on
each date and observed flow at the USGS gage (UWCD data from April 12, 2011 was identified
as an outlier and excluded from the regression). Based on this regression, 6.2 percent of
surface flow at the USGS gage was estimated to percolate between the USGS gage and the

first UWCD gaging location at Bridge Road.

On most gaging dates, UWCD observed greater flow at Harvard Boulevard (downstream) as
compared to Bridge Road (upstream), and this is assumed to have been caused by the
presence of the irrigation runoff flow entering the channel between the two gaging locations.
UWCD (2013d) report that depth to groundwater in the vicinity of the gaging locations has
historically been at least 17 feet and therefore there is no groundwater discharge directly to the
creek. On the UWCD gaging date that exhibited greatest total flow (April 1, 2011, the date
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nearest the March 2011 precipitation [Figure 10]), UWCD did calculate a loss of groundwater
between Bridge Road and Harvard Boulevard of 6.4 cfs, or 3.0 percent of the flow at the USGS
gage on that date. Error introduced by the presence of irrigation runoff is expected to be less
during periods of greater flow. Therefore, it was assumed that 3.0 percent of flow at the USGS

gage is lost to percolation between Bridge Road and Harvard Boulevard.

Total Santa Paula Creek percolation is assumed to be 9.2 percent (6.2 percent plus 3.0 percent)
for the range of total flow exhibited during UWCD gaging dates and included in the linear
regression (Figure 13). A percolation rate of 9.2 percent is in the lower range of rates previously
estimated for Santa Paula Creek in 1932, 1953, 1971-1972, and 1998, all dates prior to
compaction of lower Santa Paula Creek (UWCD, 2013d).

The relationship between total flow and percolation is not expected to be linear for the full range
of possible streamflow rates. With increasing total flow, streambed percolation is expected to
reach a maximum at some point. Streambed percolation is a function of streambed hydraulic
conductivity, wetted area, and vertical hydraulic gradient, and will increase with increasing flow
up to a certain flow rate because of increasing wetted width. Streambed hydraulic conductivity
is constant, and vertical hydraulic gradient in conditions with pooled surface water overlying
unsaturated media is assumed to be 1 under most conditions (Stephens, 1995). Once the
entire streambed width is wetted, percolation is not expected to continue to substantially

increase with increasing flow rate or increasing height of water.

UWCD gaging was limited to dry weather conditions, and therefore a full non-linear regression
is not available across the full range of possible flow rates. Maximum flow at the USGS gage
during UWCD gaging dates was 211 cfs (April 1, 2011), compared to a maximum of 7,560 cfs
(January 9, 2005) during the hydrologic base period. A total of 97 days during the hydrologic
base period exhibited a total mean daily flow at the USGS gage greater than 211 cfs (1.9
percent of all days). For the purpose of the water balance, for all days exhibiting a flow greater
than 211 cfs, a maximum percolation of 19.3 cfs was assumed (corresponding to 9.2 percent of
211 cfs). Lack of sufficient wet-weather gaging along Santa Paula Creek is recognized as a
data gap.
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Daily percolation for all days was estimated as 9.2 percent of measured flow at the USGS gage,
subject to the constraint of a maximum percolation rate of 19.3 cfs. Annual total percolation was
taken as the summed percolation of all days within each water year. Resulting estimated Santa
Paula Creek percolation is given in Table 2. The 14-year annual average is 1,105 ac-ft/yr, and
a percolation of 756 ac-ft/yr was estimated for the representative median precipitation condition

(water year 2000).

4.4 Wastewater Percolation and Septic Systems

Effluent from the SPWRF has been routed to percolation basins located near the Santa Clara
River for disposal since mid-2010 (Figure 7). Prior to construction of the SPWRF, wastewater
was discharged to the Santa Clara River via a canal parallel to Peck Road. Wastewater
discharge created a discrete tributary of the Santa Clara River within the river bed that ran
southwest from Peck Road for approximately 0.6 miles before its confluence with the river.
Review of historical aerial photography indicates that this tributary was highly vegetated, and
therefore some of the wastewater discharge was consumed via riparian evapotranspiration.
Furthermore, the tributary wetted width was relatively narrow (approximately 10 feet),
minimizing wetted area and percolation as compared to the SPWRF percolation basins. The
Santa Clara River in this location is also likely gaining at least during wet periods, as discussed
in Section 3.5. For these reasons, wastewater discharge percolation was assumed to be minor
prior to 2010 and was not included in the groundwater balance.

For the purposes of this study it is assumed that SPWRF percolation pond water recharges
groundwater and does not readily discharge into the Santa Clara River. SPWRF annual
compliance reports consistently report net groundwater flow toward the west and away from the
river (FugroWest, 2011; GSI, 2016); however, the facility has few monitoring wells located
between the river and the percolation ponds to constrain the estimate of groundwater flow in this
area, and localized mounding conditions could result in radial groundwater flow away from the

percolation ponds, including toward the river.

Similar to deep percolation of precipitation and irrigation, the presence of low-permeability strata

may restrict vertical percolation. The SPWRF facility is located near the Santa Clara River,
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where continuous low-permeability confining units are mapped as thin to absent (Figure 7).
Pre-construction hydrologic evaluation of the SPWRF facility also indicated limited fine-grained
media directly beneath the facility as compared to areas north of the facility and farther from the
river (FugroWest, 2007). SPWRF records indicate that all percolation pond water is readily
recharged into the subsurface. Local ponding conditions, which would be expected if the ponds
overlie low-permeability sediment, are not encountered (i.e., a required 5-foot vertical separation
is maintained between the ponds and saturated groundwater [GSI, 2016]). Additionally,
observed increasing chloride concentrations in nearby irrigation wells following initiation of
waste discharge at the SPWRF facility also supports that percolation pond water recharges

local groundwater production zones (Malzacher, 2012).

SPWRF waste discharge records were obtained from the SWRCB Geotracker website
(PercWater, 2013), and annual total discharge volume is listed in Table 4a. DBS&A identified
several additional smaller wastewater disposal sites on Geotracker (Waste Discharge

Requirement [WDRY]), and discharge volumes for these sites are also listed in Table 4a.

Septic system recharge was estimated using data from the County of Ventura Individual
Sewage Disposal System Applications/Permits Database (CVEHD, 2010). This database
provides approved septic systems listed by the assessor’s parcel number (APN) from 1977 to
present. GIS parcel data from Ventura County was used to determine APNs within the
boundaries of the Basin. This list was then cross-referenced against the Sewage Disposal
System Applications/Permits Database in order to determine the number of approved septic
systems within the Basin, which was 464 (Table 4b). The recharge rate for individual septic
systems was assumed to be 143.5 gallons per day (gpd), or 0.16 ac-ft/yr, assuming 50 gpd per
person based on a study of septic system recharge within southern California (Hantzche and
Finnemore, 1992, and an average population of 2.87 persons per household in California (U.S.
Census Bureau, 2010). The resulting recharge from all septic systems was 74 ac-ft/yr
(Table 4b).
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4.5 Groundwater Storage

Historical groundwater levels in the Basin exhibit inter-annual fluctuation and long-term decline
(UWCD, 2013a), and therefore the change in stored groundwater is a component of the overall
groundwater balance (Equation 4-1). The volume of groundwater that has been released from

storage (AGW,) can be estimated from:
AGW, =S xAxAh [Eq. 4-3]

Where: S = Storativity [-]
A = Surface area of the Basin [L?]

Ah = Groundwater elevation change [L]

The surface area of the Basin (A) was obtained from GIS files provided by UWCD of the Basin

as defined by the settlement boundary (Figure 2) and was determined to be 23,077 acres.

