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OWTS onsite wastewater treatment systems
PAEE percent average estimation error
PET potential evapotranspiration (ET)
POD ID point of diversion identification number
POI points of interest
PRISM Parameter-elevation Relationships on Independent Slopes
Model
PRMS Precipitation-Runoff Modeling System
R correlation coefficient
RMMWC Rancho Matilija Mutual Water Company
RMS root-mean-square
RMSE root-mean-square error
SCMWC Senior Canyon Mutual Water Company
SFR MODFLOW streamflow routing package
SFR_K streambed conductivity
SGMA Sustainable Groundwater Management Act

SSURGO Soil Survey Geographic Database

STRHC1 MODFLOW streambed hydraulic conductivity
SWRCB State Water Resources Control Board

Sy specific yield
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LIST OF ACRONYMS AND ABBREVIATIONS (continued)

TAC Technical Advisory Committee

TMDL total maximum daily load

USDA U.S. Department of Agriculture

USFS U.S. Forest Service

USGS U.S. Geological Survey

UVRGA Upper Ventura River Groundwater Agency
UZF MODFLOW unsaturated-zone flow

VCAC Ventura County Agricultural Commissioner
VCWPD Ventura County Watershed Protection District
VKS unsaturated zone vertical hydraulic conductivity
VRW Ventura River Watershed

VRWD Ventura River Water District

VSWHM Ventura Surface Water Hydrology Model

wW width of the boundary

WAP California Water Action Plan

WWTP wastewater treatment plant

Wy water year
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1 INTRODUCTION

Geosyntec Consultants (Geosyntec) and Daniel B. Stephens & Associates, Inc.
(DBS&A) developed this Model Documentation Report to describe the overall
approach that was taken to develop the Groundwater-Surface Water (GW-SW)
Model of the Ventura River Watershed (VRW) for the State Water Resources
Control Board (State Water Board) and the Los Angeles Regional Water Quality
Control Board (Los Angeles Water Board).

1.1 Background

The Ventura River was identified as one of five priority stream systems in the
California Water Action Plan (WAP) enacted in January 2014 by Governor
Edmund G. Brown Jr. Action four (4) of the WAP, to “Protect and Restore
Important Ecosystems,” contains the following sub-action:

The State Water Resources Control Board and the Department of
Fish and Wildlife will implement a suite of individual and coordinated
administrative efforts to enhance flows statewide in at least five
stream systems that support critical habitat for anadromous fish.
These actions include developing defensible, cost-effective, and time-
sensitive approaches to establish instream flows using sound science
and a transparent public process. When developing and
implementing this action, the State Water Resources Control Board
and the Department of Fish and Wildlife will consider their public trust
responsibility and existing statutory authorities such as maintaining
fish in good condition.

Governor Gavin C. Newsom’s July 2020 California Water Resilience Portfolio
provides ongoing direction in this regard, specifically in proposal 9 of the section
“Protect and Enhance Natural Systems”, which directs State agencies to:

... protect and enhance ecosystems in several important ways:

9. Help regions better protect fish and wildlife by quantifying the
timing quality and volume of flows they need.

The State Water Board and CDFW are working to identify potential actions that
may be taken to enhance and establish instream flow for anadromous fish in
the VRW (and the other four priority watersheds). The VRW GW-SW Model
developed in this project will provide a better understanding of water supply,
water demand, and instream flow in the VRW.

Draft VRW GW-SW Model Report 1 December 2021



>
DRAFET Geosyntec

consultants

Additionally, in 2012, the Los Angeles Water Board adopted a total maximum
daily load (TMDL) for algae, eutrophic conditions, and nutrients in the VRW
(Los Angeles Water Board 2012a, 2012b). At the time of TMDL development,
Los Angeles Water Board staff did not possess the data or modeling tools to
evaluate the contributions of nutrients in groundwater to surface water
impairments. The VRW GW-SW Model described in this report will be used as
the basis to develop a VRW Nitrogen Transport Model (Nitrogen Model) to help
inform the TMDL process in the VRW. The VRW Nitrogen Model will be
documented in a separate report.

1.2 Public Outreach

To support development of the VRW GW-SW Model and VRW Nitrogen Model,
the Water Boards have used a rigorous public engagement process that has
included six public and Technical Advisory Committee (TAC) comment
solicitation periods covering most aspects of model development. The project
team has used public meetings (in-person and virtual), TAC meetings, site
visits, and coordination with individual parties to share information, obtain
feedback, and follow-up on specific issues. The project team thanks the public
and TAC for their continued engagement. The public and TAC outreach has
improved development of the two models. The timeframe and description of
significant document releases and outreach events are summarized as follows:

e 2017: Draft Study Plan to solicit comments on the proposed
methodologies that would be used to develop the VRW GW-SW Model
and VRW Nitrogen Model Geosyntec and DBS&A, 2017).

e 2018: Draft Geologic Analysis of the VRW to solicit comments on the
team’s analysis of geologic features that are relevant to model
development (DBS&A, 2018).

e 2019: Final Study Plan to describe how the modeling methodologies
were modified in response to project changes, public and TAC
comments, and the 2017-2018 Thomas Fire (Geosyntec and DBS&A,
2019).

e 2020:

o Revised Geologic Analysis of the Ventura River Watershed to
describe how the team’s analysis of geologic features was
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modified in response to project changes and public and TAC
comments (DBS&A, 2020)3.

o Draft Data Compilation Report to solicit comments on the
proposed data to be used for the VRW GW-SW Model and VRW
Nitrogen Model (Geosyntec and DBS&A, 2020a). In response to
comments, datasets were reviewed and some were updated.
Modifications to datasets are reflected in this report.

o Draft Sensitivity Analysis Approach Memo to solicit comments on
the methodology that would be used to conduct a sensitivity
analysis of the VRW GW-SW Model (Geosyntec and DBS&A,
2020b). In response to comments and additional information
gained during the calibration process, the sensitivity analysis
approach for the VRW GW-SW Model was modified. These
modifications are reflected in this report.

e 2021:

o Three-part Ventura River Watershed Modeling Webinar Series to
update the public and TAC on model development progress and
present new information relate to model development (SWRCB et
al., 2020a,b,c). The Water Boards solicited comments on new
revisions to the geologic analysis, an early representation of water
demand, and early calibration results. The updates to the
geologic analysis are included in the appendices of this report.

o Preliminary Draft version of the VRW GW-SW Model (Geosyntec
and DBS&A, 2021). The Preliminary Draft VRW GW-SW Model
package included the model files and simulation results for the
calibration and validation simulation (existing conditions) and the
unimpaired flow scenario. The model has since been updated as
part of this Draft version.

o VRW GW-SW Model: Scenarios Methodology Webinar to present
information and solicit input on the development and evaluation of
scenarios that will be evaluated using the GW-SW Model of the
VRW (SWRCB et al., 2021d).

3 The geologic analyses have since been revised and are included in the
appendices of this report.
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1.3 Watershed Description

A comprehensive description of the VRW is available in the Ventura River
Watershed Management Plan (Walter, 2015). A brief description is included
here.

The VRW is located predominantly in Ventura County in southern California
(Figure 1.1) and borders the Pacific Ocean to the South, the Santa Clara River
watershed to the north and east, and the Rincon Creek watershed to the west.
Watershed boundaries are defined by mountain ridges in the Topa Topa and
Santa Ynez Mountains within the Transverse Ranges Geomorphic Province
(California Geological Survey, 2002). All watershed tributaries drain to the
Ventura River and ultimately the Pacific Ocean. A schematic of the watershed
and many of the hydrological and geohydrological processes is provided in
Figure 1.2 and discussed in more detail in the following text.

The California Department of Water Resources (DWR) official publication on
the occurrence and nature of groundwater in California (DWR, 2016a) includes
four delineated groundwater basins within the VRW (“groundwater basins”), and
these are displayed on Figure 1.3. Groundwater basins include the Upper
Ventura River Valley Basin (Upper Ventura River Basin), Lower Ventura River
Valley Basin (Lower Ventura River Basin), Ojai Valley Basin (Ojai Basin), and
Upper Ojai Valley Basin (Upper Ojai Basin). The groundwater basins contain
relatively thick and continuous aquifers and are surrounded by mountainous
bedrock units.

Major streams within the VRW include Matilija Creek and Matilija Creek North
Fork that drain the mountain bedrock areas north of the Upper Ventura River
Basin, the Ventura River that flows from north to south through the Upper
Ventura and Lower Ventura River Basins, San Antonio Creek that flows from
northeast to southwest in the Ojai Basin to a confluence with the Ventura River,
and Lion Canyon Creek that flows from east to west from the Upper Ojai Basin
to a confluence with San Antonio Creek (Figure 1.3).
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Lake Casitas was created by damming a portion of Coyote Creek, which flows
into the Ventura River. Matilija Reservoir (also referred to as Lake Matilija) is
also present due to a dam that is present on Matilija Creek. The VRW has a
relatively steep topographic grade, ranging from sea level to a maximum of
approximately 6,000 feet above mean sea level (ft amsl) over a span of
approximately 22 miles from the coast to the highest mountain ridge on the
northwestern watershed boundary.

The VRW has a Mediterranean climate with a cool winter-spring wet season
and a long summer-fall dry season without measurable rain. Annual rainfall is
highly variable (Figure 1.4) and largely dependent on relatively few large storm
events. The steep topography enhances orographic effects with annual average
rainfall ranging from approximately 15 inches at the coast, to approximately 20
inches in the Ojai valley, and upwards of 40 inches on mountain peaks. Snow
occurs occasionally but the snowpack is typically short lived and does not play
a significant role in the water cycle.

Demand for water in the VRW is dominated by residential use and agriculture.
Excluding the City of Ventura, part of which is in the lower part of the
watershed, the total population in the VRW is approximately 30,000 (see
Section 2). These include the population centers of Ojai, Oak View, Meiners
Oaks, Mira Monte, and Casitas Springs. There are approximately 6,700 acres
of agriculture in the watershed, including a wide variety of crops (Figure 1.5).
The crops are grown predominantly in the regions overlying the groundwater
basins.

Substantial portions of the VRW are unsewered with more than 3,000 parcels
having onsite wastewater treatment systems (OWTS) (Figure 1.6). Effluent from
the OWTS passes through the unsaturated zone to the groundwater and is a
source of recharge for the groundwater.

Effluent from the Ojai Valley wastewater treatment plant (WWTP) discharges to
the lower Ventura River (Figure 1.7) and can contribute a significant portion of
the flow in the river during the dry season.
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Effluent from the WWTP and effluent discharged into OWTS are sources of
nitrogen that are considered in the TMDL, together with nitrogen loads from
agriculture and ranching. This will be further discussed in the separate
documentation of the VRW Nitrogen Model that is under development.

Water supply in the VRW is predominantly from groundwater pumping and
surface water deliveries from Lake Casitas (Figure 1.6). There are also several
local surface water diversions that make up a relatively small fraction of the total

supply.

Deliveries from Lake Casitas are provided by the Casitas Municipal Water
District (CMWD). Lake Casitas is filled by the surrounding watershed with the
major inflows being Santa Ana and Coyote creeks. The lake also receives water
from the Robles Canal Diversion (Figure 1.7) that diverts water from the
Ventura River during periods of high flow. Historically Ventura River flows were
affected by Matilija Reservoir operations (Figure 1.7). The CMWD distribution
system can deliver water throughout the watershed, including to the major
population centers and agricultural regions (Figure 1.8).

Groundwater is pumped from wells within each of the groundwater basins and
from certain areas outside of the groundwater basins. Most groundwater
pumping in the VRW is from alluvial aquifers within the groundwater basins.
“Alluvial,” or “alluvium,” refers to unconsolidated layers of clay, silt, sand, or
gravel and mixtures thereof. Outside the groundwater basins, groundwater is
pumped from thin alluvial aquifers near stream channels and fractured bedrock
geologic formations (“bedrock aquifers”). Figure 1.9 displays well locations and
depths. Wells extend to a maximum depth of approximately 920 feet; however.
most wells are shallower, with maximum depths ranging from 50 to 600 feet
below ground. Numerous oil and gas wells are present in the VRW, but are
typically much deeper (2,000 to 14,000 feet deep) than the model domain and
were not represented in the GW-SW Model that focuses on the groundwater
basins and bedrock aquifers used for domestic and agricultural water supply.
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1.4 Goals and Objectives of the Project

The overall goal of the VRW GW-SW Model and VRW Nitrogen Model is to
provide scientifically defensible, cost-effective, time-sensitive, and publicly
transparent tools that can be used to support the State Water Board and Los
Angeles Water Board instream flow and TMDL efforts, respectively. The models
will be used to meet the following specific project objectives:

e Estimate existing instream flows at multiple points of interest (POI)
throughout the entire VRW.

e Evaluate how water use affects the water balance and instream flows;

e Simulate groundwater pumping and groundwater-surface water
interactions to understand groundwater effects on instream flows;

e Have a model simulation period long enough to reasonably capture the
variability of the full range of water year (WY) types from drought to flood
years;

e Simulate nitrogen transport to inform nitrogen source assessment and
load/wasteload allocations for the TMDL (per the VRW Nitrogen Model
that is currently under development);

e Simulate unimpaired flow at each POI that would occur with no water
diversions, pumping, or storage;

e Simulate the effects of the December 2017-January 2018 Thomas Fire
on hydrology, groundwater levels, and instream flows;

e Simulate the effects of climate change, Matilija Dam removal, and other
scenarios on hydrology, groundwater levels, and instream flows.

15 GSFLOW

During the initial project phase, available groundwater-surface water modeling
platforms were researched and evaluated for their ability to meet project needs.
The project Study Plan (Geosyntec and DBS&A, 2019) describes the code
selection process. Model selection criteria included:

e Capability to accurately model essential groundwater-surface water
functions, including rainfall-runoff relationships, streamflow accumulation,
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surface water hydrology, variable groundwater elevations, groundwater
discharge to surface water, and precipitation and irrigation-related
recharge to groundwater;

e Perceived credibility, for instance, as demonstrated by citation in peer-
reviewed literature;

e Ability to model nitrogen fate and transport in groundwater and track
sources through groundwater to surface water;

e Meets DWR Sustainable Groundwater Management Act (SGMA) public
domain requirements;

e Ability to model recharge from irrigation and septic systems;

e Ability to meet project requirements within the defined scope and budget;
e Longevity of model, availability of support/updates;

e Transparency,

e Degree of leveraging previous models Ojai Valley Basin Groundwater
Model (OBGM) and Ventura Surface Water Hydrology Model (VSWHM);
and

e Proven use for similar applications.

U.S. Geological Survey (USGS) Groundwater and Surface-water Flow
(GSFLOW) software platform was selected as the code for the VRW GW-SW
Model because it has the advantages of high level of credibility and
transparency, online training availability, widespread use, and thorough public
documentation. The VRW GW-SW Model is also referred to as the VRW
GSFLOW Model.

GSFLOW is a coupled groundwater and watershed flow model based on
integration of the USGS Precipitation-Runoff Modeling System (PRMS)
watershed model and Modular Finite-Difference Ground-water Flow model
(MODFLOW). GSFLOW was developed to simulate coupled groundwater-
surface water flow in one or more watersheds by simultaneously simulating flow
across the land surface, within subsurface saturated and unsaturated materials,
and within streams and lakes (Figure 1.10). As detailed in the GSFLOW
documentation (Markstrom et al., 2008), additional model components were
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developed, and existing components were modified, to facilitate integration of
the models.

GSFLOW does not directly allow for simulation of nitrogen transport.

A separate MODFLOW model will be developed for the purpose of linking to the
transport model MT3D-USGS and running transport simulations. The
MODFLOW model will be developed from the calibrated GSFLOW flow model
(i.e., the flow rates for exchange between surface water and groundwater will
be determined from the calibration of the VRW GSFLOW Model; Geosyntec
and DBS&A, 2019). The VRW Nitrogen Model is under development and will be
presented in a separate report.

GSFLOW runs on a daily time step. Methods were developed to route flow
among the PRMS hydrologic response units (HRU)s and between the HRUs
and the MODFLOW finite-difference cells. An important aspect of the integrated
model design is its ability to conserve water mass and to provide
comprehensive water budgets for a location of interest. In addition to running
integrated simulations, GSFLOW can also be run in PRMS-only or MODFLOW-
only modes.

GSFLOW is conceptualized as three regions with exchanges of flow between
them (Figure 1.11). The first region includes the plant canopy, snowpack,
impervious storage, and soil zone, and is simulated with the PRMS modules.
The second region consists of streams and lakes and is simulated using the
MODFLOW-NWT packages. The third region, or subsurface, is beneath
Regions 1 and 2 and consists of the unsaturated and saturated zones. It is also
simulated using MODFLOW-NWT packages.

Region 2 does not simulate surface flow hydraulics, such as flow depths and
velocities. Hydraulics depend upon the nature of specific braids and flood
plains, which usually change over the modeling period. For the VRW, Region 3
includes both alluvial deposits and bedrock geologic units used for water

supply.

The functionality and flows between the three regions are well described in the
USGS GSFLOW report (Markstrom et al., 2008), for example:

Specified inputs of precipitation and temperature and specified
inputs or model-estimated potential solar radiation are
distributed to each HRU to compute energy budgets, flow, and
storage within Region 1. A portion of the water entering Region 1
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infiltrates into the soil zone, where it is evaporated and
transpired back to the atmosphere, flows to streams and lakes
(Region 2), and (or) drains to the deeper unsaturated and
saturated zones (Region 3).

The rate at which water flows from the soil zone to streams and
lakes is dependent on: (1) the rate at which water is added to
the land surface by snowmelt and rain; (2) the rate of infiltration
into the soil zone; and (3) the antecedent soil-zone storage.
Water that flows from the soil zone to the unsaturated and
saturated zones (Region 3) is called gravity drainage.

Gravity drainage is dependent on the vertical hydraulic
conductivity of the unsaturated zone and the volume of water
stored in the soil zone. Additionally, gravity drainage ceases as
the water table rises into the soil zone. Water also can flow from
the saturated zone into the soil zone as ground-water discharge;
the rate of discharge is dependent on the hydraulic conductivity
and ground-water head relative to the altitude of the soil-zone
base. Flow between the unsaturated and saturated zones to
streams and lakes is dependent on the ground-water head in
relation to the stream- or lake-surface altitude, the hydraulic
properties of the streambed and lakebed sediments, and the
hydraulic properties of the unsaturated and saturated zones.

Additional descriptions of the GSFLOW Model platform, including detailed
descriptions of PRMS and MODFLOW and how they are integrated, the
equations and order of calculations, modeling assumptions and limitations, and
data input requirements are provided in the GSFLOW report (Markstrom et al.,
2008).

1.6 Organization of Documentation Report

This report documents the development of the VRW GW-SW Model using the
GSFLOW model platform. The VRW Nitrogen Model will be documented in a
separate report. An overview of this report is provided below.
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Section 2 provides details of comprehensive supply and demand analyses that
were primarily used to estimate non-measured groundwater pumping volumes
throughout the VRW.

Details of development of the surface water portion of model and the
groundwater portion of the model are provided in Sections 3 and 4,
respectively. This includes details of the model layout, spatial and temporal
discretization of the model, and model input parameters.

Section 5 presents the calibration and validation of the coupled VRW GW-SW
Model. This includes the calibration approach, the final values of the model
input parameters, assessment of model fit, discussion of results and water
budgets, and model limitations.

Section 6 presents details and results of the sensitivity analyses whereby key
model input parameters were systematically varied to evaluate the sensitivity of
the model calibration to these key model input parameters.

The unimpaired flow scenario is presented in Section 7. This includes details of
the scenario and how it was implemented, presentation of results, and
discussion of the changes in streamflow and groundwater elevations. The
remaining scenarios to be evaluated as part of this project will be presented in
later reports.
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2 SUPPLY AND DEMAND ANALYSES

Within the VRW agricultural and domestic wells do not typically have reported
measurements or estimates of pumping volumes. The exception is within the
Ojai Basin where quarterly or semi-annual reports are required to be submitted
to the Ojai Basin Groundwater Management Agency (OBGMA). In other parts
of the watershed, it is necessary to develop estimates for pumping volumes for
all wells to be used as inputs into the VRW GSFLOW Model. This was
achieved by performing detailed supply and demand analyses, as described in
this section.

This section first provides an overview of the approach, a summary of the data
sources and information used, and descriptions of the methods used to
estimate demands and supplies. Results and additional details of the analyses
are presented as a series of tables and are then cross-checked against other
data sources. Finally, a brief description of how results are implemented into
the VRW GW-SW Model is provided.

2.1 Approach

Figure 2.1 presents a map of supply wells within the VRW. Color coding
indicates the average annual pumping rates for the modeling period (WY1994-
WY2017) per reported estimates and measurements available from OBGMA
(diamond symbols) and municipal water providers (circles). Locations of wells
without known pumping volume information are shown as white squares and
are primarily domestic wells (i.e., typically used to supply single family
residences) or agricultural wells (i.e., used to irrigate crops). Primary well use
was determined based on well data provided by the Ventura County Watershed
Protection District VCWPD.

