Groundwater Sustainability Plan
Monterey Subbasin

Appendix 6-A

Supplemental Water Budget Tables and Figures
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Table 6A-7. Comparison of Projected Water Budget Results Under “No Project” Scenarios
with Variable Climate Conditions and Measurable Objective Boundary Conditions, Marina-

Net Annual Groundwater Flows (a)

Ord Area

Historical Annual

Inflows/Outflows

Projected Annual Inflows/Outflows (b)
Measurable Objective Boundary Conditions

(AFY) (WY 2004-2018) Basellne. (3I|mate 2030 C_Il.mate 2070 C.Il.mate
Conditions Conditions Conditions
Recharge
®  Rainfall, leakage, irrigation 6,144 6,356 6,823 7,509
6,144 6,356 6,823 7,509
Well Pumping
®  Well Pumping -4,346 -8,767 -8,767 -8,767
-4,346 -8,767 -8,767 -8,767
Net Inter-Basin Flow
®  Seaside Subbasin 1,310 1,589 1,361 1,033
®  180/400 Foot Aquifer Subbasin -8,633 -1,694 -1,927 -2,306
®  Ocean (Presumed Freshwater) -524 -721 -752 -804
® Ocean (Presumed Seawater) 2,872 2,288 2,369 2,534
-4,975 1,461 1,051 457
Net Intra-basin Flow
® From Corral de Tierra Area 1,544 998 1,026 1,063
WBZ
1,544 998 1,026 1,063
Net Surface Water Exchange
®  Salinas River Exchange 0 0 0 0
0 0 0 0
NET ANNUAL CHANGE IN
GROUNDWATER STORAGE RS . = E) 202

Abbreviations:

AFY = acre-feet per year
WBZ = Water Budget Zone
WY = Water Year

Notes:

(@) The Marina-Ord Area Zone Budget includes inflows to and outflows from the Reservation Road portion of
the Corral de Tierra Management Area.
(b) Positive values indicate a net inflow and negative values indicate a net outflow.
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Table 6A-8. Comparison of Projected Water Budget Results Under “No Project” Scenarios
with Variable Conditions and Measurable Objective Boundary Conditions, Corral de Tierra
Area

Projected Annual Inflows/Outflows (b)

LB A TUE Measurable Objective Boundary Conditions

Net Annual Groundwater Flows (a)

Inflows/Outflows

(AFY) (WY 2004-2018) Basellne.(.fllmate 2030 C.Il'mate 2070 C.Il.mate
Conditions Conditions Conditions

Recharge

® Rainfall, leakage, irrigation 3,910 3,796 4,105 4,443
3,910 3,796 4,105 4,443

Well Pumping

® Well Pumping -1,296 -2,188 -2,188 -2,189
-1,296 -2,188 -2,188 -2,189

Net Inter-Basin Flow

® Seaside Subbasin -392 -62 -103 -148

® 180/400 Foot Aquifer Subbasin -3,632 -1,376 -1,485 -1,595
-4,024 -1,438 -1,588 -1,743

Net Intra-basin Flow

® From Marina-Ord Area WBZ -1,544 -998 -1,026 -1,063
-1,544 -998 -1,026 -1,063

Net Surface Water Exchange

® Salinas River Exchange 151 259 254 249

151 259 254 249
NET ANNUAL CHANGE IN
GROUNDWATER STORAGE 2,803 -369 443 -303

Abbreviations:

AFY = acre-feet per year
WBZ = Water Budget Zone
WY = Water Year

Notes:

(a) The Corral de Tierra Area Zone Budget does not include inflows to and outflows from the Reservation Road

portion of the Corral de Tierra Management Area
(b) Positive values indicate a net inflow and negative values indicate a net outflow.
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1. MODEL DEVELOPMENT OVERVIEW

The Monterey Subbasin Groundwater Flow Model (MBGWFM or “model”) is an approximation of the
spatial extent and variability of the groundwater system in the Monterey Subbasin (Basin) and can be used
to quantitatively evaluate local hydrogeologic conditions associated with water inflows, outflows, and
associated connectivity between the adjacent Seaside Subbasin, 180/400-Foot Aquifer Subbasin, and the
Pacific Ocean. The purpose of the MBGWFM is to quantify the historical, current, and projected water
budgets for the Basin and their uncertainties, and to evaluate the impacts of future land use, hydrologic,
and water supply/demand projections as well as any proposed management decisions on groundwater
conditions within the Basin. The model can also help identify gaps in available data and deficiencies in the
conceptual understanding of groundwater conditions in the Basin. These results help prioritize plans for
future data collection and other Groundwater Sustainability Plan (GSP) implementation activities.

1.1 Use of Information from SVIHM

Some results from the Salinas Valley Integrated Hydrologic Model (SVIHM) were used in developing the
MBGWFM or to compare with results from the MBGWFM. It is important to note that the SVIHM results
utilized are preliminary and draft. The SVIHM is being developed by the U.S. Geological Survey (USGS). A
written disclaimer for the SVIHM has been provided by the USGS and is excerpted below:

This data (model and/or model results) are preliminary or provisional and are subject to revision.
This model and model results are being provided to meet the need for timely best science. The
model has not received final approval by the USGS. No warranty, expressed or implied, is made by
the USGS or the U.S. Government as to the functionality of the model and related material nor
shall the fact of release constitute any such warranty. The model is provided on the condition that
neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the
authorized or unauthorized use of the model.

2. METHODOLOGY AND APPROACH

2.1 Model Source Code

The MBGWFM utilizes the United States Geological Survey (USGS) computer code MODFLOW-NWT
(Niswonger et al., 2011); MODFLOW is a widely used model code and is publicly available and supported
by the USGS. MODFLOW-NWT is a Newton formulation of MODFLOW-2005 which excels at solving models
whose cells have active drying and rewetting in the unconfined groundwater flow equation (Niswonger
et al.,, 2011). As the Basin has variable degrees of confinement depending on aquifer formation and
location, MODFLOW-NWT is an appropriate and effective computer code to solve the groundwater flow
equation.

MODFLOW-NWT'’s utility is enhanced by additional software processes for model development,
processing, and analysis of results. Specifically, ZONEBUDGET version 3 (Harbaugh, 1990) is a post-
processor used to extract water budget results for user-defined model subareas.

As discussed in more detail in Section 3.1 and Attachment 2, a soil moisture balance code was developed
to represent the root zone processes and ultimately create the recharge datasets within the MBGWFM.
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2.2 Discretization

When employing numerical models, the spatial domain is discretized into “model cells” and time is
discretized into “stress periods”. The discretization of the spatial domain is referred to as the spatial
approach and the discretization of time is referred to as the temporal approach. Both approaches are
further discussed below.

2.2.1 Spatial Approach

MODFLOW represents the groundwater system as a set of discrete, rectangular blocks (cells) forming a
grid in space. MODFLOW then computes an approximate solution to the groundwater flow mathematical
equations at each model cell. The model grid consists of 260 rows and 214 columns of cells that cover the
entire extent of the California Department of Water Resources (DWR) Basin boundary (DWR No. 3-004.01)
as well as areas on the periphery of the boundary (Figure 1). The rectangular cells have a variable
dimension of 200 feet (ft) up to 675 ft on a side, with the most resolved (200 x 200 ft) grid cells located in
the Marina-Ord area where the majority of groundwater extraction and monitoring occurs within the
Basin. The coordinates of the lower left corner of the grid are 5,740,227 E., 2,169,843 N. (CA State Plane
Zone 4, NAD83, Feet). The grid is rotated 240 degrees counterclockwise so that the columns align
approximately with the 180/400-Foot Aquifer Subbasin boundary to the north and the Seaside Subbasin
boundary to the south, consistent with the alignment of the Seaside Basin Groundwater Model
(Hydrometrics 2009 & 2019, see Section 2.4.2.2).

The rectangular model grid has been further segmented into an active area (i.e., where groundwater flow
is explicitly simulated) and an inactive area (where cells are assigned no-flow boundary conditions). The
active area covers the entirety of the Basin as well as the small portion of the 180/400-Foot Aquifer
Subbasin south of the Salinas River. The northern boundary of the active grid is the Salinas River, the
western boundary is the Pacific Ocean, the southern boundary is the Seaside Subbasin boundary, and the
eastern boundary is the Basin edge (i.e., where aquifer sediments come in contact with low permeability
bedrock). Transient groundwater conditions along each of the active model boundaries are represented
using unique boundary conditions as further described in Section 2.4. The number and location of active
cells varies by model layer based on previously mapped aquifer extents as further described in Section
2.2.3.

2.2.2 Temporal Approach

2.2.2.1 Historical Simulation

The historical simulation is discretized temporally into 240 monthly stress periods, representing a 20-year
simulation period from DWR Water Year (WY) 1999 (i.e., October 1998) through WY 2018 (i.e., September
2018). All 20 years of the historical simulation period were used for model calibration as further described
in Section 4.

GSPs are required to “provide a quantitative assessment of the historical water budget, starting with the
most recently available data and extending back a minimum of 10 years, or as is sufficient to calibrate and
reduce the uncertainty of the tools and methods used to estimate and future water budget information
and future aquifer response to proposed sustainable groundwater management practices over the
planning and implementation horizon” (23-California Code of Regulations [CCR] §354.18(b)(2)). The
historical water budget accounting period is WY 2004 — 2018, which allows for a five-year pre-conditioning
period (i.e., WY 1999 — 2003) to minimize the influence of uncertainty in the specified initial conditions.
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2.2.2.2 Projected Simulations

Projected water budgets are required “to estimate future baseline conditions of supply, demand, and
aquifer response to Plan implementation” (23-CCR §354.18(b)(3)). The projected water budget “must use
50 years of historical precipitation, evapotranspiration (ET), and streamflow information as the basis for
evaluating future conditions under baseline and climate-modified scenarios” (23-CCR §354.18(e)(2)(A)).

Several projected scenarios were developed from the historical model to evaluate aquifer response to
future climate, land use, and water supply and demand conditions (See GSP Section 6.5 Projected Water
Budget for further details). To develop the required 50 years-worth of hydrologic input information, first
an “analog period” was created from the 20 years of historical information (WY 1999-2018) by combining
the years in a specific way that, on average, maintained the long-term average hydrologic conditions. This
approach allowed for the creation of a complete 50-year period to inform the projected water budget
analysis, even when certain component datasets were not available for that length of time. The sequence
of historical years that were combined to create the 50-year analog period is as follows:

e Analog Years 1-20: Based on historical years 1999-2018
e Analog Years 21-40: Based on historical years 1999-2018
e Analog Years: 41-50:  Based on historical years 1999-2008

The above mapping of historical years to analog years within the required 50-year projected water budget
period applies to precipitation and ET datasets.

The projected simulations are discretized temporally into 600 monthly stress periods, representing a
simulated analog period from WY 2019 (i.e., October 2018) through WY 2068 (i.e., September 2068). This
50-year simulation was used to develop projected water budget estimates and to evaluate the benefits of
proposed projects and management actions over the 50-year planning and implementation period
following GSP submittal.

2.2.3 Vertical Geometry

The model is discretized vertically into eight layers as described below:

e Layer 1 represents Dune Sand Aquifer;

e Layer 2 represents the Fort Ord/Salinas Valley Aquitard;
e Layer 3 represents the Upper 180-Foot Aquifer;

e Llayer 4 represents the 180-Foot Aquitard;

e Layer 5 represents the Lower 180-Foot Aquifer;

e Layer 6 represents the 180/400-Foot Aquitard;

e Layer 7 represents the 400-Foot Aquifer; and

e Layer 8 represents the Deep Aquifer / El Toro Primary Aquifer?!

1 The El Toro Primary Aquifer is defined as the only Principal Aquifer unit within the Corral de Tierra Management
Area and is generally consistent in hydrogeology to the lower 400-Foot and Deep Aquifers within the Main Basin.
See GSP Section 4.2.2. for further details.
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Each layer of the MBGWFM represents a unique Principal Aquifer or Aquitard unit defined in the GSP and
is consistent with previous hydrogeologic conceptualizations of the Basin. A more detailed description of
the hydrogeology, geometry, and current groundwater conditions of each Principal Aquifer and Aquitard
unit within the Basin is provided in Sections 4 and 5 of the GSP. A summary table of the geologic-
hydrogeologic relationships of each Principal Aquifer and Aquitard unit is provided in Table 1 below:

Table 1. Generalized Geologic — Hydrogeologic Relationships

. . . Principal Aquifers and
Period/Epoch Geological Unit TR
Recent Dune Sand (Qd) .
Holocene Older Dune Sand (Qod) Dune Sand Aquifer
Fort Ord-Salinas Valley
Old Alluvium / Valley Fill Aquitard
Deposits (Qo/Qvf)
180-Foot Aquifer
Aromas Sand (Qae) 180/400-Foot Aquitard
Pleistocene
400-Foot Aquifer
Paso RobIesTFormatlon 400-Foot/Deep
Q) Aquitard?
Purisima Formation (Ppu)
Pliocene Deep Aquifers
Santa Margarita
Formation (Msm)
Miocene Monterey Formation - N/A
(Minimally Water-
(Mmd) ;
Bearing)

Notes:

(1)  The 180-Foot Aquifer is separated into “upper” and “lower” zones, separated by a thin
clay layer known as the “180-Foot Aquitard”. Data collected within the former Fort Ord
show that significant head differences exist between the upper and lower zones of the
180-Foot Aquifer.

(2)  The presence and extent of the “400-Foot/Deep Aquitard” is not well understood
within the Monterey Subbasin and thus is not represented by a unique layer in the
MBGWFM. The Deep Aquifer (MGWFM Layer 8) has been parameterized to reflect
zones of low vertical hydraulic conductivity where this aquitard is presumed to exist in
the subbasin (see Section 2.5.1 for further details).

