OETIC S

ENGINEERING

FINAL REPORT

PASO ROBLES GROUNDWATER BASIN STUDY
PHASE I

NUMERICAL MODEL
DEVELOPMENT, CALIBRATION, and APPLICATION

Prepared for:

COUNTY OF SAN LUIS OBISPO
PUBLIC WORKS DEPARTMENT

Prepared by:

FUGRO WEST, INC.
ETIC ENGINEERING, INC.
CLEATH AND ASSOCIATES

February 2005




—l'-llERD

660 Clarion Court, Suite A
San Luis Obispo, CA 9340
Tel: (805) 542-0797

Fax: (805) 542-9311

FUGRO WEST, INC.

February 28, 2005
Project No. 3014.007.05

County of San Luis Obispo

Public Works Department

County Government Center, Room 207
San Luis Obispo, California 93408

Attention: Mr. Frank Honeycutt

FINAL REPORT
Paso Robles Groundwater Basin Study, Phase Il

Dear Mr. Honeycutt:

Fugro West, Inc. and ETIC Engineering, Inc. are pleased to submit this FINAL REPORT of the
Paso Robles Groundwater Basin Study, Phase Il. The purpose of the project was to develop a
numerical groundwater flow model as a quantitative tool to evaluate future basin hydraulic
conditions. Using the model, the issues to be addressed in the Phase Il efforts included an
evaluation of the basin response to current and future water demands, with and without
supplemental water, and an identification of areas of declining water levels.

Through the use of the model as a tool to refine our understanding of the dynamic flow
conditions of the basin, the perennial yield is estimated to be 97,700 acre-feet per year (AFY)
under current conditions. As of 2000, basin pumpage was approximately 82,600 acre-feet,
under relatively stable conditions. However, concentrated pumping centers, particularly in the
area along Highway 46 between Paso Robles and Whitley Gardens, have created localized
pumping depressions and declining water levels.

The groundwater flow model was applied to simulate potential impacts to groundwater levels
resulting from projected build-out conditions in the basin. With a projected basin pumpage of
108,300 AFY at build-out (without the importation of any supplemental water), groundwater
storage would decline at a rate of approximately 3,800 acre-feet per year. Because of the
concentration of pumping sources along Highway 46 east of Paso Robles, the localized
pumping depressions developed over the past several years would be manifested by continued
lowering of water levels.

Implementation of the Nacimiento water project would reduce the potential adverse impacts of
build-out identified in the full build-out scenario. A direct in lieu exchange of Nacimiento water
for a portion of the municipal pumpage would result in a general improvement of water levels
relative to the projected build-out conditions. The water levels would not decline as much as
would be the case without the water project; however, the currently contracted volume of
Nacimiento water does not make up the entire deficit between build-out pumpage and perennial
yield. With projected basin pumpage of 102,100 AFY at build-out (with importation of 6,250
AFY of Nacimiento water by Atascadero, Templeton, and Paso Robles), groundwater storage in
the basin would still decline at a rate of approximately 1,200 AFY.
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Comparison of the simulations of projected build-out conditions with and without the Nacimiento
project indicates a net benefit of the Nacimiento water supply of about 2,600 AFY in the average
annual change in groundwater storage. The benefits of the Nacimiento water project occur
almost entirely along the Salinas River corridor.

Development of the model has increased our understanding of the dynamic flow processes of
the basin. An increase in pumping does not result in an associated equivalent loss of
groundwater storage because of complex interactions of groundwater and surface water,
particularly along the Salinas River. This indicates that groundwater pumping locations and
pumping volumes, particularly with respect to municipal supplies, can be optimized to manage
groundwater levels.

In closing this phase of work for the San Luis Obispo County Public Works Department, we
would like to express our appreciation to County staff, the Technical Review Committee, and the
North County Water Resources Forum for their interest and cooperation throughout the study. It
has been both a pleasure and a challenge to conduct the study. We will remain available at
your convenience to discuss this report or to answer any questions.

Sincerely,

RO WEST, INC. ETIC ENGINEERING, INC.
Paul A. Sorensen, RG, CHg Mehr M. Javaherian, Ph.D., P.Hg.
Associate Hydrogeologist Vice President

Project Manager

AL

Michael Maley, RG, CHg
Senior Hydrogeologist
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EXECUTIVE SUMMARY

This Final Report of Phase Il of the Paso Robles Groundwater Basin Study presents the results
of the development, calibration, and application of a numerical groundwater flow model of the
basin. These Phase Il efforts were designed to develop a sound, defensible flow model that will
serve as a planning tool to quantitatively evaluate potential future trends in groundwater flow
and water quality across the Paso Robles Groundwater Basin. The model was designed as a
basin-wide model to evaluate long-term, regional trends and the overall inflow and outflow to
and from the basin. Specific objectives for the model application during this Phase Il work
included refining uncertain components of the hydrologic budget for the basin, refining estimates
of basin perennial yield, and evaluating potential impacts on groundwater levels and basin
storage as a result of future build-out scenarios.

The overall purpose of the Phase | and Il studies is intended to provide the San Luis Obispo
County Public Works Department, North County public water agencies, and overlying
landowners and water users with a better understanding of the basin by answering questions
related to the quantity of groundwater in the basin, the hydraulic movement of groundwater
through the aquifer, sources and volumes of natural recharge, and trends in water quality.

Through development and calibration of the model as a quantitative planning tool, there is now
a tool capable of simulating groundwater trends over time across the entire basin. The
calibration results indicate that the model accurately portrays previously measured groundwater
flow conditions across the basin and is ready for use as a predictive tool to evaluate potential
future trends in groundwater quantity and quality.