For the domestic wells a rate of 0.5 gallons per minute (gpm) (0.8 acre-feet per
year [AFY]) was assumed, based on an assumed average of 3.5 people per
household and a typical per capita use of approximately 200 gallons per capita
per day (gpcd) (see Section 2.3.1). The supply and demand analyses were
developed to provide estimates for the agricultural wells for which there are no
reported pumping volumes. The analyses required inclusion of residential
supplies and demands, due to some larger water providers supplying both
agricultural and residential supplies.
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The supply and demand analyses balanced estimated water demands with
known water supplies, and then used the difference (i.e., deficit in supply) to
calculate the unknown pumping volumes. To develop realistic estimates in and
around the four groundwater basins, and ideally within smaller subregions in
each basin, there is a need to understand spatial differences in the distributions
of both supply and demand. Annual water balances within the water provider
boundaries for 14 water providers that have service areas in the watershed
(Figure 2.2)* were developed. This provided the required spatial resolution and
enabled information (e.g., urban water management plans) and data particular
to those providers to be used where available. Surrounding the water provider
service areas, the CMWD distribution area within the watershed was divided
into five regions (Figure 2.2) to enable additional water balances to be
developed at a reasonable spatial scale.

Region 4 was selected to mostly coincide® with the OBGMA boundary, within
which all pumpers are required to report measurements or estimates of
pumping volumes on a quarterly or semi-annual basis. Therefore, pumping
estimates were not required to be developed for Region 4 for the purpose of
assigning pumping rates in the VRW GSFLOW Model. Instead, the Region 4
balance was conducted to assess the accuracy of the approach and provide a
check on assumptions and estimates that are made for other parts of the VRW.

The remaining regions were determined based upon CMWD pressure zones,
as described further in Section 2.4.2. Region 1 includes the Lower Ventura
River Basin and the southern portion of the Upper Ventura River Basin, with the
northern delineation corresponding to the extent of the CMWD gravity-fed zone.
Regions 2 and 3 encompass the remainder of the Upper Ventura River Basin,
and Region 5 encompasses the Upper Ojai Basin.

4 Figure 2.2 includes the former Golden State Water Company (GSWC) service
area that comprised 11 municipal wells in the Ojai Basin. Operation of these
wells transferred to CMWD in 2017 and is now referred to as Ojai Water
System (OWS). Since most of the data and information obtained during the
modeling period is from GSWC, the terminology used herein is “former GSWC.”
5 Region 4 also included the following regions not within the OBGMA boundary:
western portion of former GSWC service area, northern portions of Hermitage
Mutual Water Company and Senior Canyon Mutual Water Company (SCMWC)
service areas.
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Annual water budgets were developed for each region and water provider
service areas by considering supplies (i.e., CMWD deliveries from Lake
Casitas, reported pumping volumes, estimated domestic well pumping volumes,
local surface water diversions) and demands (i.e., residential, agricultural, and
golf courses), and then calculating the difference to estimate the non-reported
pumping volumes. These volumes then had to be distributed to the agricultural
wells, which was generally done by assigning groups of wells to nearby crop
areas, as indicated by the Sub-Regions (e.g., 1A, 1B, etc.) in Figure 2.2.

2.2 Data Sources

The supply and demand analyses involved a comprehensive review of reports,
data, and information related to water use and supply within the VRW. These
sources are summarized in Table 2.1. The table indicates how the sources
were used and for which specific model years (if applicable). Additional
descriptions are provided in the following sections.

2.3 Demands

Demands considered in the analyses include residential, agricultural, and golf
courses. The industrial and commercial demands make up a small fraction of
the total watershed demand and were generally neglected for the purpose of
developing water budgets to estimate pumping rates.

2.3.1 Residential

Residential demands were estimated based upon human populations (US
Census, 2010) within each region and service area (Table 2.2), and per capita
use estimates. Table 2.2 also indicates the per capita use rate information that
was assumed for each region or service area. In general, the Ventura River
Water District (VRWD) rates were used in the southern portion of the
watershed where marine influence and property size and type result in lower
per capita rates. CMWD rates were used in remaining areas of the watershed
where warmer temperatures and generally larger property sizes result in higher
per capita rates. Per capita rates from the former Golden State Water
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Company (former GSWC) were only used within the former GSWC? service
area.

Per capita use estimates were derived based on information obtained from
former GSWC, CMWD, and VRWD’ as summarized in Table 2.3. Regressions
of per capita use estimates for former GSWC (WY1999 — WY2009) and CMWD

(WY1999 — WY2008) with CMWD delivery volumes® were developed (Figure
2.3) and used to extrapolate to years with no information. The regression for
former GSWC was not strong (Figure 2.3(a)). It is noted that analyses within
former GSWC (and the entire Region 4) are only conducted as a check on the
method, because pumping volumes in these regions are available from reports
to OBGMA. The regression for CMWD is strong (Figure 2.3(b)), which is likely
a result of direct correlations between the CMWD deliveries and CMWD
demands.

6 The former GSWC service area that comprised 11 municipal wells in the Ojai
Basin was transferred to CMWD in 2017 and is now referred to as Ojai Water
System (OWS).

" The VRWD per capita use estimates were based on scaling of the CMWD per
capita use as explained in Table 2.3.

8 See Section 2.4.2 and Table 2.6 for details on CMWD delivery volumes.
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The annual per capita water use estimated from the regressions are shown in
Figure 2.4. The figure also includes the data points used to make the
regressions as well as the final GSFLOW model input. Where data existed,
they were used in preference to the regression. The per capita use rates within
the CMWD were modified during the multi-year drought to account for
conservation measures that were implemented. Per capita use was estimated
as the 5-year WY2009-WY2013 average reduced by 20% in WY2014 and
WY2015 and by 30% in WY2016 and WY2017. These reductions were based
on guidance in the Meiners Oaks Water District (MOWD) Drought Contingency
Plan (MOWD, 2012) and storage levels in Lake Casitas. While this guidance
may not apply watershed wide, the assumptions are anticipated to be
reasonable. The guidance gives reasonable results, as indicated in Section
2.5. Modifications were not made to the former GSWC per capita rates since
these values were only used within the former GSWC service area rather than
throughout the watershed (see Table 2.2).

The analyses provide total residential demands within each region and service
area for each year. Results are provided in tables within Section 2.5.

2.3.2 Agriculture and Golf Courses

Agricultural areas in the VRW were represented in the VRW GSFLOW Model
using spatial crop data from the 2016 Ventura County Agricultural
Commissioner (VCAC) dataset (VCAC, 2016). Three major crop types were
assumed for the purposes of applying irrigation rates — citrus, avocado, and
“other,” as indicated in Figure 2.5.

A range of sources for irrigation rates of these crops were evaluated as
summarized in Table 2.4. The DWR Applied Water data (DWR, 2020) provide
estimates specific to each year from 1998 through 2015 (i.e., 18 of the 24
model years), whereas most other sources did not. Those data indicate
interannual trends that are in general agreement with available water supply
data. Assuming a constant rate from year to year would result in imbalances in
the analyses and potentially inaccurate pumping estimates. Therefore, the
DWR data were used in the analyses.

To develop estimates of applied water prior to 1998 and after 2015, regressions
based on annual rainfall totals were developed (Figure 2.6). There was a weak
regression (Figure 2.6(a)) for avocado and citrus, and this was used to
extrapolate the data to other years. The regression for “other” crops was not
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meaningful (Figure 2.6(b)) and instead the average value for years 1998
through 2015 was used to extrapolate. Resulting annual crop irrigation rates
are plotted in Figure 2.7 and tabulated in Table 2.5.

The DWR Applied Water rates are developed based upon demands considering
weather conditions, and do not consider availability of actual supplies. During
drought years, analyses within the OBGMA (Region 4) indicated that the full
agricultural demands were not met and adjustments were made throughout the
watershed by multiplying the agricultural demands by a drought adjustment
factor (see Section 2.5.1).

There are two golf courses within the watershed (Ojai Valley Inn and Soule
Park Golf Course). The courses’ spatial areas were delineated manually using
aerial imagery to estimate acreages (see Figure 2.5). The courses were
assigned a separate irrigation rate of 4 AF/acre/year based on typical values for
turf.

The analyses provide total agricultural demands, including golf courses, within
each region and service area for each year. Results are provided in tables
within Section 2.5.

2.3.3 Summary of Demands

The annual average residential, agricultural, and total demands by region are
summarized in Figure 2.8. The analyses indicate approximately half the
agricultural demands are within the Ojai Basin (Region 4), followed by the
Upper Ventura River Basin (Regions 2 and 3 combined), then the Upper Ojai
Basin (Region 5) and the Lower Ventura River Basin (Region 1). The
residential demands are mostly in the Upper Ventura River Basin (Regions 2
and 3 combined), followed by the Ojai Basin (Region 4), with substantially lower
demands in the Lower Ventura River Basin (excluding demand from City of
Ventura) (Region 1) and the Upper Ojai Basin (Region 5).

2.4 Supplies

The supplies of water in the VRW include groundwater, deliveries by CMWD
(primarily from Lake Casitas), and local surface water diversions. These are
described in the following.
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2.4.1 Groundwater

Groundwater pumping primarily consists of municipal wells, agricultural wells,
and domestic wells. Within the OBGMA boundary, municipal providers and
pumpers directly measure or estimate groundwater pumping volumes. These
data are presented in Appendix A° and are used directly in the supply and
demand calculations. Non-measured domestic wells were assumed to have a
pumping rate of 0.5 gpm (0.8 AFY) as discussed in Section 2.1.

Measured or estimated annual volumes were aggregated by spatial region or
service area (see Figure 2.2) for use in the supply and demand analyses. The
aggregated volumes are presented in the tables within Section 2.5 and are
ultimately used together with the estimates for CMWD delivery volumes and
local surface water volumes to develop estimates for the pumping from non-
measured agricultural wells. Further details and results are provided in
Section 2.5.

2.4.2 CMWD Deliveries

CMWD provides a major component of the water supply to the VRW. Total
annual deliveries are available from CMWD reports and are presented in
Table 2.6. CMWD deliver throughout much of the watershed through their
distribution facilities (Section 1.3) and the spatial distribution of the deliveries
has a substantial bearing on the spatial estimates of pumping volumes.
Additional information was available from other reports to provide estimates for
CMWD deliveries specific to the former GSWC service area and the OBGMA
(excluding the former GSWC service area) for most model years (Table 2.6).
Estimating the delivery volumes to the remainder of the CMWD service area is
a key part of the analyses and is described below.

9 Appendices A through F are not embedded in this document. The appendices
are presented in companion files. Appendix A is a Microsoft Excel spreadsheet
file. The appendices are available for download on the State Water Board’s
California Water Action Plan website. URL:
https://www.waterboards.ca.gov/waterrights/water_issues/programs/instream_fl
ows/cwap_enhancing/
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The CMWD delivery system comprises multiple pressure zones, as illustrated in
Figure 2.9. This includes deliveries outside the watershed (Zone 9), deliveries
by gravity (Zone 1), and deliveries pumped to higher elevations into different
regions of the watershed (Zones 2, 3, 4, 5, 6, 7, and 8). CMWD provided
volume data for deliveries to each of these Zones from 2015 through 2020. The
volumes were plotted for each WY by zone as stacked bar charts (Figure 2.10).
The plot indicates that the fractional split of deliveries across zones is generally
consistent from year to year. This result was used to estimate the spatial
distribution of the remainder of the CMWD deliveries (i.e., excluding those to
former GSWC and within the OBGMA boundary) in each WY.

As described in Section 2.1 the CMWD service area was divided into five
regions based on the CMWD pressure zones (Figure 2.2). The relation
between the regions and pressure zones are summarized in Table 2.7. Some
provider service areas may receive CMWD water from multiple regions.
Specifically, MOWD can receive CMWD water from both Regions 2 and 3, and
the former GSWC service area can receive CMWD water from both Regions 3
and 4 (see CMWD distribution map in Figure 1.7).

Data and estimated CMWD deliveries to the Ventura Water Service Area
(presented in Section 2.5.3) indicate volumes that represent a large fraction of
deliveries to Zone 1, and additionally volumes that are historically variable. Full
year CMWD pressure zone data are only available in WY2016 and WY2017
during the modeling period, and in these years the CMWD deliveries to Ventura
Water were relatively low. To account for historically higher deliveries, and to
obtain reasonable results in the analyses, the CMWD deliveries to the Ventura
Water Service Area were subtracted from the Zone 1 CMWD deliveries. The
resulting volumes in WY2016 and WY2017 (excluding Ventura Water) were
then used to calculate average splits of CMWD deliveries to Region 1
(excluding Ventura Water), and Regions 2, 3, 4, and 5. These splits are
summarized in Figure 2.11 and were used in the analyses together with the
volumes in Table 2.6 to provide annual estimates of CMWD deliveries to each
region, as presented in Figure 2.12. The CMWD deliveries to the former
GSWC service area were assumed to occur from Region 3, based upon the
overall balance in Region 4 (i.e., if deliveries to former GSWC were instead
assumed to occur from Region 4 there would be a large shortage of supply
within Region 4 (see Section 2.5.1)).
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Figure 2.11 CMWD Delivery Splits by Region

Draft VRW GW-SW Model Report 41 December 2021



>
DRAFT Geosyntec

consultants

6000

Volume (AF)

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Water Year

Region 1 (exc. City of Ventura)

Region 2

Region 3 (exc. GSWC)
GSWC (from Region 3)

Region 4 (OBGMA, exc. GSW() e Region 5

== == == Qutside Watershed

CMWD Deliveries by Region
Ventura County, CA

Geosyntec® @» Figure
¢ itants Danisl B S Inc.
212

Santa Barbara I December 2021

Figure 2.12 CMWD Deliveries by Region

Draft VRW GW-SW Model Report 42 December 2021



>
DRAFET Geosyntec

consultants

2.4.3 Local Surface Water Diversions

There are more than 20 surface water diversions throughout the VRW, as
indicated in Figure 2.13. Information on maximum allowable diversion rates
and historical volumes from 2010 onwards are available in the SWRCB
Electronic Water Rights Information Management System (eWRIMS) computer
database®®. A screening analysis excluded several diversions that had no or
zero diversion volumes reported, and also identified minor diversions with small
volumes that were neglected in the supply and demand analyses?.

The remaining diversions were included in the supply and demand analyses
and included two diversions within Region 3 and four diversions within

Region 4. Three of the four diversions in Region 4 are owned by Senior
Canyon Mutual Water Company (SCMWC), including the SCMWC water
tunnel, and additional information and volume estimates for these diversions
were obtained directly from SCMWC. The remaining diversions used estimates
for annual volumes based upon the eWRIMS data. These estimates are
provided in the tables of the results in the following sections.

The Robles Canal diversion from the Ventura River was not included directly in
the supply and demand analyses since the water is diverted to Lake Casitas
and is already accounted for as a supply by the CMWD deliveries from Lake
Casitas. Similarly, the releases from Matilija Reservoir are not included directly
in the supply and demand analyses since these releases end up moving
downstream into the Ventura River and the Robles Canal diversion, rather than
going directly to use. The Matilija releases and Robles Canal diversion are
physically represented in the VRW GSFLOW Model, as described in Sections 0
and 3.5.2, to correctly model the flows in the Ventura River.

An infiltration gallery in the upper Ventura River to the Rancho Matilija Mutual
Water Company (RMMWC) service area is also not included in this surface
water analyses, but is instead modeled as a pumping well due to diversion
occurring from pipes within the streambed material.

10 A public version of the eWRIMS database is available at URL:
https://ciwgs.waterboards.ca.gov/ciwgs/ewrims/EWPublicTerms.jsp

11 The diversions were still included in the GSFLOW model as described in
Section 3.5.
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2.5 Results

The results of the analyses are presented and discussed in the following
sections. Region 4 results are presented first, since the pumping volumes are
reported within this region, and the analyses is performed primarily as a check
on the method and assumptions, and to inform the analyses in other regions.
Region 5 results are presented next since it is the least complex of the regions.
Subsequently, results for Regions 1 through 3 are presented in numerical order.

2.5.1 Region4

The Region 4 results are presented as a series of tables of annual volumes for
different supplies and demands for each service area and the remainder of
Region 4. Specifically, the results for the former GSWC service area (Table
2.8), Hermitage MWC service area (Table 2.9), SCWMC service area (Table
2.10), and the remainder of Region 4 (Table 2.11) are provided. Data sources,
assumptions, and or calculation methods for each column are provided in the
table footnotes.

Each of the tables includes columns for deliveries from CMWD, pumping from
domestic, municipal, and private wells (if applicable), and local surface water
diversions (SCWMC, Table 2.10, only). These supplies are summed to
calculate the total supply. The CMWD deliveries are also broken down into
estimated deliveries to residential and agricultural use. Estimates for residential
and agricultural demand are also provided and summed to calculate the total
demand.

The total supply, total demand, and breakdown of demand into residential and
agricultural are plotted for each of the service areas and remainder of Region 4
in Figures 2.14 through 2.17. The former GSWC service area (Figure 2.14)
comprises mostly residential demand and in general the total demand and total
supply show reasonable agreement. Notably, over the entire period (i.e.,
WY1994-2017) the total supply and the total demand differ by only 4%.

The remaining areas in Region 4 (Figures 2.15, 2.16, and 2.17) are dominated
by agricultural demand, and generally indicate total supply is less than total
demand, particularly during the drought years (i.e., WY2013-2017). Excluding
the drought years, the total supply within the entire Region 4 is 11% less than
the total estimated demand. This is comparable to the reported accuracy of +/-
10% for the metered/estimated reported extractions for the OBGMA that were
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Figure 2.15 Supply and Demand for Hermitage MWC Service Area
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Figure 2.16 Supply and Demand for SCMWC Service Area
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used in the analyses (Table 1, OBGMA 2019), and therefore supports the
approach and assumptions used in the analyses.

During the drought years there were high agricultural demands that were not
met (Figures 2.15, 2.16, and 2.17). This is likely due to a combination of water
conservation measures implemented in the watershed and exceedingly high
DWR applied water rates (e.g., more than 5 AF/acre/year in WY2014, Table
2.5). The imbalance in the drought years does not affect the model input in
Region 4, since the OBGMA reported pumping is used directly in the model.

However, in Regions 1, 2, 3, and 5 many of the pumping volumes are not
reported and are instead calculated as part of this analyses. If the same
approach and assumptions are used in these regions and it is assumed that all
agricultural demands are met, then the resulting calculated pumping will likely
be overestimated during the drought years. To account for this, a drought
adjustment factor was developed and applied to the estimated agricultural
demands in the drought years for Regions 1, 2, 3, and 5. Table 2.12 presents
the assumed adjustment factors used in the analyses for Regions 1, 2, 3, and 5.
The adjustment factors are comparable to the factors calculated for Region 4
(Table 2.12), indicating this is a reasonable approach and will result in drought
deficits in Regions 1, 2, 3, and 5 being similar to Region 4.

2.5.2 Region5

Region 5 results are presented in tables similar to those for Region 4.
Specifically, the results for Sisar MWC service area are presented in Table 2.13
and the results for the remainder of Region 5 are presented in Table 2.14.
Unlike Region 4, the pumping from private wells to be used for agriculture are
not typically measured and are not reported in Region 5, and the goal of these
analyses is to estimate unknown pumping volumes.

The approach assumed that the CMWD deliveries to Region 5 as plotted in
Figure 2.12 (see Section 2.4.2) were first used to meet residential demand (i.e.,
make up the difference between the residential demands and other supplies for
residential uses, comprising domestic and municipal groundwater). The
remaining CMWD deliveries were then assumed to be used for agriculture. The
private agricultural groundwater pumping volumes were then calculated such
that the total agricultural demand was met in each year, except for during the
drought years (i.e., WY2013-2017) where the drought adjustment factors (Table
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2.12) were applied to the estimated agricultural demands. Therefore, the
Difference columns in Tables 2.13 and 2.14 indicate zeros (i.e., demands are
met) for WY1994-2012, and negative values (i.e., demands are not fully met) for
WY2013-2017.

Results of the analyses are plotted in Figures 2.18 and 2.19 for Sisar MWC
service area and the remainder of Region 5, respectively. The plots show the
match of supply and demands until the drought period, at which point the
supplies do not meet the demands. This is particularly the case for the
remainder of Region 5 (Figure 2.19), which is dominated by agriculture. The
trends in Figure 2.19 are qualitatively similar to the those in the agriculture
dominated areas of Region 4 (i.e., Figures 2.15, 2.16, and 2.17) indicating that
the use of the drought adjustment factors are appropriate.