UWCD (2013a) trend analyses indicated an average annual groundwater elevation decline of
0.13 to 0.55 ft/yr depending on the time period analyzed and an average decline of 0.18 ft/yr for
the time period 1999 through 2011, which most closely matches hydrologic base period for this
study (1999 through 2012) (Table 1).

DBS&A performed independent trend analyses of available groundwater elevation data in order
to estimate groundwater level decline and loss in stored groundwater. First, Mann-Kendall
statistical analysis was used to evaluate the presence or absence of a significant groundwater
elevation trend over time (e.g., Wiedemeier et al., 1991; Ofungwu, 2014). Mann-Kendall
analysis provides a robust non-parametric statistical test based on a data ranking scheme and
is therefore not skewed by the presence of outliers. The U.S. EPA statistical software ProUCL
(U.S. EPA, 2010) was used to perform the Mann-Kendall analyses at a statistical confidence
level of 95 percent. Mann-Kendall analyses were conducted for groundwater elevations
measured at 64 wells identified by UWCD as having available data (UWCD, 2013a). Of these
64 wells, 45 had available data for the entire hydrologic base period of 1999 through 2012.
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Trend analysis plots for all wells are presented in Appendix H, and results for all wells are listed
in Table 5. Well locations and UWCD-designated Basin areas (i.e., Santa Paula Creek Area,
East Santa Paula Basin, Middle Santa Paula Basin, Saticoy Area, and West End Santa Paula
Basin) are presented in Appendix E. Table 6 provides a summary of the trend analyses by
geographic area as defined by UWCD. For the Basin as a whole, 4 wells exhibited an
increasing trend, 30 a decreasing trend, and 11 exhibited no trend at the specified confidence
level. Decreasing trends were predominantly observed in the East Santa Paula Basin (16 of 18
wells), Middle Santa Paula Basin (8 of 11 wells) and Saticoy Area (4 of 6 wells), which together
represent the majority of the Basin area.

For those wells that were determined to exhibit a statistically significant trend, linear regression
analysis was used to estimate trend magnitude or slope (i.e., groundwater elevation change).
Linear regression plots for all wells are provided in Appendix H, and results for all wells are
listed in Table 5. For those wells determined by Mann-Kendall analysis to exhibit no significant
trend over the hydrologic base period, a trend of zero (i.e., no long-term change) was assumed
(Ofungwu, 2014).

Table 6 provides summary statistical analysis of computed slope, including the average,
median, 25th percentile, and 75th percentile for all wells. Considering all 45 wells in the Basin
with available data for the entire hydrologic base period, the average slope was 0.20 ft/yr
decrease, median was 0.26 ft/yr decrease, 25th percentile was 0.38 ft/yr decrease, and 75th
percentile was 0.00 ft/yr (no change). These statistics are adjusted slightly by an area-
weighting scheme based on geographic areas as defined by UWCD (2013a), to an average of
0.18 ft/yr decrease, a median of 0.23 ft/yr decrease, 25th percentile of 0.32 ft/yr decrease, and
the 75th percentile of 0.02 ft/yr increase (Table 6). Note that the range of computed annual
average groundwater level declines is similar to those reported by UWCD (2013a) (Table 1).
Mann-Kendall analyses included within this report are based on all available water level records
for each well within the base period, whereas the UWCD (2013a) analysis was based on the

highest observed water level elevation within each year.

Average groundwater elevation changes (i.e., linear slope of groundwater elevation
hydrographs) were also computed for given representative precipitation years 2000, 2010, and

2012 (Table 6). On average, median (year 2000) and 75th percentile (year 2010) years
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exhibited increasing trends of 3.5 and 6.1 ft/yr, respectively, and the 25th percentile (year 2012)
exhibited a decreasing trend of 4.2 ft/yr.

Available Basin storativity values have been compiled by RCS (Appendix D) and range from
1.2x10™* to 9.0 x 107, which are representative of confined or semiconfined aquifers (Fetter,
2001). These data may be skewed by the duration of the available aquifer tests (typically
limited to 24 hours); longer pumping tests may have resulted in calculated storativity values that
reflect unconfined conditions in some locations (e.g., Kasenow, 2001). As described in Section
3.6.1, the undifferentiated alluvium, within which some Basin wells are perforated, is considered
to be unconfined or semiconfined at least in some locations and therefore is expected to exhibit
a greater storativity value of 0.01 to 0.2 (Fetter, 2001; Weight and Sonderegger, 2001).
Analytical modeling of streambed percolation from the Santa Clara River in the location of the
USGS depth-discrete monitoring well (03N21W15G-series [Figure 4]) obtained a best-fit to
available data assuming a storativity value of 0.01 to 0.02 (Reichard et al., 1999). Law-Crandall
(1993) estimated a Basin-average storativity of 0.11. Absence of Basin-specific storativity
values representative of the unconfined or semiconfined undifferentiated alluvium is recognized
as a data gap.

Using Equation 4-3, change in groundwater storage was estimated for the full range of possible
groundwater level decline (Ah) and storativity (S) values listed above. Over the base hydrologic
period, possible Basin-wide groundwater level decline was considered to range from 0.18 to
0.32 ft/yr, based on the area-weighted average, median and 25th percentile values (Table 6).
Possible basin-wide average storativity values were considered to range from 0.01 to 0.2,
conservatively assuming the presence of unconfined or semiconfined aquifer conditions.

Storativity values smaller than 0.01 result in essentially zero change in groundwater storage.

A sensitivity analysis was conducted to consider two bounding cases, a small storage decline
case and a large storage decline case (Table 7). Resulting estimated groundwater storage
change over the hydrologic base period ranges from a loss of 42 ac-ft/yr (small storage decline
case, S =0.01, Ah=0.18 ft/yr) to a loss of 1,477 ac-ft/yr (large storage decline case, S = 0.2,
Ah = 0.32 ft/yr).
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With this range of uncertainty in mind, a value of 53 ac-ft/yr groundwater storage loss was
chosen for the purpose of the final groundwater balance (base case scenario), assuming
storativity (S) of 0.01 and groundwater level decline (Ah) of 0.23 ft/yr (the area-weighted median
value for base period [Table 6]). The smaller value of storativity (0.01) was chosen, as it is most

consistent with (although still greater than) available Basin storativity data (Appendix D).

4.6 Groundwater Extraction

Annual total groundwater extraction rates were obtained from UWCD (2015) and are presented
in Table 8 for 1998 through 2012. Well owners in the Basin report extraction totals to UWCD on
a six-month basis (January—June and July—December) and calendar-year totals are reported by
UWCD (2015). Water-year total extraction (October—September) was estimated from calendar-
year totals as presented in Table 8. Adjustment from calendar-year to water-year extraction
required estimating the proportion of annual extraction occurring from October through
December of each year. This estimate was based on the relative proportion of reference
evapotranspiration (ET,) that occurs in the Basin from October through December of each year
using daily ET, data obtained from CIMIS Station #198 (Figure 5).

This approach assumes that extraction rates are related directly to ET, and is based on the
relationship among reference evapotranspiration, irrigation requirements, and groundwater
extraction rates. This assumption is reasonable for agricultural water supply; however, it may
not be valid for municipal water supply that includes non-irrigation uses. During the hydrologic
base period, 74 percent of extraction reported to UWCD was reported as agricultural water
supply, whereas 26 percent was reported as municipal water supply. Further, municipal water
usage does include domestic, municipal, and commercial irrigation that is expected to vary with
ET, similar to agricultural irrigation. Because of the lack of water-year or quarterly groundwater
extraction data in the Basin and the fact that the majority of groundwater extraction is for

agricultural supply, the ET,-based method for estimating water-year extraction was used.

