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SECTION 1  
Introduction 

This 2025 Safe Yield Reevaluation (2025 SYR) report describes and documents the evaluation of the Safe 
Yield of the Chino Basin for the period of Fiscal Year (FY) 2021 through 2030.1 The 2025 SYR was completed 
pursuant to the April 28, 2017 Court Order on the Safe Yield of the Chino Basin (2017 Court Order),2,3 
which was incorporated into Watermaster’s Rules and Regulations (2022 R&R).4 This 2025 SYR follows the 
2022 Safe Yield Reset Methodology that was approved by the Court in December 2022. This section 
describes background information on the Court requirements to conduct the 2025 SYR, the scope of work 
of this effort, the peer review and stakeholder engagement, and the organization of this report. 

1.1 BACKGROUND 

The original Safe Yield of the Chino Basin (Basin) was defined in the Stipulated Judgment (Judgment) 
entered in 1978 (Chino Basin Municipal Water District vs. the City of Chino et al. [SBSC Case 
No. RCV 51010]). Figure 1-1 shows the adjudicated and hydrologic boundaries of the Basin. The Judgment 
defined the Safe Yield as “[t]he long-term average annual quantity of ground water... which can be 
produced from the Basin under cultural conditions of a particular year without causing an undesirable 
result,” set an initial Safe Yield of 140,000 acre-feet/year (afy), and defined the allocation of pumping 
rights among the Parties. A physical solution was also established, requiring the Court-appointed 
Watermaster (the Chino Basin Watermaster, or Watermaster) to offset pumping in excess of these rights 
by acquiring and recharging supplemental water funded by assessments on over-producers. 

In 2000, Watermaster developed the Optimum Basin Management Program (OBMP) and the Parties to 
the Judgment entered into the Peace Agreement and prepared the OBMP Implementation Plan. The 
OBMP Implementation Plan required that Watermaster recalculate the Safe Yield in 2011 and every ten 
years thereafter, acknowledging that the Safe Yield is influenced by changes in cultural conditions such as 
land use, water use, and groundwater pumping patterns. 

1.1.1 Prior Safe Yield Recalculations 

The initial Safe Yield recalculation was completed in 2015 for the period from FY 2011 through 2020. The 
methodology for this recalculation, known as the 2015 Safe Yield Reset Methodology (2015 SYRM), relied 
on long-term hydrology and incorporated data spanning 1921 to 2011. The 2015 SYRM involved 
recalibrating Watermaster’s groundwater-flow model using the most recent data available, especially 
data collected since the implementation of the OBMP. To estimate the future net recharge in the Basin, 
the 2015 SYRM also considered a long-term historical record of precipitation along with anticipated future 
charges in cultural conditions, such as plans for pumping, stormwater recharge, and supplemental water 
recharge. Based on this process, a Safe Yield of 135,000 afy was calculated for the period from FY 2011 
through 2020. 

  

 

1 20200716 Notice of Lodging of [Proposed] Order re CBWM Motion re 2020 Safe Yield Reset.pdf 

2 Orders for Watermaster’s Motion Regarding the 2015 Safe Yield Reset Agreement, Amendment of Restated Judgment, 

Paragraph 6, Superior Court for the County of San Bernardino (2017). 

3 Order Regarding the Appeal Parties Motion, Superior Court for the County of San Bernardino (2019). 

4 2022 Watermaster Rules and Regulations 
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Pursuant to the 2017 Court Order, Watermaster completed the 2020 Safe Yield Recalculation (2020 SYR) 
for the period of FY 2021 through 2030 using the 2015 SYRM.  Watermaster’s groundwater-flow model 
was recalibrated using long-term historical data and was used to project a prospective net recharge to the 
Basin of 131,000 afy under then-current and projected cultural conditions for the period of FY 2021 
through 2030. The 2020 SYR resulted in the Court adopting a Safe Yield of 131,000 afy for the period of 
FY 2021 through 2030. 

1.1.2 2022 Safe Yield Reset Methodology 

During the peer review process for the 2020 SYR, the parties and peer reviewers provided several comments 
and recommendations to address the uncertainty in future water plans in calculating the Safe Yield. These 
included recommendations to simulate multiple pumping scenarios to address predictive uncertainty more 
comprehensively. In addition to the comments on the 2020 SYR Report, the City of Chino opposed the 
2020 Safe Yield Reset on the grounds that the process did not adequately address uncertainty.5 

The 2017 Court Order6  permits Watermaster, with recommendation and advice from the Pools and 
Advisory Committee, to supplement the 2015 SYRM by incorporating advancements in best management 
practices and hydrologic science. In response to recommendations arising from the 2020 SYR, objections 
to the 2020 SYR, and pursuant to the authority granted by the 2017 Court Order, Watermaster initiated a 
process in 2021 to update the 2015 SYRM. 