The private agricultural groundwater volumes estimated in Table 2.14 are the
total volumes pumped for the remainder of Region 5. Within Region 5 there are
numerous agricultural wells and crops as illustrated in Figure 2.2. To better
resolve the spatial scale of the pumping volumes for the VRW GSFLOW Model
input, the remainder of Region 5 (as well as other regions) were subdivided into
Sub-Regions based on groups of agricultural wells and crops (Figure 2.2). The
estimated agricultural volumes were then distributed to each of these Sub-
Regions. This required assessing whether each of the Sub-Regions could
receive agricultural water from CMWD, since the volumes of CMWD water used
for agriculture within each Sub-Region has a direct effect on the volumes that
would come from groundwater. The CMWD delivery infrastructure (Figure 1.7)
and pressure zones (Figure 2.9) indicate that most crops within Region 5 can
receive deliveries from CMWD. Based on this, it was assumed that both the
CMWD deliveries to agriculture, and the agricultural groundwater pumping,
were distributed to each Sub-Region in relative proportion to the agricultural
demands.

Results are presented for the CMWD deliveries in Table 2.15 and for
groundwater pumping in Table 2.16. When implementing the groundwater
pumping volumes into the model the total pumping volume within each Sub-
Region is assumed to be split evenly between the agricultural wells within the
Sub-Region.
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Figure 2.18 Supply and Demand for Sisar MWC Service Area
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Figure 2.19 Supply and Demand for Remainder of Region 5
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2.5.3 Regionl

The estimated fraction of CMWD deliveries to within Region 1 excluded
deliveries to Ventura Water service area based on analyses of historical
deliveries and pressure zone data (see Section 2.4.2). To be consistent with
this approach, and simplify the analyses, it was assumed that the crops in the
Ventura Water service area and within the VRW (see Figure 2.2) were irrigated
with locally pumped groundwater unless information was available indicating
otherwise. Additionally, it was assumed that domestic wells were pumped at a
rate of 0.5 gpm (0.8 AFY). Results for the Ventura River service area that is
within the VRW are provided in Table 2.17.

The estimated CMWD deliveries to Region 1 as plotted in Figure 2.12 (see
Section 2.4.2) were distributed within the region by considering service areas
and defining Sub-Regions around crops (Figure 2.2). Since the Casitas MWC
service area did not contain agricultural demands a separate balance was first
calculated for the residential demand and other supplies. It was assumed the
CMWD deliveries were used to make up the shortfall as indicated in Table 2.18.
The small fraction of VRWD service area within Region 1 was neglected in this
part of the analyses, and instead included within the Region 2 calculations.

The distribution of the CMWD deliveries to the remainder of Region 1 were
made by first assuming that CMWD water was used to meet shortfalls in
residential demands, and then used for agriculture. However, Sub-Region 1D
is not adjacent to CMWD distribution lines (Figures 1.7 and 2.9) and it was
assumed this Sub-Region could not receive CMWD deliveries. Instead, it was
assumed the agricultural demand within this Sub-Region was met solely by
pumping from agricultural wells.

Conversely, Sub-Region 1B does not contain nearby agricultural wells, and it
was assumed that demand was met from CMWD deliveries. Therefore,
distribution of the CMWD deliveries within Region 1 were prioritized to meet the
agricultural demands within Sub-Region 1B. In some years there were not
enough estimated CMWD deliveries to meet these demands, and in those
years it was further assumed that there was not enough CMWD water to fully
meet the residential demand within Region 1. The CMWD deliveries were
assigned such that the fraction of demand met within Sub-Region 1B and in
residential areas relying on CMWD deliveries were the same.
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The additional complexity of the analyses required the overall supply and
demand calculations, and the breakdown of CMWD deliveries to the Sub-
Regions and resulting pumping volumes within each Sub-Region to be carried
out in parallel. Results are presented in Table 2.19 (remainder of Region 1),
Table 2.20 (CMWD deliveries to agriculture for the Sub-Regions), and Table
2.21 (groundwater pumping to agriculture for the Sub-Regions).

Per the assumptions, Table 2.20 indicates zero CMWD deliveries to Sub-
Region 1D, and the highest CMWD deliveries to Sub-Region 1B. The
remainder of the CMWD deliveries were split between Sub-Regions 1A and 1C
in proportion to the agricultural demand within each Sub-Region. Similarly,
Table 2.21 indicates zero groundwater pumping within Sub-Region 1B. Within
each of the other Sub-Regions the groundwater volumes were calculated such
that the total agricultural demand was met in each year, except for during the
drought years (i.e., WY2013-2017) where the drought adjustment factors (Table
2.12) were applied to the estimated agricultural demands.

Results of the analyses are plotted in Figures 2.20 and 2.21 for Casitas MWC
service area and the remainder of Region 1, respectively. Figure 2.20 indicates
that the demands within Casitas MWC service area are met every year due to
the assumption that CMWD deliveries always make up the shortfall. By
contrast, the demands within the remainder of Region 1 (Figure 2.21) are not
always met, due to the use of drought adjustment factors in WY2013-2017 and
due to assumed shortfall in CMWD deliveries to Sub-Region 1B in some of the
other years. The shortfalls are largest in WY1995 and WY1998 (Figure 2.21)
which were both wet years. It is possible that the assumptions regarding the
overall split of CMWD deliveries to the Regions that were based on data from
WY2015-2020 may not hold in wetter years. Nonetheless, the results for the
remainder of Region 1 (Figure 2.21) are qualitatively similar to the those in the
agriculture dominated areas of Region 4 (i.e., Figures 2.15, 2.16, and 2.17)
indicating that the overall approach is reasonable.

2.5.4 Region 2

Region 2 contains several municipal service areas, including VRWD, Rancho
del Cielo MWC, RMMWC, Old Creek Road MWC, and Tico MWC (Figure 2.2).
Additionally, part of MOWD is within the northern portion of Region 2 with the
remainder being within Region 3 (Figure 2.2). For these analyses the MOWD
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Figure 2.20 Supply and Demand for Casitas MWC Service Area
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Figure 2.21 Supply and Demand for Remainer of Region 1
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was primarily included within Region 3, but in some years estimates of CMWD
deliveries to Regions 2 and 3 were adjusted, as described shortly.

Similar to the approach in other regions, the remainder of Region 2 was divided
into Sub-Regions based on groups of crops and wells (Figure 2.2). The
methodology described for Region 1 was applied to Region 2 with the noted
assumptions specific to Region 2:

e RMMWC service area does not receive CMWD deliveries (Walter, 2015)
and demands are met by groundwater pumping including from:
o Aninfiltration gallery'? in the Ventura River located in Region 3,
Sub-Region 3A
o Two additional wells®® located in Region 2, Sub-Region 2F
e Rancho del Cielo service area only receives CMWD deliveries (i.e., no
agricultural wells)
e Sub-Region 2C does not receive CMWD deliveries and demands are
met by groundwater pumping

Results of the analyses are tabulated for VRWD service area (Table 2.22),
Rancho del Cielo MWC service area (Table 2.23), RMMWC service area (Table
2.24), Old Creek Road MWC service area (Table 2.25), Tico MWC service area
(Table 2.26), and the remainder of Region 2 (Table 2.27). The delivery
volumes of CMWD water to agriculture for the service areas and Sub-Regions
are provided in Table 2.28, and the groundwater pumping volumes to
agriculture are provided in Table 2.29.

The analyses for Region 2 presented above assumed slightly different splits of
CMWD deliveries in Regions 2 and 3 in some years, which was required to
produce reasonable results in both regions. The adjustments are provided in
Table 2.30 and indicate shifts of water from Region 3 to Region 2 in two wet
years (WY1998 and WY?2005) and shifts of water from Region 2 to Region 3
during the drought (WY2014-2017). The magnitude of the overall shifts were
small (generally less than 2.0% of the total CMWD deliveries) and can be
thought of as adjustments to the assumptions made in Section 2.4.2.

Results of the analyses for the five service areas and the remainder of Region 2
are plotted in Figures 2.22 through 2.27. The plots for the agriculture

12 Recorded as State Well number 05N23W33G03S.
13 State Well numbers 04N23W04Q01S and 04N23W09B01S.
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dominated areas of Region 2 (i.e., Figures 2.23, 2.24, and 2.27) are
gualitatively similar to the those in the agriculture dominated areas of Region 4
(i.e., Figures 2.15, 2.16, and 2.17) indicating that the overall approach and
results are reasonable.

255 Region 3

Region 3 contains the MOWD service area, which also partly extends into
Region 2. As described above the analyses for Region 3 was conducted in
parallel with Region 2 and involved some small adjustments in estimated
CMWD deliveries to these regions (Table 2.30). Region 3 also has local
surface water diversions that supply substantial water for crop irrigation. This is
accounted for by using the place-of-use for these surface water diversions as
one of the Sub-Regions of Region 3. Specifically, Sub-Region 3C (Figure 2.2)
was defined by using the place-of-use for the two Michael Cromer surface water
diversions.

The methods used in previous regions were applied to Region 3. Results are
provided for MOWD in Table 2.31 and Figure 2.28 and for the remaining of
Region 3 in Table 2.32 and Figure 2.29. The delivery volumes of CMWD water
to agriculture for the MOWD service area and the Sub-Regions are provided in
Table 2.33, and the groundwater pumping volumes to agriculture are provided
in Table 2.34.

In other regions the calculated pumping volumes within each Sub-Region

(i.e., Table 2.34) were generally applied in the model equally across the
agricultural wells within the Sub-Region. However, within Region 3 there were
additional information relating specific wells to crop acreages in several of the
Sub-Regions (UVRGA, 2020). These information were used to pro-rate the
estimated pumping volumes to each well.

At the northern extent of Region 3 is the North Fork Spring MWC service area
(Figure 2.2). The pumping volumes for the agricultural wells located within the
service area were estimated by matching estimated agricultural demands as
summarized in Table 2.35.
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Figure 2.22 Supply and Demand for VRWD Service Area
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Figure 2.23 Supply and Demand for Rancho del Cielo MWC Service Area
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Figure 2.24 Supply and Demand for Rancho Matilija Service Area
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Figure 2.25 Supply and Demand for Old Creek Road MWC Service Area
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Figure 2.26 Supply and Demand for Tico MWC Service Area
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Figure 2.27 Supply and Demand for Remainder of Region 2
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Figure 2.28 Supply and Demand for MOWD Service Area
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Figure 2.29 Supply and Demand for Remainder of Region 3
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2.6 Cross Checks

Water budget analyses incorporated several assumptions to develop estimates
for non-measured groundwater pumping throughout the VRW. Key
assumptions included the spatial distribution of CMWD deliveries throughout
the VRW, residential per capita rates and crop irrigation rates throughout the
watershed, and adjustments of these rates during drought years. The analyses
generally used a detailed “bottom up” approach, where assumptions and
estimates were made for service areas and Sub-Regions within the watershed
to enable detailed spatial estimates of pumping volumes. In the following, the
results were cross-checked using a “top down” approach, by comparing to data
and reports that are focused on larger spatial scales.

Results of the analyses were aggregated into total pumping volumes for each of
the four Bulletin 118 groundwater basins (i.e., Lower Ventura River, Upper
Ventura River, Ojai, and Upper Ojai Basins). These are plotted over the
modeling period in Figure 2.30. The average pumping volumes in each basin
are compared to other sources and estimates as indicated in Table 2.36. The
estimates developed in the supply and demand analyses are generally within
the range of the other estimates. Notably, the current analyses have a lower
average estimate (8,737 AFY) for the Upper Ventura River basin than the other
cited estimates (10,392 AFY) in Table 2.36. This is likely due to the disparity in
the time-span analyzed and the large decrease in pumping from Foster Park
from 2005 onwards. Prior to 2005 the annual pumping rates calculated from
our analyses ranged from approximately 10,000 AFY to 12,000 AFY, and
therefore compare similarly to other reports.

A similar table was developed for total agricultural pumping, as shown in Table
2.37. Results of the current analyses in the Lower and Upper Ventura River
basins are within the range estimated by considering agricultural demands and
by assuming typical pumping rates for agricultural wells.

A key component of the supply and demand analyses was determining the
spatial distribution of the CMWD deliveries, and particularly volumes that were
used for agriculture, since these have direct implications on the estimates for
the non-measured agricultural groundwater pumping. Total volumes for CMWD
deliveries to agriculture are available through 2015 in CMWD Urban Water
Management Plans (UWMP) (CMWD, 2010, 2015). These could not be used
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Figure 2.30 Total Groundwater Pumping by Bulletin 11 Groundwater Basin
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directly, since spatial information on these deliveries were not available.
Instead, the results of the current supply and demand analyses were
aggregated across the entire VRW and compared to the CMWD data as plotted
in Figure 2.31. Results indicate general agreement between the current
estimates and the CMWD data. Most estimates fall below the 1:1 line, which is
expected since some of the CMWD deliveries to agriculture occur to the crops
outside the VRW (i.e., within pressure zone 9, per Figure 2.9).

2.7 Implementation into VRW GSFLOW Model

Results of the above analyses were used to provide specific pumping volumes
for non-reported agricultural wells throughout the watershed, except for within
the OBGMA area. Annual pumping volumes for each well are provided in
Appendix A, Table A.12. Pumping volumes for non-measured domestic wells
(based upon an assumption of 0.5 gpm [0.8 AFY]) are also provided in
Appendix A, Table A.13.

Section 4.4 provides additional information on the implementation into the VRW
GSFLOW Model, as well as a map of the annual average volumes for all wells
that were implemented into the model.
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3 GSFLOW MODEL - SURFACE WATER

The surface water model component of GSFLOW uses the USGS PRMS Model
(Markstrom et al., 2015). Of the hydrologic systems simulated in GSFLOW,
PRMS simulates the hydrologic processes in plant canopy and soil zone.

These processes include evaporation, transpiration, runoff, infiltration, and inter-
flow. The following sections describe the layout and discretization of the PRMS
model, the meteorological inputs, the implementation of lakes and reservoirs,
diversions from and to streams, transfers to irrigation, and determination of
PRMS model parameters.

3.1 Model Layout, Discretization, and Stream Network

The PRMS model uses gridded HRUSs, rather than the more traditional
polygonal based HRUSs, such that the grid matches the underlying MODFLOW
grid. Because HRUs and MODFLOW grid cells coincide with each other, HRUs
and cells are used interchangeably throughout the document. The model grid
covers the entire VRW, with approximately 114,000 model cells of 330-foot grid
cell size. This includes approximately 56,000 land cells, 1,000 lake cells, and
57,000 inactive cells that are outside of the VRW. The land and lake cells are
further organized into 12 sub-basins, with 10 of the sub-basin outlets
corresponding to active streamflow gage locations (Figure 3.1).

The terrain dataset (Figure 3.2) used for developing the model consists of the
USGS digital elevation model (USGS, 2018), supplemented with 2005 lidar
(light detection and ranging) data provided by the VCWPD (VCWPD, 2005).
The USGS Cascade Routing Tool (Henson et. al, 2013) was used in
conjunction with the terrain dataset to define the cascading surfaces for the
model domain. The terrain dataset was also used to develop the model stream
network shown in Figure 3.3. The stream network was edited to match the
National Hydrography Dataset (NHD) flowlines as closely as possible within the
constraints of the 330-foot grid cell size.

3.2 Meteorological Inputs

Meteorological inputs to the model consist of daily precipitation and daily
minimum and maximum temperature. Daily precipitation data from 23 rain
gages (Figure 3.4) were processed to fill gaps. The gap-filling process for
gages with missing data involved using data from the nearest available rain
gage that was then scaled based upon comparison of the overlapping records
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between the two gages. Plots of the raw and processed data are provided in
Appendix B4,

The dalily filled precipitation data were interpolated spatially onto each grid cell
using Parameter-elevation Relationships on Independent Slopes Model
(PRISM) dataset (PRISM, 2012). The spatial PRISM dataset includes
orographic effects and provides additional detail in high-elevation regions of the
watershed where there are fewer gages (Figure 3.5). The PRISM 30-year
normals (1981-2010) within Thiessen polygons constructed around gage
locations (Figure 3.5) were scaled on a daily basis and used as model input
such that the daily rain depth at each gage location was replicated.

Temperature inputs consist of daily minimum and maximum temperature
obtained from 13 weather stations in and near the VRW (Figure 3.6). The
temperature data are spatially distributed onto the model grid cells using the
PRMS ‘temp_dist2’ temperature distribution module. The temp_dist2 module
distributes temperature from the weather stations to the model cells by
computing weights based on lapse rates and the inverse of the square of the
distance between the centroid of the HRU and the location of the weather
stations.

33 Lakes and Reservoirs

Lake Casitas and Matilija Reservoir (Figure 1.3) were simulated as Lake HRUs
in PRMS. Lake Casitas bathymetry was implemented into the model using data
from a 2017 survey (Tetra Tech, 2017). Outflows from Lake Casitas were
modeled as overflows over the dam crest into a downstream stream segment
that represents the Coyote Spillway. Additional withdrawals from the lake to the
CMWD distribution system were implemented as described in Section 3.5.3.

14 Appendices A through F are not embedded in this document. The
appendices are presented in companion files. Appendices B through F are
compiled in additional PDF files. The appendices are available for download on
the State Water Board’s California Water Action Plan website. URL:
https://www.waterboards.ca.gov/waterrights/water_issues/programs/instream_fl
ows/cwap_enhancing/
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When constructed in 1947, Matilija Reservoir originally had an active storage
volume of 7,000 AF. However, due to sedimentation and lowering (or
‘notching’) of the dam, the active volume has decreased substantially as
indicated Table 3.1. Over the modeling period, the active storage volume at full
pool decreased from 930 AF to 270 AF. This changing storage capacity during
the modeling period is not implemented into the model. In the model the
elevations of the lake cells were lowered to create a volume of 1,503 AF with a
spillway elevation of 1,095 ft based on information on Ventura County Public
Works Agency website®®. Although this is not consistent with information in
Table 3.1 the effect in the model is primarily to increase dead storage with
anticipated negligible effects on streamflow.

Outflows from Matilija Reservoir were modeled as a combination of overflows
over the dam crest and specified releases (Section 3.5.1), each into a
downstream stream segment representing the dam spillway.

3.4 Diversions and Transfers

The following section summarizes the implementation of diversions of surface
water from streams, releases from Matilija Reservoir, Robles Canal diversions,
Casitas withdrawals, inflow from Ojai Valley Sanitation District WWTP, and
irrigation of crops.

35 Surface Water Diversions

Surface water diversions are located throughout the watershed as indicated in
Figure 2.13. The eWRIMS self-reported volume data were analyzed to
determine which of the diversions were active during the modeling period, and
these were implemented into the model (Table 3.2). The SCMWC water tunnel
was modeled as a series of wells in the bedrock. The remaining diversions
were modeled as diversions from the streams at the maximum allowed flow rate
in specified months of the year, as determined from eWRIMS and as
summarized in Table 3.2. Itis noted that much of the time, the streamflow rates
may be less than the specified diversion rate, and that full diversions are not
possible.

15 URL: http://www.vcwatershed.net/fws/reports/reservoir-report, accessed
December 2019.
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Table 3.1 Matilija Active Storage Volume (acre-ft)

Elevations 2002

(NAVDSS) 1970 | 1983 1994 estimated 2018 | 2019
1042.6 14.2 0 0 0 0 0
1047.6 93 0 0 0 0 0
1052.6 219 0 0 0 0 0
1057.6 367 0 0 0 0 0
1062.6 533 57 0 0 0 0
1067.6 724 172 0 0 0 0
1072.6 947 305 39 0 0 0
1077.6 1199 468 153 0 0 0
1082.6 1479 662 283 0 0 0
1087.6 1789 906 447 24 0.35 0
1092.6 2121 | 1190 666 250 138 | 28.75
1097.6 2473 | 1480 930 500 270 | 149.1

NAVD = North American Vertical Datum
Source: Ventura County Watershed Protection District (VCWPD)
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Maximum Diversion Diversion Months

POD ID App ID Owner Flow Rate (cfs)

22124 | S015366 Senior Canyon Mutual Water Company 0.67 Jan - Dec
22125 | S015367 Senior Canyon Mutual Water Company 0.67 Jan - Dec
34704 | A006399 Senior Canyon Mutual Water Company n/a? Jan - Dec
3277 A006294 Topa Topa Ranch Company LLC 0.4 May - Nov

6812 A027762 Michael Cromer 0.369 Nov - Apr
37758 | A006521 Michael Cromer 0.33 Jun - Oct
40619 | A012557 USDA Los Padres National Forest 0.05 Jan - Dec
38032 | A017929 USDA Los Padres National Forest 0.05 Jan - Dec
27287 A012297 Jerry Kenton 0.027 Jan - Dec
15438 | A026086 Earl G. Holder 0.017 Jan - Dec

6903 A028074 Calvin Zara 0.0046 Dec - Mar
23428 A017621 Ernest L. Ford 0.0035 Jan - Dec
17496 | A012443 Dorothy Webb Holmes 0.0023 Jan - Dec
24044 | A019802 Duncan H. Abbott 0.001 Jan - Dec
41563 | A019811 U.S. Forest Service, Los Padres National 0.0005 Jan - Dec

Forest
8872 A014267 USDA Los Padres National Forest 0.000155 Jan - Dec

App ID = application identification number (for a water right or statement of diversion and use)

cfs = cubic feet per second

POD ID = point of diversion identification number (for a water right or statement of diversion and use)
USDA = U.S. Department of Agriculture

1. Surface water diversions do not include releases from Matilija Reservoir or withdrawals from Lake Casitas, which are

discussed in Section 3.4.2 and 3.4.4, respectively.
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2. n/a = not applicable. This diversion represents the Senior Canyon Mutual Water Company (SCWMC) water tunnel and
does not have a maximum allowable flow rate. The water tunnel is modeled as a series of wells with assigned pumping
rates and the resulting overall withdrawal rate depends upon hydraulic heads and conductivities in the surrounding bedrock.
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3.5.1 Matilija Releases

Historically, the CMWD would release water from Matilija Reservoir to enable
additional diversions downstream through the Robles Canal to Lake Casitas.
Information on these releases is limited and had to be estimated for the
modeling period.