As described in detail in GSP Sections 4 and 5, Principal Aquifer units within the Basin have varied spatial
extent, thickness, and degrees of confinement. As part of GSP development, a three-dimensional (3D)
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hydrostratigraphy model of the Basin was prepared using the Leapfrog Geo? geologic modeling software
program to provide for a more accurate representation of Principal Aquifer and Aquitard geometries and
to facilitate MBGWFM grid development. The Leapfrog hydrostratigraphy model of the Basin was
originally developed as part of two Airborne Electromagenetic (AEM) geophysical surveys conducted by
Marina Coast Water District (MCWD) in 2017 and 2019 (Stanford/Aqua Geo Frameworks, 2017; Aqua Geo
Frameworks, 2019) to help characterize seawater intrusion within the Basin. The Leapfrog
hydrostratigraphy model was revisited and modified by EKI in 2020 to incorporate additional lithologic
and hydrostratigraphy data from various well and borehole logs and well as several cross-sections
previously developed for the Basin (Harding ESE, 2001; GeoSyntec, 2007; GeoSyntec, 2010). The updated
Leapfrog hydrostratigraphy model was used as the basis to inform the spatial extents, elevations, and
thicknesses of each layer within the MBGWFM. Figure 2 shows a representative cross-section of the
Marina-Ord area of the Basin derived from the Leapfrog hydrostratigraphy model and corresponding
MBGWFM layers.

One limitation of the Leapfrog hydrostratigraphy model is that it does not extend into the southern
portion of the Corral de Tierra Management Area on the southeastern side of the Basin. Within the
southern Corral de Tierra area, aquifers have historically been described by their geologic names, such as
the Aromas Sand, Paso Robles Formation, and Santa Margarita Sandstone (Geosyntec, 2007; Yates 2005).
Based on best available information, these geologic formations are grouped together to form the “El Toro
Primary Aquifer System” for the Corral de Tierra Area as described in further detail in GSP Section 4. These
geologic formations also comprise the lower portions of the 400-Foot Aquifer and the Deep Aquifers in
the northern Salinas Valley including the Marina-Ord Area. As such, the El Toro Primary Aquifer was
represented using model Layer 8, which is the only active model layer within the Corral de Tierra
Management Area (see Figure 3).

Another limitation of the Leapfrog hydrostratigraphy model is that it does not effectively map the bottom
of the Basin, which is defined as the top of the Monterey Formation (see GSP Section 4). As such, the
bottom of MBGWFM Layer 8 (Deep Aquifer / El Toro Primary Aquifer) was delineated in the MBGWFM
using a surface representing the Top of Monterey Formation Elevations previously developed by the
Seaside Basin Watermaster (see GSP Figure 4-3).

Figure 3 shows the active extents of each layer within the MBGWFM and the uppermost active Principal
Aquifer units encountered across the model domain. Figure 4 and Figure 5 show the top elevations of
each model layer, while Figure 6 and Figure 7 show the layer thicknesses. These figures demonstrate that
the MBGWFM reasonably represents the geometry and extent of each Principal Aquifer unit defined
within the Basin as described in detail in Section 4 of the GSP.

As described in Section 5 of the GSP, each Principal Aquifer unit may experience varied degrees of
confinement depending on location within the Basin, presence of overlying aquitard units, and current
groundwater level conditions. As such, each layer was assigned a “convertible” layer type in the Upstream
Weighting Package (UPW) of the MODFLOW-NWT program to allow for continued transition between
confined and unconfined conditions throughout the model simulation depending on transient
groundwater head conditions. Similarly, as mentioned in Section 2.1, the Newton formulation version of
MODFLOW-2005 (MODFLOW-NWT) was employed for the MBGWFM because it allows for rewetting of
cells (i.e., keeping them active as opposed to deactivating them) in the event the water table drops below
the bottom elevation of a given cell at any point during the transient simulation.

2 https://www.seequent.com/products-solutions/leapfrog-geo/
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Finally, there are areas of the Basin where certain aquifer or aquitard units pinch out to zero thickness
and terminate, resulting in direct connectivity between non-sequential aquifer units. An example of this
is the Fort Ord/Salinas Valley Aquitard (Layer 2), which only exists in a portion of the Marina-Ord Area.
Where the aquitard is not present, the Dune Sand Aquifer (Layer 1) is in direct contact with the Upper
180-Foot Aquifer (Layer 3). Pinch-out geometries are challenging to accurately represent in MODFLOW-
NWT because cells with zero thickness and inactivated cells will act as no-flow boundaries and prevent
vertical hydraulic connection between overlying and underlying model layers. A minimum cell thickness
of five feet was applied to model cells in these pinch-out areas to allow for continued hydraulic
connectivity between non-sequential model layers. As described further in Section 2.5, these cells were
assigned the same aquifer parameters as the nearest overlying active model layer such that they
essentially act as “flow-through” cells allowing vertical groundwater flow between non-sequential model
layers. The location of these “flow-through” cells are shown by layer on Figure 6 and Figure 7.

2.3 Initial Conditions

2.3.1 Historical Simulation

The availability and density of historical groundwater elevation data varies substantially throughout the
Basin, both spatially and temporally. While the Monterey County Water Resources Association (MCWRA)
maintains a database of water level records throughout the entire Salinas Valley Groundwater Basin,
available records before WY 1999 were generally limited to the Marina-Ord Management Area of the
Basin. As such, initial heads in the MBGWFM were derived from Fall 1998 water level data wherever
available and supplemented with historical water level contour maps previously created for the Corral de
Tierra Management Area to provide for complete coverage of the Basin.

Fall 19983 water levels were compiled from MCRWA records for 362 wells within the Basin and in the
surrounding Seaside and 180/400-Foot Aquifer Subbasins and used to create preliminary surfaces (i.e.,
rasters) of initial heads for the MBGWFM historical simulation. Initial head rasters were created in Surfer
using the Kriging interpolation method, whereby a Gaussian model variogram was fitted to the water level
datasets and applied to create rasters of Fall 1998 water levels for each Principal Aquifer unit.

As mentioned previously, initial heads in the Corral de Tierra Management Area were also informed by
contoured water level maps previously created by Geosyntec Consultants as part of the El Toro
Groundwater Study (Geosyntec, 2007). Specifically, a contour map of January 2001 groundwater
elevations (Figure 4-5 of Geosyntec, 2007) was digitized (i.e., converted into a series of point elevations)
and subsequently used to refine and extend the initial head rasters so that they covered the entirety of
the Basin.

Groundwater elevations were subsequently extracted from the initial head rasters at every active grid cell
for each aquifer layer of the MBGWFM (i.e., layers 1, 3, 5, 7, and 8) to populate the initial head arrays in
the Basic (BAS) package of MODFLOW-NWT. Initial heads were assigned to the aquitard layers (i.e., layers
2, 4, and 6) using water level surfaces from the overlying aquifer unit where applicable.

3 Seasonal average water levels were calculated for each well, where Fall includes measurements from August 15
to November 15" and Spring includes measurements from January 15 to April 15t
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2.3.1 Projected Simulations

Initial heads for all projected simulations in the MBGWFM were defined using the final head outputs from
the historical simulation (i.e., simulated heads from September 30, 2018).

24 Boundary Conditions

Boundary conditions represent flow constraints in the model domain. Three types of boundary conditions
are specified in the MBGWFM: 1) no-flow boundary, 2) general-head boundary, and 3) river boundary.
Each of these boundary conditions are discussed in greater detail below. A schematic summarizing all
boundary conditions employed in the model is presented in Figure 8.

2.4.1 No-Flow Boundary

A no-flow boundary is employed wherever groundwater flow is assumed to be zero within a cell,
effectively removing it from the groundwater flow simulation. No-flow boundaries are commonly used to
represent contacts with impermeable (non-water bearing) formations or to inactivate a portion of the
model grid that is outside the study area. The following areas are represented as no-flow boundaries
within the MBGWFM:

e The eastern Basin boundary, where aquifer sediments of the El Toro Primary Aquifer (Layer 8)
come in contact with impermeable bedrock outcrops;
e The model bottom, which coincides with the top of the Monterey Formation (i.e. bedrock); and

e The western Basin boundary within the Deep Aquifer (Layer 8), as it is assumed the Deep Aquifer
is not hydraulically connected to the Pacific Ocean (see Section 2.4.2.3).

All other cells outside the active model area are also assigned as no-flow cells such that they are excluded
from the MODFLOW simulation.

2.4.2 General-Head Boundary

The general-head boundary (GHB) is a head-dependent flow boundary, and the flow across this boundary
is proportional to the difference between the model-calculated head at the boundary and a general head
located a certain distance from the boundary. The proportionality constant used to calculate the flow is
the conductance, which is calculated from the hydraulic conductivity of the boundary cell, the area of the
face of the boundary cell, and the distance from the boundary cell to the general head location.

As described in more detail in GSP Sections 4 and 5, the northern, southern, and western boundaries of
the Basin are hydraulically connected to aquifer units of the 180/400-Foot Aquifer Subbasin, Seaside
Subbasin, and the Pacific Ocean, respectively. As such, the northern, southern, and western boundaries
of the active model domain are represented by GHBs*.

The general process for developing GHBs in the MBGWFM was to: (1) identify GHB cells for each active
model layer, (2) gather transient general head data from nearby locations to the GHB cells outside the

“Two exceptions to this are: (1) the northern boundary of Layers 1 and 2, where the Salinas River is directly
simulated using a River boundary (see Section 2.4.3), and (2) the western boundary of Layer 8, which is
represented as a no-flow boundary because is assumed the Deep Aquifer is not hydraulically connected to the
Pacific Ocean.
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active model domain, (3) calculate distances and associate GHB cells with their nearest general head
location, and (4) assign transient general heads and conductance properties to each GHB cell®. The
methods and datasets used to develop GHBs at each boundary are further described below.

2.4.2.1 Northern Boundary (Salinas River / 180-400-Foot Aquifer Subbasin)

As mentioned in Section 2.2.1, the active model area extends north of the Basin boundary up to the Salinas
River, thus including a small portion of the 180/400-Foot Aquifer Subbasin. While the Salinas River is
explicitly simulated in MBGWFM layers 1 and 2 (see Section 2.4.3), the northern boundary in underlying
layers (i.e., layers 3-8) is represented by GHBs in the model to simulate groundwater exchanges between
the Monterey Subbasin the neighboring 180/400-Foot Aquifer Subbasin.

2.4.2.1.1 Historical Simulation

Transient general heads were assigned to northern boundary GHB cells using historical groundwater
elevation monitoring data provided by MCWRA. Groundwater elevation measurements from the
historical simulation period (i.e., October 1999 — September 2018) were compiled from all monitoring
wells to the immediate north of the Salinas River and examined for quality. A subset of these wells were
ultimately selected as “representative” monitoring wells to assign transient general heads at GHB cells
along the northern boundary for model layers 3—8. The selection of representative wells to use for GHB
parameterization was informed by the availability, frequency, and quality of historical monitoring data as
well as the location and distribution of wells along the northern boundary.

The final network of representative monitoring wells includes seven wells in the Upper 180-Foot Aquifer
(Layer 3), 12 wells in the Lower 180/400-Foot Aquifer (Layers 5 and 7)%, and three wells in the Deep Aquifer
(Layer 8). Each active GHB cell in model layers 3—8 was associated to the nearest representative well” and
the distance between the GHB cell and its associated representative well was calculated to inform the
GHB conductance term. GHB cells along the northern model boundary and their associated representative
monitoring wells are shown for each model layer in Figure 9.

Historical groundwater elevation data from each representative monitoring well was pre-processed to
create a continuous monthly timeseries of general heads to assign to its associated GHB cells. Where
multiple records existed for a well within a given month, an average groundwater elevation was calculated
for that month. Where data was unavailable at a well for a particular month, the monthly water level was
either estimated via (Pearson) correlation® to nearby monitoring wells with data for that month or, when

5 GHB conductance parameters were adjusted during calibration as described in Section 4.3.

6 Along most of the northern MBGWFM boundary, the 180-Foot Aquitard is present while the 180/400-Foot
Aquitard is absent (see Figures 6 and 7). Historical water level observations collected in this area indicate that
groundwater elevations within the Lower 180-Foot Aquifer closely resemble water levels in the 400-Foot Aquifer
along the northern basin boundary. Furthermore, water level contour maps for the Lower 180-Foot Aquifer
created by EKI closely resemble MCWRA contour maps of the 400-Foot Aquifer along the boundary. As such,
northern GHB heads were assigned to MBGWFM Layers 5 and 7 using water levels collected from MCWRA wells
characterized in the “180/400-Foot Aquifer.”

7 Specified heads were assigned to GHB cells in aquitard units (i.e., model layers 4 and 6) using water level data
from representative wells in the overlying aquifer unit (i.e., model layers 3 and 5, respectively).

8 A linear regression (Pearson) correlation matrix was developed for all representative wells within a Principal
Aquifer unit to identify “well-correlated” wells for use in data-gap filling. A correlation coefficient (R) threshold of R
> 0.8 was used to determine if wells were well-correlated and thus suitable for use in estimating missing water
level data. The final linear regression equations used to estimate missing water level records were derived from
the nearby well with the highest R value (where R > 0.8) to the representative well in question.
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no well-correlated data was available, via linear interpolation between measurements at the well. The
final (post-processed) monthly water level datasets from each representative monitoring well were
subsequently used to assign transient general heads at all associated GHB cells throughout the historical
model simulation period.

2.4.2.1.2  Projected Simulations

The same approach described above was used to set up the northern boundary GHB in the projected
simulations, except now the general heads were informed by groundwater elevation Sustainability Criteria
defined in the 180/400-Foot Aquifer Subbasin GSP (“180/400 GSP”, SVBGSA, 2020) as opposed to
historical monitoring data. Specifically, the “representative” monitoring well network used to inform
historical general heads at nearby GHB cells was updated to include all SGMA monitoring network wells
located immediately north of the Salinas River in the 180/400-Foot Aquifer Subbasin. In many cases, these
SGMA monitoring wells were the same representative wells employed in the historical simulation.

The final network of SGMA monitoring wells used for projected simulations includes seven wells in the
Upper 180-Foot Aquifer (Layer 3), 10 wells in the Lower 180/400-Foot Aquifer (Layers 5 and 7), and three
wells in the Deep Aquifer (Layer 8). Each active GHB cell in model layers 3-8 was reassociated to the
nearest SGMA monitoring well® and assigned a GHB conductance term from the calibrated historical
model. GHB cells along the northern model boundary and their associated SGMA monitoring wells are
shown for each model layer in Figure 10.