Using the approach described above, annual average water-year extraction was estimated to be
25,505 ac-ft/yr, with a range of 23,166 ac-ft/yr (2003) to 27,681 ac-ft/yr (2007). Extraction
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totaled 26,959 ac-ft/yr for the median-condition precipitation year (2000), 26,253 ac-ft/yr for the
25th percentile year (2012), and 24,165 ac-ft/yr for the 75th percentile year (2010).

Annual groundwater extraction exhibits a weak negative correlation with annual precipitation
(Table 8). Water years with less than 18 inches of precipitation in the Basin (i.e., at Santa Paula
gages 245A/245B) exhibit annual extraction greater than 26,000 ac-ft/yr, whereas those with
greater than 18 inches of precipitation exhibit extraction less than 26,000 ac-ft/'yr. However,
groundwater extraction in the median precipitation year (2000) was higher as compared to the
25th percentile year (2012). Additionally, the greatest-precipitation year (2005) exhibited
greater extraction than several years with lower precipitation rates (2001, 2003, 2006, 2010,
2011). Precipitation in the Basin occurs primarily during winter months, and irrigation and
extraction are greatest in summer months when temperature and evapotranspiration
requirements are highest. Groundwater extraction annual variability is likely driven by summer
evapotranspiration requirements, cropping patterns, groundwater management measures,
irrigation efficiency changes, and other crop-growth-related factors in addition to winter
precipitation rates.

4.7 Natural Groundwater Outflow

Natural outflow components from the Basin includes groundwater outflow to the Mound and
Oxnard Forebay basins, groundwater discharge to the Santa Clara River, discharge to creeks
following storm events (i.e., from discharge of bank storage within alluvial sediments underlying
creeks), and riparian evapotranspiration. For the purpose of the hydrologic balance and safe
yield determination, it is assumed that the principal natural groundwater outflow component is
groundwater underflow to the Mound Basin and Oxnard Forebay Basin. Estimation of natural
groundwater outflow was constrained by consideration of the remaining calculated water
balance components as discussed below in Section 4.7.2.

47.1 Groundwater Underflow from Santa Paula Basin to Mound Basin and Oxnard
Forebay Basin

Groundwater is considered to flow from the Santa Paula Basin to the Mound Basin and Oxnard
Forebay Basin. For example, as stated by UNCD (2012):
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Water level records suggest groundwater likely flows from the Oxnard Plain Basin, Forebay
Basin, and Santa Paula Basin into the Mound Basin. Although there are some appreciable offsets
on the faults bounding the Mound Basin, the low-permeability Santa Barbara formation does not
extend to sufficiently shallow depths to impede groundwater flow. In most cases, there is a
significant thickness of the San Pedro Formation (aquifer materials) existing above the faults, or
on both sides of the faults. The nature of the faults themselves as an impedance to flow is not

known. However, groundwater flow and Basin recharge across these zones is most probable.

However, recorded groundwater elevations in shallower wells in the eastern Mound Basin are
often 80 to more than 100 feet lower than those in western Santa Paula. This differential in head
produces a large hydraulic gradient across the Basin boundary, and likely results in groundwater
flow from the Santa Paula to the Mound Basin. The magnitude of this flow, howewver, remains

unqguantified.

UWCD (2012) also suggests further geophysical investigations and aquifer tests in the vicinity of
the fault zones that define the boundary of the Mound/Santa Paula basins to provide the basis
for resolving flow dynamics. The UWCD report includes a generalized map (UWCD, 2012,
Figure 3-3) that depicts groundwater flow from Santa Paula Basin to the Mound Basin (larger

arrow) and from the Santa Paula Basin to the Oxnard Forebay Basin (smaller arrow).

UWCD (2014b) documents available interpretations regarding connection of the Santa Paula
Basin to the Mound Basin and Oxnard Forebay Basin. The California State Water Resources
Board (1953) reported:

Ground water flow in the Mound Basin mowves under pressure, generally in a south-westerly
direction, from Santa Paula Basin and from areas of outcrop of the San Pedro Formation which
receives percolation of direct precipitation and stream flow in minor watercourses... the primary
recharge of the [Mound] Basin is by subsurface inflow through the San Pedro formation from the
Santa Paula Basin, and that the contribution from the outcrop of the San Pedro formation to the

north of the Basin is of secondary magnitude.

UWCD (2014b) also documents more recent interpretations of connections within these basins,

including citations of maps and comments by Hopkins Groundwater Consultants indicating that
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groundwater flows from the Santa Paula Basin to the adjoining Oxnard Forebay, Oxnard Plain,
and Mound basins. VCWPD (2013) is also excerpted:

Following a review of information regarding the Mound Basin boundaries contained in United
Water Conservation District’'s open File Report 2012-01 and DWR Bulletin 118, it appears that the
existing mapped boundaries may not in fact be complete barriers to groundwater flow. We have
decided to continue potentiometric surface lines across the southern mapped Mound Basin
boundary for the upper and lower system, and across the Santa Paula/Mound Basin Boundary for
the upper system in this report. Doing so still demonstrates the boundary condition at the Santa
Paula Basin and Mound Basin boundary, while providing information about water levels in the

Oxnard Plain and Mound Basin on the same map.

At the southwestern or downgradient side of Santa Paula Basin, the Oak Ridge fault forms a
partial barrier to groundwater flow within the San Pedro Formation (but perhaps not the alluvium
of the Santa Clara River), whereas the Mound Basin and the Oxnard Forebay Basin adjoin the
west/southwest and southwest sides of the Santa Paula Basin, respectively. As has been
acknowledged in the past by a few prior investigators, the boundary between the Santa Paula
and Mound basins is complex but is generally considered to be formed by the Country Club
fault. Structural complexities in this region (namely, the Country Club fault and the Oak Ridge
fault zone) appear to at least minimize hydraulic communication between the Santa Paula and
Mound Basins.

To further assess these structural issues, RCS reviewed available geologic data to try to
determine where the projected fault trace might occur at ground surface and what portion of the
stratigraphic section may be displaced, disrupted, or folded. The latter interpretation is
particularly difficult and subject to uncertainty because of several factors, including lack of E-
logs in sufficient locations, lack of E-logs near and on both sides of the fault structures, and lack
of E-logs that include resistivity signatures in the shallower sediments (the lack of E-log

signatures in shallower sediments is a problem particularly for oil well E-logs).
Using Darcy’s Law and methods as described above for groundwater inflow (Section 4.2), RCS

estimated groundwater outflow along the southern Basin boundary. Although groundwater
outflow within the San Pedro Formation was preliminarily evaluated, based on RCS
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hydrogeologic interpretation, it was assumed that there is no flow through the San Pedro
Formation at the outflow boundary. As illustrated on the groundwater elevation contour maps
(Appendix F), available groundwater elevation data suggest that some water may move across
the outflow boundary within the San Pedro Formation. This is suggested by the southerly
spreading of water level elevation contours across the interpreted ground surface location of the
fault. However, the contour maps are based on sparse data and rely on some wells that may be
perforated across the San Pedro/undifferentiated alluvium geologic boundary. Further, if the
assumption is made that groundwater does indeed move through the fault zone within the San
Pedro Formation, determining what the reduced lateral hydraulic conductivity value through the
fault area might be is considered subjective (assuming the fault acts as a partial barrier to flow)
due to lack of requisite data. Additionally, if water is moving through that outflow boundary
within the San Pedro Formation, the movement may not occur through the total thickness of the
San Pedro Formation, but rather possibly only through the upper portion of this formation. Data
to determine the thickness through which groundwater does move across the boundary (and
through a portion of the San Pedro Formation) are unavailable. Therefore, RCS assumed
groundwater outflow through the undifferentiated alluvium only. Even if water does move
through the fault boundary within the San Pedro Formation, the volume is likely small in

comparison to the volume that moves through the more highly permeable alluvial sediments.