Reservoir elevation data were available from July 2003 onwards and these
were used with the stage-storage information from 2002 (Table 3.1) to estimate
daily release volumes. Prior to July 2003 the releases were estimated by
correlating streamflow data from Gage 602B (downstream of Matilija Reservoir)
and Gage 604 (North Fork Matilija Creek, and not subject to releases) to
identify periods of releases and estimate release rates. These estimates were
capped at 150 cubic feet per second (cfs), based on outlet capacity. The
resulting releases implemented into the model are plotted in Figure 3.7.

3.5.2 Robles Canal Diversions

Diversions from Ventura River to Lake Casitas through the Robles Canal were
implemented as a diversion from the relevant stream segment in SFR (see
Figure 1.6 for the diversion location) to the lake. Daily diversion flow volumes
were are plotted in Figure 3.8.

3.5.3 Casitas Withdrawals

Annual withdrawal volumes from Lake Casitas were calculated by subtracting
pumping volumes from the CMWD Mira Monte well from the total CMWD
deliveries provided in Table 2.6. These volumes were further split into
residential and agricultural volumes as part of the supply and demand analyses
in Section 2. Monthly residential and agricultural demand factors were then
applied to these annual volumes to develop monthly estimates of residential
and agricultural deliveries, as plotted in Figure 3.9. These were then summed
together and implemented into the model as transfers from the lake. The
transfers were removed from the model, since the deliveries are represented
elsewhere through applied irrigation, flows to OWTS, flows to the WWTP, and
consumptive use.
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3.5.4 QOjai Valley Sanitation Discharges

Inflows to Ventura River from the Ojai Valley WWTP were implemented using
SFR as inflows to the relevant stream segment (see Figure 1.6 for the inflow
location). Inflow rates are plotted in Figure 3.10 and consist of available daily
flow rates for 2006-2015, which were supplemented for the other years with
representative monthly average flow rates calculated from the available data.

3.5.5 Irrigation

Annual estimates for irrigation rates to different crop categories and golf
courses were developed in Section 2 (Table 2.5). These were split into monthly
estimates using agricultural demand factors and implemented into the model
using the PRMS “water_use_read” module. This module adds the capability to
account for redistribution of water on the basis of water availability at storage
locations internal and external to the model domain by using a time series of
values (Regan and LaFontaine, 2017). Irrigation water is applied as transfer
gain to the plant canopy of each model cell based on a supplied time series of
transfer flow rates. Crop irrigation was applied daily, with values varying
monthly and from year to year (per the estimates developed in Section 2 (Table
2.5).

Irrigation was also applied in urban areas to represent residential outdoor water
use. A rate of 1.44 AF/acre/year was applied based on the average value from
a study for Los Angeles (Mini et al., 2014). This was further multiplied by
fractional coverages ranging from 0.33 to 0.72, depending upon the density of
urban development.

The average annual'® irrigation transfer depth (i.e., average depth of irrigated
water applied in a year) is shown in Figure 3.11. The figure illustrates higher
application rates where crops are located (compare to Figure 2.5), lower rates
in the urban areas, and no irrigation in undeveloped areas.

16 The average annual rates are shown for illustrative purposes only. The rates
applied to crops vary annually as indicated in Table 2.5.
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3.6 Model Parameters

The PRMS model requires many model parameters related to soil and
hydrological processes to be defined. The key parameters are presented and
described briefly in Table 3.3. Additional descriptions are available in the
PRMS Manual (Markstrom et al., 2015). Many of the parameters are
“distributed,” meaning values are required for each grid cell within the domain.

Initial estimates for watershed model parameters were calculated using various
input datasets and a Python- and ArcGIS-based toolkit, GSFLOW-Arcpy
(Gardner et al., 2018). GSFLOW-Arcpy provides scripts for model
parameterization, including stream network development, land coverage and
meteorological distribution, and Parameter File construction. The inputs
required for each parameter are summarized in Table 3.3 and include
watershed-wide spatial data for percent impervious, vegetative cover, soil
depth, saturated hydraulic conductivity, available water content, percent sand,
percent silt, and percent clay. These datasets were obtained from the U.S.
Forest Service (USFS) and USGS LANDFIRE dataset (LANDFIRE, 2014),
National Land Cover Dataset (NLCD) (NLCD, 2011), and U.S. Department of
Agriculture (USDA)/National Resources Conservation Service (NRCS) Soil
Survey Graphic Database (SSURGO) (Soil Survey Staff). Maps of the datasets
are provided in Figures 3.12 through 3.19.

The initial parameter estimates developed using the GSFLOW-Arcpy scripts
were then adjusted as part of the model calibration process (see Section 5.3.1).
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Table 3.3 Summary of PRMS Parameters and Input Datasets

Parameter Name Units Description Input Datasets
Maximum available water holding capacity of
. . . capillary reservoir from land surface to rooting Maximum rooting depth,
soil_moist_max inches . . ) .
- - depth of the major vegetation type of each available water capacity
HRU
Water holding capacity of the gravity and
: preferential flow reservoirs; difference Maximum rooting depth,
sat_threshold inches . . . ) )
between field capacity and total soil available water capacity

saturation for each HRU

Linear coefficient in equation used to route
ssr2gw_rate inches/day | water from the gravity reservoir to the ground Underlying geology?
water reservoir for each HRU

Maximum possible area contributing to
surface runoff expressed as a portion of the % imperviousness
HRU area

decimal

carea max .
- fraction

decimal | Fraction of each HRU area that is impervious

hru_percent_imperv % imperviousness

fraction
. . Linear coefficient in equation to route gravity- Saturated hydraulic
slowcoef_lin fraction/day . -
reservoir storage downslope for each HRU conductivity, slope
Non-linear coefficient in equation to route Saturated hydraulic
slowcoef s none gravity conductivity, slope, % sand,
-4 reservoir storage downslope for each HRU maximum rooting depth,

available water capacity
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Parameter Name Units Description Input Datasets
decimal Coefficient in non-linear contributing area
smidx_coef . algorithm for GSFLOW-Arcpy default value
fraction
each HRU
Exponent in non-linear contributing area
smidx_exp 1/inch algorithm for GSFLOW-Arcpy default value
each HRU

GSFLOW = Groundwater and Surface-water Flow
HRU = hydrologic response unit
PRMS = Precipitation-Runoff Modeling System

1. Estimates for the ssr2gw_rate were determined from the underlying geological information, rather than from the
GSFLOW-Arcpy scripts. Rates in more permeable zones (e.g., alluvium and beach deposits) were assigned higher rates
than low permeability zones (e.g., shale and claystone). Initial estimates for rates were then adjusted during model
calibration (Section 5).
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4 GSFLOW MODEL — GROUNDWATER

The groundwater model component of GSFLOW uses the USGS MODFLOW
modeling platform. Of the hydrologic systems simulated in GSFLOW,
MODFLOW simulates the hydrologic processes in streams, lakes, and in the
subsurface (i.e., below the soil zone simulated by PRMS). Flows are
exchanged between PRMS and MODFLOW in many forms (e.g., groundwater
recharge from soil zone to the subsurface, interflow from the soil zone to
streams and lakes, and groundwater discharge from the subsurface to the soil
zone) (see Section 1.5). The following sections describe the layout and
discretization of the MODFLOW model, parameter inputs, boundary conditions,
initial conditions, and model implementation.

4.1 Spatial Domain and Discretization

Horizontally, the active groundwater model domain extends throughout the
entirety of the VRW. The groundwater model represents groundwater flow in
the groundwater basins, additional areas of saturated alluvium (e.g., the area
underlying San Antonio Creek south of the Ojai Basin), and the bedrock
aquifers. Vertically, the full thickness of all groundwater basins is represented,
and the bedrock model layer thickness is based on the depth of the majority of
domestic and agricultural wells screened in the bedrock units (Figure 1.9).

As discussed in Section 3.1, the model domain is uniformly divided into grid
cells 330 feet on a side, consistent with the PRMS model. Seven vertical model
layers are present in the MODFLOW model, and they are numbered with 1 as
the top and 7 as the bottom. The top of Layer 1 represents the bottom of soll
zone (simulated by PRMS). Layers 1 through 3 are active throughout the entire
VRW. Layers 4 through 7 are only active within and underneath the Ojai
Basin, which has thicker alluvial deposits compared to the rest of the VRW.

The layering in Ojai Basin is generally consistent with the layering of the
OBGMA model (DBS&A, 2011). However, some layers in OBGMA model
(which simulated the alluvium with 10 layers) were aggregated into six layers
only of alluvium in Ojai Basin of VRW model. Wherever there is alluvium within
the model domain, a thick layer of bedrock of at least 200 feet was simulated
underneath the alluvium.
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Figures 4.1a through 4.1h present maps of the distribution of the elevation of
the top of each model layer and the bottom of Layer 7. Figures 4.2a through
4.2g present maps of the model layer thickness. The elevation and thickness of
each model layer was based on geologic analyses and the extent of alluvium
interpolated at each location, which is documented in Appendix C.

MODFLOW is organized in rows and columns, where row numbers refer to the
vertical position within the model grid, and column numbers refer to the
horizontal position within the model grid. Each model cell can be identified by
its unique row, column, and layer number. Figures 4.3a through 4.3 present
cross-section diagrams through specific model rows and columns, and a map
displaying the cross-section locations is presented in Figure 4.4. The top of
each cross-section represents the top of the groundwater model domain
(bottom of the PRMS soil zone), and the bottom of each cross section
represents the bottom of the model domain. Simulated groundwater
potentiometric surface elevations and MODFLOW “parameter zones” are also
shown on the cross-section diagrams, as discussed below in Section 4.5.

4.2 Temporal Discretization

The VRW GSFLOW Model, and its MODFLOW portion, operates with monthly
stress periods and daily time steps. In MODFLOW, a stress-period defines
periods of time with constant values of model stresses (e.g., pumping rates),
and time steps define the period of time for which all model calculations

(e.g., groundwater flow rates, streamflow discharge rates) are performed and
reported. While many stresses in MODFLOW (e.g., pumping) are defined in
each stress period, exchange of flows between MODFLOW and PRMS

(e.g., recharge from soil zone to groundwater) occurs at the end of each time
step.

4.3 Initial Conditions

Groundwater elevations must be assigned for each model cell at the beginning
of the model simulation, and these are referred to as “initial conditions.” Initial
conditions within the groundwater basins were assigned based on interpolation
of measured data for the Fall of 1993, which is the beginning of the model
calibration/validation time period. Figure 4.5 presents a map of the well
measurement data and groundwater elevation interpolation for Fall 1993.
Streambed “wet/dry” mapping from fall/winter 2016 was also used to guide the
initial conditions interpolation, with the assumption that areas of the streams
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that are mapped as “wet” would be similar in Fall of 1993 (no wet/dry mapping
is available for Fall 1993). Stream areas mapped as “wet” were assumed to be
in hydraulic connection with groundwater and streambed elevations were
therefore similar to groundwater elevations. As shown on Figure 4.5, “wet”
streambed elevations were consistent with groundwater elevations observed
from surrounding wells.

Initial conditions outside the groundwater basins (e.g., within the bedrock units)
were assigned based on simulated values as of September 2005 from early
VRW GSFLOW Model runs, noting that WY2005 had similar hydrology as
WY1993. These initial conditions were updated as needed during the model
calibration process to be consistent with simulated September 2005 values for
each run.

4.4 Boundary Conditions

Groundwater model boundary conditions govern interaction of the modeled
groundwater system with surrounding features that may provide inflow or
outflow of water from the groundwater model domain. No-flow boundaries were
assigned to the bottom model layer (representing bedrock in the entire domain).
Horizontally, no-flow boundaries were also simulated for most of the active
domain, except for areas east of Upper Ojai Basin (mostly representing inflow
to the basin) and area at the terminus end of Lower Ventura Basin (mostly
representing outflow to the ocean). Figure 4.6 presents the model boundary
conditions. MODFLOW model boundary conditions and how they are
implemented are described in the following sections.

4.4.1 Constant Head Boundary (CHD)

Groundwater outflow and/or inflow at the Pacific Ocean is represented by a
Constant Head Boundary (CHD; also referred to as “Prescribed Head
Boundary”), and prescribed head'’ values at the ocean boundary were based
on average sea level adjusted for higher salinity (2.5 ft amsl). Prescribed head
values at this location do not vary over time.

17 Hydraulic head (often referred to as “head”) is an indicator of the total energy available to move
ground water through an aquifer and is the elevation to which water will rise in a well.
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4.4.2 General Head Boundary (GHB)

Groundwater inflow and/or outflow at the watershed boundary in the Upper Ojai
Basin was represented with a General Head Boundary (GHB). GHB requires
assigning a head value and a conductance term for each cell. Inflow or outflow
along the boundary is calculated as the conductance term multiplied by the
difference between the simulated head within the model domain and the
assigned head at the boundary. Head in the GHB boundary was assigned to
be constant with time and was based on observed measurements at two wells
(04N22W12F01S and 04N22W1204S; see Figure 4.6). The head at the cell
where the two wells are located was set at 1,500 ft amsl at all times. Each cell
north and south of that cell along that boundary was assigned a head value that
is 5 feet higher than the cell adjacent to it along the boundary based on the
topographic grade.

In MODFLOW, the conductance is described as having units of length-squared
per time (L%T) and is equal to KLW/M where K is hydraulic conductivity, L is the
length of the boundary, W is the width of the boundary, and M is distance from
that cell to the boundary. A conductance term of 1,500 ft?/day was assigned in
alluvium cells along the boundary. This is consistent with K of 150 ft/day, W of
330 ft, and assumed saturated thickness (L) of 20 ft, and distance (M) of two
model cells of 660 ft. Conductance in bedrock cells was assigned an order of
magnitude less conductance (150 ft?/day).

4.4.3 Streamflow Routing (SFR)

Streams within the model are simulated by the MODFLOW streamflow routing
(SFR) package. The stream network is represented by 768 stream segments
(Figure 4.6). Each stream segment has one or more stream reach (i.e., model
cell). An additional 23 stream segments were added to the model to simulate
diversionary segments (e.g., Robles Canal diversion and other streamflow
diversions in Section 3.4), and tributary segments (e.g., WWTP inflows).

The stream widths used in the SFR package are presented in Figure 4.7. The
widths were calculated using the following regression relation developed for the
VSWHM (TetraTech, 2009),

Width[ft] = 1.2576 x (Drainage Area[acres])?383,
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For the mainstem Ventura River and San Antonio Creek, as well as some storm
drains, ratings tables were used for the SFR rather than an estimated stream
width. These locations are also shown in Figure 4.7. The ratings tables provide
a stream width and flow depth as a function of flow rate at each stream
segment along the river and were obtained by running hydraulic Hydrologic
Engineering Center-River Analyses System (HEC-RAS) models obtained from
the VCWPD. This approach enabled more accurate estimation of the wetted
stream width which is relevant for stream exchanges with groundwater in the
gaining and losing reaches.

Streambed hydraulic conductivity (STRHC1) was found to be a critical
parameter during model calibration. STRHC1 values ranged between 0.01
ft/day to 2.25 ft/day and are discussed in Section 5.

4.4.4 Lake Package (LAK)

Lake Casitas and Matilija Reservoir (Figure 1.3) were simulated using the
MODFLOW Lake Package (LAK) (Merritt and Konikow, 2000). In the Lake
Package, the lakes are represented as a group of Layer 1 cells, extending
downward from the upper surface of the grid to the bottom of the Lake. The
Lake cells exchange water with active cells bordering the lake cell in Layer 1,
and with cells in Layer 2 underneath the lake cell. Water exchange rate is
determined by the difference in heads of the lake and the aquifer, multiplied by
a user-specified leakance term that represents the resistance to flow through
the material of the lakebed. The variations of lake stages (storage) are
determined by independent water budgets computed for each lake in the model
grid, which takes into consideration the lake/aquifer interaction described
above, in addition to the rate of lake atmospheric recharge and evaporation,
overland runoff, and the rate of any direct withdrawal from, or augmentation of,
the lake volume (Merritt and Konikow, 2000).

Additional details on the bathymetries, storage, and releases from Lake Casitas
and Matilija Reservoir are provided in Section 3.3.

445 Pumping

Groundwater pumping was assigned using the MODFLOW multi-node well
(MNW?2) package (Konikow et al., 2009). Pumping values were assigned
based on measured values reported to the OBGMA in the Ojai Basin, reported
values for most municipal wells, and were otherwise estimated based on the
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results of the water supply/demand analysis (Section 2). Pumping values for
the Ojai Basin and municipal wells are presented in Appendix A. Figure 4.8
displays average simulated pumping rates for each well in the VRW
implemented in GSFLOW. Pumping values at each well varied for each stress
period (i.e., months) based on available pumping records, well
construction/destruction dates, and the results of the supply/demand analysis.

In the MNW2 package, the pumping rate and the layers that the well is
penetrating are assigned to each well. MNW2 dynamically distributes the
pumping from each layer. MNW?2 also shuts off the pumping, when simulated
water levels are below certain user-assigned elevation (usually the bottom of
the screen). When water levels rise again, pumping is resumed from the well.

446 OWTS Recharge

Domestic OWTS recharge to groundwater was represented with the
Unsaturated Zone Flow (UZF) package, and a recharge rate of 200 gallons per
day was assigned to each system. Figure 4.9 displays the number of OWTS
per HRU.

4.4.7 Riparian ET

Riparian vegetation along rivers and creeks increase the ET from shallow
groundwater, notably reducing streamflow during low flow periods. Shallow
groundwater ET is represented in the model by the UZF package that includes
the extinction depth as an input parameter. Extinction depth refers to how close
the groundwater table to the top of model Layer 1 needs to be for shallow
groundwater ET to occur. In most of the model cells an extinction depth of 1.0
foot was assigned. In areas with observed riparian vegetation the extinction
depth was set between 10 and 15 feet to reflect the greater rooting depth, and
as determined during model calibration (see Section 5).

Data sets used to inform where riparian vegetation existed consisted of the
Arundo donax distribution dataset (California Invasive Plant Council, 2011),
Natural Communities Commonly Associated with Groundwater dataset
(Klausmeyer et al., 2018), and the National Wetlands Inventory - Riparian Areas
dataset (U.S. Fish and Wildlife Service, 2009). These data sets are mapped in
Figures 4.10, 4.11, and 4.12, respectively.
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Additionally, the potential ET (PET) coefficients within PRMS were increased in
cells that contained Arundo donax based on the fraction of coverage in the cells
and assuming up to 24 feet per year of PET (California Invasive Plant Council,
2011).

4.4.8 Exchange of Flows between MODFLOW and PRMS

At the end of each time step (i.e., each day), flows are exchanged between
PRMS and MODFLOW. While these flows are considered internal flows within
the GSFLOW model, they are also boundary flows to the MODFLOW domain.
These flows include:

e Groundwater recharge from the soil zone (PRMS) to the unsaturated and
saturated zones (MODFLOW). This is referred to as gravity drainage in
GSFLOW documentation (Markstrom et al., 2008). Gravity drainage is
mostly controlled by the available water in the soil zone, by PRMS
parameter ssr2gw_rate (Section 3.6), and by the MODFLOW parameter
of vertical hydraulic conductivity of the unsaturated zone (VKS).

e Groundwater discharge from the saturated zone into the soil zone. The
rate of discharge is dependent on the hydraulic conductivity and on
groundwater elevation relative to the altitude of the soil-zone.
Groundwater discharge, which is also referred to as surface leakage, is a
outflow from MODFLOW and an inflow to PRMS.

e Surface runoff and interflow from PRMS to streams and lakes. In
addition to flow exchange between the saturated zone and streams and
lakes (both within MODFLOW as discussed in Sections 4.4.3 and 4.4.4),
GSFLOW allows water to flow directly from PRMS HRUSs to stream and
lakes. Such flows can be in the form of surface runoff and interflow.
Surface runoff can be either flows in excess of infiltration capacity of the
soil (Hortonian surface runoff), or water in the soil zone that is above its
capacity (Dunnian surface runoff). Interflow to streams and lakes is flow
from the soil zone of an HRU to a stream segment or to a lake HRU.
Interflow is affected by the available water in the soil zone and by PRMS
parameters slowcoef _lin and slowcoef _sq (Section 3.6).