The groundwater flow model was applied to evaluate the perennial yield for the basin, and to
simulate impacts to groundwater levels resulting from projected build-out conditions in the basin.
General conclusions from these scenarios include:

e The model indicates that the perennial yield for the Paso Robles Groundwater Basin is
97,700 acre-feet per year (AFY).

e The perennial yield analysis shows that not all of the total volume of an increase in
pumping comes out of groundwater storage. Because of the complex interaction of the
groundwater with the surface water sources, increased basin pumping induces
additional stream percolation as well as affecting other inflow and outflow components.
Similarly, a decrease in pumping affects not only groundwater in storage, but
concurrently reduces stream recharge and affects other inflows and outflows.
Understanding this relationship suggests that groundwater pumping locations and
amounts can be optimized to manage groundwater levels and protect beneficial uses.

e The Build-Out Scenario (Scenario 2) simulated the effects of urban build-out and
maximum reasonable agricultural water demand (agricultural “build-out”). This scenario,
reflecting basin pumpage of 108,300 AFY, results in an average annual decline in
groundwater storage of 3,800 AFY. Declining groundwater storage would be manifested
in a general lowering of water levels across much of the basin, particularly in the Estrella
subarea and the northern part of the Atascadero Subbasin.

o The Build-Out Scenario with Nacimiento water (Scenario 3) simulated the impacts on
basin storage and water levels by replacing a portion of municipal pumping with an equal
portion of Nacimiento project water. The volume of applied Nacimiento water in this
scenario was equal to the amounts presently contracted by Atascadero Mutual Water
Company (2,000 AFY), Templeton Community Services District (250 AFY), and the City

Project No. 3014.007.05 February 2005
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of Paso Robles (4,000 AFY). This scenario, which simulated basin-wide annual
pumping of 102,100 AFY, results in an average annual decline in groundwater storage of
1,200 AFY at full build-out.

e Comparison of Scenarios 2 and 3 indicates an overall positive net benefit of the
Nacimiento project of 2,600 AFY in the average annual change in groundwater storage.
Although a slight general lowering of water levels would still occur throughout the basin
at build-out with implementation of the Nacimiento project, the benefits would be most
apparent in the Estrella subarea and the Atascadero Subbasin, where all of the
municipal pumping occurs.

ENGINEERING

e Municipal pumping is more significantly affected than agricultural pumping by
groundwater-surface water interactions associated with the Salinas River. The hydraulic
link between the groundwater and surface water indicates that municipal groundwater
pumping locations and amounts can be optimized to manage the groundwater levels.
Additional scenarios with alternative well locations and pumping rates in the vicinity of
the Salinas River could be useful in managing groundwater storage, optimizing
groundwater pumping, and maintaining beneficial river flows.

e The agricultural pumping component of the hydrologic budget is the single largest
outflow of groundwater from the basin. It is also the single largest estimated parameter
because the pumpage volumes are not metered but rather estimates based on land use
and irrigation practices. Thus, minor variations of agricultural water demand estimates
may have widespread impacts on groundwater storage and groundwater elevations.

e A sensitivity analysis was run on the Scenario 2 maximum reasonable agricultural water
demand (simulating “agricultural build-out”). Agricultural pumpage was changed at each
well to 90% of the projection for the first run and to 110% for the second run. The 90%
run resulted in a small groundwater storage increase of 500 AFY, relative to the impacts
simulated by the Scenario 2 conditions. The 110% run resulted in groundwater storage
declines of 8,000 AFY. Because future agricultural trends are so problematic to
forecast, slight misforecasts in agricultural demand predictions could have large
implications relative to changes in groundwater storage and water levels. Given a
perennial yield value of 97,700 AFY and estimated basin pumpage at 102,100 AFY at
build-out (with Nacimiento water), it is clear a relatively slight adjustment in “build-out”
agricultural pumping could make the difference between potential basin overdraft or not.

e Agricultural pumpage, by being more widespread across the basin and comprising much
of the pumpage located away from the Salinas River, shows a more direct relationship
with groundwater storage and less interaction with the Salinas River. Thus, basin-wide
changes in agricultural trends that would result in changes in agricultural pumping would
have a more direct effect on groundwater storage than would parallel changes in
municipal pumping.

The computer model is a dynamic groundwater management tool that can be used by water
resource managers and planners to analyze issues on a coordinated, basin-wide basis and to
manage water resources for the long-term benefit of all overlying landowners. Specific
recommendations include the following:

e Simulation of possible projects involving artificial recharge and/or provision of alternative
irrigation supplies.  These scenarios should involve simulation of impacts on
groundwater levels and water quality. These scenarios also should involve simulation of
the effect of turning off or resting wells with provision of an alternative water supply (e.g.,

Project No. 3014.007.05 February 2005
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reclaimed wastewater or surplus Nacimiento Water Project water). A particular focus for
such possible projects would be the portion of the Estrella subarea that is characterized
by groundwater level declines.

¢ Simulation of alternative well locations and pumping rates. The simulations documented
in this report revealed the importance of the dynamic hydraulic interaction of
groundwater and surface water, particularly along the Salinas River. Additional
scenarios should focus on modifying the operation of municipal wells along the Salinas
River to manage groundwater storage, optimize pumping, and preserve beneficial uses
of river flow.

e Water quality modeling. Although the Phase 2 effort did not specifically include
simulation of water quality trends, the model was developed with a water quality
component that will allow for assessment of water quality trends and impacts. Particular
areas of focus may include the areas with increasing TDS, chloride, and nitrate that were
identified in the Atascadero Subbasin and in the Estrella subarea south of San Miguel.

o Update of the model on a regular basis. Annual compilation of data and update of the
hydrologic budget is recommended; a full model update and recalibration of the model to
current conditions is recommended every three to five years. This recommendation is
particularly important because groundwater pumpage in the projected build-out
scenarios is the result of many different decisions made by groundwater users and is
close to the perennial yield value. Particular focus should be placed on agricultural
pumping, and land use patterns, estimates of agricultural pumping, and distribution of
agricultural pumping should be updated regularly.

Project No. 3014.007.05 February 2005
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CHAPTER 1 - INTRODUCTION

INTRODUCTION AND BACKGROUND

This Report presents the findings, conclusions, and recommendations of Phase Il of a
comprehensive investigation of the Paso Robles Groundwater Basin. These Phase Il efforts,
begun in April 2003, included the construction, calibration, and application of a numerical model
of the basin. This work follows directly upon the heels of the Phase | investigation to conduct a
detailed geologic and hydrogeologic investigation of the basin and to assess its perennial yield.
The Phase | work developed the overall conceptual understanding of the basin, and served as
the foundation for development of the numerical model in Phase Il. The results of the Phase |
study were presented in a Final Report dated August 2002 (Fugro and Cleath 2002).