Lateral hydraulic conductivity for the undifferentiated alluvium and active channel deposits were
determined by RCS data compilation from work by others, including FugroWest (2007), as listed
in Table D-4. Hydraulic conductivity of the active channel deposits was assumed to be 300 ft/d
(FugroWest, 2007). For the undifferentiated alluvium, hydraulic conductivity was assumed to be
94 ft/d, taken from the geometric mean of (1) the geometric mean of specific capacity-derived
values for the West End Santa Paula Basin/Saticoy Area wells interpreted to produce water
from only the undifferentiated alluvium (Table D-1) and (2) the geometric mean of hydraulic
conductivity for nine wells reported by FugroWest (2007). Hydraulic gradients in the outflow

area were obtained from the RCS groundwater elevation contour maps (Appendix F).

Contoured groundwater elevation data for all the maps created (Appendix F) display the impact
of the groundwater barriers in the western and particularly the southern portions of the Basin
(llustrated by a steepening of the water level elevation contours). This barrier appears to exist

in the general vicinity of the fault shown on the geologic map, as also shown on Cross
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Section A-A’. Subsurface geologic and/or E-log evidence of the fault extending east of Cross
Section A-A’ were not observed by RCS. However, the groundwater elevation contour data in
the area east of Cross Section A-A’ suggest that the barrier extends to the south/southeast
toward the Santa Clara River and South Mountain. This barrier appears to be approximately in
the area at which the settlement boundary crosses the Santa Clara River. Hence, the geologic
data and the groundwater elevation contour data were used to define the southern outflow
boundary of the Basin, as illustrated on Cross Section X-X' and the corresponding location map
(Appendix B). Cross-sectional areas were determined for each polygonal segment in Cross
Section X-X, excluding those segments considered to represent the San Pedro Formation
(shown as orange color).

Table D-6 compiles lateral hydraulic conductivity, gradient, and cross-sectional area information
for each polygonal segment of Cross Section X-X, and presents the final calculated
groundwater outflow for water years 2000, 2010, and 2012. Average annual groundwater
outflow for the three selected years is estimated to be 7,349 ac-ft/yr. However, given data gaps
and uncertainty as discussed above, this value is considered a general estimate of outflow at
the Basin boundary. Future investigations of the Oxnard Forebay and Mound Basins may help

to inform the estimated outflow from Santa Paula into these basins.

4.7.2 Estimated Natural Groundwater Outflow

In consideration of uncertainty related to calculating lateral groundwater outflow and discharge
to the Santa Clara River, natural groundwater outflow (the combination of lateral outflow,
discharge to surface water, and riparian evapotranspiration) was estimated from the remaining

groundwater balance components by rearrangement of Equation 4-1:

Onat = [Py + Pi+ GW; + WWTP + Se] - E - AGW, [Eq. 4-4]

In this way, average annual natural groundwater outflow was estimated to be 11,808 ac-ft/yr for
the entire base period (Table 9). This value is similar in magnitude to the average annual
groundwater outflow independently estimated by RCS of approximately 7,349 ac-ft/yr
(Table D-6), although larger by approximately 4,460 ac-ft/yr allowing for additional natural
outflow components (i.e., discharge to Santa Clara River, riparian evapotranspiration). The

64



Daniel B. Stephens & Associates, Inc.

estimated average annual natural groundwater outflow of 11,808 ac-ft/yr is therefore considered

to be a reasonable estimate for the purpose of the groundwater balance.

4.8 Final Groundwater Balance

The final groundwater balance is presented in Table 9 for the entire base hydrologic period
(1999 through 2012) and for the representative years 2000, 2010 and 2012. Average annual
groundwater inflow is estimated to be 37,260 ac-ft/yr and to range from 26,783 ac-ft/yr for 2012
(25th percentile) to 48,861 ac-ft/yr for 2010 (75th percentile). Groundwater inflow from the
Fillmore Basin represents the majority of groundwater inflow (25,244 ac-ft/yr on average,
68 percent). Note that average groundwater inflow as underflow from the Fillmore Basin is
calculated as the average of calculated underflow for April of 2000, 2010 and 2012, the 3 years
for which inflow calculations were conducted (Sections 3.8, 4.2). Remaining groundwater inflow
component averages were taken as the average of all 14 years within the hydrologic base
period. Error associated with using a 3-year rather than a 14-year average for the underflow
calculation was evaluated by analysis of precipitation records. The 14-year (1999-2012)
average precipitation for Gage 225 (Wheeler Canyon) is 21.6 inches, whereas the 3-year
average (2000, 2010, 2012) is 18.9 inches, or 13 percent smaller. Assuming a relationship
between precipitation and groundwater flow from Fillmore to Santa Paula, the underflow

calculation may be underestimated by a similar margin.

Remaining inflow components, in order of magnitude, include deep percolation of precipitation
(6,549 ac-ft/yr, 18 percent), deep percolation of irrigation (3,879 ac-ft/yr, 10 percent), Santa
Paula Creek percolation (1,105 ac-ft/yr, 3 percent), and percolation from wastewater effluent
and septic systems (483 ac-ft/yr, 1 percent). Increased total groundwater inflow in wet years as
compared to drier years is driven by increases in several of the inflow components. Total inflow
is 22,078 ac-ft/yr greater in 2010 (75th percentile) compared to 2012 (25th percentile). This
22,078 ac-ft/yr increase is attributed to increased inflow from the Fillmore basin (39 percent),
increased deep percolation of precipitation (25 percent), increased deep percolation of irrigation

(32 percent), and increased Santa Paula Creek percolation (4 percent).
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Annual groundwater outflow was 37,313 ac-ft/yr on average, and ranged from 27,752 ac-ft/yr
(2012, 25th percentile) to 47,453 ac-ft/yr (2010, 75th percentile). The principal outflow
component was groundwater extraction (25,505 ac-ft/yr, 68 percent), while the remaining
outflow was attributed to natural outflow (i.e., the combination of lateral outflow, discharge to
surface water, and riparian evapotranspiration; 11,808 ac-ft/yr, 32 percent). Note that because
groundwater outflow is calculated based on the remainder of the remaining groundwater
balance components (Equation 4-4), including groundwater inflow, it may be underestimated

due to the use of a 3-year rather than a 14-year average for the inflow component.

While changes in groundwater extraction rates are relatively minor from year to year, natural
groundwater outflow is estimated to increase substantially in wet years as compared to dry
years. This indicates that most of the increase in groundwater inflow during wet periods exits
the Basin as natural outflow rather than remaining in storage within the Basin for extended
periods. This is also consistent with the relatively minor changes in groundwater storage from
dry to wet years as compared to corresponding changes in inflow (Table 9). For example,
groundwater inflow is 22,078 ac-ft/yr greater in 2010 (75th percentile) compared to 2012
(25th percentile), but estimated difference in the change in storage between the two years is
only 2,377 ac-ft/yr. Comparing the same two years, natural groundwater outflow is estimated to
be 21,789 ac-ft/yr greater in 2010 compared to 2012.