The SYRM update process began in October 2021. Three workshops occurred during the period from 
October 2021 through July 2022, in which three draft technical memoranda were circulated for review 
and comment by the parties and technical peer reviewers. The final technical memorandum (TM) 
documenting the revised SYRM (called the 2022 Safe Yield Reset Methodology, or 2022 SYRM) was 
published on October 6, 20227 and approved by the Court in December 2022.8 The 2022 SYRM includes 
the following steps: 

(i) Use data collected since the implementation of the OBMP to re-calibrate the Watermaster’s 

groundwater-flow model. The re-calibration period should be long enough to include wet and 

dry periods relative to the long-term historical precipitation record. 

(ii) Conduct an uncertainty analysis of the re-calibrated groundwater-flow model to identify a 

plausible range of calibrated models. 

(iii) Describe current and projected future cultural conditions, including but not limited to land use 

and water-management practices, such as: pumping, managed recharge, managed 

groundwater storage, impervious land cover, water recycling, and water conservation 

practices. Identify a possible range of projected future cultural conditions. 

(iv) Using the most current research on future climate and hydrology, identify a possible range of 

projected future climatic conditions in the Santa Ana River watershed.  

 

5 20200615 City of Chino's Opposition to CVWM Motion re 2020 Safe Yield Reset.pdf 

6 See pages 16-17 of the 2017 Court Order and Section 6.5(d) of the 2022 R&R. 

7 Final 2022 SYRM TM 

8 20221219 Notice of Ruling and Entry of Orders.pdf 
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(v) Using the results of [3.] and [4.] above, prepare an ensemble of multiple projection scenarios of 

combinations of future climate/hydrology and cultural conditions (herein called the “Projection 

Ensemble”). Assign likelihoods to each scenario in the Projection Ensemble. 

(vi) Simulate the range for the potential future water budget and groundwater conditions in the 

Chino Basin over no less than a 50-year future period. This is accomplished by using:  

i. The range of calibrated models developed in [2.], and  

ii. The Projection Ensemble developed in [5.] as model input data.  

(vii) Using the results of [6.] above, characterize the range in the model results for: 

i. Groundwater conditions, including: groundwater elevations, groundwater in storage, 

and groundwater flow directions, and 

ii. The water budget, including: basin inflows, outflows, change in storage, and 

net recharge. 

(viii) Using the set of net recharge results from [7.ii], determine a tentative Safe Yield as the 

likelihood-weighted average net recharge over the 10-year prospective period for which the 

Safe Yield is being redetermined (Tentative Safe Yield). 

(ix) Evaluate whether the groundwater production at the Tentative Safe Yield estimated in [8] 

above will cause or threaten to cause "undesirable results" or "Material Physical Injury." If 

groundwater production at Tentative Safe Yield will cause or threaten to cause "undesirable 

results" or "Material Physical Injury," then Watermaster will identify and implement prudent 

measures necessary to mitigate "undesirable results" or "Material Physical Injury," set the 

value of Safe Yield to ensure there is no "undesirable results" or "Material Physical Injury," or 

implement a combination of mitigation measures and a changed Safe Yield. 

1.1.3 2025 Safe Yield Reevaluation 

The 2017 Court Order (restated in Section 6.5(f) of the 2022 R&R) requires that Watermaster update its 
groundwater model and evaluate the 2020 Safe Yield (131,000 afy) by June 30, 2025. Watermaster 
maintains and updates the Chino Valley Model (CVM) to facilitate this evaluation. The CVM, used for the 
2020 SYR, has been updated for the 2025 SYR to implement the 2022 SYRM. 

The 2025 SYR will apply the 2022 SYRM to evaluate the current Safe Yield for FY 2021 through 2030.  
Section 6.5(c) of the 2022 R&R outlines the potential next steps if the 2025 SYR results indicate that the 
reevaluated Safe Yield deviates by more than 2.5% from the current Safe Yield. This section states that 
the Safe Yield may be reset if: 

(i) with the recommendation and advice of the Pools and Advisory Committee and in the exercise 
of prudent management discretion described in Section 6.5(e)(iii), below, Watermaster 
recommends to the court that the Safe Yield must be changed by an amount greater (more or 
less) than 2.5% of the then-effective Safe Yield. 