The overall purpose of the Phase | and Il studies is intended to provide the San Luis Obispo
County Public Works Department, North County public water agencies, and overlying
landowners and water users with a better understanding of the basin by answering questions
related to the quantity of groundwater in the basin, the hydraulic movement of groundwater
through the aquifer, sources and volumes of natural recharge, and trends in water quality.
Specifically, the Phase |l efforts were designed to develop a numerical groundwater flow model
that will serve as a useful, quantitative tool to evaluate potential future trends in groundwater
flow and water quality across the basin.

PURPOSE AND SCOPE
The Phase Il hydrogeologic investigation of the Paso Robles Groundwater Basin was formally
initiated in April 2003. The primary objectives for the model include:

¢ Refining uncertain components of the hydrologic budget for the basin,

¢ Refining estimates of perennial yield for the basin, and

o Evaluating potential impacts on groundwater levels and perennial yield as a result of
continued and varied basin operations and hydraulic controls.

This Final Report presents a comprehensive and detailed description of the Paso Robles
Groundwater Basin, through the development and use of the model as a tool. The scope of the
Phase Il project included:

e Task 1 presented the conceptual model developed in the Phase | work within the
context of developing a numerical model, and documented the steps necessary to
develop a basin-wide model of the basin;

e Task 2 documented the development and calibration of the numerical model;

e Task 3 reported on the results of model simulations of future build-out scenarios
developed to provide insight into long-term conditions in the basin;

o Task 4 performed a sensitivity analysis of agricultural pumpage across the basin;
and

e Task 5 consisted of preparation of a final report to document the results of each prior
task.

Project No. 3014.007.05 1 February 2005
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The conclusion of each task was followed by presentation of an Interim Report (the results of
Tasks 3 and 4 were combined into a single interim report), which presented the findings of each
task and provided an opportunity for review and public comment throughout the process.

The Fugro team, coordinated by the San Luis Obispo County Public Works Department,
conducted this Phase Il investigation of the Paso Robles Groundwater Basin. An eight-member
Technical Review Committee was appointed by the Public Works Department to provide
guidance to the consultant team and provide oversight throughout the study through a regular
series of meetings (usually by teleconference). An Oversight Committee, consisting of 23
members of the North County Water Resources Forum, provided review and critique of each
Task Interim Report. The project team members include:

a. Prime Consultant:

o Fugro West, Inc. - Project Management, Hydrogeology, Geographic Information
System (GIS), Admin. Support

— Paul Sorensen, Associate Hydrogeologist, Project Manager
— David Gardner, Principal Hydrogeologist
— Peter Leffler, Senior Hydrogeologist

b. Subconsultants:
e ETIC Engineering, Inc. - Groundwater Modeling, GIS, QA/QC

— Mehrdad M. Javaherian, Ph.D., P.E., P.Hg., Vice President
— Michael Maley, Senior Hydrogeologist

o Cleath & Associates - Hydrogeology, Hydrology, Water Quality

— Timothy Cleath, Principal Hydrogeologist
— Spencer Harris, Project Hydrogeologist
— David Williams, Staff Geologist

c. County Staff:
o Frank Honeycutt, P.E. - Project Manager, Senior Engineer, Utilities Division
d. Technical Review Committee:

Frank Honeycutt, County of San Luis Obispo

Doug Filipponi, water well drilling contractor, agricultural representative

Lynda Auchinachie, San Luis Obispo County Agricultural Commissioner's Office
Michael Isensee, San Luis Obispo County Agricultural Commissioner's Office
Steve Sinton, San Luis Obispo County Water Resource Advisory Committee,
agricultural representative

Frank Mecham, Mayor, City of Paso Robles

Iris Priestaf, Ph.D., Todd Engineers

e Ken Weathers, CEO, Atascadero Mutual Water Co.

GENERAL BASIN SETTING

The Paso Robles Groundwater Basin is situated in the upper Salinas River drainage of San Luis
Obispo and Monterey counties (Figure 1). The basin is located in the large inland valley
bounded on the west by the Santa Lucia Range (which separates the North County area from
the Pacific Ocean coastal region), on the south by the La Panza Range, and on the east by the
Temblor and Diablo ranges. Although most of the basin is within San Luis Obispo County, the
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basin extends into Monterey County along the northern basin boundary. The basin overlies an
area of approximately 505,000 acres (790 square miles); the total watershed area covers about
1,980 square miles.

Topographically, the main, central part of the basin is a large valley of minor relief. The Estrella
River, which flows westerly from the Shandon area to north of Paso Robles where it merges
with the Salinas River, has formed the broad plain that characterizes the central part of the
region. The more significant creeks that flow into the Estrella River and contribute to its flow
include Cholame, San Juan, Camatta, and Shedd creeks.

By contrast with the topography that characterizes the Estrella River area, the Salinas River,
which drains the basin, flows northerly along the western edge of the basin through rolling hills.
Numerous creeks are tributary to the Salinas River between its headwaters and its confluence
with the Estrella River, including Santa Margarita, Paloma, Atascadero, Graves, and Paso
Robles creeks.

Rolling hills and low ranging mountains surround the basin. To the north and northeast, the
Gabilan Highlands and Cholame Hills form a broad range of hills with numerous small drainages
and seasonal canyons. To the west and south, the basin is bounded by the Santa Lucia and La
Panza ranges, both of which rise to elevations of 4,000 feet or more above the basin floor of
about 700 to 900 feet MSL.

The climate of the study area is semiarid, with warm and dry summers accompanied by cool,
wet winters. Virtually all rainfall is received in the rainy season from December through March,
with precipitation averages ranging from 18 inches or more along the western edge of the basin,
to as low as five to eight inches in the eastern portion of the basin.

Historically, development has concentrated along the Salinas River corridor, and somewhat
along the Estrella River/Highway 46 East corridor from Paso Robles to Shandon. Although the
Salinas River corridor is important for its population center, manufacturing, and commercial
development, the historical economic base of the area has been the agricultural industry, both
irrigated and non-irrigated, throughout the remaining portion of the basin.
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CHAPTER 2 - APPROACH

A numerical model is a mathematical representation of a natural system. The approach to
develop a numerical model capable of simulating historical and future conditions depends upon
properly incorporating the hydrogeological data from the basin.