Table 7 presents a sensitivity analysis of the average groundwater balance (1999-2012)
considering the base case, small storage decline, and large storage decline cases (Section 4.5).
Groundwater inflow components are identical for all three cases. Change in storage is similar
for the small storage decline case (42 ac-ft/yr loss in storage) as compared to the base case
(53 ac-ft/yr loss), and the large storage decline case includes 1,477 ac-ft/yr loss. Groundwater
extraction is identical for all three cases. Natural groundwater outflow is greatest for the large
storage decline case (13,232 ac-ft/yr) and is similar for the base and small storage decline
cases (11,808 and 11,796 ac-ft/yr, respectively). The final groundwater balance is shown
graphically for the base case scenario in Figure 14 and for the large storage decline case in
Figure 15.
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Limitations

The groundwater balance was performed using standard hydrogeologic approaches (e.g.,

Fetter, 2001; Freeze and Cherry, 1979) and available Basin data. Uncertainties in the

groundwater balance are due to data limitations and necessary assumptions inherent to Basin-

scale hydrologic analyses, and are typical of similar studies in arid and semi-arid environments.

Significant data gaps and limitations are listed below:

While safe yield analyses generally include a base period on the order of at least 30 to
50 years, the hydrologic base period for this Study was only fourteen years out of
necessity, and was chosen because it was a period that reflects changes in Basin
hydrologic conditions following construction of the Freeman Diversion (1991) and U.S.

Army Corps of Engineers projects on lower Santa Paula Creek (1998).

Groundwater inflow estimates are based on analysis of three representative years
(Section 4.2). This limitation may lead to an underestimate in underflow calculation of 13
percent (Section 4.8).

Deep percolation of irrigation and precipitation is based on application of the DPWM,
and modeling simplifying assumptions included constant annual irrigation rates and land
use during the base period. Additional limitations associated with DPWM are listed in
Section 4.3.2.

Santa Paula Creek recharge is based on limited available gage data collected in 2011
and 2012 (Section 4.3.6).

It is assumed that wastewater discharge prior to 2010 did not contribute to the

groundwater balance (Section 4.5).

Groundwater discharge to Santa Clara River and/or recharge from the river to

groundwater are not separately quantified. A net groundwater discharge to the river is
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assumed, and groundwater discharge is lumped in as a part of ‘natural outflow’ together

with groundwater underflow (Section 4.7).

Groundwater change-in-storage is sensitive to Basin storativity, and available Basin data
may be skewed by the duration of the available aquifer tests (typically limited to 24
hours); Basin-specific storativity values representative of unconfined or semiconfined
undifferentiated alluvium are not available (Section 4.5). A sensitivity analysis was
conducted to evaluate the impact of uncertainty related to assumed storativity values
(Section 4.5).

Groundwater outflow from the Santa Paula Basin to the Mound and Oxnard Forebay
Basins is currently poorly understood and difficult to quantify (Section 4.7). For this
reason, natural outflow estimates were constrained by consideration of the remaining

calculated water balance components.

Further study is necessary to determine the impact of historical production that was
shifted circa 2014 from the Santa Paula Basin to the Fillmore Basin, specifically to newer
wells located within several hundred feet of the Santa Paula Basin-Fillmore Basin
boundary. The impact of these changes in production on water levels in the Santa Paula

Basin is not analyzed in this Study.
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5. Safe Yield

5.1 Safe Yield Methodology

As outlined in the previous Basin safe yield study (SPBEG, 2003), several methodologies are

available for estimation of safe yield, including the following:

e Hydrologic balance: With an adequate conceptual understanding of the Basin and
sufficient hydrologic/hydrogeologic data, safe yield can be estimated such that the sum
of groundwater inputs minus the sum of groundwater outputs (including extraction) will
equal zero and there will be no predicted net decline in groundwater storage or levels.
Uncertainties in calculating components of the hydrologic balance may become
problematic for application of this method, and for this reason it was not used in the

previous 2003 effort.

e Correlation of groundwater levels and extractions (e.g., Modified Hill Method): A
statistical comparison of groundwater levels and extraction rates may be used to
estimate allowable safe vyield.  Poor statistical correlations (i.e., coefficient of
determination [R?] < 0.1) have reportedly prevented this from being a valid approach for

previous analyses, including the 2003 study.

e Assumption that average extraction rate during base period is acceptable. A simplified
version of statistical comparison of extraction rates and groundwater levels, this method
assumes that if no net decline is observed over a base period, the annual average
extraction rate during that period is acceptably safe. However, this method is not viable
if groundwater levels actually decline during the base period, because the method
provides no basis for calculating necessary reductions in extractions (or augmenting of
supply) based on an understanding of the hydrologic balance. The 2003 study
conclusions were based on this method, although the study reported that water level
measurements for 14 wells with adequate data indicated an average decline of 4.9 feet

over the base period.
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e Groundwater modeling. A sufficiently calibrated groundwater model provides a powerful
tool for understanding groundwater inflow and outflow, and if available, is ideal for
estimation of safe yield. However, no model is yet available within the Basin (UWCD is
currently developing a regional numerical model that includes the Basin). The currently
available USGS regional groundwater model (Hanson, 2003) does not include sufficient

calibration to observed groundwater levels in the Santa Paula Basin.

Based on previous experiences with estimation of safe yield in the Basin (Law-Crandall, 1993;
SPBEG, 2003) and current data availability, it was determined that the hydrologic balance
method is the only appropriate methodology currently available for estimation of Basin safe yield
and this approach was therefore used. Correlation of groundwater levels and extraction rates
(e.g., Modified Hill Method) has reportedly failed during previous attempts; although the Law-
Crandall (1993) safe yield determination is based on the Hill method, correlations between
annual water-level change and extraction were poor. Basing safe yield on the annual average
extraction rate during the base period assumes that there was no net decline in groundwater
elevations within the Basin during the base period, and is therefore not applicable. Finally, no
sufficiently calibrated groundwater model is currently available, and creation of such a model is

beyond the scope of this safe yield study.

5.2 Safe Yield Definition

Several definitions of safe yield of a groundwater basin exist in regulatory guidance and the
technical literature (including for similar terms such as operational yield and perennial yield).
For the purposes of this study, the definition provided by Groundwater Resources Association of
California guidance on groundwater management planning (Bachman et al., 2005) was

adopted:

The maximum quantity of water that can be withdrawn annually from a groundwater resource
under a given set of conditions without causing an undesirable result. The phrase “undesirable
result” is understood to refer to a gradual lowering of the groundwater levels resulting eventually
in depletion of the supply, subsidence, increased energy costs, desiccated wetland or degraded

water supply.
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The present study does not explicitly account for environmental water uses (e.g., instream flow
in the Santa Clara River for aquatic habitat); for the purpose of the safe yield determination it is
assumed that water supplied for environmental uses during the hydrologic base period is
acceptable.

Fetter (2001) provides a useful discussion of safe yield, focusing on the fact that safe yield

cannot be calculated simply as the sum of all groundwater recharge (inputs) into the system:

No matter how many papers are published on the concept of safe yield and its inherent
complexity, misunderstandings seem to persist. Theis (1940) emphatically stated that the safe
yield of a ground-water basin was not the long-term recharge to the ground water. In 1938, in his
paper on dynamic equilibrium, Theis clearly demonstrated that under natural conditions, recharge
was equal to discharge and that any artificial discharge via wells would result in disequilibrium in

the system.