  

Exhibit A, Pg 018



 
 
 

Section 1 
Introduction  

 

 

 
K-C-941-00-00-00-PE8 PE9-WP-2025 SYR-Report 

1-5 Chino Basin Watermaster 
2025 Safe Yield Reevaluation 

June 2026 
 

(ii) The California State Water Resources Control Board develops water conservation measures 
prior to June 30, 2030, that result in a reduction in urban irrigation in the Chino Basin (i.e., 
reduced Evapotranspiration Adjustment Factors), as required by Water Code § 10609, et seq., 
that is reasonably likely to materially reduce recharge in the Chino Basin and such measures 
are determined to change the Safe Yield by more than 2.5% of the then-effective Safe Yield, 
and Watermaster moves the Court to reset the Safe Yield accordingly. (Orders Regarding Chino 
Basin Watermaster Motion Regarding 2020 Safe Yield Reset, Amendment of Restated 
Judgment, Paragraph 6, dated July 31, 2020 at 15.) 

1.2 SCOPE OF WORK 

The scope of work for the 2025 SYR includes the following key tasks: 

• Task 1 – Update Hydrogeologic Conceptual Model. This task involves using the most 
current information to update the description of the Chino Basin hydrogeology and then 
translate the hydrogeologic description to the CVM. 

• Task 2 – Update Model and Input Data for Historical Period. This task involves extending 
and updating the input data for the surface water and groundwater models through the 
historical calibration period to prepare for model recalibration. 

• Task 3 – Recalibrate Groundwater Model to Generate Calibrated Realizations. This task 
involves recalibrating the CVM using historical data for the updated calibration period 
(FY 1992 through 2022) and employing uncertainty analysis methods like PESTPP-IES to 
generate a range of plausible calibrated model realizations. 

• Task 4 – Develop Planning Scenarios. This task involves creating an ensemble of future 
projection scenarios that incorporate uncertainties in water demands, supply plans, 
and climate conditions through stakeholder engagement and analysis of available 
planning documents. 

• Task 5 – Conduct Planning Simulations to Update Projections of Net Recharge, Identify 
Undesirable Results and Associated Mitigation Measures, and Reevaluate Safe Yield. This task 
utilizes the calibrated CVM realizations and projection scenarios to simulate future conditions, 
project net recharge, evaluate potential undesirable results or material physical injury (MPI), 
and develop recommendations for the Safe Yield and any potential mitigation measures. 

• Task 6 – Prepare Safe Yield Reevaluation Report. This task involves documenting the entire 
2025 SYR process, including methodologies, results, analyses, and recommendations in a 
comprehensive report. 
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1.3 PEER REVIEW AND STAKEHOLDER ENGAGEMENT 

Section 6.5(g) of the 2022 R&R requires the Pools to have the opportunity for peer review of the 2025 SYR. 
The 2025 SYR was developed with input from the parties and stakeholders through a series of workshops 
and TMs. Watermaster hosted 11 workshops to review and gather feedback on interim results and various 
stages of the process. The workshops and TMs that supported this work are listed below. 

• Workshops: 

— August 30, 2023 – Hydrogeologic Conceptual Model 

— October 24, 2023 – Scenario Design (#1) 

— March 7, 2024 – Scenario Design (#2) 

— May 29, 2024 – Calibration and Uncertainty Analysis (#1) 

— June 25, 2024 – Scenario Design (#3) 

— August 6, 2024 – Calibration and Uncertainty Analysis (#2) 

— August 27, 2024 – Scenario Design (#4) 

— November 20, 2024 – SYR Process and Evaluation of Material Physical Injury 

— March 25, 2025 – Preliminary Results 

— November 6, 2025 – Draft 2025 SYR Report 

— May 20, 2026 – Revised Draft 2025 SYR Report 

• TMs/Reports: 

— Scenario Design TM #1 

— Scenario Design TM #2 

— Scenario Design TM #3 

— Analysis of Material Physical Injury and Undesirable Results for the 2025 SYR 

— 2025 Safe Yield Reevaluation Report (this report) 

Each of the presentations and TMs (including draft documents) listed above are hosted on Watermaster’s 
website9  and were maintained for access throughout the 2025 SYR process. The written comments 
provided by the parties and stakeholders on the presentations and TMs were included as appendices in 
the TMs. Written comments from the March 25, 2025, November 6, 2025 workshop, and on the draft 
2025 SYR report are documented with responses in Appendix E of this report. 