EVALUATION OF CONCEPTUAL MODEL

The first step towards developing a sound, defensible numerical model is to ensure that
consistency is maintained with the hydrogeological understanding or conceptual model of the
basin. The conceptual model describes the geological setting and hydraulic processes for the
basin based on a compilation and evaluation of the available data. It serves as the basis for
constructing a numerical model. These basic components of the conceptual model necessary
to construct a numerical model include the hydrologic budget and aquifer properties. The
hydrologic budget describes the amount and location where groundwater enters and exits the
basin, and the aquifer properties describe the geologic factors that control the movement of
groundwater within the basin. The Phase | Report (Fugro and Cleath 2002) compiled and
analyzed the available hydrogeological data for the basin, thereby defining past and current
conditions in the basin. The Phase | Report also included development of a conceptual
understanding of hydrogeologic conditions, a water quality assessment, and a preliminary
hydrologic budget across the basin (Table 1). The quality of the numerical model is highly
dependent upon the accuracy of the conceptual model as well as the quality and quantity of the
data. Therefore, a comprehensive data collection and conceptual model development, such as
the Phase | Report (Fugro and Cleath 2002), is essential to successfully develop a numerical
model of the Paso Robles Groundwater Basin.

Because of the complexity of a natural system, assumptions are necessary to define the aquifer
properties and boundary conditions required for the numerical model. Although a model is a
simplification of the natural system, the numerical model must be constructed in a manner that
properly represents the key features of the groundwater basin in order to provide accurate and
useful simulation results. In support of numerical model development, a range of reasonable
values is defined for aquifer properties and the hydrologic budget based on measured field data
and hydrogeological analysis. The general procedure for this process is to define values for a
representative elementary volume (REV) as described by Bear and Verruijt (1987). These
values represent the major physical features of the basin including surface water—groundwater
interactions, recharge and discharge components, definition of model layers, and the distribution
of hydraulic conductivity and storage coefficients. This report documents the assumptions that
were applied to the development for the Paso Robles Groundwater Model.

DEVELOPMENT OF NUMERICAL MODEL

A numerical model is a mathematical description of the hydrogeological conceptual model. The
input data for the numerical model mathematically describe the hydrogeological conceptual
model. The advantage of a numerical model is that, once in a mathematical format, the model
has the capability to solve the mass balance and motion equations that govern groundwater
flow and chemical transport (Bear and Verruijt 1987) to simulate groundwater elevations and
chemical concentrations. In this format, the numerical model can produce a quantitative
analysis of the groundwater entering and exiting the basin and the rate of groundwater flow
through the basin. The model also incorporates spatial distribution of groundwater features and
is capable of calculating the combined interference effects of closely located wells or other
features.
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Model calibration is the next step towards developing a sound, defensible numerical model.
Calibration is the process of comparing model simulation results to measured groundwater
levels to evaluate the ability of the numerical model to accurately simulate historical conditions
in the groundwater basin. The more extensive the calibration process, the more the potential
uncertainty in the model simulation results is reduced and confidence in the model’s ability to
simulate historical and future conditions is improved. For the calibration process, aquifer
properties and water balance data are varied within the range prescribed by the conceptual
model until the best obtainable fit of simulated versus measured data is achieved. Areas where
the numerical model is considered poorly calibrated may indicate locations where the initial
estimates of input data were inadequate or that some key component of the hydrogeological
conceptual model was not adequately recognized. The former serves as a valuable quality
assurance check whereas the latter may provide guidance for future monitoring locations and
frequencies where additional data evaluation is needed. Therefore, the numerical model can
provide useful guidance on how to allocate resources for data collection.

APPLICATION OF MODEL RESULTS

The Paso Robles Groundwater Model is designed as a regional or basin-wide model to evaluate
long-term, regional trends and the overall groundwater inflow and outflow to the basin. Within
that scale, conditions are averaged. However, this model may not contain the site-specific
details to evaluate some localized conditions that are due to geologic complexity or unique
localized effects. For these areas, a more localized model may be required if such a detailed
analysis is necessary. The regional model can provide a broader regional context for these
localized models.

When evaluating model results, it is important to consider the strengths and limitations of the
numerical model. The horizontal and vertical resolution used to construct the model dictates the
range of scales that the model can evaluate. The results can be evaluated for overall trends
and more localized effects. For example, a regional or basin-wide model will not likely contain
the site-specific details of a more localized model, but a regional model will better evaluate a
local area within the broader regional context.

Once calibration is achieved, the model is considered capable of simulating future conditions
with reasonable accuracy. Input parameters can be set to simulate a wide range of potential
future groundwater uses or hydrogeologic scenarios. By modifying the input data, the model
provides the capability to simulate a wide range of potential future conditions. The types of
future conditions can include natural or climatic variations such as variation in rainfall over time
in a drought scenario. Future groundwater practices can also be evaluated such as changes in
the amount and distribution of groundwater pumpage, the addition of groundwater recharge
programs, or evaluating the benefits of water projects on groundwater conditions. The impact of
water quality issues can also be addressed using the model. A numerical model provides
another method to estimate perennial yield through balancing the amount of water entering and
exiting the basin and the rate of groundwater flow through the basin.
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CHAPTER 3 - CONCEPTUAL MODEL SUMMARY

As previously indicated, the conceptual understanding developed for the Phase | Report (Fugro
and Cleath 2002) was adapted in support of constructing the numerical model of the basin. This
conceptual model summary includes the understanding of geologic and hydrogeologic
conditions in the basin, the hydrogeologic budget of the basin, and water quality throughout the
basin.

SETTING

The Paso Robles Groundwater Basin is located in northern San Luis Obispo County and
southern Monterey County in the Central Coast area of California (Figure 1). The groundwater
basin lies within the Salinas River Valley and covers an area of about 505,000 acres or
790 square miles. The basin is asymmetrical. The long axis of the basin extends about
60 miles northwest-southeast roughly paralleling the Salinas River. At its maximum width, the
basin is over 25 miles wide in the northeast-southwest direction. The basin is thickest at the
center and tapers off to the northern and southern extents.