Sophocleous (1997) wrote the following in an editorial in Ground Water: "Despite being
repeatedly discredited in the literature, safe yield continues to be used as the basis of state and
local water-management policies, leading to continued ground-water depletion, stream
dewatering and loss of wetland and riparian ecosystems. Traditionally 'safe yield' has been
defined as the attainment and maintenance of a long-term balance between the amount of water
withdrawn annually and the annual amount of recharge.... Unfortunately, this concept of safe yield

ignores discharge from the system."

Thus, more than a half century after Theis's seminal paper on dynamic equilibrium in aquifer
systems, practicing hydrogeologists are still not recognizing that ground-water development
potential in aquifers is limited to something less than the long-term annual recharge because of

natural system discharge.

For the current determination of Basin safe yield, DBS&A adopted these recommendations of
Fetter (2001), and citations therein, and considered natural system discharge (outflows). Within
the Santa Paula Basin, groundwater inputs are underflow from the Fillmore Basin (GW,),
recharge by percolation of precipitation including Santa Paula Creek percolation (P,) deep
percolation of irrigation (P;), recharge from the SPWRF (WWTP), and recharge from septic
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systems (Se). Primary groundwater outflows include extraction (E) and natural groundwater
outflow (O,.) (Table 8). Mathematically, the groundwater balance is described by Equation 4-1.

The objective of this safe yield analysis is to estimate the maximum extraction rate that may not
result in further long-term declines in groundwater levels and groundwater in storage.
Therefore, Equation 4-1 is rearranged by setting AGW equal to 0 and solving for extractions

representative of safe yield (Esafe-yiela):

Esseyien = Pp+ Pi+ GW; + WWTP + Se — O 4 [Eq. 5-1]

Because O,y is also estimated by rearrangement of Equation 4-1 (see Equation 4-4), Esateyiei

can also be expressed as:

Esafe-yield =E+ AGWS [Eq 5'2]

where E = Current groundwater extractions

Application of Equation 5-1 to estimate safe yield ignores the possibility that increases in
extraction may significantly decrease natural system discharge, or increase recharge (i.e.,
induced recharge), such that there is no net decline in groundwater storage even with increased
extractions and the basin remains in equilibrium. An example of this would be increased
extraction causing lowering of the water table near a surface stream, such that the stream
changes from a gaining reach (i.e., receiving groundwater discharge) to a losing reach (i.e.,
recharging groundwater). However, within the Santa Paula Basin, long-term declines in
groundwater levels indicate that the basin is not in equilibrium (i.e., the sum of groundwater
outflow is greater than sum of groundwater inflow). Therefore, the updated safe yield was
determined following estimation of the comprehensive groundwater balance (Table 8) and
application of Equation 5-1, as described in Section 5.3. Although numbers are reported to the
nearest acre-foot per year, the authors are not asserting that level of accuracy in the findings of
this Study.

72



Daniel B. Stephens & Associates, Inc.

5.3 Safe Yield Determination

An average safe yield value of 25,452 ac-ft/yr was estimated for the hydrologic base period
(1999-2012) from the groundwater balance and application of Equation 5-1 (Table 9).
Evaluation of Equation 5-2 indicates that potential sources of uncertainty for safe yield
estimation include assumed Basin average annual groundwater elevation decline (Ah), Basin
storativity (S), and total Basin extraction (E). Potential sources of error related to the assumed
total Basin extraction include unaccounted for extraction that is not correctly reported to UWCD
(e.g., wells that are not properly metered or reported, or wells incorrectly assumed to be located
in adjacent groundwater Basins), or incorrect inclusion of extraction from wells that are not
actually withdrawing groundwater from Basin aquifers. For the purpose of this report, total

extraction values were obtained from UWCD (2015).

Assumed groundwater level decline and Basin storativity were identified as the most significant
sources of error impacting the safe yield estimate (Equation 5-2). Basin storativity is subject to
uncertainty because storativity data are apparently not available for unconfined portions of the
Basin (Section 4.5). Average annual groundwater elevation decline varies throughout the
Basin, and statistical analyses have been conducted to constrain the estimated range
(Section 4.5). A sensitivity analysis was conducted to calculate an acceptably conservative safe
yield range given uncertainty related to these parameters (Table 7, Figure 16). The statistically
conservative range of groundwater level decline was determined to be 0.18 to 0.32 ft/yr
(Table 6), and Basin-wide average storativity is considered to possibly range from 0.01 to 0.2
considering the presence of unconfined aquifer units. As presented on Figure 16, considering
the full possible range of each of these parameters, an average safe yield range of 24,028 to
25,463 ac-ft/yr is calculated for the hydrologic base period. The safe yield value of 24,028 ac-
ft/yr is based on an assumed groundwater elevation decline of 0.32 ft/yr and a storativity of 0.2
(unconfined); whereas the safe yield value of 25,463 ac-ft/yr is based on an assumed
groundwater elevation decline of 0.18 ft/yr and a storativity of 0.01 (confined). Considering an
even smaller Basin-wide average storativity value of 0.001 would make essentially no difference
in the final calculated range, with the maximum safe yield value still equaling approximately
25,500 ac-ft/yr.
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Table 1. UWCD, 2013 Trend Analysis Results

Average Decline for Average Annual
Period Decline
First Year Last Year (feet) (ft/yr)
1944 1998 10 0.19
1944 2005 13.3 0.22
1983 1995 1.6 0.13
1983 2005 6.7 0.30
1999 2009 5.5 0.55
1980 2011 4.7 0.15
1983 2011 9.2 0.33
1986 2011 4.1 0.16
1997 2011 2.4 0.17
1999 2011 2.2 0.18
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Table 2. Baseflow Analysis and Estimated Santa Paula Creek Percolation
USGS Gage 11113500

Total Observed Estimated Estimated Percolation
Flow at Gage Baseflow at Gage Downstream of Gage
Water Year (ac-ft/yr) (ac-ft/yr) (ac-ft/yr)

1999 5,576 4,883 513
2000 8,611 5,936 756
2001 24,465 14,435 1,551
2002 2,517 2,135 232
2003 8,562 5,706 763
2004 5,058 3,099 377
2005 107,327 58,090 3,894
2006 22,711 14,155 1,587
2007 3,313 2,914 305
2008 27,952 14,578 1,433
2009 4,395 3,348 404
2010 16,344 9,438 1,356
2011 32,892 17,819 1,892
2012 4,466 2,966 406
Average 19,585 11,393 1,105

ac-ft/lyr = Acre-feet per year



Daniel B. Stephens & Associates, Inc.