1.3.1 Third-Party Peer Review of 2025 CVM and 2025 SYR 

Following the March 25, 2025 workshop, the Watermaster Board directed staff to engage a third-party 
consultant to conduct an independent peer review of the 2025 CVM and the SYR assumptions and 
findings. Watermaster selected S.S. Papadopulos & Associates (SSP&A) to perform this review. The peer 
review was conducted from July through September 2025 and culminated with SSP&A presenting findings 
and recommendations to the Watermaster Advisory Committee and Board in September 2025 and 

 

9 https://cbwm.org/pages/syrm/ 
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submitting a report of the findings and recommendations in October 2025. The full peer review report is 
provided in Appendix E. 

At the Appropriative Pool (AP) Committee meeting on December 11, 2025, the AP requested that West 
Yost work with the AP’s consultant, Thomas Harder and Company (THC) to develop a scope to address the 
peer review recommendations. West Yost met with THC staff in December 2025 to discuss a draft of the 
scope of work to respond to the peer review recommendations.  

1.3.1.1 Implementation of Peer Review Recommendations 

In January 2026, the Watermaster Board approved a scope of work to implement selected peer review 
recommendations and revise the 2025 SYR study and report.10 The scope of work was developed to 
incorporate the major recommendations that would impact the evaluation of the Safe Yield and support 
the documentation of the surface-water model component of the 2025 CVM (i.e., the HSPF and R4 models 
– See Section 3). The scope of work included the following tasks: 

• Task 1. Develop Integrated Water Budgets 

• Task 2. Refine Calibration Data 

• Task 3. Refine Model Mechanics and Numerical Stability 

• Task 4. Prepare, Run, and Process Additional PESTPP-IES Configuration and 
Projection Ensemble 

• Task 5. Update Report and Appendices 

• Task 6. Conduct Stakeholder Workshop 

• Task 7. Project Management and Meetings 

This scope of work was initiated in February 2026. During the execution of Tasks 1 through 4, West Yost 
held four meetings with staff from Watermaster, THC, and SSP&A to review intermediate results, answer 
questions, and gather feedback. Revisions made to the 2025 SYR to implement the peer review 
recommendations are noted throughout the report. 

1.4 REPORT ORGANIZATION 

The remaining sections of this report are described below: 

• Section 2 – Update of Hydrogeologic Conceptual Model: This section describes the new 
information gathered and interpreted since the 2020 SYR on the hydrogeology of the Chino 
Basin, including the geologic setting, stratigraphy, base of aquifer, occurrence and 
movement of groundwater, aquifer system, aquifer properties, and land subsidence. 

• Section 3 – Model Updates: This section describes the updates made to the 2025 CVM 
including the surface water models, vadose zone models, and the groundwater-flow model. 

• Section 4 – Model Calibration and Uncertainty Analysis: This section documents the 
calibration of the CVM using a pilot point method and PESTPP-IES to generate multiple 

 

10 Business Item III.B. of the January 22, 2026 Watermaster Board meeting (Meeting Package) 
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calibrated model realizations and presents the results of the calibration process including the 
historical water budget, a discussion of uncertainty, and the selected calibrated realizations. 

• Section 5 – Projection Ensemble: This section describes the development of the projection
ensemble including: stakeholder engagement and timeline, the characterization of
uncertainty in future climate and cultural conditions, and the final Projection Ensemble.

• Section 6 – 2025 Determination of Tentative Safe Yield: This section summarizes the TSY
Ensemble results, including projected water budgets, groundwater conditions, comparison
to the 2020 SYR, and the likelihood-weighted net recharge used to determine the Tentative
Safe Yield for FY 2021 through 2030.

• Section 7 – 2025 Safe Yield Reevaluation: This section documents the evaluation of
whether production at the Tentative Safe Yield will cause or threaten undesirable results or
MPI, and presents recommendations for data gaps, CVM improvements, mitigation
measures, and Basin operational optimization.

• Appendix A – Supplemental Hydrogeologic Information

• Appendix B – Results from the Calibration and Uncertainty Analysis

• Appendix C – Scenario Design Information

• Appendix D – TSY Ensemble Results

• Appendix E – Peer Review and Stakeholder Comments and Responses
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SECTION 2  
Update of Hydrogeologic Conceptual Model 

2.1 INTRODUCTION AND SCOPE 

This section describes the new information and updates that were made to the geologic and 
hydrogeologic understanding and conceptual model for the groundwater basins that are simulated in the 
2025 Chino Valley Model (2025 CVM), which include the Chino Basin, Cucamonga Basin, Six Basins, Spadra 
Basin, and Temescal Basin. Figure 2-1 shows these groundwater basins, the regional geology, and the 
model domain of the 2025 CVM. 