The Paso Robles Groundwater Basin is subdivided into eight basin areas designated as San
Juan, Creston, Atascadero, Shandon, Estrella, South Gabilan, Bradley, and North Gabilan
(Figure 1). Due to the presence of bedrock and fault boundaries, the Salinas River corridor area
from Atascadero to Templeton is considered a distinct subbasin with restricted hydraulic
interaction with the rest of the Paso Robles Groundwater Basin. The remaining basin areas are
hydraulically interconnected, with their boundaries defined on the basis of recharge sources,
groundwater movement, and the structure of the base of permeable sediments.

GEOLOGY

The boundaries of the groundwater basin are defined by the contact between water-bearing
aquifer sediments and older geologic units or fault zones. The primary water-bearing formations
are the recent alluvium and Paso Robles Formation. The alluvium consists primarily of sand
and gravel and is located along stream channels. Thus, the alluvium occurs as a laterally
discontinuous layer across the basin (Figure 2). The alluvium is up to 100 feet thick and
typically has higher permeability than the adjacent Paso Robles Formation. Wells screened in
alluvium have yields that may exceed 1,000 gallons per minute (gpm). The alluvium receives
stream recharge as it is in direct contact with stream channels. Groundwater stored within the
alluvium provides a ready source of recharge to the adjacent Paso Robles Formation.

The Paso Robles Formation is comprised of thin, discontinuous sand and gravel layers
interbedded with thicker beds of silt and clay. The Paso Robles Formation is continuous across
the basin except where offset occurs along fault zones. The thickness of the Paso Robles
Formation typically ranges from 700 to 1,200 feet, although it reaches a maximum thickness of
2,500 feet near the junction of the Estrella and Salinas rivers north of Paso Robles (Figure 3).
The Paso Robles Formation is unconsolidated with sufficient permeability and thickness to yield
several hundred gpm to wells.

Several other geologic formations of low permeability lie adjacent to and beneath the Paso
Robles Formation, including the Pancho Rico Formation, an unnamed clastic unit, the Santa
Margarita Formation, the Monterey Formation, the Obispo Formation, and the Vaqueros
Formation. These formations are considered non-water bearing for modeling purposes and will
accordingly not be included in the model; however, it is understood that each of these
formations is capable of yielding sufficient water to wells for domestic and other minor uses.
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The limited groundwater contribution from these low permeability formations to the Paso Robles
Groundwater Basin is accounted for through subsurface inflow calculations in the hydrogeologic
conceptual model and via boundary conditions in the numerical model.

ENGINEERING

The geologic structure of the Paso Robles Groundwater Basin has important implications to the
groundwater model. The Paso Robles Formation has been folded and faulted, resulting in
significant variations in the base of aquifer sediments and creating abrupt basin boundaries
along fault lines. Folding has produced anticlinal and synclinal structures that have created
significant elevation differences in the base of the permeable sediments in the basin (Figure 3).
The groundwater basin sediments are thickest north and east of Paso Robles and in the
Shandon area. The combination of the White Canyon, Red Hills, and San Juan faults form the
eastern boundary of the groundwater basin. The Rinconada Fault forms the eastern boundary
of the Atascadero subbasin and causes its semi-isolation from the main Paso Robles
Groundwater Basin.

To better understand the implications of the geologic structure, several geologic and
hydrogeologic cross-sections were constructed across the basin to illustrate the vertical
character of the basin. A set of eight hydrogeologic cross-sections was developed that extend
across the entire basin (Figure 4). Six of these cross sections (sections A through F on
Figure 4) are based on cross sections developed for the Phase | Report (Fugro and Cleath
2002). In addition, two new cross sections (sections G and H on Figure 4) were developed that
extend along the long axis of the basin. The purpose of these cross-sections is to evaluate the
key hydrogeological relationships in the basin in support of constructing the numerical model.
These eight cross-sections are presented on Figures 5 through 12.

HYDROGEOLOGY

The hydrogeologic conceptual model addresses how groundwater flows through the subsurface.
For this, the overall groundwater flow of the basin is characterized and the aquifer materials are
subdivided into groundwater zones.

Groundwater Zones

To represent the vertical variation in groundwater conditions, groundwater zones were defined
by grouping together multiple water-bearing zones. Importantly, rather than attempting to model
individual sand and gravel zones which may exist, the separate groundwater zones define
thicker intervals as illustrated on Figures 5 and 6. These groundwater zones are represented as
separate layers in the numerical model. To represent the aquifer conditions for each
groundwater zone, a range of aquifer properties was developed by basin area as representative
of the overall hydraulic behavior (Table 2). For example, the hydraulic conductivity was
representative of the overall transmissivity across the entire thickness of the aquifer system,
rather than for a specific sand and gravel zone.

Four groundwater zones were defined for the Paso Robles Groundwater Basin for use in the
numerical model. One groundwater zone represents the recent alluvium deposits and three
zones represent vertical variations within the Paso Robles Formation. These groundwater
zones are represented in the numerical model as separate model layers.

Model Layer 1 represents the saturated alluvial sediments located along the Salinas and
Estrella Rivers. The alluvial deposits vary in thickness, but are generally about 100 feet thick in
these main river valleys. The coarse nature of the alluvial sediments results in high permeability
and storage capacity.
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Groundwater conditions in the zones representing the Paso Robles Formation vary across the
basin. For example, the shallow aquifer near Shandon (Figure 6) is considered to be under
confined aquifer conditions. Historically, wells in this area have had flowing artesian conditions.
To account for these observations, the numerical model defined the “shallow aquifer” as Model
Layer 3. Model Layer 2 is defined to include the sediments above this Model Layer 3 including
the confining layer. The vertical conductance between Model Layers 2 and 3 was assigned to
reflect the observed confined conditions. Similarly, near Creston, the deeper zones are
considered confined and have historically been under artesian conditions (Figures 5, 9, and 11).
In this area, these deeper zones are defined as Model Layer 4. In this case, the vertical
conductance between Model Layers 3 and 4 was assigned to reflect the observed confined
conditions.
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As recognized from the cross-sections, a key hydrogeologic relationship is the hydraulic
connection between the Salinas River (and its many tributaries) with the underlying alluvium and
Paso Robles Formation. Surface water flowing along the various streambeds readily percolates
into the alluvium and provides a major source of recharge to the groundwater basin. The
relationship between the alluvium and Paso Robles Formation is also somewhat complicated by
folding of the Paso Robles Formation.