Depending on the projected scenario, GHB cells were then assigned general heads based on one of the
following three ranges in future groundwater level conditions that could be encountered at the 180/400-
Foot Aquifer Subbasin while maintaining SGMA compliance:

e “Minimum Threshold” (MT) water levels (as defined in the 180/400 GSP)
e “Measurable Objective” (MO) water levels (as defined in the 180/400 GSP)

e “Seawater Intrusion (SWI) Protective” water levels (see Section 2.4.2.3 for further details).

For all projected scenarios, initial general heads at the GHB cells were informed by final head outputs from
the historical simulation (i.e., simulated heads from September 30, 2018)°. General heads were then
adjusted using a 20-year “ramp up” period to reach the projected water level conditions described above.
For the “MT” and “SWI Protective” water level scenarios, the ramp up period was applied linearly over 20
years. For the “MQO” water level scenario, the ramp up period was informed by five-year interim
milestones defined at each SGMA monitoring well in the 180/400 GSP. All projected water levels at the
GHB cells were then held constant for the remaining 30 years of the projected simulations, under the
assumption that these water levels would be maintained in perpetuity after the 20-year SGMA
implementation deadline.

% Ibid [6].

10 Review of historical groundwater level data indicates that September water levels represent a reasonable annual
average condition (i.e., between seasonal high and low conditions) within the 180/400-Foot Aquifer subbasin and
are thus appropriate to use as a starting point for developing projected heads at the northern GHB boundary.
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2.4.2.2 Southern Boundary (Seaside Subbasin)

As mentioned in Section 2.2.1, the southern boundary of the active model area is alighed with the Seaside
Subbasin boundary. This boundary was represented as a GHB in the MBGWFM to simulate groundwater
exchanges between the Monterey Subbasin the neighboring Seaside Subbasin.

2.4.2.2.1 Historical Simulation

Transient general heads were assigned for southern boundary GHB cells in the MBGWFM historical
simulation using head outputs from the Seaside Basin Groundwater Model (“Seaside Model”)
(Hydrometrics, 2009 & 2019). The Seaside Model simulates groundwater flow within the Seaside Subbasin
from January 1987 —January 2018 and extends partially into the Monterey Subbasin. A copy of the Seaside
Model was provided to EKI by the Seaside Basin Watermaster in early 2020 to facilitate direct
incorporation of simulated head outputs from the Seaside Model along the Basin boundary into the
MBGWFM.

EKI extracted simulated head outputs from the Seaside Model at a series of 20 regularly spaced “proxy”
monitoring locations distributed along the south side of the Seaside boundary. Each active GHB cell along
the Seaside boundary in the MBGWFM was subsequently associated to its nearest proxy monitoring
location, and transient general heads were assigned to the GHB cells using the monthly simulated head
outputs from the Seaside Model at their respective proxy monitoring locations*!. GHB cells along the
Seaside boundary and their associated proxy monitoring locations are shown in Figure 11.

While employing the Seaside Model to develop Seaside boundary GHBs in the MBGWFM provides for a
common set of assumptions regarding historical heads along the boundary, there are notable differences
in hydrogeologic conceptualization and geometry between the two models that will result in imperfect
matching of head conditions and unique estimates of cross-boundary flows. Notably, the Seaside Model
defines aquifer units differently than the MBGWFM and includes a different number of layers. The Seaside
Model is comprised of five layers that represent the following aquifer units (Hydrometrics, 2009):

e layer 1 represents the Older Dune deposits and Aromas Red Sands
e layer 2 represents the upper Paso Robles Aquifer
e layer 3 represents the “brown sand layer” of the lower Paso Robles Aquifer

e layer 4 represents the “semi-continuous blue clays” encountered at the base of the Paso Robles
Aquifer

e Layer 5 represents the Santa Margarita/Purisima Aquifer

As demonstrated in Table 1 (see Section 2.2.3), these aquifer units are generally defined based on the
geologic formations encountered in the region and are only loosely tied to the Principal Aquifer Units
defined in the Monterey Subbasin. For example, Older Dune deposits and Aromas Red Sands deposits
(Seaside Model layer 1) have been further stratified into the Dune Sand Aquifer (Layer 1), Upper 180-Foot
Aquifer (Layer 3), Lower 180-Foot Aquifer (Layer 5), and 400-Foot Aquifer (Layer 7) in the MBGWFM.
Previous hydrogeologic investigations (see GSP Section 4) indicate that the 400-Foot Aquifer is likely
comprised of both Aromas Sands (Seaside Model layer 1) as well as upper portions of the Paso Robles

11 As the Seaside Model historical simulation period ends in January 2018, simulated head outputs were estimated
in the MBGWFM for Feb. 2018 — Sept. 2018 using Seaside Model head outputs for Feb. 2017 — Sept. 2017.
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formation (Seaside Model layer 2) depending on location within the Monterey Subbasin. Similarly, the
Deep Aquifer (Layer 8) of MBGWFM represents the combined lower Paso Robles (Seaside Model layers 3-
4) and Santa Margarita / Purisima (Seaside Model layer 5) formations.

Given the imperfect match in conceptualization and layering between the two models, a few simplifying
assumptions were needed to effectively link head outputs from the Seaside model to GHB cells along with
southern boundary of the MBGWFM. Ultimately, the selection of which Seaside Model layers should be
associated to GHB cells in the MBGWFM was informed by: (1) a comparison of Seaside Model head
outputs along the boundary with recent (i.e., Spring and Fall 2017) contour maps of each Principal Aquifer
Unit in the Monterey Subbasin; and (2) an iterative evaluation of water budget and simulated head
outputs from MBGWFM to ensure cross-boundary flow estimates generally agreed with Seaside Model
outputs, both in magnitude and in spatial trends. The final mapping of MBGWFM GHB cells to their
corresponding Seaside Model layers is presented in Table 2 below:

Table 2. Mapping of Seaside Model Layers to MBGWFM GHB Cells at the Seaside Boundary

MBGWFM MBGWFM Principal Seaside Model Laver Seaside Model Aquifer
GHB Layer Aquifer Unit v Unit
. Older Dune deposits and
1 Dune Sand Aquifer 1 Aromas Red Sands
. Older Dune deposits and
3 Upper 180-Foot Aquifer 1 Aromas Red Sands
. Older Dune deposits and
5 Lower 180-Foot Aquifer 1 Aromas Red Sands
7 400-Foot Aquifer 2 Upper Paso Robles Aquifer
3 .
(Proxy Points 1-9) Lower Paso Robles Aquifer
3 Deep Aquifer / El Toro 4 Paso Robles Base (Blue
Primary Aquifer (Proxy Point 10)® Clays)
5 Santa Margarita /
(Proxy Points 11-20)® Purisima Aquifer
Notes:

(1)  Seaside Model layer 3 becomes dry moving east of proxy point 9 along the boundary, and thus
the uppermost active unit is layer 4.

(2) Seaside Model layer 4 is either dry or constrained by dry cells and shows erroneously high-water
levels (i.e., >200 feet above ground surface) moving east of proxy point 10. Thus, the only reliable
layer to use east of proxy point 10 becomes layer 5.
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Annual net cross-boundary flow estimates from the Seaside Model and the calibrated MBGWFM
over the historical water budget period!? are compared on Figure 12. Over like timeframes, the
Seaside Model estimates an average net inflow from the Seaside Subbasin to the Monterey Subbasin
of +935 acre-feet per year (AFY) while the MBGWFM estimates an average net inflow of +918 AFY.
These results indicate that the calibrated MBGWFM reasonably recreates historical groundwater
level conditions simulated by Seaside Model along the boundary and that resulting water budget
estimates of historical cross-boundary flows between the two models are in very close agreement at
the Basin-level. Further refinements could bring the historical models into closer agreement.

2.4.2.2.2 Projected Simulations

Unlike the 180/400-Foot Aquifer Subbasin, the Seaside Subbasin is an adjudicated groundwater basin
and is not subject to many aspects of SGMA. As such, no Sustainability Criteria have been defined for
groundwater elevations within the Seaside Subbasin, as the basin is required to manage to a
groundwater budget as opposed to groundwater elevations. The adjudication also states that
management of the Seaside Basin cannot result in “material injury” to the Basin, which could include
low groundwater elevations that impact production rates.

For the projected simulations, a simplifying assumption was made that the Seaside Subbasin would
be able to maintain Fall 2017 water levels over the long term, thus managing to a balanced water
budget (i.e., no long-term depletion of groundwater storage). As such, September 2017 water level
outputs from the Seaside Model were used to define reference heads along the southern GHB
boundary for all MBGWFM projected simulations throughout the entire 50-year simulation period.

One exception to the assumption described above is along the southeastern edge of the Seaside-
Monterey boundary (i.e., near Laguna Seca). In this area, simulated Fall 2017 water levels from the
Seaside Model were already below the Minimum Thresholds (MTs) defined for wells in the Corral de
Tierra Management Area on the Monterey Subbasin side of the boundary (i.e., 170 feet above mean
sea level [ft msl], see GSP Sections 7 and 8). Projected GHB reference heads were set at the minimum
threshold of 170 ft msl in the MBGWFM for all GHB cells in the Laguna Seca area whose simulated
water levels were below 170 ft msl in the Seaside Model as of September 2017. This assumption was
considered reasonable because Cal-Am ceased all its municipal pumping from the Laguna Seca area
in 2021, reducing total pumping in that area by approximately 30%. While the effect of this pumping
reduction is still to be established, it is likely that pumping in the Laguna Seca will not be the driver
of lower groundwater levels. This adjustment was ultimately made to all GHB cells associated with
“proxy” monitoring points 14 and 15 along the Seaside boundary (see Figure 11).

It is recognized that there is considerable uncertainty regarding future groundwater conditions
within the Seaside Subbasin (particularly within the Laguna Seca area) and that groundwater
management decisions in the Monterey Subbasin are likely to impact groundwater conditions within
the Seaside Subbasin, and vice-a-versa. Various studies and projects have been proposed (see GSP
Section 9) or are already being implemented by water management entities in both subbasins to
better characterize and model local groundwater conditions and cross-boundary flows in the Laguna
Seca area and across the entire Monterey-Seaside boundary. As more data and information is

12 \WY 2018 is excluded from the comparison as the Seaside Model only simulates historical groundwater
conditions through January 2018
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developed in the coming years, the MBGWFM will be revised and updated accordingly as part of the
next five-year update to the GSP.

2.4.2.3 Western Boundary (Pacific Ocean)

As mentioned in Section 2.2.1, the western boundary of the active model area is aligned with the Pacific
Ocean. This boundary was represented as a GHB in the MBGWFM to simulate exchanges between the
Basin and the ocean and to inform estimates of potential seawater intrusion rates into the Basin.

The current version of the MBGWFM does not directly simulate variable-density groundwater flow and
transport. Instead, the Pacific Ocean boundary is represented as a GHB using freshwater equivalent sea
levels calculated at the aquifer-seafloor interface for each Principal Aquifer unit assumed to be in
hydraulic connection with the ocean.

Freshwater equivalent sea levels are calculated based on the equivalent freshwater head formula for
variable density groundwater flow presented in the USGS User’s Guide to SEAWAT (Guo and Langevin,
2002), which states:

p P~ pr

heo = 2 h—
™ py Pr

Z

where hfW = freshwater equivalent head, h = sea level, p = saline water density, py = freshwater density,
and Z = elevation of measuring point. In this instance, since the equivalent freshwater head is being
calculated at the (offshore) ocean-aquifer interface, Z represents the depth to the seafloor at the
estimated seafloor-aquifer contact location.

Previous hydrogeologic investigations along the Monterey coastline indicate that the Recent and Older
Dune Deposits, Aromas Red Sands, and Paso Robles Formations are at least partially in contact with the
seafloor at varying distances offshore from the Basin, while the deeper Santa Margarita and Purisima
Formations may be hydraulically restricted from the sea floor by the Monterey Bay Fault Zone (Feeney,
2003). More recent investigations of seawater intrusion conditions within the Basin (Aqua Geo
Frameworks, 2019, see GSP Section 5) also indicate that the Deep Aquifer is not currently seawater
intruded along the Monterey coastline. As such, GHB cells were assigned along the Pacific Ocean boundary
for all layers in the MBGWFM apart from layer 8 (i.e., the Deep Aquifer), which was modeled as a no-flow
boundary at the Monterey coastline.

2.4.2.3.1 Historical Simulation

For the historical simulation, freshwater equivalent sea levels were calculated for each model layer using
the Guo & Langevin, 2002 equation described above at a sea level elevation (h) of zero (0) ft msl and a
saline water density of 1.025 grams per cubic centimeter (g/cm?). Average elevations (i.e., depths below
sea level) at which each Principal Aquifer unit are assumed to contact the seafloor were estimated using
a previously developed geologic cross-section of the Monterey Bay coastal aquifer system (see Figure 5
of Feeney, 2003). Corresponding offshore distances to the assumed point of contact with the seafloor
were then calculated at each GHB cell using a bathymetry map of seafloor elevations and used to inform
conductance term at each cell. Table 3 below presents a summary of freshwater heads assigned to each
model layer for the historical simulation.
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Table 3. Freshwater Equivalent Sea Levels — Historical Simulation

environment

Average Calculated
Average .
Corresponding Geologic | Offshore SERENG || A0
MBGWFM P . g g . Seafloor - Equivalent
Formation from Distance to .
GHB Layer Aquifer Head
Feeney, 2003 Seafloor
Contact (ft) Contact (ft msl)
(ft msl)
1-6 Recent / Old'er Dune 9,000 155 38
Deposits
7 Aromas Red Sands / 26,800 335 8.4
Paso Robles

Calculated freshwater heads were held constant in Pacific Ocean GHB cells throughout the historical
simulation under the assumption that the sea level did not change significantly between WY 1999 —2018.