Table 3. DPWM Results, Deep Percolation of Precipitation and Irrigation

Deep Percolation (ac-ft/yr)
Precipitation Total
Basin Ephemeral | Precipitation Precipitation
Water Year(s) Floor? Washes" Total Irrigation and lrrigation
2000 (Median) 3,880 1,093 4,973 3,623 8,596
2010 (75th Percentile) 4,944 1,242 6,186 8,125 14,311
2012 (25th Percentile) 385 229 613 1,159 1,772
Average 1999-2012 5,430 1,119 6,549 3,879 10,428
& Excludes Santa Paula Creek and Santa Clara River DPWM = Distributed Parameter Watershed Model
® Outside of settlement boundary, excluding Santa Paula Creek ac-ft/yr = Acre-feet per year

subwatershed
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Table 4a. Wastewater Facility Recharge

Annual Volume
Facility Years Discharging (ac-ft/yr)
City of Santa Paula Water Recycling Facility 2010 — present 2,130
Limoneria Company 2002 — present® 76
Briggs Elementary Unknown 2.5
Olivelands Elementary Unknown 2.8
@ Dates estimated ac-ft/yr = Acre-feet per year

Table 4b. Septic System Recharge

Number of Septic Recharge Rate (ac-ft/yr)
Systems in Basin ® Per System b Total
464 0.16 74
& Ventura County septic systems permits database ac-ft/yr = Acre-feet per year

° Hantzche and Finnemore, 1992



Table 5. Groundwater Elevation Trend Analysis Results, All Wells
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Page 1 of 3
First Last Mann-Kendall Slope (ft/yr)

Well Geographic Area Depth Zone Year Year 1999-2012 1999-2012 2012 2000 2010
03N21W11J01S | Santa Paula Creek | Older Alluvium 1998 2010 | NA NA NA —4.53 —23.56
03N21W12E04S | Santa Paula Creek | Older Alluvium 1998 2012 Increasing 0.24 0.51 -1.53 1.33
03N21W12E08S | Santa Paula Creek | Older Alluvium 1998 2012 Increasing 0.35 -2.13 7.23 3.56
03N21W12F03S | Santa Paula Creek | Older Alluvium 1998 2012 | Notrend 0.00 0.37 7.20 2.36
03N21W02R02S | Santa Paula Creek | Older/San Pedro 1998 2012 No trend 0.00 3.69 25.24 6.94
03N21W11E03S | Santa Paula Creek | Older/San Pedro 1999 2012 | NA NA -0.51 -0.95 0.97
03N21W11F03S | Santa Paula Creek | Older/San Pedro 1999 2012 NA NA -0.80 3.47 11.94
03N21W11J02S | Santa Paula Creek | Older/San Pedro 1998 2012 Decreasing -0.23 -8.11 NA —4.71
03N21W11B01S | Santa Paula Creek | Unknown 1998 2012 No trend 0.00 -6.90 -0.79 -14.76
03N21W11HO03S | Santa Paula Creek | Unknown 1998 2012 No trend 0.00 -5.77 -7.23 -5.52
03N21W12B01S | Santa Paula Creek | Unknown 1998 2012 Decreasing -0.03 0.55 0.60 1.79
03N21W15C04S | East basin Older Alluvium 1998 2012 | Decreasing -0.83 —2.88 17.02 5.73
03N21W15G04S | East basin Older Alluvium 1998 2012 | Decreasing -0.34 —-6.39 -1.15 -3.41
03N21W16H07S | East basin Older Alluvium 1998 2012 | Decreasing -0.37 —7.93 -1.42 -2.76
03N21W16K01S | East basin Older Alluvium 1998 2012 Decreasing -0.47 -3.69 16.36 11.54
03N21W16K02S | East basin Older/San Pedro 1998 2012 Decreasing -0.34 -1.90 27.61 11.76
03N21WO09K02S | East basin Older/San Pedro 1998 2012 | Decreasing -0.37 -11.98 40.91 -5.44
03N21W15C02S | East basin Older/San Pedro 1999 2012 | NA NA -2.75 9.28 4.78
03N21W16H06S | East basin Older/San Pedro 1998 2012 | Decreasing -0.35 —7.82 -1.63 -3.22
03N21W15G05S | East basin Recent Alluvium 1998 2012 Decreasing -0.04 -0.67 -0.65 -1.08
03N21W16H08S | East basin Recent Alluvium 1998 2012 | Decreasing -0.22 -3.53 -0.23 2.77
03N21WO09R04S | East basin San Pedro 1998 2012 Increasing 0.98 1.97 11.54 3.13
03N21WO09R05S | East basin San Pedro 1998 2012 | Decreasing -0.38 -7.09 -5.84 -2.52
03N21W15C06S | East basin San Pedro 1998 2012 Decreasing -0.39 —7.27 -10.26 -19.91

ft/'yr = Feet per year

NA = Water elevation data unavailable for given time period




Table 5. Groundwater Elevation Trend Analysis Results, All Wells

Daniel B. Stephens & Associates, Inc.

Page 2 of 3
First Last Mann-Kendall Slope (ft/yr)

Well Geographic Area Depth Zone Year Year 1999-2012 1999-2012 2012 2000 2010
03N21W15G01S | East basin San Pedro 1998 2012 | Decreasing -0.33 —6.83 -1.21 -3.07
03N21W15G02S | East basin San Pedro 1998 2012 Decreasing -0.18 -5.55 -1.29 -3.10
03N21W15G03S | East basin San Pedro 1998 2012 Decreasing -0.31 -6.14 -1.25 -3.33
03N21W16A02S | East basin San Pedro 1998 2012 Decreasing -0.52 -8.07 3.26 1.48
03N21W16H05S | East basin San Pedro 1998 2012 No trend 0.00 -7.20 -3.73 -5.11
03N21W16K03S | East basin San Pedro 1998 2012 Decreasing -0.90 -1.27 -1.35 2.36
03N21W15C03S | East basin Unknown 1998 2004 | NA NA NA —74.88 NA
03N21W17Q01S | Middle basin Older Alluvium 1998 2012 | Decreasing -0.53 -5.37 -8.07 2.32
03N21W19MO01S | Middle basin Older Alluvium 1999 2012 No trend NA NA —29.44 NA
03N21W19R01S | Middle basin Older Alluvium 1998 2012 | Decreasing -0.53 -13.26 -5.52 22.79
03N21W30E01S | Middle basin Older Alluvium 1998 2012 | Decreasing -0.34 —-8.88 12.71 —7.78
03N21W31F03S | Middle basin Older Alluvium 1998 2001 NA NA NA 4.24 NA
03N21W30F01S | Middle basin Older/San Pedro 1998 2012 | Decreasing —-0.38 11.47 -9.46 6.76
03N21W30H04S | Middle basin Older/San Pedro 1998 2005 | NA NA NA NA NA
03N21W31F04S | Middle basin Recent Alluvium 1998 2012 Decreasing -0.11 0.11 -0.16 NA
03N21W31F05S | Middle basin Recent Alluvium 1998 2012 | Decreasing -0.45 —6.03 -3.69 4.31
03N21W31G03S | Middle basin Recent Alluvium 1998 2012 | Decreasing -0.26 -1.10 -1.14 4.82
03N21W32C-a Middle basin Recent Alluvium 1998 2012 | Notrend 0.00 -1.96 1.91 1.00
03N21W32C-b Middle basin Recent Alluvium 1998 2012 No trend 0.00 -0.52 2.41 12.53
03N21W32C—c Middle basin Recent Alluvium 1998 2012 | Notrend 0.00 -0.81 2.10 8.44
03N21W19G01S | Middle basin San Pedro 1998 2005 | NA NA NA 6.14 NA
03N21W19G04S | Middle basin San Pedro 1998 2012 | Decreasing -0.34 -18.37 9.72 14.83
03N21W19HO06S | Middle basin San Pedro 1998 1999 | NA NA NA NA NA
03N21W20J03S | Middle basin San Pedro 1999 2012 | NA NA -13.30 28.60 NA

ft/'yr = Feet per year

NA = Water elevation data unavailable for given time period




Table 5. Groundwater Elevation Trend Analysis Results, All Wells
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Page 3 of 3
First Last Mann-Kendall Slope (ft/yr)