The geologic interpretation of the basin shows that folding of the Paso Robles Formation has
brought deeper aquifer zone materials near the surface in parts of the basin. On Figure 5, the
folding of the Paso Robles Formation brings the “sand and gravel zones” of the “Main Aquifer” in
contact with the alluvium of Huer Huero Creek near Creston. Likewise, Figure 6 illustrates
“‘mostly sand and gravel” of the “Deeper Aquifer Zone” near the center of the basin is in contact
with the Salinas River alluvium near the City of Paso Robles. Locations where sand and gravel
zones of the Paso Robles Formation have direct contact with the alluvium create enhanced
groundwater recharge. These types of vertical relationships are accounted for in the numerical
model by defining the deeper zone as Model Layer 4.

Groundwater Flow

In the Atascadero subbasin the alluvium along the Salinas River is generally about 100 feet
thick. Groundwater is produced from both the alluvium and Paso Robles Formation (Figures 5
and 8). Hydrographs from alluvial wells typically show limited seasonal fluctuation (Fugro and
Cleath 2002). Water levels in the deeper Paso Robles Formation often show seasonal
fluctuations up to 100 feet or more. However, the water levels typically recover in the spring.
Hydraulic gradients in the Atascadero subbasin typically vary from 0.0007 to 0.002.

In the Creston area the alluvium in Huer Huero Creek and its branches typically approximates
60 feet in thickness. In the Paso Robles Formation, the main water-producing zone is about
100 feet thick and appears to extend from Creston westward (Figures 5, 9, and 11). Near
Creston, this zone appears to be in direct contact with the alluvial deposits of Huer Huero Creek
providing an apparent direct recharge point. Water level elevations in the Creston area are
typically shallow, and artesian conditions have occurred in wells that penetrate into the deeper
zones (Figure 9). Water levels in the northern part of the Creston area have recovered more
than 50 feet in recent years. In this area, hydraulic gradients are generally on the order of
0.009.

In the Estrella area the alluvium of the Salinas River, Estrella River, and Huer Huero Creek is
typically up to 100 feet thick (Figures 6, 8, and 11). The Paso Robles Formation is up to
3,000 feet thick in the northern part of the Estrella area (Figure 8). The deeper aquifer zone has
an average depth of 700 feet near Whitley Gardens, but rises to come into contact with the
Salinas River alluvium along the western margin of the basin (Figure 6). The shallow aquifer
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zone is typically tapped by domestic wells up to 400 feet deep, whereas the deeper aquifer zone
is tapped by municipal and irrigation wells. The hydraulic gradient in this area ranges from
0.003 to 0.01.

In the San Juan area the lower portion of the Paso Robles Formation, represented by Model
Layer 4 (Figures 5, 10, and 12), rises to the surface. Groundwater is primarily produced from
the deeper regions of the Paso Robles Formation (Figures 5, 10, and 12). In portions of this
area, sand and gravel sequences of several hundred feet have been reported. Water levels
have shown both rising and falling conditions over the hydrologic base period indicating the
localized effects of heavy agricultural pumping and areas of significant stream recharge in this
area. Hydraulic gradients range from 0.006 to 0.01.

ENGINEERING

In the Shandon area the basin thickens to approximately 2,000 feet (Figures 6, 10, and 12).
Groundwater is typically produced from the upper parts of the Paso Robles Formation.
Historically, flowing wells have been noted on the north flank of the Estrella River floodplain
(Figure 6). The source of the artesian pressure is inferred to be from subsurface flow from the
north along canyons draining the Cholame Hills (Figure 6). Poor water quality typically limits
water production from the shallow alluvium.

In the North and South Gabilan areas, the Paso Robles Formation has been folded into a broad
syncline with a thickness of approximately 1,000 feet (Figures 7, 9, and 12). Production zones
are comprised of sand and gravel zones in the upper portion. In several of the canyons cutting
across this area, groundwater rises to the surface and flows or ponds on the ground. Hydraulic
gradients are on the order of 0.002.

The Bradley area is located near the confluence of the Nacimiento and San Antonio rivers with
the Salinas River. This is the primary area of natural groundwater discharge from the basin.
Alluvial deposits are generally 60 to 100 feet thick. The Paso Robles Formation thins to less
than 500 feet thick at the northern basin margin (Figures 7 and 11). Evidence of confined to
semi-confined aquifer conditions in the deeper zones exists based on pumping test results and
electric logs. Much of the Bradley area is in southern Monterey County where only limited
groundwater elevation data are available.

Groundwater elevation maps for Spring 1980, Fall 1990, Spring 1997, and average conditions
for 1954 are shown on Figures 13 through 16. As shown, groundwater has historically flowed
from the higher elevation areas along the basin margin and converges towards the Salinas
River in the northwestern portion of the basin. The primary natural outflow of groundwater from
the basin is discharge into the Salinas River and subsurface outflow through the northwestern
margin of the basin. More specifically, in the southeastern portion of the basin, groundwater
generally flows northwesterly from the San Juan area into the Shandon area and eventually into
the Estrella area. In the southwestern portion of the basin, groundwater flows northerly from the
Creston area into the Estrella area. In the northeastern portion of the basin, groundwater flows
westerly through the North and South Gabilan areas towards the Bradley and Estrella areas. In
the Bradley and Estrella areas, groundwater generally is converging towards the Salinas River
and northwestern subsurface outflow discharge areas from the basin.

HYDROLOGIC BUDGET

The amount of yearly inflow and outflow for each budget component needs to be accounted for
geographically within the model domain. A summary of the hydrologic budget prepared in the
Phase | Report (Fugro and Cleath 2002) is provided in Table 1, and a summary of the various
components is provided below.
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The geographic distribution and acreages of various land uses is important to hydrologic budget
calculations and to development of the numerical model. Hydrologic budget components such
as precipitation recharge and irrigation return flow are based on land uses. The components
represent the percolation of water areally distributed at the surface across all or portions of the
groundwater basin.
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e Average annual precipitation recharge amounted to 43,400 acre-feet per year (AFY) and
was estimated to account for 44 percent of the total recharge into the Paso Robles
Groundwater Basin.

e Average annual irrigation recharge amounted to 2,300 AFY and was estimated to
account for 2 percent of the total recharge into the Paso Robles Groundwater Basin.