2.4.2.3.2 Projected Simulations

As further described in Section 3.1, three climate change scenarios were modeled in the MBGWFM
projected simulations. Each of these scenarios employed unique assumptions regarding future sea level
rise that were derived from the 180/400 GSP (SVBGSA, 2020). These included:

e Baseline Conditions — assumes no change in sea level (0 ft msl)
e 2030 Climate Change — assumes a “moderate” increase in sea levels of 15 cm (+ 0.492 ft msl)

e 2070 Climate Change — assumes a “severe” increase in sea levels of 45 cm (+ 1.475 ft msl)

Freshwater equivalent ocean heads were recalculated under each projected scenario using the same
assumptions about offshore contact depths and distances employed in the historical simulation (see Table
3 above). Table 4 below presents a summary of freshwater heads assigned to Pacific Ocean GHB cells for
each model layer under the various projected scenarios.

Table 4. Freshwater Equivalent Sea Levels — Projected Simulations

“Baseline” “2030 Climate “2070 Climate
MBGWEM Fres.hwater Change Change
GHB Laver Equivalent Freshwater Freshwater
4 Head Equivalent Head | Equivalent Head
(ft msl) (ft msl) (ft msl)
1-6 3.8 4.3 5.4
7 8.4 8.9 9.9

Calculated freshwater heads were held constant in Pacific Ocean GHB cells throughout each of the 50-
year projected simulations.

EKI B60094.12 19 January 2022



environment
Monterey Subbasin Groundwater Flow Model Documentation ek I & water

As described in Section 2.4.2.1.2, projected simulations along the northern GHB boundary included a
“Seawater Intrusion (SWI) Protective” water level scenario to estimate potential cross-boundary flows
assuming the 180/400-Foot Aquifer Subbasin is able to maintain freshwater equivalent sea levels along
the entire length of the 180/400-Monterey boundary. For this scenario, GHB cells along the northern
boundary were assigned specified heads using the freshwater equivalent sea levels calculated under each
climate scenario shown in Table 4. Consistent with the MT and MO scenarios, GHB cells along the northern
boundary were allowed a 20-year “ramp up” period starting from their Fall 2018 heads to reach these SWI
Protective water levels and were then held constant for the remaining 30 years of the projected simulation
period.

2.4.3 River Boundary

The Salinas River was explicitly simulated in model layers 1 and 2 at the MBGWFM northern boundary
using MODFLOW'’s River (RIV) package®® (Figure 9). The RIV package is used to simulate head-dependent
flux boundaries between a river and the underlying groundwater system.

RIV cells were identified in the MBGWFM using a shapefile of the Salinas River obtained from the National
Hydrography Dataset (NHD). River segment lengths were calculated at each model cell from the NHD
shapefile, and land surface elevations were estimated using a 30-meter USGS National Elevation Dataset
(NED) raster. Streambed widths were assigned to each RIV cell using data obtained from the North Marina
Groundwater Model (NMGWM) (Hydrofocus, 2017). A streambed thickness of five (5) feet was assigned
to each RIV cell consistent with the NMGWM and the Salinas Valley Integrated Ground and Surface Water
Model (SVIGSM)* (MCWRA & LSCE, 2006), and river bottom elevations were calculated as the land
surface elevation minus the streambed thickness. Riverbed conductance values were initially assigned to
each RIV cell using parameters obtained from the NMGWM and were subsequently adjusted during model
calibration (see Section 0).

2.4.3.1 Historical Simulation

For the historical simulation, river stages were assigned to each RIV cell using historical streamflow
monitoring data obtained from the USGS Spreckels Gauge (Site No. 11152500)%. The Spreckels Gauge is
conveniently located in the active MBGWFM domain at model cell [40,85] and thus serves as a reasonable
proxy for estimating Salinas River stages along the length of the northern model boundary.

The Spreckels Gauge provides monthly discharge rates within the river and a series of field measurements
that contain both stage and flow data at the monitoring station. These field measurements were used to
develop a streamflow rating curve for the site, which was subsequently applied to estimate river stages
at the Spreckels Gauge location from monthly discharge data for October 1998 — September 2018 (Figure
13). River stage elevations were subsequently assigned to each RIV cell upstream and downstream of the
Spreckels Gauge location using differences in land surface elevations as an adjustment factor.

13 A small number of RIV cells were also assigned to model layer 7 at the northeastern Basin boundary, where layer
7 is the uppermost active model unit (Figure 9).

14 The SVIGSM was recently updated to the Salinas Valley Integrated Hydrologic Model (SVIHM) by the USGS, with
preliminary outputs released to the public in mid-2021. The SVIHM was not available for use at the time of
MBGWFM construction.

15 https://waterdata.usgs.gov/nwis/uv?site no=11152500
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2.4.3.2 Projected Simulations

At the time of MBGWFM construction, no information was readily available to assign projected Salinas
River flow conditions under future baseline or climate change conditions. As such, a simplifying
assumption was made that Salinas River stages would mimic historical trends depending on water year
type. Transient RIV stages were therefore estimated for all projected scenarios using historical stages
calculated for the 50-year “analog” hydrologic period described in Section 2.2.2.2, where:

e Analog Years 1-20: Based on historical years 1999-2018
e Analog Years 21-40: Based on historical years 1999-2018
e Analog Years: 41-50:  Based on historical years 1999-2008

25 Aquifer Properties

Aquifer properties were initialized in the MBGWFM using available pumping test data and relevant
information from prior hydrogeological studies and were subsequently refined during model calibration
(see Section 4.3). A summary of the initial model parameterization process for hydraulic conductivity and
storage properties is provided below.

2.5.1 Hydraulic Conductivity

In alluvial aquifers, the spatial distribution of hydraulic conductivity is influenced by the distribution of
sediment texture (i.e., the fraction of coarse-grained sand and gravel relative to the fraction of fine-
grained silt and clay), the size and shape of the pores between the sediment grains, and the effectiveness
of the interconnections between those pores. To better represent the spatial distribution in hydraulic
conductivities within each Principal Aquifer unit, texture maps were constructed for each aquifer layer of
the MBGWFM (i.e., layers 1, 3, 5, 7, and 8) based on lithologic descriptions from 332 boreholes distributed
throughout the model domain?e. The final texture maps assigned to each layer are shown on Figure 14
through Figure 18.

The texture maps are based on the lithologic descriptions from borehole logs. The borehore logs vary in
depth and may be used to assign texture classifications to multiple layers. Layer 1 utilized 145 borehole
logs, layer 3 utilized 212 borehole logs, layer 5 utilized 65 borehole logs, layer 7 utilized 178 borehole logs,
and layer 8 utilized 144 borehole logs. The logs were coded on a 1-ft interval as either coarse-grained or
fine-grained material, using a rubric consistent with the USGS’ Central Valley Hydrologic Model (CVHM;
Faunt et al., 2009). For each borehole, the average fraction of coarse-grained sediment was calculated
over the total thickness of each model layer at the borehole location. Resultant values were interpolated
in Surfer using the Kriging interpolation method to create rasters of coarse-grained fractions for each
aquifer layer and were subsequently assigned to each active model cell by layer (Figure 14 through Figure
18). In general, the borehole data indicate that layer 1 has the greatest fraction of coarse-grained
sediment, and the sediments generally become finer with depth.

Areas and depth intervals characterized with relatively coarse-grained sediments transmit water at a
higher rate than areas and depth intervals characterized by fine-grained sediments. The resulting
distributions in the fraction of coarse-grained sediment was therefore utilized to specify the spatial

16 Texture maps were not created for the aquitard layers of the model (i.e., layers 2, 4, and 6) as it is assumed they
are predominantly fine-grained in nature. Final hydraulic conductivities assigned to aquitard units were
determined through model calibration as further discussed in Section 4.2.
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distribution in horizontal and vertical hydraulic conductivity. The modeled horizontal hydraulic
conductivity is calculated as the product of the fraction of coarse-grained sediment and specified coarse-
grained horizontal hydraulic conductivity. Vertical hydraulic conductivity is typically less than horizontal
hydraulic conductivity because fine-grained beds can impede the downward movement of water. The
modeled vertical hydraulic conductivity is therefore calculated as the specified vertical hydraulic
conductivity divided by the fraction of fine-grained sediment, where the fine-grained fraction is calculated
as one minus the coarse-grained fraction.

Aquifer test results compiled from 161 pumping tests conducted throughout the Basin were used to
inform initial estimates of coarse-grained horizontal hydraulic conductivities within the model.'” The
locations of pumping test wells within the Basin are shown on Figure 19. A summary of horizontal
hydraulic conductivities estimated from pumping tests is provided in Table 5 below.

Initial coarse-grained hydraulic conductivities were assigned to each aquifer layer using average hydraulic
conductivities calculated from pumping tests for wells whose coarse-grained fractions were in the upper
50™ percentile of the texture map for that layer. The final specified coarse-grained horizontal and vertical
hydraulic conductivities vary by layer and were determined by calibration, as discussed below in Section
4.3.

Table 5. Horizontal Hydraulic Conductivity (Kh) Estimates from Pumping Tests

Horizontal Hydraulic Conductivity (Kh), [ft/d]
Principal Aquifer Unit
Minimum Average Maximum
Dune Sand Aquifer 2.7 72 750
180/400-Foot Aquifers 0.04 168 1110
Deep Aquifer 2.2 11.6 25.4

2.5.2 Storage

As mentioned above, each Principal Aquifer unit within the Basin may experience varied degrees of
confinement depending on location within the Basin, presence of overlying aquitard units, and current
groundwater level conditions. As such, both the specific yield (Sy) and specific storage (Ss) parameters
must be specified in order to effectively simulate transient head conditions in the Basin.

Aquifer test results compiled from 40 pumping tests conducted throughout the Basin were used to inform
initial estimates of specific storage (Ss) within the model*8. The locations of pumping test wells within the

17 Aquifer transmissivity (T) measurements from pumping test data were converted to effective hydraulic
conductivities by dividing the T value by the entire length of well screen.

18 Confined storativity (S) measurements from pumping test data were converted to specific storage by dividing
the S value by the entire length of well screen.
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Basin are shown on Figure 19. A summary of Ss values estimated from pumping tests is provided in Table
6 below. Final Ss values were determined by calibration, as discussed below in Section 4.3.

Table 6. Specific Storage (Ss) Measurements from Pumping Tests

Specific Storage (Ss) [1/ft]
Principal Aquifer Unit
Minimum Average Maximum
Dune Sand Aquifer 1.6E-05 9.5E-04 4.8E-03
180/400-Foot Aquifers 9.9E-07 3.4E-05 2.6E-04
Deep Aquifer @ N/A N/A N/A

Notes:
(2) No Ss data is currently available from pumping tests for the Deep Aquifer.

Very little data exists to inform estimates of specific yield within individual aquifer units of the Basin.
Specific yields have been estimated to range from 0.04 to 0.4 within the Dune Sand Aquifer, and a bulk
specific yield of 0.12 was used for the El Toro Primary Aquifer in prior studies (Todd, 2016). As such, an
initial specific yield (Sy) value of 0.12 was assigned to all aquifer units in the model, consistent with values
reported for silty sands in the literature. Final Sy values were determined by calibration, as discussed
below in Section 4.3.

3. STRESSES

3.1 Recharge

Recharge is simulated using the Recharge (RCH) Package. To quantify the spatial and temporal distribution
of recharge across the MBGWFM domain, a Soil Moisture Budget accounting model (SMB) was developed
using MATLAB programming code. The SMB simulates land surface processes (e.g., precipitation, applied
water, and plant evapotranspiration [ET]) and root zone processes which ultimately determine the
amount of deep percolation on a grid cell basis that is specified as groundwater recharge to the uppermost
active layer of the MBGWFM grid. Detailed documentation of the SMB model and associated input
datasets is provided in Attachment 2.

The SMB uses a mass-balance approach to quantify the movement of water that arrives at the land surface
from either precipitation or irrigation and subsequent movement into the subsurface or atmosphere. The
water movement processes included in the SMB model are (1) precipitation, (2) interception, (3)
evaporation from canopy and depression storage, (4) rainfall excess runoff, (5) applied water from District
deliveries, (6) applied water from private pumping (deficit pumping), (7) ET by vegetation, (8) recharge,
(9) saturation excess runoff, and (10) dynamic soil moisture storage.

The SMB calculates the above processes on a grid cell basis across the entire active MBGWFM grid.
Spatially variable parameters within the SMB include:
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e Soil types (Figure 20) and properties, including soil hydrologic group (Figure 21), vertical hydraulic
conductivity (Figure 22), soil depth, field capacity, wilting point, and total porosity, from the
United States Department of Agriculture (USDA) Soil Survey Geographic Database (SSURGO)

e Spatial land use data from the U.S. Department of Agriculture (USDA) Forest Service Region 5
Classification and Assessment with Landsat of Visible Ecological Groupings (CalVeg) dataset for
Zone 5 (Central Valley)® and from various historical and projected land use surveys (see Sections
3.1.1and 3.1.2 below)

e Gridded daily precipitation data from the 4-kilometer Parameter-elevation Regressions on
Independent Slopes Model (PRISM)?! dataset (Figure 23)

e Daily reference evapotranspiration (ETo) data measured at California Irrigation Management
Information System (CIMIS) Salinas North #116 and Laguna Seca #229 stations

e Water service area boundaries for the five water service areas within the Basin, including MCWD,
CalAm (Ambler, Hidden Hills and Toro Units) and California Water Service (CWS) (Figure 24)

Additional parameters to the SMB include:

e Curve numbers for runoff for agriculture, urban, and native vegetation classifications including
conifer forest/woodland, hardwood forest/woodland, mixed conifer and hardwood
forest/woodland, shrub, herbaceous, and barren (USDA, 1986)

e Monthly crop coefficients and canopy storage properties for native, agricultural, and urban land
use types from California Polytechnic State University’s Irrigation Training and Research Center
(Howes et al., 2015)

The combination of soil type and land use type determines the Curve Number (runoff coefficient) that
controls rainfall excess runoff. ET is calculated for each land use type from the crop coefficient method
using daily CIMIS ETo rates and monthly crop coefficients specific to the land use type. ET is limited when
soil moisture declines to the wilting point. Irrigation with private groundwater occurs for irrigated
agricultural lands when the combination of precipitation, applied delivered water, and soil moisture
storage is insufficient to meet vegetative water demand (ET). Private groundwater pumping rates are
further adjusted to account for irrigation inefficiency?2.