Well Geographic Area Depth Zone Year Year 1999-2012 1999-2012 2012 2000 2010
03N21W21B01S | Middle basin Unknown 1998 2005 | NA NA NA -5.08 NA
03N21W31B01S | Middle basin Unknown 1998 2004 | NA NA NA -7.23 NA
02N22W02C01S | Saticoy Area Older Alluvium 1998 2012 | Decreasing -0.28 -6.43 2.76 6.72
03N21W31L01S | Saticoy Area Older Alluvium 1998 2012 Decreasing -0.26 —2.65 —2.86 4.31
03N22W36K05S | Saticoy Area Older Alluvium 1998 2012 | Decreasing -0.50 -9.35 0.74 3.59
02N22W02K07S | Saticoy Area Older/San Pedro 1998 2012 No trend 0.00 —4.35 5.95 16.36
03N22W34R01S | Saticoy Area Older/San Pedro 1998 2012 | Decreasing -0.28 2.69 15.82 8.80
03N22wW35Q02S | Saticoy Area Older/San Pedro 1999 2012 | NA NA NA 10.45 NA
03N22W36HO01S | Saticoy Area Older/San Pedro 1999 2012 | NA NA NA 1.30 NA
02N22W02K09S | Saticoy Area San Pedro 1998 2012 | Notrend 0.00 -6.90 4.53 17.75
03N22W23Q01S | Saticoy Area San Pedro 1999 2012 NA NA NA 8.47 NA
02N22W03K02S | West end Older Alluvium 1998 2012 | Notrend 0.00 -2.09 7.78 14.03
02N22W03M02S | West end San Pedro 1998 2012 Increasing 0.27 -3.43 -0.58 9.93
02N22W02N04S | West end Unknown 1999 2012 | NA NA NA 577 NA
02N22WO03F02S | West end Unknown 1999 2011 NA NA NA 83.64 NA
02N22W03Q01S | West end Unknown 1999 2012 | NA NA NA 0.08 NA

ft/'yr = Feet per year

NA = Water elevation data unavailable for given time period

ft/'yr = Feet per year

NA = Water elevation data unavailable for given time period
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Table 6. Summary Groundwater Elevation Trend Analysis Results

Number of Wells with Trend, 1999-2012 Slope (ft/yr) Average Slope (ft/yr)
Area (Mann-Kendall Trend Analysis) 1999 - 2012 Selected Years

Geographic Area (acres) | Total | Increasing | Decreasing |No Trend | Average | Median | 25th % | 75th % 2000 2010 2012
Santa Paula Creek | 2,152 8 2 2 4 0.04 0.00 -0.02 0.18 2.87 -1.79 -1.91
East Basin 1,847 18 1 16 1 -0.30 -0.34 -0.41 -0.21 1.05 -0.49 -5.10
Middle Basin 6,575 11 0 8 3 -0.27 -0.34 -0.45 0.00 -0.12 7.00 -4.83
Saticoy Area 3,904 6 0 4 2 -0.22 -0.27 -0.34 0.00 5.24 9.59 —4.50
West end 1,486 2 1 0 1 0.13 0.13 0.00 0.27 19.34 11.98 -2.76
All areas 15,962 45 4 30 11 -0.20 -0.26 -0.38 0.00 3.14 2.55 —4.22
Area weighted -0.18 -0.23 -0.32 0.02 3.54 6.05 -4.20

ft/yr = Feet per year
% = Percentile
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Table 7. Groundwater Balance and Safe Yield Sensitivity Analysis, Average 1999-2012

Small Storage

Large Storage

Source Base Case Decline Case Decline Case
Groundwater inputs (ac-ft/yr)
Groundwater Inflow from Fillmore Basin 25,244 25,244 25,244
Deep percolation of precipitation 6,549 6,549 6,549
Deep percolation of irrigation 3,879 3,879 3,879
Santa Paula Creek percolation 1,105 1,105 1,105
WWTP and septic system percolation 483 483 483
Total inputs 37,260 37,260 37,260
Groundwater storage
Assumed groundwater elevation change (ft/yr) -0.23 -0.18 -0.32
Storativity (-) 0.01 0.01 0.20
Groundwater storage change (ac-ft/yr) -53 —42 -1,477
Groundwater outflows (ac-ft/yr)
Groundwater extraction 25,505 25,505 25,505
Natural groundwater outflow 11,808 11,796 13,232
Total outflows 37,313 37,301 38,737
Safe yield = Total inputs — Natural outflow 25,452 25,463 24,028




Daniel B. Stephens & Associates, Inc.

Table 8. Groundwater Extraction, 1998-2012

Water Year Precipitation (inches) ET, (inches) Extraction (ac-ft/yr)
Fraction ET,
Gage 225 Gage 245A/245B Calendar (Oct — Dec)® Calendar Estimated Estimated
Year Wheeler Canyon Santa Paula® Year Total® Oct — Dec” (%) Year Total ® Oct — Dec® Water Year'
1998 55.0 447 — — 18 21,622 3,849 —
1999 11.9 10.5 — — 18 27,700 4,931 26,618
2000 19.9 14.8 — — 18 26,798 4,770 26,959
2001 31.7 26.5 — — 18 22,530 4,010 23,290
2002 71 7.0 — — 18 27,259 4,852 26,417
2003 23.6 19.9 — — 18 22,280 3,966 23,166
2004 16.9 12.6 — — 18 27,306 4,860 26,411
2005 55.4 40.4 — — 18 24,700 4,397 25,164
2006 24.8 18.4 49.0 9.8 20 24,830 4,946 24,281
2007 7.7 5.0 50.3 9.6 19 28,077 5,342 27,681
2008 23.6 16.1 54.7 10.1 18 26,686 4,902 27,126
2009 13.3 11.5 52.9 9.4 18 25,820 4,569 26,153
2010 24.8 18.5 51.0 7.8 15 23,115 3,520 24,165
2011 29.6 25.8 51.8 9.3 18 24,202 4,334 23,388
2012 12.0 9.9 52.9 8.0 15 25,824 3,905 26,253
Average, 1999 — 2012 25,509 4,522 25,505

@ VCWPD Gage 245A (1998 — 2010), Gage 245B (2011 — 2012) ET, = Reference evapotranspiration

® CIMIS Station #198 ac-ft/yr = Acre-feet per year

: Assumed for 1998 — 2005 based on average of years with available data (2005 — 2015)

. UWCD, 2015 . .

) Calendar year total extraction x Fraction ET,, (Oct — Dec)

Calendar year total + (Oct to Dec of previous calendar year) — (Oct to Dec of current calendar year)



Daniel B. Stephens & Associates, Inc.

Table 9. Groundwater Balance and Safe Yield

Representative Precipitation Year
Annual (Percentile)
Average 2012 2000 2010
Source (1999-2012) (25th) (50th) (75th)
Groundwater inflows (ac-ft/yr)
Groundwater inflow from Fillmore Basin 25,2442 22,320 22,502 30,909
Deep percolation of precipitation 6,549 613 4,973 6,186
Deep percolation of irrigation 3,879 1,159 3,623 8,125
Santa Paula Creek percolation 1,105 406 756 1,356
WWTP and septic system percolation 483 2,285 155 2,285
Total inflows 37,260 26,783 32,009 48,861
Groundwater storage
Assumed groundwater elevation change (ft/yr) -0.23 —4.2 3.5 6.1
Groundwater storage change (S = 0.01) (ac-ft/yr) -53 -969 817 1,408
Groundwater outflows (ac-ft/yr)
Groundwater extraction 25,505 26,253 26,959 24,165
Natural groundwater outflow 11,808 1,499 4,233 24,288
Total outflows 37,313 27,752 31,192 47,453
Safe yield = Total inputs — Natural outflow 25,452

@ Average of three years (2000, 2010, 2012)
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KDSA (2015)
Confining Bed Evaluation
Cross Sections and Maps



























Appendix B

RCS Geologic
Cross Sections
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