Surface water—groundwater interaction is a key element for this model. One of the primary
hydrologic budget components is streambed percolation.

Treated wastewater effluent is discharged directly into streams or in recharge ponds adjacent to
streams. Water loss due to evapotranspiration is also included as this is primarily related to
riparian vegetation found adjacent to streams.

e Average annual percolation of stream flow is 41,800 AFY and was estimated to account
for 43 percent of the total basin recharge.

e Average annual recharge from wastewater discharge amounted to 3,300 AFY and was
estimated to account for 3 percent of the total basin recharge.

e Average annual evaporation amounted to 3,800 AFY and was estimated to account for
4 percent of the total basin outflow.

The groundwater pumpage represents groundwater extraction for consumptive use. Total
groundwater pumpage amounts to an average annual rate of 93,200 AFY, which accounts for
about 92% of the annual basin outflow. The pumpage consists of the combination of
agricultural, municipal, community, and rural domestic pumpage.

e Agricultural wells account for an average annual basin outflow of 77,700 AFY and were
estimated to account for 77 percent of the total basin outflow.

¢ Municipal wells account for an average annual basin outflow of 10,500 AFY and were
estimated to account for 10 percent of the total basin outflow.

¢ Small commercial systems account for an average annual basin outflow of 900 AFY and
were estimated to account for 1 percent of the total basin outflow.

o Rural domestic wells account for an average annual basin outflow of 7,400 AFY and
were estimated to account for 7 percent of the total basin outflow.

The subsurface groundwater flow components account for the flow of groundwater to and from
the surrounding “non-water bearing bedrock” and the basin sediments. The quantity of
subsurface flow was computed by the slope area method using Darcy’s Law in which the rate of
discharge through a given cross section of saturated material is proportional to the hydraulic
gradient.

e Average annual subsurface inflow is 7,500 AFY and was estimated to account for
8 percent of the total basin recharge.

e Average annual subsurface inflow is 600 AFY and was estimated to account for
1 percent of the total basin outflow.
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WATER QUALITY

The Phase | Report (Fugro and Cleath 2002) describes the general water quality of the
groundwater basin with respect to general minerals and selected minor constituents. The
Phase | Report analysis indicated generally good overall water quality, but noted some areas of
rising concentrations of total dissolved solids (TDS), chloride, and nitrate. Potential sources of
these three constituents include wastewater discharges, agricultural practices, and irrigation
with recycled water.

The Salinas River is a major source of recharge to the Atascadero subbasin. Two surface water
samples were analyzed (from 1954 and 1962) from the Salinas River in the Atascadero
subbasin at Highway 58. One sample collected at a high stream flow rate and one at low flow
showed TDS of about 200 parts per million (ppm) and chloride about 7 ppm. Groundwater
samples from eleven wells had average concentrations of 550 ppm for TDS and 70 ppm for
chloride. Nitrate concentrations ranged from not detected to 30 ppm.

In the Creston area five surface water samples from Huer Huero Creek from the 1950’s and
1960’s showed average concentrations of 150 ppm for TDS and 17 ppm for chloride. Average
concentrations from ten groundwater samples were 490 ppm for TDS and 110 ppm for chloride.
Nitrate concentrations ranged from 2 to 41 ppm.

In the San Juan area surface water samples were available from five creeks. Most data are
from the 1950’s and 1960’s with one sample from 2001. The concentrations from these
samples ranged from 63 to 968 ppm for TDS and from 3 to 58 ppm for chlorides. Eight
groundwater samples had average concentrations of 750 ppm for TDS, 160 ppm for chlorides,
and ranged from not detected to 56 ppm for nitrates.

In the Shandon area surface water samples were available from Cholame and San Juan
Creeks. Concentrations ranged from 440 to 2,380 ppm for TDS, and from 57 to 550 ppm for
chloride. Nine groundwater samples had average concentrations of 600 ppm for TDS and
110 ppm for chloride, and nitrate ranged from 6 to 35 ppm. Eight wells with times series data
were available. Natural sources of high salinity in the basin include upwelling geothermal
waters and groundwater inflow from the sandstone hills near the Shandon area (Fugro and
Cleath 2002).

In the Estrella area surface water samples were available from three creeks. Concentrations
ranged from 172 to 665 ppm for TDS, and from 6 to 130 ppm for chloride. Sixteen groundwater
samples had a range from 350 to 1270 ppm for TDS, 32 to 572 ppm for chloride, and 11 to
71 ppm for nitrate. Evaluation of groundwater chemistry data suggests significant subsurface
inflow from the Shandon area (Fugro and Cleath 2002).

In the Bradley area surface water samples were available from three creeks dated from 1954 to
1974. Concentrations from five of six samples were 300 ppm or less for TDS and 27 ppm or
less for chloride.

No surface water samples were available for the North and South Gabilan areas. However, six
groundwater samples had a range from 380 to 1,320 ppm TDS, 38 to 209 ppm chloride, and not
detected to 30 ppm nitrate.

Paso Robles wastewater treatment plant effluent water quality data from 1994-1999 indicate an
average TDS concentration of 1,000 ppm (Malcolm Pirnie 2003). A water quality sample
collected in January 2000 indicated concentrations of 1,100 ppm for TDS and 320 ppm for
chloride. Total nitrogen analyses in 1992 and 1993 ranged from 2.1 to 14 ppm.

Project No. 3014.007.05 11 February 2005



ENGINEERING

CHAPTER 4 - NUMERICAL MODEL

The basic components of the conceptual model required to construct a numerical model
describe how groundwater enters and exits a defined system and the geologic factors that
control groundwater flow.

MODEL SETUP

The numerical model was constructed using the groundwater flow model MODFLOW 2000
(Harbaugh et al 2000), a finite-difference numerical model developed by the United States
Geological Survey (USGS). To facilitate model development, the MODFLOW/MT3D processor
Groundwater Vistas 3 (ESI 2001) was used. The use of the industry standard modeling code
MODFLOW 2000 along with a commercial processor supports future usability of the model.