The SMB calculates a running soil moisture balance for each grid cell on a daily timestep and is driven by
daily spatially variable daily precipitation data from the PRISM dataset. Recharge is simulated to occur
when the water content in the soil column after infiltration of precipitation, applied water, and ET uptake
is greater than the field capacity of the soil. When this occurs, recharge is released from the soil column
to the point where soil water content equals field capacity. Daily calculated recharge rates are summed
into monthly totals for use as input to the MBGWFM.

In addition to the recharge calculated by the SMB, the MBGWFM also includes water distribution and
conveyance system leakage in the RCH Package. Leakage was estimated as 5% of delivered water and was
uniformly distributed across all cells within each of the five water service areas in the Basin (Figure 24).

1% https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/?cid=nrcs142p2 053627

20 https://www.fs.usda.gov/detail/r5/landmanagement/resourcemanagement/?cid=stelprdb5347192

21 https://prism.oregonstate.edu/recent/

22 A uniform irrigation efficiency of 85% was assumed in the calculation of private groundwater pumping on
agricultural lands in line with values commonly employed for high-efficiency (e.g., micro-drip) irrigation systems.
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A more detailed description of the transient input datasets to the SMB for the historical and projected
simulations is provided below.

3.1.1 Historical Simulation

3.1.1.1 Climate

The historical SMIB simulation calculates recharge rates for the period October 1, 1998 through September
30, 2018 using daily precipitation data from PRISM and daily ETo data from CIMIS as described above.

3.1.1.2 Land Use

As limited historical land use information exists within the Basin, spatial land use classifications were
derived from the CalVeg dataset (10x10 meter resolution). The CalVeg land use map was further
supplemented with a map of 2014 land use classes prepared by DWR to identify irrigated agricultural
parcels within the Basin and their respective crop types. A single historical land use class was subsequently
assigned to each active grid cell based on the dominant land use type mapped within the cell area and
was assumed to remain static throughout the duration of the 20-year historical simulation. The final
historical land use map is shown in Figure 25.

3.1.1.3 Deliveries

Monthly historical delivery records were obtained for the three water suppliers within the Basin (MCWD,
CalAm, and CWS) and used to estimate historical outdoor delivery rates within each of the five water
service areas in the Basin. MCWD pumping records were obtained directly from MCWD, while monthly
delivery records for the each of the CalAm and CWS service areas were provided by the Seaside Basin
Watermaster. As no detailed breakdown of indoor vs. outdoor deliveries was available for any of the water
agency delivery records, a simplifying assumption was made that 25% of total deliveries within the service
area would be used for outdoor consumption (i.e., irrigation) over a 6-month growing season (i.e., April
through September). This assumption generally consistent with information provided in MCWD’s 2020
Urban Water Management Plan (UWMP, Schaff & Wheeler, 2021) and assumptions used in the Seaside
Model (Hydrometrics, 2019). Monthly outdoor deliveries were uniformly distributed across all cells within
each of the five water service areas in the Basin (Figure 24). As mentioned above, an additional 5% of total
monthly deliveries were added to the recharge outputs from the SMB for all cells within a water service
area to simulate leakage contributions to the Basin. Leakage was assumed to occur throughout the entire
calendar year.

3.1.2 Projected Simulations

3.1.2.1 (Climate

As mentioned in Section 2.4.2.3.2, three climate change scenarios were modeled in the MBGWFM
projected simulations. These climate change scenarios were informed by climate change modeling
completed by DWR (DWR, 2020) and include the following:

e Baseline Conditions — no climate change impacts
e 2030 Climate Change (Central Tendency) — “moderate” climate change impacts
e 2070 Climate Change (Central Tendency) — accounts for “severe” climate change impacts
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For the Baseline scenario, projected daily precipitation and ETo datasets were developed using historical
PRISM and CIMIS data for the 50-year “analog” hydrologic period described in Section 2.2.2.2, where:

e Analog Years 1-20: Based on historical years 1999-2018
e Analog Years 21-40: Based on historical years 1999-2018
e Analog Years: 41-50:  Based on historical years 1999-2008

For the 2030 and 2070 climate change scenarios, DWR provided monthly scaling factors to account for
impacts of climate change on precipitation and ET rates. Precipitation and ET climate change factors are
spatially variable and mapped to a variable infiltration capacity (VIC) grid (Figure 26). These monthly
climate change factors were extracted for VIC grid cells that intersect the Basin and used to modify the
50-year historical “analog” precipitation and ET datasets developed for the Baseline projected scenario.

On average, applying the 2030 climate change factors resulted in a -0.5% decrease in precipitation rates
and a +3.1% increase in ET rates throughout the Basin relative to Baseline projected conditions, while
applying the 2070 climate change factors resulted in a -2.2% decrease in precipitation rates and a 7.7%
increase in ET rates throughout the Basin relative to Baseline projected conditions. Notably, the DWR
climate change factors dataset appears to indicate that precipitation events within the Basin are projected
to be less frequent and of significantly higher intensity as climate change impacts become more severe,
with a single-month maximum change in precipitation rates of +56% under the 2030 climate scenario and
+71% under the 2070 climate scenario. This could result in comparatively higher average recharge rates
within the Basin relative to Baseline conditions, even though total precipitation rates are projected to
remain nearly constant. On the other hand, the DWR climate change dataset appears to indicate that ET
rates are projected to be marginally yet consistently higher as climate change impacts become more
severe, with a single-month maximum change in ET rates of +7% under the 2030 climate scenario and
+17% under the 2070 climate scenario.

3.1.2.2 Land Use

For all projected scenarios, the historical land use map was updated to reflect future planned urban
development and expansion of the MCWD service area in line with future land use conditions specified in
MCWND’s 2020 Water Master Plan (AKEL, 2020). Specifically, a map of future land use (Figure 2.3 of the
MCWD Master Plan) was used to adjust the urban footprint within the Marina-Ord Management Area to
include all future residential, commercial, industrial, institutional, and mixed-use parcels designated for
development over the next 20 years (i.e., by 2040)%. Land use in the remaining areas of the Basin was
assumed to remain constant with current conditions, in line with the assumption of no future increases
in water demands within the Corral de Tierra Management Area (see Section 3.1.2.3). The final future land
use map is shown in Figure 27.

Additionally, for all projected scenarios a stormwater catchment area was delineated around the future
MCWD service area boundary to track urban runoff rates in the SMB. Here, an adjustment was made to
the SMB code that allowed runoff on urban lands within the future MCWD service area to be re-routed
into recharge as a means of directly simulating MCWD’s ongoing stormwater recharge management
program (see GSP Section 9.4.4., project M1). The SMB estimates that full implementation of this
stormwater recharge management program could provide as much as ~1,100 AFY of additional recharge
to the future MCWD service area under Baseline projected conditions. It is important to note however

2 The future (i.e., 2040) MCWD land use map was applied over the entire 50-year projected simulation period to
simulate future impacts to recharge rates under full buildout of the City of Marina.
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that this added recharge from stormwater capture is at least partially offset by reduced recharge in newly
urbanized areas. The MCWD stormwater catchment area is included on the future land use map (Figure
27).

3.1.2.3 Deliveries

Projected MCWD deliveries were estimated within the SMB using projected total future water demands
from 2020 through 2040 specified in Table 4.10 of the 2020 UWMP (Schaff & Wheeler, 2021). Projected
deliveries within the future MCWD service area are detailed in Table 7 below.

Table 7. Projected MCWD Deliveries

Year Projected
Demand (AFY)
2020 3,367
2025 6,001
2030 7,802
2035 8,879
2040 9,584

Projected MCWD deliveries were scaled linearly over five-year increments up through 2040 (i.e., projected
model year 2022), and were then held constant through the remainder of the 50-year projected
simulation period.

Deliveries from all other water service areas within the Basin (including CalAm and CWS service areas)
were assumed to remain constant at current (i.e., WY 2018) rates throughout the entire 50-year projected
simulation period.

Consistent with the historical model, it was assumed that 25% of total projected deliveries would be
applied for outdoor uses between April — September, while the remainder of deliveries would be used to
meet potable and non-potable indoor demands. It was also assumed that 5% of total projected deliveries
would be lost to leakage and thus contribute directly to recharge within each water service area of the
Basin.

3.2 Pumping

Pumping is simulated in the MBGWFM using the Well (WEL) Package. Monthly pumping rates were
estimated for all known municipal/public supply, agricultural, and domestic wells within the Basin based
on available data provided by MCWD (for the Marina-Ord Management Area) and SVBGSA (for the Corral
de Tierra Management Area). All pumping was vertically distributed based on available well construction
information (i.e., screened interval depths or total well depths). When well construction information was
unavailable, pumping was distributed based on aquifer classifications previously determined by MCWD
or SVBGSA. A subset of wells are presumed to screen multiple Principal Aquifer units; for these wells,
pumping was assigned proportionally to model layers based on the total screen intervals within each layer.
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A summary of the datasets and assumptions used to develop historical and projected pumping datasets
is provided below. Locations of the pumping wells specified in the model and their relative historical
average monthly pumping rates are shown on Figure 28.

3.2.1 Historical Simulation

Historical pumping within the Marina-Ord Management Area was estimated from records provided by
MCWD. Monthly historical pumping rates from October 1998 — September 2018 were provided for all
nine (9) MCWD-owned production wells within the Basin that were in operation over the historical period.

Historical pumping within the Corral de Tierra Management Area was estimated from records provided
by SVBGSA. Annual historical pumping rates from October 1998 — September 2018 were estimated for
393 known public supply, agricultural, and domestic wells based on an analysis of public water system
wells and information obtained from recent water demand studies within the Corral de Tierra (Wallace
Group, 2020).

Additional historical pumping records were obtained from MCWRA for five MCWRA-owned wells north of
the Basin boundary.

3.2.2 Projected Simulations

Projected pumping within the Marina-Ord Management area was estimated using projected MCWD water
demands specified in the 2020 UWMP (Schaff & Wheeler, 2021) and outlined in Table 7 above. Specifically,
two projected pumping scenarios were estimated for MCWD:

e “No-Projects” Scenario — assumes 100% of future water demands will be met by groundwater
pumping from the MCWD well network

e “Projects” Scenario — assumes a portion of future water demands will be met by recycled water
or other augmented water supplies (see GSP Sections 6.5.2 and 9.4.6)

Under the “Projects” scenario, it is assumed that a portion of MCWD’s projected water demand will be
satisfied through some form of water supply augmentation. For evaluation purposes, the current
projections assume that all recycled water generated by MCWD will be used to augment water supplies
within its service area. This project is consistent with the Recycled Water Reuse Through Landscape
Irrigation and Indirect Potable Reuse project described in GSP Section 9.4.6 (project M3). Practically,
projected MCWD pumping is reduced from the total projected demands specified in the 2020 UWMP to
account for increased availability of recycled water (or other augmented water supplies) over the 20-year
planning period. These augmented water supplies are currently modeled as “in-lieu” of groundwater
pumping, i.e., through direct, proportional reductions in groundwater pumping from MCWD-owned wells
relative to the “no project” scenario pumping demands.

A summary of the projected pumping rates within MCWD under each scenario is provided in Table 8
below. For both scenarios, pumping was distributed within individual MCWD wells based on historical
monthly and total pumping rates at each well?*. All pumping was scaled linearly over five-year increments

24 One exception to this is that all historical pumping contributions from MCWD Well 12 will be redistributed to
Well 34 since Well 12 was recently taken offline.
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up through 2040 (i.e., projected model year 2022), and was then held constant through the remainder of
the 50-year projected simulation period.

Table 8. Projected MCWD Pumping Rates

“No Projects” sEEEE “Projects”
Year Scenario Ve:tger:‘:::::y Scenario

Pumping (AFY) Offset (AFY) Pumping (AFY)
2020 3,367 (0) 3,367
2025 6,001 (600) 5,401
2030 7,802 (4,571) 3,231
2035 8,879 (5,129) 3,880
2040 9,584 (5,495) 4,089

Consistent with information and projections provided by SVBGSA, projected pumping within the Corral
de Tierra Management Area was assumed to remain constant at current (WY 2018) rates.

4. CALIBRATION

4.1 Calibration Approach

A primary goal of model calibration is to minimize the residual (i.e., difference) between simulated and
observed water levels throughout the Basin. This is primarily achieved through systematic and reasonable
modifications to model parameters such that simulated water levels match well with observed
measurements, both spatially and temporally. Additionally, it is important to observe and account for
water budget outputs during model calibration to ensure that groundwater inflows and outflows are
within reasonable ranges based on prior available information and studies conducted within the Basin.

In total, 65 unique parameters are specified within the MBGWFM. Model parameters primarily relate to
aquifer properties (i.e., hydraulic conductivity and storage) defined within each model layer and for each
boundary condition (e.g., conductance terms for the RIV and GHB packages). Given the high complexity
and parameterization of the model, calibration was primarily conducted using a software package for
Model-Independent Parameter Estimation and Uncertainty Analysis (PEST)®. PEST manages the
systematic changes to the model parameters, runs the model multiple times, evaluates the effect on
simulated water levels, and attempts to minimize model error through use of an objective function. PEST
calibration is guided by user input, including specifying priors, bounds, and relationships between model
parameters, and can thus be systematically applied to achieve an acceptable model error while keeping
the parameter space constrained within reasonable limits.

Further details regarding the model calibration process and results are provided below.

25 https://pesthomepage.org/
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4.2 Calibration Data

Historical groundwater elevation data collected from wells located throughout the Basin were used to
calibrate the model. In total, 30,354 groundwater elevation observations collected from 603 wells
between October 1998 and September 2018 were used for model calibration. Calibration well locations
are shown in Figure 29.

4.3 Aquifer Properties

As described in Section 2.5, preliminary estimates of aquifer properties were used as initial conditions
within the MBGWFM. Through an iterative approach, the modeled water-transmitting and storage
properties were calibrated by systematically adjusting the parameter values in PEST to minimize water
level residuals.