4.5 Parameter Zones

The model domain was separated into “parameter zones,” and a single value of
each MODFLOW model parameter (e.g., hydraulic conductivity, specific yield)
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was assigned to all cells within a parameter zone. Initial model parameter
zones were assigned based on geologic analyses, and model zones were
refined during model calibration. Model zones for each model layer are
displayed in Figures 4.13a through 4.13g and are also shown in the vertical
cross sections at Figures 4.3a through 4.3j. Final assigned values of horizontal
saturated hydraulic conductivity (Kx), vertical hydraulic conductivity (Kz),
specific storage (Ss), specific yield (Sy), streambed hydraulic conductivity
(STRHC1), and unsaturated zone vertical hydraulic conductivity (VKS) are
discussed in Section 5, below.

4.6 Horizontal Flow Barriers

Certain geologic fault zones and the Foster Park submerged dam are
represented with the horizontal flow barrier (HFB) MODFLOW package to
reduce groundwater flow through those areas. HFB locations are shown on
Figure 4.6. For HFBs, the “hydraulic characteristic” of the HFB is assigned in
MODFLOW. The hydraulic characteristic represents the barrier hydraulic
conductivity divided by its width. For the HFB south of Ojai (Santa Ana Fault,
see Appendix C), the assigned hydraulic characteristic is 1-:10°¢ day*. For the
submerged dam, the hydraulic characteristic is 1-10°" day™.
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5 GSFLOW MODEL CALIBRATION AND VALIDATION

Model calibration is performed to demonstrate that the model reasonably
simulates known historical conditions (DWR, 2016b). Calibration involves
iterative adjustments of various model parameters until model results match
historical observations within an agreed-to tolerance. Model validation is
performed for a different historical time period than model calibration in order to
demonstrate reasonable agreement between simulated and observed results
for conditions that were not specifically used in calibration.

51 Calibration and Validation Periods

For the VRW GSFLOW Model, a single simulation was used for calibration and
validation (“calibration/validation period”) and was separated into a time period
used for calibration (“calibration period”) and a period that was used for
validation (“validation period”).

The GSFLOW calibration/validation period comprises 24 years from WY1994
through WY2017 (October 1, 1993 through September 30, 2017). This period
is constrained by limited groundwater pumping datasets prior to the mid-1990s
and the assumption of fixed land-use (e.g., cropping types and extents) in the
model. Additionally, the Thomas Fire in late 2017/early 2018 altered the
watershed’s hydrologic characteristics and potentially requires a different set of
calibration parameters to correctly model streamflow and recharge. Therefore,
using a longer modeling period (i.e., extending prior to WY1994 or after
WY2017) was rejected because it would introduce additional uncertainty into
many aspects of the model.

The calibration/validation period was divided into a 20-year calibration period
(WY1998 through WY2017) and a four-year validation period (WY1994 through
WY1997). The calibration and validation periods were altered from those
outlined in the project Study Plan (Geosyntec and DBS&A, 2019) to enable both
periods to include a representative mix of WY types (i.e., wet years and dry
years) and to enable the historic multi-year drought (WY2012 through WY2016)
to be included in the calibration period. This is illustrated in Figure 5.1.
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5.2 Approach and Calibration Goals

Calibration of the VRW GSFLOW Model consisted of adjustment of specific
parameters that govern the surface-water and groundwater portions of the
model domain to match simulated groundwater elevation and streamflow values
to available real-world measurements. The model calibration approach and
parameters that were adjusted for the streamflow and groundwater portions of
the model are summarized in the following sections. While the streamflow and
groundwater model calibration are discussed in separate sections, the final
calibrations were performed together in the coupled VRW GSFLOW Model.

5.2.1 Streamflow

The first step in calibrating the VRW GSFLOW Model was adjusting parameters
pertaining to PET. Specifically, the 12 monthly coefficients, jh_coef, for the
Jensen-Haise PET calculation (Markstrom et al., 2015) were adjusted such that
the monthly modeled PET?® averaged over the modeling period matched the
monthly PET values published by the California Irrigation Management
Information System (CIMIS) for Zone 10.

Once the PET was calibrated, other PRMS model parameters described in
Section 3.6, and MODFLOW parameters described below in Section 5.2.2 were
adjusted iteratively to match modeled streamflow to the measured streamflow
for the calibration period.

Following calibration, the model results are tested by making comparisons for
the validation period (see Section 5.1).

The streamflow gages used in the model calibration process are shown in
Figure 3.1 and include:

e 604, North Fork Matilija Creek;

e 603A, Matilija Creek above Reservaoir;

18 The PET represents a maximum evapotranspiration for a reference crop
under ideal conditions, while the actual evapotranspiration (AET) depends upon
soil moisture storage and is calculated by PRMS.
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e 602B, Matilija Creek at Matilija Hot Springs;

e 607, Ventura River near Meiners Oaks;

e 605A/605, San Antonio Creek at Old Creek Road/Highway 33;
e 608, Ventura River at Foster Park;

e 600, Coyote Creek near Oak View; and

e 606A, Santa Ana Creek near Oak View.

The USGS maintains Gage 603A (USGS 11114495) and Gage 608 (USGS
11118500) and CMWD maintains Gage 607 (at the Robles diversion). The
remaining gages are maintained by VCWPD.

A “weight of evidence” approach recommended for calibrating continuous
output hydrological simulations (Donigian, 2002) was used whereby both
gualitative graphical comparisons and quantitative statistical comparisons were
made. Graphical comparisons included visual evaluation of timeseries plots
and flow duration curves comparing the measured and model simulated flow
rates at the above locations.

Quantitative comparison “goodness-of-fit” statistics were calculated based on
guidance from a USGS GSFLOW modeling study (Woolfenden and Nishikawa,
2014). The goodness-of-fit statistics include the percent average estimation
error (PAEE), the absolute average estimation error (AAEE), and the Nash-
Sutcliffe model efficiency (NSME).

These metrics are calculated as follows:

1 . .
=Sy (X — Kl
1 i

4\
n i=1Xobs

PAEE = 100% X

1 i .
Abs [ﬁ ?zl(Xslim - (l)bS):I
1 i

4 \yn
n i=1Xobs

AAEE = 100% X

?:1(Xci>bs - X;im)z
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where n is the total number of observations (i.e., field measurements), X}, is
the it" observation, X!;,, is the corresponding it* simulation prediction, X, is

the average value of all observations, and Abs denotes absolute value.

The PAEE and AAEE measure the model bias, or systematic error, but cannot
provide a definitive measure of goodness of fit alone. The NSME provides a
measure of the mean square error, similar to the normalized root-mean-square
error (RMSE) and can be a good indicator of the goodness of fit, but can still
have substantial estimation bias. Therefore, the combination of the
aforementioned statistics, in conjunction with graphical comparisons, is used to
represent goodness of fit. A model that exactly matches observed results
would have PAEE and AAEE values of 0, and an NSME value of 1.0
(Woolfenden and Nishikawa, 2014).

Model fit classifications based on the statistics are presented in Table 5.1. The
goal adopted in this project is to achieve calibration statistics classifications of
“very good” (Donigian, 2002) or better. However, errors for environmental
models can vary widely depending upon the system characteristics, and the
irreducible error cannot be predicted at the outset of the project (U.S.
Environmental Protection Agency, 2016). Therefore, it would not be expected
that calibration goals are met at every location. For example, in the USGS
study by Woolfenden and Nishikawa (2014), the “very good” classification was
only met or exceeded at nine of the 12 gage locations for calibration of monthly
flow. For validation in the same study, the “very good” classification was only
met at three of six locations for monthly flow. Other studies using GSFLOW
have similar results. For example, the USGS study by Hunt et al. (2013) only
achieved “very good” calibration of monthly flows at one of five gage locations
(NSME = 0.86) with the NSME ranging from 0.045 to 0.57 at the other four
locations. The ability to achieve desired calibration goals is dependent upon
the circumstances of the specific watershed, including the accuracy of input
data and flow gage measurements. Measuring streamflow in natural streams
can be challenging, particularly during low flow periods, as described in the
following section.
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Table 5.1 Summary of Goodness of Fit Statistics for Daily or Monthly
Mean Streamflow

?i?%i?gggr?/f PAEE (%) AAEE (%) NSME

Excellent -510 5 <5 > 0.95
Very good -10to -5 or 5to 10 5-10 0.85-0.94
Good -15to -10 or 10 to 15 10 - 15 0.75-0.84
Fair -25 to -15 or 15 to 25 15-25 0.6-0.74

Goodness of fit color categories (colors also used in Tables 5.4 and 5.5).
e Excellent (dark green)
e Very Good (green)
e Good (light green)
e Fair (tan)
AAEE = absolute average estimation error
NSME = Nash-Sutcliffe model efficiency
PAEE = percent average estimation error

5.2.1.1 Streamflow Gaging Challenges

Comparison of model results to streamflow measurements may be impacted by
challenges in obtaining accurate measurement in natural channels, including;

e Stream geomorphology changing over time;

e Building of rock dams by recreational swimmers, and subsequent
removal,

e Conveyance of water as groundwater beneath the streambed; and

e Stage-discharge curves that are “flat” at the low flow end, meaning small
errors in stage measurement may result in large changes in discharge
estimate.

The USGS provides field measurement quality ratings for their gages within the
VRW (i.e., Gages 603A and 608). Gage 608 (Foster Park) is at a key location
for evaluating low flows and the quality of the gaging measurements there were
examined in detail. Figure 5.2 presents a bar chart of the quality of the ratings
and indicates that most of the gaging measurements are either Fair or Poor.

Draft VRW GW-SW Model Report 156 December 2021



>
DRAET Geosyntec

consultants

Measurement Quality
30 B Good

E Fair

I Poor

B Unspecified

25

20 1

1579

Number of Field Measurements

10

Field Measurements Quality
at Gage 608 (Foster Park)
Ventura County, CA

Geosyntec® @ Figure

Dankei 8. § nc|
5.2

Santa Barbara ] December 2021

Figure 5.2 Field Measurements Quality at Gage 608 (Foster Park)

Draft VRW GW-SW Model Report 157 December 2021



>
DRAFET Geosyntec

consultants

USGS guidance?® states a Fair rating indicates a measurement error of less
than 8%, while a Poor rating indicates a measurement error of greater than 8%.

Further analyses of the field measurement quality ratings for Gage 608 indicate
a higher fraction of Poor measurements at lower flow rates. Specifically, more
than 60% of measurements below 5 cfs and approximately 90% of
measurements below 2 cfs were of Poor quality. Therefore, many of the
measurements during the low flow periods (i.e., summers) are of Poor quality
with errors anticipated to be greater than 8%. These larger errors, and in
particular the lack of information on an upper bound for the errors, need to be
considered when comparing model results to streamflow measurements,
particularly during low flow periods.

Other gages were not evaluated in as much detail as Gage 608, but it could be
anticipated in general that they will have similar issues. Additionally, VCWPD
Gages 600 and 606A are above Lake Casitas on private land and are noted to
have access issues and may not be maintained and calibrated adequately or
regularly (Marotto pers. comm., 2021). This may result in times with erroneous
or inaccurate data, and this also needs to be considered when comparing
model results to streamflow measurements.

5.2.2 Groundwater Elevations

GSFLOW model calibration includes matching of simulated groundwater levels
to available groundwater-level data. Groundwater-level calibration was
conducted consistent with standard protocols and best practices, as defined by
DWR (2016b) and ASTM (2008). Calibration consisted of adjusting model
parameters to minimize the difference (“residual”’) between the simulated
groundwater level at a specific location and observed groundwater-level data
from a well at that location.

Parameters adjusted during the calibration process (i.e., calibration parameters)
included hydraulic conductivity and storage coefficient of each model layer,
stream bed hydraulic conductivity, and unsaturated hydraulic conductivity.
Values of hydraulic conductivity and storage coefficient from available aquifer
tests were also used to constrain the calibration.

19 URL: https://help.waterdata.usgs.gov/codes-and-parameters/discharge-
measurement-quality-code, accessed May 2021.
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Groundwater level calibration results are typically presented in terms of several
statistical “goodness of fit” measures, including mean error (ME), mean-
absolute error (MAE), RMSE, and the correlation coefficient (R) between
simulated and observed values:

e The ME is a simple average of the residual error between observed and
simulated water levels, and therefore, positive values will offset negative
values. A positive value of ME indicates that, on average, simulated
hydraulic heads are lower than observed hydraulic heads, while a
negative value indicates the opposite.

e MAE is similar to the ME, with the important distinction that the sum of
the absolute values of the residuals is calculated, thereby eliminating the
offset that occurs by adding positive and negative values. The MAE,
therefore, is always positive and represents the average difference
between observed and simulated hydraulic head values.

e The RMSE is similar to the MAE, although negative values of the
residual between observed and simulated hydraulic heads are eliminated
by squaring the difference, and then the square root of the sum is
determined prior to computing the average. This approach is analogous
to the computation of the variance that would be conducted for a linear
regression.

e The correlation coefficient (R) is a measure of the linear correlation
between the simulated and observed groundwater levels (DWR, 2016b).
R may range from negative 1.0 (-1.0) to 1.0. A correlation of -1.0
indicates a perfect negative correlation, while a correlation of 1.0
indicates a perfect positive correlation.

These metrics are calculated as follows:
sim obs)

1 . .
ME = =37 (him — b

) _ .
MAE = - ™, Abs (héim - hlbs)

o

1 . NP
RMSE = \/;Z?:l(h;im - hgbs)
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where n is the number of all water level observations measurements (at
different times and locations), h', is the i* observed hydraulic head, h';,, is
the i*" simulated hydraulic head, h,, is the average value of all observed
hydraulic heads, h,, is the average value of all simulated hydraulic heads, and

Abs denotes absolute value.

The primary goals of model calibration are to reduce the value of the MAE and
RMSE, bring the ME as close as possible to a value of zero, and bring the value
of R as close as possible to 1.0, using model input values consistent with
observed data or realistic estimates.

Measures of model calibration such as the MAE and the RMSE are often
evaluated relative to the total head loss across the hydrogeologic system
(Anderson and Woessner 2002; ASTM, 2008). For example, the scaled RMSE
is equal to the RMSE divided by the observed hydraulic head drop that occurs
across the model domain.

Calibration goals for groundwater levels included:

e Scaled RMSE will be less than 10 percent for each groundwater basin
(for example, if the total observed head-change in a groundwater basin is
400 feet, the RMSE will be less than 40 feet).

e R will be greater than 0.90 for each groundwater basin (DWR 2016b; Hill
and Tiedman 2007).

Groundwater wells with available groundwater-level monitoring data used for
calibration are displayed on Figure 5.3. Historic groundwater-level monitoring
data are available from the VCWPD (which conducts a quarterly groundwater
monitoring program throughout the watershed), selected GeoTracker cleanup
sites, and pressure-transducer data collected by OBGMA and Upper Ventura
River Groundwater Agency (UVRGA). Sixty wells were used in groundwater
calibration.
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Wells screened in the alluvial and bedrock units were used for calibration.
Several wells with groundwater-level data in the Ojai Basin are screened in
bedrock units beneath the alluvium. Due to necessary limitations of the model
grid (e.g., three active layers outside Ojai Groundwater Basin and up to seven
active layers in Ojai Groundwater Basin), the VRW GSFLOW Model is not
structured to simulate direct lateral flow to the deep portions of the bedrock
units that underlie alluvium in the Ojai Basin (Layers 4 through 7). This is noted
as a model limitation. Four wells in the Ojai Basin that were screened at least
200 feet into bedrock, and/or had at least 80 percent of their screen in bedrock
(O5N22W32J01S, 05N22W32P02S, 04N22W04Q01S, and 04N23W02K01S)
were therefore not used for model calibration. In addition, one well that is
located at the watershed boundary in a bedrock area (04N22W21F01S) was
also not used in calibration.

5.2.3 Wet-Dry Mapping

Wet-dry mapping data collected along the Ventura River and San Antonio
Creek (Lewis Pers. Comm., 2017) were used to assess the ability of the model
to predict the spatial distribution of gaining and losing reaches during different
seasons and different WY types (e.g., wet versus dry). Output from the model
was extracted to re-create the spatial and temporal information in the mapping
to provide a qualitative visual (i.e., side-by-side) comparison with wet-dry
observations. Additionally, the percent match between the model and the
observations along each river was calculated.

The modeled wet-dry mapping is primarily a result of the groundwater level
calibration coupled with streambed conductivities and widths, that together
determine the extent of the gaining and losing reaches through the SFR
package. During the calibration process, the wet-dry mapping was assessed
and adjustments were made to the streambed conductivities to achieve better
match. These adjustments were relatively minor; larger adjustments would feed
back into the groundwater and surface water calibrations, requiring additional
iterations.

53 Final Model Input

The following sections present the final model input parameters that were used
for the calibrated and validated VRW GSFLOW Model.
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5.3.1 PRMS Parameters

The final values of the most important PRMS model parameters are
summarized in Table 5.2 and are mapped in Figures 5.4 through 5.10. A
description of these parameters is provided in the PRMS Manual (Markstrom et
al., 2015).

5.3.2 Groundwater Model Parameters

Final calibrated hydraulic conductivity values are presented for each model
layer in Figures 5.11a through 5.11g and calibrated Specific Yield values are
presented in Figures 5.12a and 5.12b. Table 5.3 also presents final calibrated
parameter values for each zone.

The riparian ET extinction depth?® was also adjusted to calibrate the low flows in
the dry season. Based on streamflow calibration, the extinction depth was set
to 10 feet along the mainstem Ventura River between Foster Park and Matilija
reservoir and 15 feet elsewhere in the model domain. These depths were only
applied where riparian vegetation was mapped (Section 4.4.7).

54 Model Calibration and Validation Assessment

The following sections provide assessments of the final model calibrations to
streamflow, groundwater elevations, and wet-dry mapping.

5.4.1 Streamflow Calibration Assessment

Calibration to streamflow is assessed through timeseries plots, statistic metrics,
and annual stream volumes in the following sections. Comparisons are also
made for lake and reservoir elevations that also depend on streamflow.