Model Domain

The model domain is the geographical area covered by the numerical model. The model
domain for the Paso Robles Groundwater Model includes the entire Paso Robles Groundwater
Basin; however, the area identified as unsaturated in the northeastern portion of the basin was
excluded from the numerical model. Therefore, the active area of the groundwater model
covers about 469,830 acres or 734 square miles (Figure 1).

The model grid provides the mathematical structure for developing and operating the numerical
model. The Paso Robles Groundwater Model used a uniform grid spacing of 660 feet (Fugro,
ETIC, and Cleath 2003). The model grid is comprised of 368 rows and 352 columns; therefore,
each model layer is comprised of 129,536 model grid cells. The entire four-layer model
contains a total of 518,144 model grid cells.

Model Layers

Model layers provide vertical resolution for the model to simulate variations in groundwater
elevation, aquifer stresses, and water quality with depth. The Paso Robles Groundwater Model
consists of four layers that simulate the primary water-bearing formations consisting of the
recent alluvium and Paso Robles Formation. Because the alluvium has distinct aquifer
properties and is closely linked with streamflow recharge, it is defined as a distinct model layer.
The Paso Robles Formation was divided into three model layers. The primary purpose of this is
to preserve the hydrologic relationships that were outlined in the preceding section on
hydrogeology.

The upper surface of the model represents the basin topography (Figure 18) and is based on a
Digital Elevation Model (DEM) file from the USGS. The top and bottom elevations of each
model layer were derived from the basin-wide cross-sections (Figures 5 through 12). To create
the model layers, a digital structure contour map was developed for each layer. These layers
were terminated at the topographic surface. These maps were then directly imported into the
numerical model.

Model Layer 1 represents the recent alluvium and was defined as a separate model layer due to
its distinct aquifer properties. The distribution of this layer was primarily restricted to the Salinas
and Estrella River valleys where the alluvium was sufficiently wide and thick (Figure 19). The
thickness of Model Layer 1 was based on descriptions that the alluvial thickness along the
Salinas and Estrella valleys was a maximum of about 100 feet thick (Fugro and Cleath 2002).
Therefore, the bottom elevation of Model Layer 1 was defined as 100 feet below the river
elevation based on the USGS DEM file.
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The Paso Robles Formation was divided into three model layers. The general synclinal form of
the Paso Robles Basin causes the younger portion of the sequence to be limited in distribution
to the center of the basin. Model Layer 2 represents the upper portion of the Paso Robles
Formation. Its distribution is limited to the center of the basin between Paso Robles and
Shandon. Figure 20 shows the distribution of Model Layer 2 in the model and the total model
thickness, which ranges up to approximately 800 feet in the Shandon area. However, Model
Layer 2 is only partially saturated over much of its distribution. Therefore, the saturated
thickness of Model Layer 2 would be less, ranging from near zero at the outer edge of its
distribution to a maximum thickness of about 500 feet thick in the Estrella area. Saturated
thicknesses generally range up to 100 feet over the active area of Model Layer 2.

ENGINEERING

Model Layers 3 and 4 are subdivisions of the main aquifer portion of the Paso Robles
Formation. Defining two separate layers for this interval allows for more flexibility in simulating
vertical differences including groundwater elevations, distribution of pumping, and other
hydrologic budget components. Similarly, due to the synclinal form of the basin, Model Layer 3
extends over most of the model area, but generally does not extend to the outer edge of the
basin (Figure 21). The saturated thickness of Model Layer 3 ranged from near zero at the outer
edge of its distribution to a maximum thickness of about 750 feet in the Estrella area.
Thicknesses generally range from 200 to 500 feet over most of the active area of Model
Layer 3.

Model Layer 4 represents the deepest portion of the Paso Robles Formation and is interpreted
as existing everywhere in the basin (Figure 22). The saturated thickness of Model Layer 4
ranged from about 100 feet in the Creston area to a maximum thickness of about 2,400 feet in
the Estrella area. Thicknesses generally range from 200 to 700 feet over most of the active
area of Model Layer 4.

The narrow extensions of Model Layers 2 and 3 along the Salinas and Estrella river valleys
were input to allow for hydraulic connection between the alluvium and deeper model layers. A
requirement of MODFLOW is that model layers must be continuous for groundwater flow
between layers to occur. Therefore, in portions of the basin where the alluvium of Model
Layer 1 is interpreted as setting directly on the deeper Paso Robles Formation represented by
Model Layers 3 or 4, the missing intervening model layers had to be included to allow for
groundwater exchange to properly occur within the model. In these cases, a thin layer was
included directly beneath Model Layer 1. The aquifer properties were set to allow for
groundwater flow to occur between the non-adjacent layers.

Stress Periods

To simulate changing conditions over time requires the definition of stress periods that
represent the resolution of time into discrete intervals. For the Paso Robles Groundwater
Model, six-month-long stress periods were used. These were designed to approximately
correlate to the wet season/dry season character of the California climate and standard
agricultural irrigation practices. In addition, groundwater elevation data are typically collected in
the spring and fall. The stress periods run from October through March and April through
September. These times typically also represent the times of highest and lowest groundwater
elevations during a particular year. Therefore, a six-month stress period is considered an
appropriate time length for long-term groundwater basin studies. To simulate the 17-year base
period of 1981 to 1997 (Fugro and Cleath 2002), the model required 34 stress periods.
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ENGINEERING

BOUNDARY CONDITIONS

Model boundary conditions represent the hydrologic budget by simulating where groundwater
enters and exits the basin. Boundary condition data must be entered for each stress period at
each model grid cell where a boundary condition is defined in the model. MODFLOW 2000
provides a number of boundary condition options to numerically represent the different physical
processes included in the hydrologic budget.

The geographic distribution and acreages of various land uses is important to hydrologic budget
calculations and to development of the numerical model. The amount of yearly inflow and
outflow for each budget component needs to be accounted for geographically within the model
domain. Some of the model input parameters involve hydrologic budget components that are
based on the distribution of land uses, such as precipitation recharge, irrigation recharge, and
agricultural groundwater pumping. A discussion of each component of the hydrologic budget is
provided below.

Land-Use Dependent Components

Hydrologic budget estimates for precipitation recharge, agricultural pumpage, and irrigation
return flows were