The calibrated distribution of horizontal hydraulic conductivities are mapped by model layer in Figure 30
and Figure 31. The calibrated distribution of vertical hydraulic conductivities are mapped by model layer
in Figure 32 and Figure 33. Table 9 presents the calibrated storage parameters (including specific yield
and specific storage) by model layer.

Table 9. MBGWFM Calibrated Storage Parameters

MBGWFM Specific Yield Specific Storage
Layer (Sy) [] (Ss) [1/ft]
1 0.12 1.0E-05
2 0.12 1.0E-05
3 0.12 5.0E-06
4 0.12 5.0E-06
5 0.12 4.0E-06
6 0.12 1.0E-05
7 0.12 3.0E-05
8 0.12 1.0E-05

4.3.1 Evaluation of Calibrated Aquifer Properties

Horizontal hydraulic conductivities (Kh) differ substantially by model layer. Within aquifer units, Kh values
are generally highest in model layers 3, 5, and 7 (the Upper 180-Foot, Lower 180-Foot, and 400-Foot
Aquifer) and lowest in model layer 8 (the Deep Aquifer). Kh values in aquitard units (i.e., layers 2, 4, and
6) are almost always lower than in overlying and underlying aquifer layers. Boxplots showing a comparison
of Kh values estimated from pumping tests (see Section 2.5) and model calibrated Kh values are shown in
Figure 34. In nearly all cases, calibrated Kh values are within the range of values estimated from aquifer
pumping tests and other previous hydrogeologic studies as presented in Section 2.5.
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Vertical hydraulic conductivities (Kv) also differ substantially by layer. Within aquifer units, Kv values are
generally highest in layers 5 and 7 (Lower 180-Foot and 400-Foot Aquifers) and lowest in layer 3 (Upper
180-foot aquifer). Kv values in aquitard units (i.e., layers 2,4, and 6) are almost always lower than in
overlying and underlying aquifer layers. Kv values are always lower than their Kh counterparts for each
model layer, which is indicative of the vertical anisotropy in transmissivity observed within the Basin. No
field estimates are currently available to validate Kv values in the Basin, though the calibrated values are
generally within the range for alluvial aquifer systems and aquitard units presented in the literature
(Freeze & Cherry, 1979).

Specific storage (Ss) values differ by aquifer layer. Within aquifer units, Ss values are highest in model
layer 7 (400-Foot Aquifer) and lowest in model layers 3 and 5 (Upper and Lower 180-Foot Aquifers). In
most cases, calibrated Ss values fall within the range of values estimated from aquifer pumping tests and
other previous hydrogeologic studies as presented in Section 2.5. Calibrated Ss in model layer 1 (Dune
Sand Aquifer) looks to be somewhat low compared to pumping test measurements, though layer 1 is
almost always unconfined and thus Ss is usually not employed in head and storage change calculations
within this aquifer unit.

Specific yield (Sy) values were ultimately held constant at 0.12 after final model calibration. This is within
the range of estimates provided from prior hydrogeologic studies as presented in Section 2.5.

4.4 GHB Conductance

GHB conductance terms along each model boundary were ultimately coupled with the Kh values by model
layer to provide for a continuous distribution in horizontal hydraulic conductivity along the Basin
boundaries.

As discussed in Section 2.4.2.2.1, calibrated GHB conductance terms along the southern model boundary
result in a reasonable match in historical estimates of Seaside Subbasin cross-boundary flows with the
Seaside Model. As discussed in GSP Section 4, MBGWFM estimates of historical cross-boundary flows with
the 180/400-Foot Aquifer Subbasin are significantly higher than analogous estimates provided in the
180/400 GSP (SVBGSA, 2016), though both acknowledge a consistent outflow gradient from Monterey
Subbasin to the 180/400-Foot Aquifer Subbasin. This discrepancy is not surprising and well founded. Due
to time constraints, historical and current water budgets presented in the 180/400 Foot Aquifer GSP were
developed by aggregating data and analyses from previous reports and other available sources. No
numerical modeling was completed to develop the historical or current water budget. The limitations of
the historical water budget analyses included in the 180/400 Foot Aquifer GSP are well acknowledged
within the GSP and additional analyses are being conducted as part of the 5-year review process.

In fact, as noted in the 180/400 Foot Aquifer GSP, the estimated inflow from the Monterey Subbasin of
3,000 AFY/year was taken from a Montgomery Watson document produced in 1997. This document
generally looks at data that pre-dates the Historical Period evaluated in the Monterey GSP (1994 through
2018). It is based on a very limited data set and does not reflect conditions within these subbasins over
the last 15 years. The Salinas Valley Integrated Hydrologic Model (SVIHM), which was developed by the
U.S. Geological Survey (USGS) for the entire Salinas Valley Groundwater, was used to develop projected
water budgets in the 180/400 Foot Aquifer GSP and water budgets for other Salinas Valley subbasins.
However, as discussed in detail in Montgomery & Associates 2 April 2021 Technical Memorandum to the
SVBGSA Advisory Committee (GSP Appendix 6C) “SVIHM does not accurately reflect hydrologic conditions
in the Monterey Subbasin. SVIHM calibration efforts primarily focus on other portions of the Salinas Valley
Groundwater Basin where there is significant agricultural groundwater use. The SVIHM was not calibrated
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to any groundwater level data from the Seaside Subbasin and included only one calibration location in the
Monterey Subbasin. M&A believes the SVIHM is not detailed or accurate in the Monterey Subbasin.”
Thus, any direct comparison between cross-boundary subbasin flow estimates developed using the
MBGWFM and those presented in the 180/400 Subbasin GSP or developed using SVIHM are not useful.
No prior estimates of volumetric exchanges between the Monterey Subbasin and the Pacific Ocean are
available for comparison.

SVBGSA is in the process of developing a variable density driven groundwater model for the coastal
regions of the greater Salinas Valley Basin. This model will incorporate the MBGWFM and be used to
further assess volumetric exchanges between the ocean and the Salinas Valley groundwater basin. It will
also aid in evaluating flows across subbasin boundaries and will be used evaluate impacts of potential
regional projects that have been proposed in this GSP and other GSPs to address seawater intrusion in
the Salinas Valley groundwater basin.

4.5 Streambed Conductance

Streambed conductance terms were adjusted in PEST and range from 0.1 ft/d to 10 ft/d depending on
reach and uppermost active underlying model layer. Model results indicate the Salinas River is largely
hydraulically disconnected from the Basin due to its presence on top of the largely impermeable Fort
Ord/Salinas Valley Aquitard. An exception to this is in the northeastern corner of the Basin within the
Corral de Tierra Management Area, where the Salinas River is directly underlain by the more permeable
El Toro Primary Aquifer System. Here, the Salinas River is estimated to contribute a net inflow of ~150 AFY
to the Basin during the historical model period.

4.6 Recharge

Unlike with aquifer storage properties, recharge rates are difficult to quantify with precision due to the
general absence of direct monitoring data to support model calibration. Recharge inputs to the MBGWFM
were not explicitly included as a parameter in the PEST calibration routine, but were rather manually
adjusted through systematic modifications to parameters in the SMB to ensure recharge rates were within
reasonable ranges when compared to other regional models and prior studies.

Annual, historical land surface water budget outputs from the calibrated SMB model are provided for the
entire Basin and by Management Area in Appendix 6A of the GSP (see Tables 6A-4 through 6A-6). On
average, the calibrated SMB calculates 10,055 AFY of recharge to the Basin, or 0.33 ft/yr. This represents
a normalized recharge rate of 24% of total precipitation and applied water within the Basin, which is within
the range of typical recharge rates estimated for the region. Recharge rates vary significantly by year, with
most recharge occurring during wet years (e.g., 0.62 ft/yr in WY 2006) and very little occurring during dry
years (e.g., 0.06 ft/yr in WY 2012). Recharge rates are typically highest in undeveloped areas of the Basin
and are lowest in urbanized areas with significant impervious lands.

As part of SMB calibration, recharge outputs were compared to analogous outputs from the Salinas Valley
Integrated Hydrologic Model (SVIHM)?® (Figure 35). The SVIHM employs the MODFLOW Farm Package to
estimate recharge rates, which functions similarly to the SMB developed for the MBGWFM. Comparison
between the SMB and SVIHM indicates that average Basin-wide recharge rates calculated from the SMB
are +12% higher than those calculated from the SVIHM over like timeframes. However, it is important to
note that data and assumptions on land use classes, applied water, and other parameters differ between

2 Ibid [14].
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the two models, and thus a direct comparison of recharge volumes may be misleading. When looking
closer at normalized recharge rates, it appears that the SMB and SVIHM track very closely in most areas
of the Basin. For example, the SMB calculated ~25.3% of total precipitation and applied water as
contributing to recharge in the Corral de Tierra Management Area, compared to ~25.6% calculated from
the SVIHM. The most significant difference between the two models is within urban areas, where the SMB
calculates ~11.6% recharge of precipitation and applied water compared to ~5.8% calculated from SVIHM.
Notably, the SVIHM does not appear to account for deliveries from the various water suppliers within the
basin in its Urban “farm”, which may in part explain the discrepancy. The SVIHM also does not account
for leakage from water conveyance systems within these areas. Therefore, it appears the discrepancy in
Basin-level recharge between the two models can be primarily explained by differences in input datasets
and assumptions between the two models rather than fundamental differences in recharge calculation
methodologies.

4.7 Calibration Results

MBGWFM calibration was assessed using statistics calculated from the differences between observed and
simulated water levels (residuals), a map of residuals, plots of calibration results, and hydrographs of
observed and calculated water levels. Final model calibration statistics are summarized by aquifer layer
and for the entire model in Table 10.

Table 10. MBGWFM Calibration Statistics

M?_S;’Z:M vaea::Ir Oblz::\?:t;gns Rx?::al :t;i;::l RMSE (ft) N:“'ﬂr::'(if/;d
Count (ft) (ft) Deviation (ft)
1 11,941 123.2 -0.3 11.3 11.3 9.2%
3 9,032 98.7 -2.1 5.2 5.7 5.7%
5 4,785 74.6 -6.5 3.5 7.3 9.8%
7 1,836 119.9 -5.0 5.2 7.2 6.0%
8 3,210 728.4 7.1 19.6 20.8 2.9%
ALL 30,354 728.4 -1.3 10.7 10.8 1.5%

The root-mean square error (RMSE)?’ for the entire model is 10.8 ft and the mean residual (error) is -1.3
ft, indicating that simulated water levels are underestimated by 1.3 ft on average. The normalized RMSE,
expressed as a percent of the observed range in water levels, is below 10% within individual model layers
and 1.5% for the entire model. A generalized rule of thumb in model calibration is that the model is
considered well-calibrated when the normalized RMSE is less than 10%.% The low normalized RMSEs are
therefore an indicator that the model is well-calibrated as a whole and within individual layers given the
range of observed data.

27 RMSE is a quantitative measure of the closeness of fit and is calculated as the square root of the average
squared residuals.

28 |f there is a large range in observed water levels, as is the case in the MBGWFM, normalized calibration metrics
can be less reliable (Anderson and Woessner, 1991).

EKI B60094.12 33 January 2022



environment
Monterey Subbasin Groundwater Flow Model Documentation ek & water

A scatter plot of calculated vs. observed water levels and a histogram of residuals are shown in Figure 36.
In a perfect calibration, the points would plot exactly along the solid 1:1 match line. Points above the line
represent simulated water levels that are overestimated relative to observed data and points below the
line represent simulated water levels that are underestimated relative to observed data. The scatter plot
shows a fairly equal distribution of points above and below the line. The slope of the regression line (0.97)
and near-zero intercept (-0.68) indicates that there is a good match between calculated and observed
water levels, with only a slight negative bias in the residuals. The histogram of residuals shown on Figure
36 are roughly evenly distributed around a mean of -1.3 feet with a standard deviation of 10.7 feet. Most
residuals lie within one standard deviation of the mean. The slight bias of residuals to the negative side of
zero indicates that the simulated water levels tend to be slightly smaller than observed water levels.

Average residuals are shown by well on Figure 37. Residuals are representative of site-specific errors
between the modeled and observed water. A positive value indicates simulated water levels are greater
than observed water levels and a negative value indicates simulated water levels are less than observed
water levels. Average residuals are spatially variable, though some patterns appear to exist within
individual model layers:

e InLayer 1, simulated water levels are generally overestimated at wells located near the coast and
underestimated at wells located east of the City of Marina;

e In Layer 3, simulated water levels are underestimated by ~13 feet on average at the cluster of
wells located just south of the Salinas River, and by ~3 feet on average at the cluster of wells
located along the coast;

e In Layer 5, simulated water levels are persistently underestimated by ~6 feet on average at all
observation wells;

e In general, the greatest residuals occur within the Corral de Tierra Management Area in model
Layer 8, where limited historical water level data are available to inform model calibration.
Simulated water levels are overestimated by ~18 feet on average within the Corral de Tierra
Management Area, though residuals range from +79 feet to -46 feet at individual wells.

The high residuals observed at calibration wells in the Corral de Tierra Management Area can in part be
explained by the simplified conceptualization and model representation of the aquifer system in this
portion of the Basin. As described in Section 2.2.3, a single principal aquifer unit (the “El Toro Primary
Aquifer”) has been defined within the Corral de Tierra and is currently being represented in the MBGWFM
using a single model layer (Layer 8). As further described in Section 4 of the GSP, historical water level
measurements collected from wells screening the El Toro Primary Aquifer can vary substantially with well
depth, indicating the presence of vertical gradients. These depth-dependent trends in measured water
levels within the El Toro Primary Aquifer Unit contribute to the high range and magnitude in residuals
seen at Layer 8 wells within the Corral de Tierra portion of the MBGWFM. In general, the historical model
tends to overestimate simulated water levels at calibration wells screening the shallow portion of the El
Toro Primary Aquifer Unit (e.g., MPWMD FO-05S) and underestimate water levels at the deeper screened
calibration wells (e.g., MPWMD FO-05D).