20 The extinction depth is a MODFLOW parameter and is the depth to which
shallow ET can occur in the model and is a depth below the model cell
elevation that roots can reach and consume groundwater. The extinction depth
Is related to rooting depths for phreatophytes, but is relative to the model cell
elevation that is averaged over a 330-foot cell, and therefore may be higher
than the actual phreatophyte plant elevation. Therefore, the assigned extinction
depth may be larger than the rooting depth measured at the actual location of
the plant.
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Final Final Final
Parameter Name Units Description Value: Value: Value:
Average | Maximum | Minimum
soil_moist_max inches Maximum available water holding 8.4 25.9 0.12
capacity of capillary reservoir from
land surface to rooting depth of the
major vegetation type of each HRU
sat_threshold inches Water holding capacity of the gravity 16.9 43.2 0
and preferential flow reservoirs;
difference between field capacity and
total soil saturation for each HRU
ssr2gw_rate inches/day | Linear coefficient in equation used to 0.029 0.25 0.004
route water from the gravity reservoir
to the groundwater reservoir for each
HRU
carea_max decimal Maximum possible area contributing 0.109 0.838 0.1
fraction to surface runoff expressed as a
portion of the HRU area
hru_percent_imperv decimal Fraction of each HRU area that is 0.016 0.837 0
fraction impervious
slowcoef_lin fraction/day | Linear coefficient in equation to route | 0.000155 | 0.00168 0
gravity-reservoir storage downslope
for each HRU
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Final Final Final
Parameter Name Units Description Value: Value: Value:
Average | Maximum | Minimum
slowcoef_sq none Non-linear coefficient in equation to | 0.000308 | 0.0172 0
route gravity
reservoir storage downslope for each
HRU
smidx_coef decimal Coefficient in non-linear contributing 0.01 0.01 0.01
fraction area algorithm for
each HRU
smidx_exp 1/inch Exponent in non-linear contributing 0.3 0.3 0.3
area algorithm for
each HRU
GSFLOW = Groundwater and Surface-water Flow
HRU = hydrologic response unit
PRMS = Precipitation-Runoff Modeling System
Draft VRW GW-SW Model Report 165 December 2021




DRAFT

Table 5.3 Summary of MODFLOW Parameters and Final Values

Geosyntec®

— K K S SFR_K VKS
zone Description (ft/dX/ayy) fday) | feet’) O Guday) | (ft/day)
1 Ojai Basin 10 0.1 1x107 | 0.004 | 0.01 0.01
2 Ojai Basin 25 2.5 1x107 | 0.03 0.75 2.5
3 Ojai Basin 150 15 1x107 | 0.03 2.25 15
4 Ojai Basin 21 0.01 1x107 | 0.03 0.75 0.01
5 Ojai Basin 45 0.01 1x107 | 0.03 0.75 0.01

6 Young Alluvium Upper Ojai 50 5 1x10° | 0.08 0.75 5

7 Old Alluvium Upper Ojai 25 2.5 1x10° | 0.05 0.75 2.5

8 Young Alluvium Upper Ojai - East 150 15 1x10° | 0.08 2.25 15

9 Old Alluvium Upper Ojai - East 150 15 1x10° | 0.08 2.25 15

10 Young Alluvium Upper Ventura East 50 0.5 1x10° | 0.08 0.05 0.05

11 Old Alluvium Upper Ventura East 25 0.25 1x10® | 0.08 | 0.025 0.025

12 Young Alluvium Upper Ventura Middle 50 0.5 1x10° | 0.08 0.05 0.05

13 Old Alluvium Upper Ventura Middle 25 0.25 1x10°% | 0.08 | 0.025 0.025

14 Young Alluvium Upper Ventura River 1000 100 1x10% | 0.1 1.5 100
Basin

15 Young Alluvium Upper Ventura - 1250 125 1x10% | 0.3 1.5 125
Foster Park

16 Old Alluvium Upper Ventura River 500 50 1x10% | 0.1 0.75 50
Basin

17 Young Alluvium Lower Ventura - North 50 5 1x10° 0.1 0.35 5

18 Old Alluvium Lower Ventura - North 50 5 1x10° 0.1 0.35 5

19 Young Alluvium Lower Ventura - South 200 20 1x10° 0.1 1 20
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- K K S SFR_K VKS
zone Description (day) | (uday) ety O Guday) | (ftiday)
20 Old Alluvium Lower Ventura - South 200 20 1x10° 0.1 1 20
21 Young Alluvium Outside 118 Basins 5 0.5 1x10% | 0.03 0.1 0.5
(Mountains)
22 Old Alluvium Outside 118 Basins 2.5 0.25 1x10° | 0.03 0.1 0.25
(Mountains)
23 Young Alluvium Outside 118 Basins 5 0.5 1x10% | 0.03 0.1 0.5
(San Antonio Watershed)
24 Old Alluvium Outside 118 Basins 2.5 0.25 1x10% | 0.03 0.1 0.25
(San Antonio Watershed)
25 Conglomerate 1 0.1 1x107 | 0.001 0.1 0.01
26 Claystone 0.01 0.001 | 1x107 | 0.001 | 0.01 0.0005
27 Shale (General) 0.01 0.001 | 1x107 | 0.001 | 0.01 0.0005
28 Sandstone (General) 0.5 0.05 1x107 | 0.001 0.1 0.005
29 Shale (Select Basins override) 0.1 0.01 1x107 | 0.001 | 0.01 0.0005
30 Sandstone (Select Basins override) 0.5 0.05 1x107 | 0.001 | 0.01 0.0005
31 Sandstone in Deep Ojai 0.01 0.001 | 1x107 ' 0.001 0.01 0.0005
Kxy = Horizontal hydraulic conductivity
K = Vertical hydraulic conductivity
Ss =Specific storage
Sy = Specific yield
SFR_K = Streambed hydraulic conductivity
VKS = Unsaturated zone hydraulic conductivity
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54.1.1 Timeseries Plots

Model calibration results are presented as timeseries plots at the different gage
locations in Figures 5.13 through 5.20. Each plot shows a comparison of daily
average flow rates (upper frame), monthly average flow rates (center frame),
and flow duration curves (lower frame). The model replicates the seasonal and
interannual trends in streamflow at most locations, as discussed in the
following.

The model results indicate good agreement with the measured streamflow
during higher flow periods (i.e., winter and spring) as best illustrated by the
monthly average flow rates (center frame) and the upper end of the flow
duration curves (lower frame). Notable exceptions are during certain years at
Gages 600 and 606A where the measured flow rates are anomalously high
(e.g., Gage 600 in years 2001, 2002, and 2011 through 2014 (Figure 5.19) and
Gage 606A in 2011 (Figure 5.20). As discussed in Section 5.2.1.1, these
stream gages may not be maintained and calibrated adequately or regularly
and therefore have periods where streamflow rates may be in error. Despite
the challenges at these streamflow gages above Lake Casitas, the model
accurately matches the water surface elevations in Lake Casitas (see Section
5.4.1.4), indicating that the overall water balance in these sub-watersheds is
correct.

Agreement of the model results during low-flow periods (i.e., summer and fall) is
generally good, with monthly average flows being well predicted down to
approximately 1 cfs at most locations. Exceptions are noted in years with
higher summer flows (e.g., 1995, 1998, 2005, and 2006) where the model
underpredicts the summer flows. Adjusting calibration parameters to correct
these years resulted in poorer prediction of the summer flows in the more
typical and lower flow years. Since the lower flows are more critical for many
drivers in the watershed (e.g., fish passage), model calibration was focused on
obtaining better predictions in the lower flow years. The effect of this on the
summer volume errors is discussed in more detail in Section 5.4.1.2.

Model prediction of low flows and how they vary from year to year, including the
multiple drought years, are particularly well captured at Gage 604 (Figure 5.13)
and Gage 605A/605 (Figure 5.17). At Gage 603A (Figure 5.14), the reduction
in low flows during the multiple drought years (2013, 2014, and 2015) are not
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Figure 5.13 Streamflow Calibration 604, No Frk Matilija Creek
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Figure 5.15 Streamflow Calibration 602B, Matilija Creek
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Figure 5.17 Streamflow Calibration 605A/605, San
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Figure 5.18 Streamflow Calibration 608, Ventura River near Ventura
(Foster Park)
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Figure 5.19 Streamflow Calibration 600, Coyote Creek near Oak View
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Figure 5.20 Streamflow Calibration 606A, Santa Ana Creek near Oak View
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predicted to the same extent as the measurements, but both model and
measurements are generally less than approximately 1 cfs. These
discrepancies are likely passed downstream to Gage 602B (Figure 5.15), and
additional errors in the model results may result from uncertainties in estimating
release volumes from Matilija Reservoir (Section 3.5.1).

At Gage 607*?! (Figure 5.16), the measurement indicates flows decrease to
zero in most years; whereas, the model typically decreases to approximately 1
cfs in most years. The discrepancy is likely due to not including details of the
hydraulic structure related to the Robles diversion (i.e., the embankment and
gate structure that blocks the Ventura River) in the VRW GSFLOW Model. This
structure would result in pooling of water and additional streamflow losses
(through infiltration) upstream of the diversion structure. While these local
details are not fully captured in the VRW GSFLOW Model, the additional water
passing the diversion location during low flows infiltrates and is lost from the
stream shortly downstream.

At Gage 608 (Figure 5.18), the model prediction of low flows is good for the
majority of the modeling period. Similar to upstream Gages 603A and 602B,
the reduction in low flows at Gage 608 during the multiple drought years are not
predicted to the same extent as the measurements, although both the model
and the measurements are generally less than approximately 1 cfs.

5.4.1.2 Statistical Metrics

Goodness-of-fit statistics (see Section 5.2.1) for modeled streamflow are
presented in Table 5.4 (calibration period) and Table 5.5 (validation period).
Each table presents monthly values for the PAEE, AAEE, and NSME.
Additionally, seasonal average volume errors are provided in terms of
percentages for winter (January to March), spring (April to June), summer (July
to September), and fall (October to December).

21 Comparisons at Gage 607 are made for the sum of Gage 607 (which
measures flow downstream of the Robles diversion) and the Robles diversion
flows. This effectively is a measure of the inflow upstream of the diversion and
Is denoted as Gage 607* in this report. This approach has the effect of
removing effects of the hydraulic details of the diversion structure from the
comparison. The hydraulic details are not fully represented in the hydrological
model.
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Percent | Monthly | Monthly Monthl Winter Summer?® Fall 4
Gage Gage Name Observed | PAEE AAEE Y| Volume* 4Volume | Volume
9 Ser NSME
Missing (%) (%) Error (%) Error (%) | Error (%)
603a | Matilija Crk above 26.57 7.1 7.1 0.92 9.1 28.0 7.8
Matilija Reservoir
go4 | NoFrkMatlja Crkat | g 5, 0.90 7.2 274 | -128
Matilija Hot Springs ' ' ; ' '
Matilija Crk at Matilija i :
602B Hot Springs 0.04 8.2 8.2 0.74 15.8 39.3 6.0
so72 | yenturaRiver near 2.67 6.1 6.1 0.90 287
Ventura River near
608 Ventura (Foster Park) 0
San Antonio Creek at
628?/ Old Creek Road/Hwy 0.01
33
600 | SOyt Creek near 18.81 2.4 2.4 0.25 17.5 30.7 424 36.7
606A° | 2112 ANG Creeknear | 4 g3 100 | 100 | 072 9.1 57.7 -96.4 406
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Goodness of fit color categories (see Table 5.1)
e Excellent (dark green)
e Very Good (green)
e Good (light green)
e Fair (tan)
AAEE = absolute average estimation error
GSFLOW = Groundwater and Surface-water Flow
NSME = Nash-Sutcliffe model efficiency
PAEE = percent average estimation error
VRW = Ventura River Watershed
1. Relative summer volume errors (as percentages) are misleadingly high due to low measured flow rates and are poor metrics
for assessing calibration performance for ephemeral systems that can result in a zero in the denominator. Absolute errors are
provided in Table 5.4.1-3 and are more appropriate. For example, at Foster Park (Gage 608) a relative error of -47.1%
corresponds to mean and root-mean-square (RMS) errors of only -3.5 cfs and 5.9 cfs, respectively. Additionally, these flow rate
errors are dominated by high runoff years. Excluding the six years with >50,000 AF of run-off at Foster Park results in the mean
and RMS errors decreasing to -1.4 cfs and 2.6 cfs, respectively. Furthermore, in the Very Dry and Dry years the mean and
RMS errors decrease to -0.3 cfs and 1.3 cfs, respectively.
Includes Robles Canal diversion flows
. Excluding WY2011
. Winter is January to March. Spring is April to June. Summer is July to September. Fall is October to December.

~wWN
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Table 5.5 Monthly Streamflow Error Statistics and Seasonal Summary Volume Errors for Validation Period
(WY1994-WY1997), VRW GSFLOW Model

Percent Winter | Spring* .| Fall®
Gage Observed Monthly | Monthly Monthly | Volume* | Volume \?ummer | Volume
Gage Name Missing PAEE AAEE Volume
(%) (%) NSME Error Error Error (%) Error
(%) (%) (%)
Matilija Crk above
603A Matilija Reservoir 100 n/a n/a n/a n/a n/a n/a n/a
No Frk Matilija Crk
604 at Matilija Hot 0 8.9 -41.3 -40.2
Springs
Matilija Crk at
6028 Matilija Hot Springs 0 -52.8 -30.8
Ventura River near
2
607 Meiners Oaks? 14.24
Ventura River near
608 Ventura (Foster 0
Park)
San Antonio Creek
605A/605 | at Old Creek 0
Road/Hwy 33
Coyote Creek near
600 Oak View 0 21.4 21.4 0.88 24.4 -9.9 114.2 17.4
Santa Ana Creek
3 - -
606A near Oak View? 0 16.9 16.9 0.87 23.4 75.9 94.2 82.7
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Goodness of fit color categories (see Table 5.1)
e Excellent (dark green)
e Very Good (green)
e Good (light green)
e Fair (tan)
AAEE = absolute average estimation error
GSFLOW = Groundwater and Surface-water Flow
NSME = Nash-Sutcliffe model efficiency
PAEE = percent average estimation error
VRW = Ventura River Watershed
1. Relative summer volume errors (as percentages) are misleadingly high due to low measured flow rates and are poor metrics
for assessing calibration performance for ephemeral systems that can result in a zero in the denominator. Absolute errors are
provided Table 5.4.1-3 and are more appropriate. For example, at Foster Park (Gage 608) a relative error of -47.1%
corresponds to mean and root-mean-square (RMS) errors of only -3.5 cfs and 5.9 cfs, respectively. Additionally, these flow rate
errors are dominated by high runoff years. Excluding the six years with >50,000 AF of run-off at Foster Park results in the mean
and RMS errors decreasing to -1.4 cfs and 2.6 cfs, respectively. Furthermore, in the Very Dry and Dry years the mean and
RMS errors decrease to -0.3 cfs and 1.3 cfs,, respectively.
2. Includes Robles Canal diversion flows
. Excludes WY2011
4. Winter is January to March. Spring is April to June. Summer is July to September. Fall is October to December.

w
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Most of the PAEE, AAEE, and NSME statistics fall within the “Very Good” to
“‘Excellent” categories, as defined in Section 5.2.1. Notable exceptions are
Gages 600 and 606A, which are located above Lake Casitas, and have several
statistical metrics in the “Good” and “Fair” categories and one metric worse than
“Fair” (Table 5.4, NSME = 0.25 at Gage 600). These particular stream gages
have access issues and may not be maintained and calibrated adequately or
regularly, as discussed above. Excluding Gages 600 and 606A, all the PAEE
and AAEE metrics and all but one of the NSME metrics meet the stated
calibration goal of “Very Good” or better (see Section 5.2.1) for both the
calibration and validation periods.

The seasonal volume errors are generally larger than the PAEE and AAEE.
Excluding Gages 600 and 606A, the majority of the seasonal volume errors fall
within the “Good” to “Excellent” categories for the calibration period (Table 5.4),
except for the summer volumes that are worse than “Fair.” The volume errors
are generally larger for the validation period (Table 5.5) than the calibration
period, although the winter volume errors are mostly smaller.

The relative volume errors (as percentages) during low flow periods (e.g.,
summer) are misleadingly high due to low measured flow rates and are poor
metrics for assessing calibration performance for ephemeral systems that can
result in a zero in the denominator. Additionally, the quality of streamflow
measurements during low flow periods is generally poor with errors in excess of
8% (see Section 5.2.1.1), and these can compound the comparison of relative
volume errors. For better context, absolute errors for the summer flows are
provided in Table 5.6 and are more appropriate. For example, at the Ventura
River at Foster Park (Gage 608), a relative error of -47.1% corresponds to
mean and root-mean-square (RMS) errors of only -3.5 cfs and 5.9 cfs,
respectively.

The mean errors in Table 5.6 are negative at all gage locations, indicating a
general bias in the model (i.e., a consistent underestimation of flows at all
locations). Additional evaluation of the mean and RMS errors indicates that the
largest summer streamflow errors are during the wet years with higher stream
flows. This is a result of prioritizing the accuracy of years with lower flows during
the calibration process, since the lower flow years are critical with respect to
many of the project goals (e.g., evaluation of fish passage). Table 5.6 also
provides mean and RMS errors for the “moderate flow” years, defined as years
when the Ventura River run-off at Foster Park was less than 50,000 AF. This
resulted in excluding six of the 24 model years (i.e., WY1995, 1998, 2001,
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Table 5.6 Summer Streamflow Error Statistics (WY1994 — WY2017), VRW GSFLOW Model

Moderate

Moderate Flow Low Flow Low Elow
Volume | Mean | RMS Flow Vears? Years? Years?
Gage Gage Name Error! | Error | Error Years? RMS Mean RMS Error
(%) (cfs) | (cfs) Mean Error Error (cfs)
Error (cfs) (cfs) (cfs)
603a | Matilija Crk above 280 | 08 | 20 0.2 1.3 0.2 0.6
Matilija Reservoir
oa | NoFrkMatljaCrkat | 5,5 | 55 | 15 0.1 0.3 0.1 0.3
Matilija Hot Springs
so2p | Matlia CrkatMatlia | 456 | 56 | 52 2.0 5.1 25 6.0
Hot Springs
go7¢ | venwraRiver near 251 | -0.6 | 3.8 0.5 1.9 0.8 0.9
Meiners Oaks
Ventura River near
608 Ventura (Foster Park) -47.1 -3.5 5.9 -1.4 2.6 -0.3 1.3
San Antonio Creek at
605A/605 | Old Creek Road/Hwy -32.9 -0.7 1.9 0.1 0.5 0.2 0.2
33
oo | Covote Creeknear 293 | -06 | 2.3 0.2 1.4 -0.7 1.6
Oak View
606As | SNt AnaCreeknear | g6, | g3 | 19 03 1.0 0.0 0.0
Oak View
cfs = cubic feet per second
GSFLOW = Groundwater and Surface-water Flow
RMS = root-mean-square
VRW = Ventura River Watershed
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WY = water year

1.

ok

Relative summer volume errors (as percentages) are misleadingly high due to low measured flow rates and are
poor metrics for assessing calibration performance for ephemeral systems that can result in a zero in the
denominator. Absolute errors (i.e., in cfs) are more appropriate. For example, at Foster Park (Gage 608) a relative
error of -47.1% corresponds to mean and root-mean-square (RMS) errors of only -3.5 cfs and 5.9 cfs,
respectively. Additionally, these flow rate errors are dominated by high runoff years. Excluding the six years with
>50,000 AF of run-off at Foster Park results in the mean and RMS errors decreasing to -1.4 cfs and 2.6 cfs,
respectively. Furthermore, in the Very Dry and Dry years the mean and RMS errors decrease to -0.3 cfs and 1.3
cfs, respectively.

Excluding six years with >50,000 AF of runoff at Foster Park (i.e., excluding WY1995, 1998, 2001, 2005, 2006,
2008)

Only including years with < 6,200 AF of runoff at Foster Park (i.e., 'Dry" and 'Very Dry' years only; WY1994, 2002,
2004, 2007, 2009, 2012, 2013, 2014, 2015, 2016)

Includes Robles Canal diversion flows

Excludes WY2011
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2005, 2006, and 2008). The mean and RMS errors at Gage 608 for this period
decreased to -1.4 cfs and 2.6 cfs, respectively.

Similar decreases are observable at most other gage locations. For example,
at Gage 605A/605 (a key location on San Antonio Creek), the mean and RMS
errors decrease from -0.7 cfs and 1.9 cfs to 0.1 cfs and 0.5 cfs, respectively.
The one notable exception is Gage 602B located immediately downstream of
Matilija Dam, where the errors do not substantially improve for the moderate
flow years. This may reflect some inaccuracies in the assumptions made to
estimate the non-measured releases from Matilija Dam (Section 3.5.1).
Notably, the mean errors for the moderate flow years across the gage locations
are both positive and negative, indicating that the model is not biased for these
important years.

The low flows are dependent on the groundwater model, including modeling of
the fractured bedrock in the mountains. Modeling fractured bedrock is a
challenging process, with flows often exhibiting stochastic behavior. It is likely
that the model is missing some additional storage in the watershed and/or
groundwater components that becomes active in the wetter years and sustains
higher summer flows in those years. Trying to better capture the higher flow
years during the calibration process resulted in substantially poorer calibration
of the years with moderate or low flows.

The chosen calibration approach is justified through lower mean and RMS
errors for the moderate years (Table 5.6). Additionally, in the “low flow” years
(i.e., Very Dry and Dry years where Ventura River runoff at Foster Park is less
than 6,200 AF) which are of critical importance, the mean and RMS errors
generally further decrease. For example, the mean and RMS errors are -0.3 cfs
and 1.3 cfs, respectively, at Gage 608 and 0.2 cfs and 0.2 cfs, respectively, at
Gage 605A/605 (Table 5.6).

5.4.1.3 Annual Volumes

Comparisons of measured and simulated annual streamflow volumes are
presented in Figures 5.21, 5.22, and 5.23. The plots illustrate the ability of the
model to replicate the interannual trends between dry and wet years. A notable
discrepancy is in WY2005 at Gage 602B (Figure 5.21,) where missing field
measurements during high flow periods resulted in much lower measured
annual volumes. Additionally, the previously discussed issues with the
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Figure 5.21 Annual Volume Plots for Gages 604, 603A, and 602B
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607*, Ventura River near Meiners Oaks*
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Figure 5.22 Annual Volume Plots for Gages 607*, 605/605A, and 608
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600, Coyote Creek near Oak View

EEm Measured
mmm Calibration/Validation

14000 Validation y Calibration
12000
10000
8000
6000

4000

" Mall _4“[ [ . lll----I

W 100 (3 o1 (09 o2 g g g 0 g0 o g0 S R g g g9 0 g9 o g9 @ gt
WY

Annual Total Discharge Volume (AF)

o

606A, Santa Ana Creek near Oak View

EEm Measured

W | —
25000 Validation Calibration mmm Calibration/Validation

20000

15000

10000

Annual Total Discharge Volume (AF)

5000

e -_lI:Il_ L. l.._ill s I- - i

A (0B oo® O 0o® 69 o O o 8P O P P oSl a8 O N A D W A W6 (1
A (R (o0 0 40 2 o (o (o o oo P P ol o o 0 o (e E g g N o o
WYy

Annual Volume Plots for
Gages 600 and 606A

Ventura County, CA

Geosyntec® 4, Figure
consultants .1 5. Stephens & Associates, Inc
s 5.23
Santa Barbara | December 2021

Figure 5.23 Annual Volume Plots for Gages 600 and 606A
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measurements at Gage 600 in WY2012, 2013, 2014 and at Gage 606A in
WY2011 are clearly illustrated in Figure 5.23.