Hydrographs of simulated and observed water levels are included in Attachment 1. The locations of wells
with hydrographs are shown on Figure 29. Hydrographs of measured and simulated water levels generally
match well for most wells within the Basin, especially within model layers 1, 3, 5, and 7. As mentioned
above, model errors are noticeably greater at certain wells in model layer 8, where less data is available
to inform aquifer properties and their spatial and vertical distribution. A more complete discussion of
model limitations and suggested future refinements is provided in Section 6 below.
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5. SENSITIVITY ANALYSIS

A sensitivity analysis was conducted to evaluate the effects of changing model parameters on model
calibration. The analysis was conducted by changing model parameters in a systematic way and assessing
the impact on the simulated water levels. The sensitivity analysis was conducted using PEST. PEST
manages the systematic changes to the model parameters, runs the model multiple times, evaluates the
effect on simulated water levels, and calculates the composite sensitivities for each parameter of interest.

The composite sensitivity was calculated for 65 parameters representing horizontal hydraulic
conductivity, vertical hydraulic conductivity, specific storage, specific yield, general-head boundary
conductance, and streambed conductance. The composite sensitivities were calculated for each layer
represented by these parameters. Composite sensitivities for the 10 most sensitive parameters are shown
in Figure 38. These 10 parameters represent 99.8% of the total composite sensitivities in the model. The
composite sensitivities for the 54 parameters not shown in the figure are each less than 0.13%.

The most sensitive parameters in the MBGWFM are, by relative order: (1) the vertical hydraulic
conductivity of Layer 2 (the Fort Ord/Salinas Valley Aquitard); (2) the specific storage values for all layers;
and (3) the specific yield values for layer 1.

Vertical conductivity (Kv) in layer 2 appears to govern how much recharge enters the lower layers of the
model versus being withheld within layer 1 (i.e., the Dune Sand Aquifer). As such, it is to be expected that
Kv of layer 2 will have a substantial influence on simulated water levels in all layers. The final calibrated
Kv of layer 2 was set at 2.0E-4 ft/d, in line with typical vertical conductivities for a clay-rich confining unit
(Freeze & Cherry, 1979). Additional data collection regarding seepage rates through the Salinas Valley
Aquitard and interconnectivity between the Dune Sand and underlying 180-Foot Aquifer could help
further constrain this parameter and thus improve model calibration.

There are very little data characterizing specific storage or specific yield values in the Basin apart from a
limited number of pumping test measurements (see Section 2.5.2), which are in themselves quite variable.
Given the uncertainty in measured values of specific storage and specific yield and the high sensitivity of
these parameters, additional data collection (e.g., more pumping tests) could help constrain the range of
values specified in the model.

Sensitivity analysis was performed on inputs to the SMB to determine which inputs have the largest
impacts on recharge outputs. Recharge calculations in the SMB were found to be most sensitive to
precipitation and ET inputs. Precipitation input to the SMB was estimated using PRISM data and ET input
was estimated using crop coefficients and CIMIS reference evapotranspiration data (see Section 3.1). A
10% change in precipitation input to the SMB model resulted in a 7% change in recharge. A 10% change
in ET input to the SMB resulted in a 7% change in recharge. Recharge is less sensitive to other parameters
and assumptions in the SMB such as soil depth, depression storage, and the ET stress function multiplier.

6. MODEL LIMITATIONS AND SUGGESTED FUTURE REFINEMENTS

Numerical models are mathematical representations of physical systems. They have limitations in their
ability to represent physical systems exactly and due to limitations in the data inputs used. There is also
inherent uncertainty in groundwater flow modeling itself, since mathematical (or numerical) models can
only approximate physical systems and have limitations in how they compute results. However, DWR
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recognizes that although models are not exact representations of physical systems because mathematical
depictions are imperfect, they are powerful tools that can provide useful insights (DWR, 2018).

The MBGWFM was developed using established scientific practices and principals for groundwater flow
simulation and calibrated using the best available data within the Basin. Inputs to the models are carefully
selected using best available data, the model’s calculations represent established science for groundwater
flow, and the model calibration error is within acceptable bounds. Therefore, the models are the best
available tools for estimating water budgets and simulating projected groundwater conditions. As
demonstrated by the calibration error statistics summarized in Section 4.7 the MBGWFM reasonably
represents historical groundwater conditions within the Subbasin using a set of parameters that are within
the range of real-world observations and established scientific principles.

As is the case with any numerical groundwater flow model, the MBGWFM is subject to uncertainties and
data gaps in hydrogeologic conceptualization (e.g., depth and extent of principal aquifer units), model
parameterization (e.g., aquifer transmitting and storage properties) and calibration data (i.e., historical
water level monitoring data), and simulated stresses (e.g., recharge, pumping, and boundary conditions).
Here, “uncertainty” refers to the incomplete understanding of the physical setting, characteristics, and
current conditions that significantly affect calculation of the water budgets presented above. “Data gaps”
refer to limitations in the spatial coverage of measured data, or periods of time when no data are
available. Each of these main categories of uncertainty and/or data gaps contribute to overall uncertainty
in the water budget outputs from MBGWFM.

A summary of the main limitations of the model and corresponding water budgets identified from this
analysis is provided below.

e Uncertainty in Simulated Boundary Conditions. As described in Section 2.4.2, inter-basin cross-
boundary flows were simulated at the 180/400 Foot Aquifer Subbasin boundary based on historical
groundwater elevation measurements from nearby wells, at the Seaside Subbasin boundary based on
outputs from the historical Seaside Basin Groundwater Flow Model (Hydrometrics 2009 & 2018), and
at the Monterey Coast based on freshwater equivalent sea levels. The datasets and assumptions used
to model boundary conditions at each Subbasin boundary are subject to their own uncertainties, data
gaps, and limitations, including:

o Lack of Deep Aquifer wells with historical data in the 180/400 Foot Aquifer Subbasin. As
described in Section 2.4.2.1, only a small number of wells exist in the Deep Aquifer within the
180/400 Foot Aquifer Subbasin with observed water level data spanning the full duration of
the Historical Period. As such, simulated Deep Aquifer heads along the northern model
boundary are subject to the limitations in available data to the north of the boundary, which
may impact resulting calculations of 180/400 Foot Aquifer Subbasin exchanges within the
water budget.

o Incomplete conceptualization of Principal Aquifer units in the Seaside Basin Groundwater Flow
Model. As described in Section 2.4.2.2, The Seaside model does not explicitly simulate
groundwater flow from each Principal Aquifer unit defined in the Monterey Subbasin GSP,
but rather uses a unique conceptualization of aquifer units that is primarily based on the main
geologic formations encountered in the Seaside Area Subbasin (i.e., the Aromas Sands, Paso
Robles Formation, and Santa Margarita/Purisima Formations). As such, there is considerable
uncertainty surrounding the assumptions employed to link outputs from the Seaside model
to individual layers of the MBGWFM, which may impact resulting calculations of Seaside Area
Subbasin exchanges within the water budget.
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o Uncertainty in freshwater equivalent head calculations at the Monterey Coast. As discussed
in Section 2.4.2.3, freshwater equivalent sea levels at the Monterey Coastline are calculated
based on the USGS equivalent freshwater head formula (Guo & Langevin, 2002). The depths
and distances at which principal aquifer units outcrop along the seafloor were estimated to
inform corresponding freshwater equivalent heads at the aquifer-seafloor interface. There is
considerable uncertainty surrounding the depths and distances at which each principal
aquifer unit comes in contact with the sea floor, which may impact resulting calculations of
Ocean exchanges within the water budget.

e Uncertainty in Pumping Estimates within the Corral de Tierra (CDT) Management Area. Very limited
historical groundwater pumping data are available for the CDT Management Area. As such, CDT
groundwater pumping demands were estimated for small water systems and domestic wells by
SVBGSA using extraction reported to MCWRA and SWRCB where available, and approximated based
on the number of deliveries for the small water systems and parcel size for the de minimis users (i.e.,
domestic wells). Therefore, the accuracy of CDT groundwater pumping estimates included in the
water budget is limited by the lack of available pumping data and uncertainty in the CDT pumping
estimates provided by SVBGSA.

e Uncertainty in Deep Aquifer Representation. Groundwater elevation data collected from the Deep
Aquifer and the El Toro Primary Aquifer System (both represented by model layer 8) show
heterogeneous conditions in the upper and lower portions of these aquifers. As discussed in GSP
Section 5, a vertical gradient exists between the Paso Robles and Santa Margarita formations of the
El Toro Primary Aquifer System. In addition, heterogeneous groundwater elevations were observed
in the shallow and deep screens of Deep Aquifer well clusters as shown in GSP Figure 5-14. However,
currently there is not enough spatial coverage of data to characterize the upper and lower portions
of these aquifers as separate aquifers. Refining representation of the Deep Aquifer(s) and the El Toro
Primary Aquifer System will facilitate connectivity between the MBGWFM and the Seaside Subbasin
Model, and therefore refine calculation of inter-basin flows. Additional data is needed within both (a)
the Monterey Subbasin to characterize and calibrate upper and lower portions of these aquifers and
(b) the adjacent subbasins to establish boundary conditions.

e Lack of Water Level Calibration Data. Though the MCWD service area, former Fort Ord Site, and
CWS/Cal-Am water service areas within CDT are well monitored, very limited historical groundwater
elevation data exists in other portions of the Basin including near the Reservation Road area, in the
Fort Ord Hills, and within the Deep Aquifer unit. As such, MBGWFM calibration in these areas is limited
by the lack of available calibration data to quantify model error and inform localized adjustments to
model parameterization.

e (Climate Change Uncertainty. As described in Section 3.1.2.1, climate change scenarios were
developed based on DWR’s 2030 and 2070 Central Tendency climate modeling scenarios (DWR, 2020).
These climate scenarios provide a standard framework for defining what might be considered the
most likely future climate conditions within the Basin; however, they are inherently subject to
considerable uncertainty. As stated in DWR (2018):

o “Although it is not possible to predict future hydrology and water use with certainty, the
models, data, and tools provided [by DWR] are considered current best available science and,
when used appropriately should provide GSAs with a reasonable point of reference for future
planning.”
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o “Allmodels have limitations in their interpretation of the physical system and the types of data
inputs used and outputs generated, as well as the interpretation of outputs. The climate
models used to generate the climate and hydrologic data for use in water budget development
were recommended by [the DWR Climate Change Technical Advisory Group] for their
applicability to California water resources planning.”

e Uncertainty in Aquifer Parameters. As described in Section 5, a sensitivity analysis was performed to
identify the most sensitive aquifer parameters that will impact simulated water levels and was
subsequently used to direct further calibration efforts. In general, it was discovered that the model
was most sensitive to specific storage parameters in each principal aquifer unit as well as the vertical
hydraulic conductivity in the Fort Ord/Salinas Valley Aquitard. These aquifer parameters were further
calibrated using a combination of PEST calibration procedures and professional judgement. As
described in Section 4, all final calibrated aquifer parameters fall within their respective ranges
reported in available pumping test data collected from wells within the Basin.
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Figure 1

Marina Coast Water District
Monterey County, California

1
(Scale in Miles)
MBGWFM Active Extent and Gri

California Department of Water Resources
Monterey Subbasin Groundwater Flow Model
ironment
ater

1. DWR groundwater basins are based on the boundaries defined
in California's Groundwater, Bulletin 118 - 2018 Update.
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SOIL MOISTURE BUDGET ACCOUNTING MODEL DOCUMENTATION
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1. INTRODUCTION

A Soil Moisture Budget (SMB) accounting model (SMB model) was developed to provide groundwater
recharge estimates for use as input to the Monterey Subbasin Groundwater Flow Model (MBGWFM). This
documentation presents a description of the hydrologic processes included in the SMB model along with
the associated calculations/equations, the data requirements, the model calculations/equations, and the
model execution process.

1.1 Purpose and Objectives of the Soil Moisture Budget Accounting Model

As described in detail in Appendix 6-B of the 2022 Monterey Subbasin Groundwater Sustainability Plan
(GSP or Plan), the MBGWFM is a numerical model that calculates the movement of groundwater and
surface water into, within, and out of the Monterey Subbasin (Basin) by discretizing the three-dimensional
model domain horizontally into a grid of cells and vertically into eight layers. Like all groundwater models,
the MBGWFM relies on various user-specified inputs related to aquifer hydraulic properties, initial
conditions, and boundary conditions to represent the Basin and its transient hydrologic functioning. One
of the main boundary condition inputs required for the MBGWFM is the aerial recharge rate to the Basin
as a function of space (location) and time. The purpose of the SMB model described herein is to estimate
spatiotemporal recharge rates and generate the associated input datasets for use in the MBGWFM.

1.2 SMB Model Background

1.2.1 Conceptual Approach

The SMB model uses mass-balance principles to quantify and track the movement of water that arrives at
the land surface from either precipitation or irrigation into the subsurface or back into the atmosphere,
based on the processes and spatially- and temporally variable factors that control recharge and
groundwater pumping. The order of calculations is generally consistent with the sequence of hydrologic
processes that govern this movement of water, as discussed further in Section 2 below. At each stage in
the calculation for a given time step, the volume of water in the system (consisting of soil moisture in the
soil/root zone and canopy/depression storage) is balanced in accordance with the various inflows or
outflows associated with the hydrologic process at that stage.

1.2.2 Spatial Approach

The SMB model performs calculations on a grid cell basis using the same spatial grid as the MBGWFM.
Within each time step, calculations are performed for all active model grid cells simultaneously using
vector operations. As discussed in greater detail in Section 3 below, spatial properties assigned to grid
cells vary depending on location (e.g., within a water service area), land use, and soil type characteristics.
The model therefore provides spatially-variable recharge estimates that reflect variable land use, soil
conditions, and imported water availability throughout the Basin. The SMB model also calculates spatially-
variable private agricultural groundwater pumping demands based on evapotranspiration (ET), surface
water deliveries, and irrigation efficiency, for use in calculating residual irrigation requirements and
associated total applied water and recharge rates on agricultural lands.
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1.2.3 Temporal Approach

The SMB model runs using a daily time step. As discussed in greater detail in Section 3 below, the various
transient input datasets vary in their temporal resolution (e.g., precipitation and potential
evapotranspiration data is daily, whereas water deliveries data is monthly, and land use is held constant).
The outputs from the model are monthly to be consistent with the stress periods of the MBGWFM. The
decision to use a daily time step in the SMB model is driven largely by the need to incorporate the rainfall-
runoff process which functions at a relatively high temporal frequency; use of a longer time step would
obscure the high frequency behavior of the system.