5.4.1.4 Lake and Reservoir Elevations

Comparisons of measured and simulated elevations for Lake Casitas and
Matilija Reservoir are provided in Figure 5.24. The model well replicates the
seasonal drawdowns in Lake Casitas as well as the longer-term drawdowns
during the dry years in the early 2000’s, the refill in 2005, and the larger
drawdowns in the multi-year drought (2012 through 2015).

The trends for Matilija Reservoir are less discernable with the measurements
indicating seasonal drawdowns of approximately 8 feet from 2003 through
2010, followed by a more constant elevation from 2011. The model does not
fully capture these relatively small changes, which may be a result of difficulties
estimating release volumes and the use of a fixed stage-storage relation in the
model that does not account for the reservoir filling with sediment over time.

5.4.2 Groundwater Elevations Calibration Assessment

Appendix D?? presents comparison of simulated and observed groundwater
elevations at each well location. Goodness-of-fit statistics are summarized for
the calibration and validation time periods in Table 5.7 and Table 5.8,
respectively. The calibration goals of scaled-RMSE less than 10 percent and R
greater than 0.90 were met during the calibration period for each groundwater
basin, the area outside the groundwater basins, and for the model as a whole.
During the validation period all statistical measures were met, with the
exception of R in the Ojai valley, which was 0.894 as compared to the goal of
0.90.

22 Appendices A through F are not embedded in this document. The appendices
are presented in companion files. Appendices B through F are compiled in
additional PDF files. The appendices are available for download on the State
Water Board’s California Water Action Plan. URL:
https://www.waterboards.ca.gov/waterrights/water_issues/programs/instream_fl
ows/cwap _enhancing/website. URL:
https://www.waterboards.ca.gov/waterrights/water_issues/programs/instream_fl
ows/cwap _enhancing/
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Figure 5.24 Lake Casitas and Matilija Reservoir Water Surface Elevation
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Table 5.7 Goodness of Fit Statistics for Groundwater Elevations, Calibration Period
(WY1998 — WY2017), VRW GSFLOW Model

Group No. Egi.n?sf Area '?f'\élestl)z Range (feet) SRﬁISeg R Mean Error (feet)

1 148 Low_er Ventura

Basin 4.9 62.2 7.84% 0.977 -1.78
Upper Ventura

2 1368 oo 28.7 595.3 4.82% 0.990 10.83

3 1,831 Ojai Basin 40.4 601.1 6.73% 0.927 -2.19

4 300 Upper Ojai Basin 9.7 171.7 5.63% 0.992 -5.40

5 476 outside basins 9.4 334.3 2.82% 0.998 -2.02

4,123 All 31.9 1414.0 2.26% 0.99 1.93

GSFLOW = Groundwater and Surface-water Flow
RMSE = root-mean-square error

R = correlation coefficient

VRW = Ventura River Watershed
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Table 5.8 Goodness of Fit Statistics for Groundwater Elevations, Validation Period
(WY1994 - WY1997), VRW GSFLOW Model

consultants

Group No. Egi.n?; Area '?f“élzl)z Range (feet) SRﬁISeg R Mean Error (feet)
1 0 Low_er Ventura
Basin NA NA NA NA NA
5 217 Upp_er Ventura
Basin 27.7 587.9 4.71% 0.989 -5.34
3 355 Ojai Basin 53.1 666.4 7.97% 0.894 -6.11
4 53 Upper Ojai Basin 9.7 155.9 6.19% 0.992 5.94
5 75 outside basins 6.3 322.6 1.97% 0.999 0.82
700 All 41.0 1191.3 3.44% 0.99 -4.21
GSFLOW = Groundwater and Surface-water Flow
RMSE = root-mean-square error
R = correlation coefficient
VRW = Ventura River Watershed
NA = Not applicable, no observed data during this period
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Figure 5.25 presents a “1:1 line chart” that compares the simulated and
observed groundwater elevation lines in a scatter plot. Simulated and observed
groundwater elevation values that are similar to each other will plot near the line
posted on the figure. Consistent with the statistical measures, review of the 1:1
line plot indicates adequate model calibration. In conjunction with meeting the
streamflow statistical measures described above, based on these results, it was
determined that the GSFLOW model is sufficiently calibrated and validated.

Table 5.9 presents a comparison of available aquifer test data within the
watershed and simulated values of transmissivity and hydraulic conductivity.
Aquifer test results are available for several areas of the Ojai Basin, from Foster
Park in the Upper Ventura River Basin, and at Taylor Ranch in the Lower
Ventura River Basin. In general, values of these parameters in the model
should be similar, but do not have to be identical to field observations; the field
observations have errors themselves. There are also differences in the
associated scale of aquifer-test results (i.e., the volume of aquifer stressed)
versus what is implemented in a regional groundwater model (ASTM, 2008).

The aquifer tests reported that transmissivity values range from 462 ft?/day to
62,466 ft?/day, with the largest values along the Ventura River at Foster Park.
A range of values is reported for most aquifer tests that reflects the uncertainty
of the analysis and heterogeneity. For example, at Foster Park reported values
range from 8,021 to 62,466 ft?/day (Table 5.9). Assigned transmissivity values
in the VRW GSFLOW Model are generally consistent with aquifer test results.
For example, the VRW GSFLOW Model transmissivity value at Foster Park is
38,750 ft?/day, which is similar to the mid-point of the range of the aquifer test
results. For several of the comparisons, the VRW GSFLOW model
transmissivity is somewhat larger than the range reported from aquifer tests.
Larger transmissivity values in groundwater models as compared to aquifer-
testing results is common due to the larger spatial area being represented by
the model as compared to what is stressed during the field test. ASTM (2008)
states:

When estimates of hydraulic parameters are available for the regions
of the modeled physical hydrogeologic system, the corresponding
values of those parameters in the model should be similar, but do not
have to be identical. There are two reasons for this. First, the
estimates themselves have associated errors, often of an order of
magnitude. Second, when these estimates are based on hydraulic
tests, the volume of soil or rock stressed by the test is often smaller
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Aquifer Test | Aquifer Test | Aquifer Test Aquifer Test Model
Reported T Reported T Reported K | Reported K Alluvial Model Model Model
(ft*/d) (ft?/d) (ft/d) (ft/d) Model | Model | Model | Model | Thickness  Minimum | Maximum | Calculated
Region Well/Location Source Minimum Maximum Minimum Maximum |Zone(s)| Row | Column | Layers (feet) K (ft/d) K (ft/d) T (ft%/d)

Ojai Basin 04N22WO04L01  Kear, 2005 6,264 7,171 NR NR 5 167 261 3-6 327 45 45 14,715
Ojai Basin 04N22WO05Q01 Kear, 2005 4,162 12,182 NR NR 5 172 249 3-4 480 45 45 10,305
Ojai Basin 04N22WO0O6E06 | Kear, 2005 462 2,275 NR NR 1,4,31 160 226 2-4 362 0.01 21 3,683
Ojai Basin 04N22W06K11 |Kear, 2005 1,829 3,188 NR NR 1,4,31 165 231 2—7 487 0.01 21 9,256
Ojai Basin 04N22WO06K13 | Kear, 2005 1,555 1,555 NR NR 4 167 233 4-6 370 21 21 7,770
Upper Ventura | Foster Park?! HGC, 2007 8,021 62,466 398 1,875 15 268 150 1-2 31 1250 1250 38,750
Basin
Lower Ventura | Taylor Ranch? | Numeric 12,546 21,329 307 485 19 345 150 1-2 53 200 200 10,600
Basin Solutions, 2018

Note: Alluvial thickness is saturated alluvial thickness based on water level elevation in initial condition (stress period 1 time step 31).

T = Transmissivity

ft?/d = Square feet per

day K = Hydraulic
conductivity ft/d = Feet
per day

NR = Not reported

1. Values given for all wells tested at Foster Park, location of Nye #7 (03N23W08B01S) used for model thickness value for T comparison.
2. Values given for all wells tested at Taylor Ranch, location Taylor 7 (03N23W32Q09S) used for model thickness value for T comparison.
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than the volume in the model for which the parameter applies. In
that case, the input hydraulic conductivity or transmissivity required
to calibrate the model is often larger than the measured value due to
the scale effect.

5.4.3 Comparison to Wet-Dry Mapping

Comparisons of the model to wet-dry mapping conducted by CMWD along the
Ventura River and San Antonio Creek are presented in Figure 5.26. Each
frame plots color-coded classifications as a function of time (horizontal axis)
and distance along the river (vertical axis). The classifications for the field
observations (upper frames) are wet (surface flow), dry (subsurface flow), or
intermittent (i.e., regions alternating between surface and subsurface flow on a
small spatial scale on a specific day). The classifications for the model output
(lower frames) are flow depth greater than 0.1 feet (corresponding to “wet”) and
flow depth less than 0.1 feet (corresponding to “dry”). The representation of the
dynamic stream bed terrain in the model as being fixed in time and the 330-foot
grid resolution does not enable the model to predict regions with alternating wet
and dry reaches on a small spatial scale that were defined as “intermittent” in
the CMWD mapping.

The visual comparisons illustrate that the VRW GSFLOW Model is able to
represent both the spatial and temporal wetting and drying for both the Ventura
River (left frames) and San Antonio Creek (right frames). Assuming that the
“intermittent” classification in the field observations on a particular day
corresponds to predominantly dry conditions, the overall match between the
model and the data were 88 percent for the Ventura River and 83 percent for
San Antonio Creek.

The ability of the model to accurately capture the variations in the wet-dry
mapping illustrates the quality of both the surface water and groundwater
calibrations.
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5.5 Model Results and Water Budgets

Figures 5.27 and 5.28 display simulated groundwater potentiometric surface
contours corresponding to March 31, 2006 (a relatively wet period) and
September 30, 2015 (a dry period), respectively. Groundwater flows
perpendicular to potentiometric contour lines. Potentiometric contours indicate
groundwater flow generally towards Matilija Creek in the northern portion of the
watershed during both wet and dry periods. Hydraulic gradient decreases in
the southern portion of the watershed, including in the groundwater basins,
which is consistent with the larger hydraulic conductivity values in those areas.
The groundwater flow direction generally follows topographic trends and
surface water flow directions in the remainder of the watershed, with flow from
north to south towards the Pacific Ocean.

Areas of the watershed with perennial groundwater discharge to surface water
(potentiometric surface elevations greater than streambed elevations, including
during dry periods; see Figure 5.28) include Matilija Creek and North Fork
Matilija Creek, Senior Canyon north of the Ojai Basin, San Antonio Creek near
the Ojai Basin terminus, the Ventura River at Foster Park and the northern area
of the Lower Ventura groundwater basin, and portions of Coyote Creek north of
Lake Casitas. These results are generally consistent with the results of wet-dry
mapping, as discussed above.

Figure 5.29 displays a map of the average precipitation and irrigation recharge
to groundwater over the 24-year calibration and validation period in each VRW
GSFLOW Model cell. Recharge includes deep percolation of precipitation and
irrigation both within stream channels and outside of stream channels. Areas of
greatest recharge include streambed channels in the higher elevations of the
Ojai Basin, the main stem of the Ventura River, in the southern area of Lake
Casitas, and portions of San Antonio Creek and Lion Canyon Creek. Recharge
rates are generally larger in areas of alluvium within the groundwater basins
and stream channels outside of the Basins, and simulated rates also reflect
surficial geology outside the groundwater basins with higher rates in the
sandstone units versus the shale. Lower recharge rates are also simulated in
the more urbanized areas, such as the City of Ventura in the Lower Ventura
River Basin, reflecting more impervious surface coverage.

Figure 5.30 plots annual watershed water budgets for the modeling period,
including volumes for precipitation, total ET, outflow from streams and lakes
(i.e., Lake Casitas deliveries, stream diversions, and outflow to the Pacific
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Ocean), and net outflow from groundwater boundaries (difference between the
inflow in the Upper Ojai Basin and the outflow to the Pacific Ocean from the
Lower Ventura River Basin). The plot illustrates that in lower precipitation
years, most of the precipitation is lost to ET with relatively small outflow
volumes from streams and groundwater. During higher precipitation years, the
outflow from streams (primarily to the Pacific Ocean) increases substantially,
while ET generally increases slightly. The net groundwater outflow to the
Pacific Ocean also increases slightly, but remains a small part of the overall
budget.

Figure 5.31 displays water budget information for the groundwater portion of the
domain only, and also plots annual precipitation at the Ojai Fire Station for
comparison. Flows from groundwater storage is also shown, where positive
values of flow from groundwater storage correspond to declining groundwater
elevations over the course of that year. During wet years (e.g., 1998, 2005),
there is significant recharge from precipitation within streams and outside the
streams (“groundwater recharge from streams” and “groundwater recharge from
soil”, respectively) and a corresponding increase in groundwater discharge into
streams and increase of groundwater in storage (i.e., rising water levels).
During dry years (e.g., 2012 through 2016), recharge from precipitation is lower,
along with groundwater discharge into streams, and there is a net loss of
groundwater in storage (declining water levels). Pumping rates average
approximately 15,000 AF/yr and are relatively constant from year to year, other
than drought years 2014 through 2016, where simulated pumping rates average
approximately 10,000 AF/yr.

Analyses of the potentiometric surface contours, precipitation/irrigation recharge
map and water budgets, along with the calibration/validation analysis and wet-
dry comparisons above, confirm that the GSFLOW model simulates watershed
processes consistent with accepted conceptual models of the VRW.
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5.6 Model Limitations

All models and model results are subject to uncertainty, including model
framework uncertainty due to incomplete scientific understanding of the system
and necessary system simplifications, and model input uncertainty due to data
measurement errors and data gaps (U.S. EPA, 2009). However, California
Department of Water Resources (DWR, 2016b) states:

While models are, by definition, a simplification of a more complex
reality, they have proven to be useful tools over several decades for
addressing a range of groundwater problems and supporting the
decision-making process. Models can be useful tools for estimating
the potential hydrologic effects of proposed water management
activities.

The following model limitations are noted for the VRW GSFLOW Model.

5.6.1 Surface Water Model Limitations

The model limitations for the surface water (PRMS) portion of the VRW
GSFLOW Model, include:

e GSFLOW uses a daily rainfall input and a daily time-step that makes it
difficult to resolve the details of individual storm events, including the rate
of recession, in the relatively small watershed. This limitation would not
appreciably affect dry season low-flow periods.

e The model assumes that land use is fixed in time, including urban
development and crop types and extents. This does not account for
times in the past where crops may have been fallowed and may have
resulted in overestimation of applied water and overestimation of
groundwater pumping in some regions during those times.

e The model assumes that the extent of riparian vegetation is fixed in time.
This neglects the effects of Arundo eradication efforts, reduction in
vegetation following storm events in wet years, and potentially increased
ET following wet years as vegetation reestablishes. This limitation would
primarily affect dry season low-flow periods.

e The model assumes that the channel cross-sections are fixed in time,
whereas natural geomorphic processes are constantly occurring. For this
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reason, the model is better used as a hydrologic tool than a hydraulic
one, and so reach-specific hydraulic models may be used based on this
model’s hydrologic output, for different locations and points in time, to
more accurately predict flow depths, velocities, and shear stresses, such
as needed for fish passage assessment.

e The model assumes a fixed stage-storage relation for Matilija Reservoir.
However, the storage relation has changed over time as the reservoir fills
with sediment. This may impact the ability to model the releases and
downstream flow from the reservoir during low flows.

e Uncertainty from the MODFLOW portion of the simulation will propagate
and influence groundwater discharge to surface water estimates.

5.6.2 Groundwater Model Limitations

The model limitations for the groundwater (MODFLOW) portion of the VRW
GSFLOW Model include:

e Most observation wells also are actively pumped; therefore, observed
water levels may be influenced by active pumping and are lower than the
adjacent aquifer.

e Pumping rates are mostly estimated based on a large-scale water
balance.

e Well screen intervals (for pumping and observation wells) are often
unknown.

¢ Month-long model stress periods require averaging of boundary flux
rates (e.g., model pumping rates) that are assumed constant throughout
a month.

e Uncertainty in geologic analysis and model layering and necessary
simplifications.

e Homogenous hydraulic properties are assumed within the MODFLOW
property zones.

e 330-ft model grid cells require generalization over fairly broad areas
(e.g., assumed equal topographic surface throughout the cell).
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e GHB and CHD boundaries are set at the watershed boundary within the
Upper Ojai Basin and at the Pacific Ocean, respectively. Predictive
simulation results are inherently more uncertain in the vicinity of GHB
and CHD (Anderson and Woessner, 1992). The Upper Ojai GHB is
likely within the vicinity of a groundwater divide as it is the location of a
surface water divide. However, the VRW GSFLOW Model simulates
groundwater flow into the VRW along the boundary. Surface water and
groundwater divides are not necessarily at the same location in arid
climates, and the divide location is influenced by pumping on both sides
of the divide (Fetter, 2001). The location of the groundwater divide
between the Ventura River and Santa Clara River watersheds is not well
defined and is identified as a current data gap.

e Due to necessary limitations of the model grid, the VRW GSFLOW
Model is not structured to simulate lateral flow to the deep portions of the
bedrock units that underlie the alluvial Ojai groundwater basin (Layers 4
through 7).

e Uncertainty from PRMS-portion of the simulation will propagate and
influence groundwater recharge estimates.
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6 SENSITIVITY ANALYSIS

As discussed in the Draft Sensitivity Analysis Approach Memo (Geosyntec and
DBS&A, 2020a) a model sensitivity analysis is the systematic variation of model
inputs to enable quantitative evaluation of their effects on model outputs, to
support both model calibration and uncertainty analysis. A sensitivity analysis
measures the effects of changing a model input on the outputs or performance
of the model. Results from the sensitivity analysis (e.g., identification of most
sensitive inputs) should not necessarily be interpreted as a determination of the
primary sources of model uncertainty. For example, a model may be sensitive
to an input for which accurate and robust measurement data exist and contain
relatively little uncertainty.

The goal of the sensitivity analysis is to understand the response of the model
to adjustments in model inputs, parameters, and/or assumptions. Extensive
informal sensitivity analysis was conducted as part of the model calibration
process; whereby, model inputs are varied to obtain a match with observed
streamflow volume and groundwater elevation data. The formal sensitivity
analysis detailed herein followed completion of calibration. The sensitivity
analysis is not an exhaustive study of all model inputs and instead focused on
the key inputs, as determined through literature review of similar GSFLOW
modeling studies, watershed-specific experience gained during the model
development and preliminary calibration, and the current project’s focus on
low-flow periods.

6.1 Approach

A model sensitivity analysis typically involves repeatedly running a calibrated
model with systematic variation of model inputs, followed by graphical and
statistical assessments of changes in model outputs. The specifics of the model
and the characteristics of the watershed influence which model inputs are
varied, and the variation magnitude. In addition, the outputs of focus or concern
are also important to consider during a sensitivity analysis and will influence
which input parameters are varied. If the model is focused on groundwater
supplies for example, a different sensitivity analysis would be conducted
compared to a model that is focused on surface water flows. Here the focus is
primarily on the low-flow periods, which depend upon both surface water and
groundwater components of the model.
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6.1.1 Inputs Varied

The key GSFLOW model inputs that were varied are presented in Table 6.1.
The inputs selected for sensitivity analysis were multiplied by the factors
presented in the table to increase and decrease from the original calibrated
values. While these inputs generally vary spatially throughout the watershed,
the adjustment factors were applied uniformly. Results from past studies
guided the magnitude of the adjustment factors, while also maintaining
parameter and input values within physically realistic bounds.

6.1.1.1 Soil and surface water inputs

Soil and surface water inputs that were varied as part of the sensitivity analysis
were selected based on observations during the initial PRMS calibration
procedure, conclusions drawn from the existing literature, public and TAC
comments, and prior experience. These included:

e Soil zone storage parameter, soil_moist_max, affects multiple soil zone
processes, including Hortonian surface runoff, ET, direct recharge, and
flow to the gravity reservoir. It is included in the sensitivity analysis along
with another important soil zone parameter, sat_threshold. These
parameters represent storage of water within the soil.