1.2.4 Code Setup and Execution

The SMB model is written and run in the Octave programming language. During model execution, the
model first reads in a set of user-prepared input datasets (discussed further in Section 3 below) and sets
up various variables and parameters. The model then runs through soil moisture budget accounting
calculations for each time step in the specified simulation period. The calculations associated with each
relevant hydrologic (or water movement) process are presented in Section 2 below. In addition to the
hydrologic processes described below, a set of “bookkeeping” calculations are performed at the start of
each time step related to updating the various grid cell properties as needed. After the last time step is
completed, the model performs final calculations to sum daily values into monthly values and writes the
output data to files.

2. PROCESSES INCLUDED IN THE SMB MODEL

The water movement processes included in the SMB model are (1) precipitation, (2) interception, (3)
evaporation from canopy and depression storage,(4) rainfall excess runoff, (5) applied water from District
deliveries, (6) applied water from private pumping (deficit pumping), (7) ET by vegetation, (8) recharge,
(9) saturation excess runoff, and (10) dynamic soil moisture storage. Each of these processes is described
below along with the associated calculations/equations.

2.1 Precipitation

Precipitation is an input to the SMB model rather than a calculated variable. The precipitation data used
in the SMB model is gridded daily precipitation from the Parameter-elevation Regressions on Independent
Slopes Model (PRISM) dataset developed by the Northwest Alliance for Computational Science and
Engineering (NACSE) based at Oregon State University. The spatial resolution of the gridded precipitation
data is 4 kilometers (km).

2.2 Interception

Interception occurs when rainfall is caught by the vegetation canopy (leaves, stems, etc.) before reaching
the ground. Intercepted rainfall accumulates within the canopy storage and is then subject to evaporation.
The similar process of depression storage, where water accumulates in depressions on the soil surface, is
treated the same way as interception in the SMB model. The model uses a running canopy storage budget
for each grid cell to track the accumulation and evaporation of intercepted rainfall and depression storage,
collectively referred to as interception.
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interception = max (O|min(rainfall|stor CaPcanopy T SLOT CaAPgepr — CSO)) (1)

where stor capcanopy and stor capdgepr are the canopy storage capacity and depression storage capacity,
respectively.

CS, = CS, + interception (2)

where CS is the volume (depth) of canopy and depression storage and the subscripts indicate an order of
calculation.

23 Evaporation from Canopy and Depression Storage

Evaporation from canopy and depression storage is the removal of water from the vegetation canopy and
soil surface through the meteorological process of evaporation. The evaporated water is lost to the
atmosphere. This evaporation does not go towards satisfying the vegetation’s transpiration demand but
does use a portion of the potential evapotranspiration available from meteorological conditions (i.e.,
temperature, humidity, windspeed, etc.).

AET,. = min(PET|CS;) (3)

where AET; is the actual evaporation from canopy and depression storage and PET is the potential
evapotranspiration. For the MBGWFM SMB, all land use classes rely on California Irrigation Management
Information System (CIMIS) reference evapotranspiration (ETo) data and the crop coefficient method to
calculate PET, as further described in Section 2.8 below.

CS, = CS; — AET, (4)
PETyeftover = PET — AET, (5)
rainfalliefeoper = rainfall — interception (6)

The subscript “leftover” indicates that portion of either rainfall or PET that is not yet used at this point in
the SMB model calculation.

2.4 Rainfall-Excess Runoff

Precipitation in excess of interception reaches the land surface and under certain conditions can become
runoff (i.e., overland surface flow). Rainfall-excess runoff occurs when the rate of precipitation exceeds
the rate at which water can move downwards through the soil. In the SMB model, rainfall-excess runoff
is estimated using the U.S. Department of Agriculture (USDA) Natural Resource Conservation Service
(NRCS) Curve Number approach. Under this approach, runoff is a function of rainfall amount and surface
properties including the land cover type and soil hydrologic group.

g — 1000 (7)

CN
SMl_(FCZWP) ))
———FCrwPy (8)
)

SMsat_(

Saaj =S * (1 - max<0
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where S is the maximum retention, C/N is the curve number (a function of land cover type and soil
hydrologic group), FC'is the field capacity and WPis the wilting point (both functions of soil type), SM is
the soil moisture (inches) at that grid cell (a transient variable calculated by the model), and SM;. is the
soil moisture at saturation. Equation (8) essentially adjusts the S parameter for varying antecedent
moisture conditions, and thus the “adj” subscript is applied.

Iaadj =0.2 CNadj (9)
where /ais the initial abstraction (initial loss).

For cells where rainfalliefrover — [@aqj > 0 and rainfalliesioper — aqaj — CNggj > 0

2
rainfalljert, —lagqi
RunoffCN — ( eftover a ]) (10)
rainfalliefroper—1aadj—CNadj

rainfa”leftover = rainfallleftover — Runoffey (11)

where Runoffzyis the volume (depth) of rainfall-excess runoff via the Curve Number approach.
2.5 Applied Water from District Deliveries

District delivery records are used to estimate applied surface water! rates to lands within their respective
water service areas within the Basin. Deliveries data were provided on a monthly basis and are therefore
first normalized to a daily basis by dividing by the number of days in the month.

Within the Monterey Subbasin, all district deliveries are designated for urban use (i.e., there are no
deliveries to agricultural customers). Historical distributions of indoor vs. outdoor urban water use were
not available at a monthly resolution, and thus a few simplifying assumptions had to be made to parse
District delivery records into their indoor and outdoor water use fractions using information obtained
from the individual water agencies’ Urban Water Management Plans (UWMPs). Ultimately, the applied
surface water term (SWypp1ieq) Was calculated by multiplying total deliveries from each district by a user-
specified fraction of outdoor water use:

SWappiiea = Total Deliveries * Outdoor Water Use Fraction (12)

The outdoor water use fraction was set at 25% for all water service areas within the Basin and was held
constant throughout the simulation. Given that outdoor urban water use is generally limited to the
summer months, applied surface water on urban lands was further constrained to only occur from April
through September.

Monthly applied surface water volumes were distributed equally among all cells within each respective
water service area.

! Not all District-delivered water is surface water; however, for purposes of this documentation, the term SWappiied
refers to all District-delivered water regardless of the actual source of the water.
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2.6 Interim Calculations of Soil Moisture, Soil Water Content, Available Water, ET Stress Function,
and Vegetative Water Demand

While not strictly a water movement or hydrologic process, the SMB model performs a set of interim
calculations prior to the calculation of applied water from District deliveries. These interim calculations
include updating soil moisture (SM), soil water content (SWC, expressed as a percentage of total soil
volume), available water (AW), as follows:

SMZ = SMl + rainfalllefwver + SWapplied (13)

SWC, = —22 (14)
rootdepth

AW, = SWC, — WP (15)

Calculation of an ET Stress Function (£75F) allows for a reduction in vegetative water demand under dry
soil conditions for the grid cells that are not irrigated up to full PET (i.e., the native and urban land cells).

ETSF = max <0

min (1] et ) 19

where ETSFp,,,;; is the user-specified ETSF multiplier (ETSF,,;¢ = 0.5 for the Monterey SMB).
As mentioned previously, the Vegetative Water Demand (VWD) is calculated using the crop coefficient
method for all land use classes within the Basin. For agricultural land cells, VWD is calculated by
multiplying the leftover PET by land use-specific crop coefficients:

VWD = PETi¢ftoper * cTOp coef f (17)
For urban and native land cells, VWD is further constrained by the ET Stress Function, as follows:

VWD = PETi¢ftover * crop coef f * ETSF (18)

2.7 Applied Water from Private Groundwater Pumping

Private groundwater pumping on agricultural lands is estimated in the SMB model as the amount of
residual water required to meet the vegetative water demand after accounting for leftover precipitation
(rainfalliefiover) and applied surface water (SWp,p1i¢4), adjusted for irrigation efficiency (IE):

. VWD—rainfalliefrover
pumpinginitiqr = max (0|( I = ) — SWappiiea) (19)

Pumping can be limited by a user-defined pumping limit applied on a cell basis (allowing for pumping to
be turned off, if needed for certain cases), as follows:

pumping = min(pumpingnitiai|pumping limit) (20)

EKI B60094.12 5 January 2022



I . . environment
Soil Moisture Budget Accounting Model Documentation & water

The difference between the initial pumping estimate and the potentially limited pumping is tracked as a
pumping deficit for later use in the actual soil/root zone ET calculation:

PUMPinggeficit = PUMPINGnir — pumping (21)
2.8 Evapotranspiration by Vegetation

As described above, the SMB model uses CIMIS ET and crop coefficients as the basis for PET for all lands
within the Monterey Subbasin. CIMIS is a program unit in the Water Use and Efficiency Branch, California
Department of Water Resources that manages a network of over 145 automated weather stations in
California, which provides reference evapotranspiration (ETo) values based on surface weather stations.

Actual ET from the root/soil zone is calculated differently for agricultural land cells than for urban and
native land cells. For agricultural lands (including golf courses), the actual ET is equal to the full VWD and
is satisfied by a combination of applied surface water and/or private pumping, minus pumping deficit due
to pumping limits:

AET, = max(0|VWD) (22)

For urban and native lands, the actual ET is the lesser of the VWD and the available moisture above the
wilting point:

AET; = min (VWD|SM, — (WP * root depth)) (23)
For all grid cells, the soil moisture is updated at this point as follows:

SM3 = SM, + pumping — AET; (24)
29 Aerial Recharge

Aerial recharge is the process of water movement below the bottom of the root zone where it then travels
by gravity through the unsaturated zone to the saturated zone, adding to groundwater storage. Additional
types of recharge such as stream recharge also occur and are accounted for in the MBGWFM separately
from the aerial recharge calculated with the SMB model. Aerial recharge occurs when the soil moisture
exceeds the field capacity of the soil, and continues until the soil moisture reaches field capacity. It is also
subject to a maximum daily recharge limit.

recharge = max (O|min(max daily recharge|SM3 — (FC xroot depth))) (25)
Soil moisture is once again updated after recharge:

SM, = SM5; — recharge (26)
2.10  Saturation Excess Runoff

Saturation excess runoff occurs when the soil becomes completely saturated due to high rates of rainfall
or applied water exceeding the rate at which recharge can drain water from the soil. This process is
relatively common in areas with shallow water tables but is relatively rare in the Basin due to the thick
unsaturated zones and relatively permeable soils.
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Runof fsg = max(0|SM, — (porosity = root depth)) (27)

Soil moisture and soil water content are updated one final time:

If Runof fsg > 0

SMs = porosity * root depth (28)
If Runoffsp =0

SMs = SM, (29)

SWCs = —Ms

= (30)
root depth

2.11  Soil Moisture Storage

Soil moisture storage provides a short-term reservoir allowing for the relatively continuous outputs to
evapotranspiration and transpiration from the discontinuous rainfall and applied water inputs. Soil
moisture storage typically varies between field capacity, which is the maximum quantity of water that can
be held in the soil against gravity, and wilting point that is the threshold under which vegetation cannot
extract water further. During wet periods soil moisture may rise temporarily above field capacity. Soil
moisture storage is a key component of the SMB model and is updated at several points during the
calculation of each time step, per equations (13), (24), (26), and (29).

3. INPUT DATASETS

This section describes the input datasets used to develop and apply the SMB model for the MBGWFM.
These datasets provide the spatial and temporal information on factors that control the movement of
water through the SMB model.

3.1 Grid Data

The following attributes are assigned by the SMB model to grid cells, based on input datasets that were
developed using a combination of Geographic Information System (GIS) and spreadsheet analysis.

e Active cell: flag specifying whether the grid cell is active (i.e., in the MBGWFM) or inactive
e Grid area: specifies the area of the grid cell (in square feet)

e Soil code: code corresponding to the soil map unit key; soils data were obtained from the United
States Department of Agriculture (USDA) Soil Survey Geographic Database (SSURGO)?

e District: location within a water service area (if any), based on the boundaries for the five water
service areas within the Basin, including MCWD, CalAm (Ambler, Hidden Hills and Toro Units) and
California Water Service (CWS)

2 https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/?cid=nrcs142p2 053627
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e Land use (static): based on land use information obtained from the U.S. Department of
Agriculture (USDA) Forest Service Region 5 Classification and Assessment with Landsat of Visible
Ecological Groupings (CalVeg) dataset for Zone 5 (Central Valley)® and from various historical
and projected land use surveys conducted by MCWD

e PRISM cell identifier: 4-kilometer PRISM cell identifier for use in linking SMB grid cells to PRISM*
precipitation data (below)

3.2 Climate Data
The following datasets are used to define the climate characteristics for the SMB model period.

e CIMIS ETo: Daily ETo data from the CIMIS Salinas North #116 and Laguna Seca #229 stations

e PRISM precipitation: gridded daily precipitation data from the PRISM dataset.
33 Deliveries Data

Monthly surface water delivery data from the five water agencies within the Basin (MCWD, CWS, Cal Am
Ambler, Hidden Hills, and Toro Units) is used to inform applied surface water volumes in each respective
water service area

3.4 Other Data
Several other datasets are used as input including the following:

e Soil characteristics: based on SSURGO soils data (see above)
e Curve Number: by land use class and hydrologic soil group, from the USDA (USDA, 1986)

e Canopy Storage: from California Polytechnic State University’s Irrigation Training and Research
Center (Howes et al., 2015)

e Stress periods: corresponding to the month and year of the historical simulation
3.5 User-Specified Parameters

In addition to the spatial and temporal datasets described above, the SMB model uses several parameters
to modify certain inputs or calculations for purposes of model calibration.

e Depression storage capacity: set at 0.33 inches;

e ETSF multiplier: set at 0.5;

e Irrigation efficiency: set at 85%

e QOutdoor water use fraction: set at 25%; only applied from April - September

3 https://www.fs.usda.gov/detail/r5/landmanagement/resourcemanagement/?cid=stelprdb5347192
4 https://prism.oregonstate.edu/recent/
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