¢ Interflow parameter, slowcoef_sq, controls slow interflow from the gravity
reservoir and was important for post-storm recession flows during
calibration. Therefore, slowcoef sq is included in the sensitivity analysis.

e ET parameter, jh_coef, was calibrated using CIMIS reference ET data
(Section 5.2.1). The jh_coef is included in the sensitivity analysis due to
the relative coarseness and potential uncertainty of the CIMIS data
(CIMIS, 1999) and the importance of ET to the overall water balance. It
is noted that the climate change scenario that will be evaluated with the
GSFLOW model, as part of this study, will likely include increases in ET
as a result of increased air temperatures. Additionally, the Post-Thomas
Fire scenario will likely include decreases in ET due to loss of burned
vegetation.
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Table 6.1 GSFLOW Model Inputs to be Varied in Sensitivity Analyses

Model Input Description Multipliers Notes
soil_moist_max | Maximum 0.8,1.2 Affects Hortonian
available water surface runoff,
holding capacity of evapotranspiration (ET),
capillary reservoir direct recharge, and flow
from land surface to gravity reservoir
to rooting depth of
the major
vegetation type of
each hydrologic
response unit
(HRU) !
sat_threshold Water holding 0.8,1.2 Difference between field
capacity of the capacity and total soil
gravity and saturation for each HRU
preferential flow
reservoirs !
slowcoef_sq Non-linear 0.8,1.2 Controls slow interflow
coefficient in from gravity reservoir.
equation to route The linear coefficient in
gravity reservoir the equation had less
storage downslope effect than the non-linear
for each HRU ? term and is not included
in the sensitivity
analysis.
jh_coef Monthly (January 0.8,1.2 Will directly affect ET
to December) air and overall water
temperature balance
coefficient used in
Jensen-Haise
potential ET
computations !
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Model Input Description Multipliers Notes
extinction depth | Depth to which ET 0.5, 2.0 Only applied to regions
can occur from with riparian vegetation
groundwater
ssr2gw_rate Rate at which 0.5,2.0 Affects both surface
water from the soil water and groundwater
zone enters the
groundwater
Streambed Hydraulic 0.25,4.0 Affects groundwater-
hydraulic conductivity of surface water exchange
conductivity streambed
Horizontal Hydraulic 0.25,4.0 Affects rate of
Hydraulic conductivity, groundwater movement
conductivity broken out for
each model layer
within each basin
and the bedrock
areas
Specific yield Broken out for 0.3,2 Affects the amount of
each unconfined (subjectto | groundwater held in
model layer within | specific yield | storage
each basin and the | not less than
bedrock areas 0.02 or
greater than
0.3)
Storage Broken out for 0.1, 10 Affects the amount of
coefficient each model layer groundwater held in
within each basin storage
and the bedrock
areas
Vertical Broken out for 0.1, 3 Affects rate of vertical
anisotropy each model layer groundwater movement

within each basin
and the bedrock
areas
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Model Input Description Multipliers Notes
Horizontal-flow | Hydraulic 0.1, 10 Affects the rate of
barrier conductivity for groundwater movement
conductance faults that intersect across fault zones

General-head GHB where 0.1, 10 Affects the rate of
boundary (GHB) | assigned (e.g., at groundwater flow in cells
conductance Pacific Ocean, at assigned a GHB
watershed condition
boundary in Upper
Ojai Valley Basin).
Unsaturated-Zone | Saturated vertical 0.1, 10 Affects rate of
Vertical Hydraulic | hydraulic subsurface water
Conductivity conductivity of the movement above the
vadose zone, level of groundwater
broken out for
each Basin and
the bedrock areas
Various Assumptions used Vary Will affect groundwater
in the water groundwater | elevations and low flows
supply/use pumping
calculations volumes up
to +/- 20%

ET = evapotranspiration
GHB = General-head boundary
HRU = hydrologic response unit

PRMS-IV Technigues and Methods 6—B7 (Markstrom et al., 2015)

e The extinction depth?® is included in the sensitivity analyses. This depth
controls the degree of shallow ET from riparian vegetation (Section
5.3.2) and was found to be important for low flows during the calibration

process.

23 The extinction depth is a MODFLOW parameter, but has a strong effect on
surface water during low-flow periods.
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e The ssr2gw_rate (Section 3.6) controls the rate at which water from the
PRMS portion of the model enters the groundwater portion of the model.
During the calibration process, it was found to be important both for low
flows and for groundwater elevations and is, therefore, included in the
sensitivity analyses.

e Streambed hydraulic conductivity is included in the sensitivity analysis.
Streambed hydraulic conductivity is a key input in influencing the
groundwater- surface water exchange, which is of critical importance in
this study.

Some PRMS parameters identified in literature as important are not included in
the sensitivity analysis. For example, precipitation inputs are included as
sensitivity parameters in some studies (e.g., Tian et al., 2015) that have limited
meteorological stations. The VRW has more than 20 precipitation
measurement stations, and PRISM data were used to augment the observed
precipitation data (Section 3.2). Therefore, it is expected that resultant
precipitation inputs are reliable and are not included in the sensitivity analysis.

Other parameters are not included due to relatively small effects being noted
during calibration processes. These include the estimated stream widths and
the surface water diversion volumes. The surface runoff parameter,
carea_max, the maximum possible fractional area contributing to surface runoff,
is varied in some sensitivity studies (Tian et al., 2015; Markstrom et al., 2016).
However, during initial calibration of the VRW GSFLOW Model in PRMS-only
mode (i.e., not coupled to groundwater) for this study, carea_max showed very
small impacts on output variables. Many prior PRMS sensitivity studies utilized
PRMS models that were developed using a lumped parameter approach;
whereas, the VRW GSFLOW Model is a gridded parameter model. For
example, the Regan et al. (2018) PRMS model for the Continental U.S. has
approximately 50 HRUs in the VRW. In comparison, the VRW GSFLOW Model
has over 100,000 smaller gridded HRUs (Section 3.1). Responses of the
empirical equations for model parameters assigned on a much finer scale may
be different to those assigned in the lumped-parameter approach.

6.1.1.2 Groundwater Inputs

SGMA guidance (DWR, 2016b) suggests sensitivity analyses be conducted for
input parameters that are both highly sensitive and poorly constrained.
Groundwater and unsaturated-zone input parameters that were varied are listed
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in Table 6.1. Horizontal hydraulic conductivity, vertical anisotropy (i.e., the ratio
of vertical to horizontal hydraulic conductivity), and storage coefficient were
varied sequentially for each model layer within each basin and the bedrock
areas. Unsaturated-zone vertical hydraulic conductivity was also varied for
each basin and the bedrock areas. Horizontal-flow barrier conductance
representative of faults that transect the alluvial basins, and general-head
boundary conductance (assigned at the watershed boundary within the Upper
Ojai Basin) were also included in the sensitivity analysis.

The amount that each input parameter was varied during sensitivity analysis is
specified in Table 6.1. Hydraulic conductivity-related parameters were varied
by 0.25 and 4. Specific storage was varied one-order-of-magnitude. Specific
yield was varied from a factor 0.3x to 2x with the constraint that the values used
in the sensitivity analyses were within the typical range of 0.02 to 0.3 (i.e., not
less than 0.02 or greater than 0.3; see Fetter, 2001).

6.1.1.3 Water Supply and Use Assumptions

There are limited data related to groundwater pumping and surface water
supplies in many parts of the watershed. Analysis of available water use data,
consumption reports, groundwater pumping data from the water agencies that
serve the region, as well as information on surface water diversions, were used
to estimate these unavailable volumes (Section 2). Assumptions on the
supplies and demands (e.g., assumed irrigation rates) were made to complete
these estimates. There are inherent uncertainties within these assumptions.

These assumptions, including the distribution of water supply from groundwater
pumping versus surface water diversions, were evaluated and varied as part of
the sensitivity analysis. This was accomplished by varying assumed
groundwater pumping rates by 20% (Table 6.1). It is known that groundwater
levels within certain areas of the groundwater basins are highly dependent on
the quantity of groundwater pumping. The assumptions were varied to obtain
an anticipated reasonable range in groundwater pumping rates, which may be
as high as +/- 20% in some regions, but could be lower in other regions (e.g., in
the Ojai Basin, where data reporting is mandated).

6.1.2 Outputs Evaluated

Key model outputs were selected to assess and quantify model sensitivity.
Streamflow results were analyzed at the following four gage locations:

Draft VRW GW-SW Model Report 230 December 2021



>
DRAFET Geosyntec

consultants

1. Gage 604: North Fork Matilija Creek at Matilija Hot Springs;

2. Gage 607: Ventura River near Meiners Oaks (downstream of Robles
diversion);

3. Gage 605/605A: San Antonio Creek at Old Creek Road/Highway 33
(upstream of confluence with Ventura River); and

4. Gage 608: Ventura River near Ventura (Foster Park).

The PAEE and the NSME were calculated over the entire modeling period at
each above-gage location. In addition, the PAEE was calculated separately for
low- and high-flow periods (i.e., different seasons), per recommendations of Ely
and Kahle (2012).

Groundwater-related outputs that were analyzed include statistical measures of
the difference between the model-simulated groundwater elevation and
observed results for all calibration wells. These error statistics included the ME
and RMSE for all groundwater wells used in model calibration.

6.2 Results

Results are primarily evaluated through spider plots that show various model
errors as a function of the scaling factors applied to the model inputs. These
are discussed below for the streamflow and groundwater.

6.2.1 Streamflow

Timeseries plots and flow duration curves of the sensitivity analyses model
results are provided in Appendix E?*. Spider plots are provided for the four
locations specified above in Figures 6.1 through 6.4. Each figure spans three
pages and plots (a) NSME for all seasons, (b) PAEE for all seasons, (c) PAEE
for winter, (d) PAEE for spring, (e) PAEE for summer, and (f) PAEE for fall.

24 Appendices A through F are not embedded in this document. The
appendices are presented in companion files. Appendices B through F are
compiled in additional PDF files. The appendices are available for download on
the State Water Board’s California Water Action Plan website. URL:
https://www.waterboards.ca.gov/waterrights/water_issues/programs/instream_fl
ows/cwap_enhancing/
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Figure 6.4a,b Streamflow Sensitivity — Gage 605A/605
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Figure 6.4c,d Streamflow Sensitivity — Gage 605A/605
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Most sensitive parameters (highest slope on the spider plot) across all seasons
and locations included parameters related to soil storage (soil_moist_max and
sat_threshold) and ET (jh_coef). Results across all locations were also
sensitive to the parameter controlling the interflow rate (slowcoef_sq) in the
winter and spring, the rate of infiltration to groundwater (ssr2gw_rate) in the
spring, summer, and fall, and riparian ET (extinction_depth) in the summer. At
all locations, the summer flows were sensitive to groundwater parameters,
including horizontal conductivity (Kx) and VKS.

At the locations in the Ventura River (Figure 6.2, Gage 607* and Figure 6.3,
Gage 608) and San Antonio Creek (Figure 6.4, Gage 605A/605) groundwater
parameters were important in the spring, summer, and fall. These parameters
included, VKS and Kx (mentioned above), and the streambed conductivity
(SFR_K) that governs the rate of flow between the streams and groundwater.
The sensitivity to these parameters illustrates the importance of the
groundwater during the dry seasons at these locations.

6.2.2 Groundwater Elevations

Figure 6.5 displays spider plots for groundwater the ME and RMSE for each
varied parameter. Most sensitive parameters (highest slope on the spider plot
diagrams) included parameters that govern the amount of groundwater
recharge from precipitation and irrigation (jh_coef, ssr2gw_rate), SFR_K that
governs the amount of flow between the groundwater system and stream
network, Kx that governs the rate of groundwater flow, and Sy that governs the
amount of water that is stored or expelled from storage when groundwater
elevations rise or fall in unconfined aquifers. In most cases, varying parameter
values did not result in ME values closer to 0 or smaller RMSE values, and all
RMSE values were fairly similar. RMSE decreased compared to the base case
value of 31.9 feet for the sensitivity run with the reduced Kx value, however
groundwater ME increased for that run (Figure 6.5) and surface-water results
were also poorer for that run for several of the gages (i.e., PAEE value further
from O, see Figure 6.1b, d, e, f, Figure 6.2b, c, d, e, Figure 6.3d, e, f, and Figure
6.4d, e.
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Figure 6.5a,b Groundwater Sensitivity Mean Error (ft) and RMSE (ft)
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7 UNIMPAIRED FLOW SCENARIO

This section describes and presents results from the unimpaired flow scenario
that was evaluated using the Draft VRW GSFLOW Model. This scenario is one
of eight scenarios that will be evaluated as part of this project. The other
scenarios include Matilija Dam removal, climate change, Thomas Fire impacts,
and four additional scenarios that are to-be-determined. These scenarios will
be modeled once the Draft VRW GSFLOW Model is finalized.

7.1 Definition of Unimpaired Flow

The purpose of an unimpaired flow scenario is to estimate the total quantity of
water available in a watershed that may be put to a reasonable and beneficial
use for human and ecosystem needs.

The precise definition of unimpaired flow may vary depending upon the
intended use of the results and other characteristics of the watershed. The
following definition of unimpaired flow from Chapter 2 of the Staff Report for the
Sacramento/Delta update of the Bay-Delta Plan (SWRCB, 2017) was used as a
starting point to develop the unimpaired flow scenario for the Draft VRW
GSFLOW Model.

Unimpaired hydrology or unimpaired flow represents an index of the total
water available to be stored or put to any beneficial use within a watershed
under current physical conditions. Stated another way, unimpaired flow
represents the flow that would be present in a river or stream under current
land use patterns in the absence of diversions, storage, releases from
storage, water transfers, or other hydrologic modifications. Unimpaired flow
is different than the “natural flow” that would have occurred absent human
development of land and water supply. The use of unimpaired flows as an
index is often misunderstood, owing in part to uncertainty regarding the
relationship between unimpaired and natural flows and their intended use
from a regulatory perspective.

7.2 Key Assumptions for the VRW Unimpaired Flow Scenario

This section lists key assumptions and modelling parameters used for the
unimpaired flow scenario that was evaluated with the Draft VRW GW-SW
Model.
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e Evaluate the same historic time period used for model calibration and
validation, WY1994 to WY2017;

e All diversions from surface water are set to zero;

o Reservoirs are set to zero storage, zero evaporation, and zero
leakage. Water flows through existing reservoir locations with no
impediment (i.e. no dam).

e All pumping from groundwater is set to zero:

e All other water infrastructure (e.g., levees, channelization,
imperviousness, flood bypasses, etc.) functions consistent with existing
conditions:

o The effects of water infrastructure, excluding dams, on stream
routing, infiltration, floodplain connectivity, etc. are retained;

e Land use is consistent with existing conditions:
o Agricultural, municipal, and industrial land uses are retained;
o Existing vegetation is retained; and

o Vegetation types (agriculture, natural, domestic) are retained, but not
irrigated. Therefore, vegetation consumes only water available from
precipitation and/or shallow groundwater;

e Water discharges to OWTS and from wastewater treatment plant are set
to zero.

7.3 Implementation into Model

The VRW GSFLOW Model was modified to reflect the assumptions described

above. This required several relatively straightforward modifications described
below as well as more complex changes to remove the effects of the lakes, as
described in the following section.

The simplest changes to the model were implemented by:

e Setting all surface water diversions (Section 3.5), including the Robles
diversion (Section 3.5.2), to zero;
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¢ Removing the Matilija Reservoir releases (Section 3.5.1) and Lake
Casitas withdrawals (Section 3.5.3);

e Setting the OVSD discharge (Section 3.5.4) to zero;
e Setting the OWTS recharge (Section 4.4.6) to zero; and
e Turning off the irrigation (Section 3.5.5).

7.3.1 Removal of Lakes

Removing Lake Casitas and Matilija Reservoir required replacing the lake cells
with land and stream cells and modifying some elevations of stream cells to
allow streamflow to pass through the former lakes unimpeded.

To achieve this, the stream networks through both lakes were created and
connected to the existing stream network through modifications to the SFR
package. The stream networks were created manually by extending existing
streams through the former lake regions while following the low points in the
bathymetry. The elevations of the cells through the dams also had to be
modified to enable continuous downslope streamflow. This was done by
assuming the grade between topography upstream and downstream of the
dams was approximately constant. The stream widths were assumed to stay
constant within the newly created network, and other values such as stream
bed conductivity were also kept the same.

The newly created land cells were assigned PRMS parameters that were
estimated based on the average values of the hydrologic basins surrounding
the lakes.

7.4 Results

Results of the unimpaired flow scenario are compared to the model
calibration/validation in the following sections.

7.4.1 Surface Water Results

Timeseries plots and flow duration curves at Gage 604, Gage 607*, Gage
605A/605, and Gage 608 are provided in Figures 7.1 through 7.4. The figures
indicate generally higher streamflow for the unimpaired flow scenario compared
to the calibration/validation. The amount of difference between the unimpaired
flow scenario and the calibration/validation depends strongly upon location.
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Monthly averaged streamflow is summarized statistically by season in box and
whisker plots in Figures 7.5 through 7.8. These clearly illustrate smaller
differences between the calibration/validation and the unimpaired flow scenario
at Gage 604 (Figure 7.5) and Gage 607* (Figure 7.6), and larger differences at
Gage 605A/605 (Figure 7.7) and Gage 608 (Figure 7.8).
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Figure 7.1 Unimpaired Flow Scenario 604, No Frk Matilija Creek
at Matilija Hot Springs
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Figure 7.2 Unimpaired Flow Scenario 607*, Ventura River
near Meinors Oaks*
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Figure 7.3 Unimpaired Flow Scenario 605A/605, San Antonio Creek
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Figure 7.4 Unimpaired Flow Scenario 608, Ventura River near Ventura
(Foster Park)
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Figure 7.5 Gage 604 — Monthly Average Streamflow Unimpaired vs Calibration
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Figure 7.7 Gage 605A — Monthly Average Streamflow Unimpaired vs Calibration
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Figure 7.8 Gage 608 — Monthly Average Streamflow Unimpaired vs Calibration
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7.4.2 Groundwater Results

Appendix F?° presents a comparison of groundwater hydrographs at each well
used in calibration, showing the measured data, calibration/validation, and
unimpaired flow scenario results. Well locations are shown on Figure 5.3. As
expected, groundwater elevations are generally higher for the unimpaired flow
scenario as compared to the calibration/validation. Groundwater elevation
fluctuation is also smaller, as some fluctuation is driven by pumping cycles and
there is no pumping in the unimpaired scenario. More significant increases in
groundwater elevation for the unimpaired scenario are typically observed at
wells further from the stream network, which can govern groundwater
elevations for nearby wells. The amount of groundwater elevation increase is
also influenced by the specific yield at the well location (or specific storage in
confined aquifers), which influences the amount of groundwater elevation
change due to change in groundwater storage. The largest groundwater
elevation increases for the unimpaired scenario are observed in the Ojai Basin.

Figures 7.9 and 7.10 display potentiometric surface maps of the watershed for
the unimpaired flow scenario for a relatively wet period (March 2006) and dry
period (September 2015). Model cells with groundwater elevations greater than
surface elevation (indicating groundwater discharge to surface water, flooding,
and wetlands) are also shown. Corresponding diagrams for the
calibration/validation are presented in Figures 5.27 and 5.28. Compared to the
calibration/validation, the unimpaired scenario has larger areas of groundwater
discharge to surface water and wetlands, particularly for the dry time period
(compare Figure 7.10 and Figure 5.28). More extensive areas of groundwater
elevations greater than surface elevations are shown for the unimpaired flow
scenario particularly near the terminus of the Ojai Basin and Upper Ventura
River Basin and along portions of Lion Canyon Creek in the Upper Ojai Basin.

25 Appendices A through F are not embedded in this document. The
appendices are presented in companion files. Appendices B through F are
compiled in additional PDF files. The appendices are available for download on
the State Water Board’s California Water Action Plan website. URL:
https://www.waterboards.ca.gov/waterrights/water_issues/programs/instream_fl
ows/cwap_enhancing/
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7.4.3 Wet-Dry Mapping

Figure 7.11 compares wet-dry model predictions for the calibration/validation
(upper frames) and the unimpaired flow scenario (lower frames). Each frame
plots color-coded classifications as a function of time (horizontal axis) and
distance along the river (vertical axis). The classifications are the same as
used in the model predictions in Figure 5.26. The plot includes the full range of
the simulation (i.e., WY1994 through WY2017), whereas Figure 5.26 only
included the time period for which CMWD wet-dry mapping was available.

The model predictions indicate less drying for the unimpaired flow scenario,
particularly in the mid-regions (river km 8 to 20) of the Ventura River (left
frames) and the lower reaches (below river km 12) of San Antonio creek.

7.4.4 Water Budgets

Figure 7.12 plots annual watershed budgets for the unimpaired flow scenario.
Compared to the calibration/validation (Figure 5.30) the plot for the unimpaired
flow scenario does not have volumes for pumping, irrigation, OWTS recharge,
and WWTP inflow to streams, because these were all removed for this
scenario. The precipitation volumes are the same for the unimpaired flow
scenario as the calibration/validation, while there is decreased total ET, higher
outflows from streams, and smaller changes in storage.

Figure 7.13 plots annual water budget volumes for the groundwater portion of
the model domain for the unimpaired flow scenario. Compared to the
calibration/validation (Figure 5.32) the plot for the unimpaired flow scenario
does not have volumes for pumping and lake seepage, since these were
removed from the model for this scenario. The unimpaired flow scenario
generally has increased discharge to streams, and higher groundwater ET.
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Figure 7.11 Wet — Dry Mapping Unimpaired Flow Scenario
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Figure 7.12 Watershed Water Budget Unimpaired Flow Scenario
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Figure 7.13 Groundwater Budget Unimpaired Flow Scenario
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