The 2020 SYR Report described the hydrogeologic and hydrologic setting of the groundwater basins within 
the 2020 CVM domain, as well as the hydrogeologic conceptual model (HCM) that serves as the 
foundation for both the 2020 CVM and the 2025 CVM. An HCM is a description of the geologic and 
hydrologic framework governing the occurrence of groundwater and its flow through and across the 
boundaries of a basin and the general groundwater conditions in a basin or subbasin.1 

The scope of Task 1 for the 2025 SYR includes: (i) review new data and information; (ii) update the HCM; 
and (iii) use the updated HCM to update the 2025 CVM. The following types of new data and information 
were used to update the HCM and the 2025 CVM: 

• Geologic and lithologic information, such as new well lithologic logs and pump tests 

• Remote sensing data 

• Information on faults and basin boundaries that may affect groundwater flow 

2.2 GEOLOGIC AND LITHOLOGIC INFORMATION 

During the development of the 2025 CVM, Watermaster completed an inventory of new well information 
compiled since 2018, the cutoff for date for the update of the 2020 CVM. Watermaster maintains a 
comprehensive well inventory, which was augmented through contacting several agencies that have 
recently installed wells in the 2025 CVM domain. This effort yielded approximately 80 new well logs. 
Figure 2-2 is a map that shows the locations and depths of the new well logs (symbolized by CVM layer 
penetrated by the wells). Some of the new wells are located near each other or are nested wells, resulting 
in overlapping locations on the map. 

The HCM relies heavily on lithological data from well driller's logs, which provide depth-specific 
descriptions of the thicknesses, type, and texture of the aquifer sediments that are used to characterize 
the basin hydrostratigraphy. For the 2025 CVM, the process of collecting and reviewing new well 
information was continued to update the HCM, building upon the approximately 1,150 logs reviewed for 
the development of the 2020 CVM and prior models. 

Several of the new borehole lithologic logs were used to revise the hydrogeologic cross-sections of the 
HCM. Figure 2-3 shows the locations of the hydrogeologic cross-sections, with highlights indicating 
revisions since the 2020 CVM. Seven new wells, two in the Spadra Basin and five in the Chino Basin, were 
incorporated onto the cross-sections. Two wells that were used in the 2020 CVM were added to the 
cross-sections: Pomona well P-21 was added to more clearly delineate the Spadra Barrier (see 
Section 2.4), and the Monte Vista Water District Well 28 was added to more clearly delineate the layers 

 

1 Cal. Code Regs. Tit. 23, § 341(q) 
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in this region, as this lithology was used to develop a one-dimensional compaction model of the aquifer2 
to support Ground-Level Monitoring Program investigations of land subsidence. The revised 
cross-sections are in Appendix A. 

The new hydrogeologic information, including the new well lithologic logs, were used for several updates 
to the 2025 CVM, including: 

• Revising CVM layer elevations and thickness to improve the representation of the 
subsurface hydrostratigraphy. 

• Integrating new information onto hydrostratigraphic sections to provide a visual 
representation of the subsurface hydrostratigraphy. 

• Refining the understanding and characterization of the spatial distribution and values of 
aquifer properties. 

2.3 REMOTE SENSING 

Watermaster uses remote sensing datasets to support various monitoring efforts, such as the Prado Basin 
Habitat Sustainability Program and the Ground-Level Monitoring Program. To update the 2025 CVM, 
Watermaster reviewed the latest data from three remote sensing datasets: Interferometric Synthetic 
Aperture Radar (InSAR), Normalized Difference Vegetation Index (NDVI) and aerial photos of the Prado 
Basin, and a Digital Elevation Model (DEM). Watermaster reviewed the recent data for each of these 
datasets to inform updates to the 2025 CVM, each described in more detail below. 

2.3.1 InSAR 

Historically, the Watermaster has used InSAR as a monitoring technique to track vertical ground motion 
(e.g., land subsidence) as an element of its Ground-Level Monitoring Program. For instance, as 
groundwater levels rise, the aquifer-system sediments can expand under the increased heads, and the 
land surface can rise. Conversely, as groundwater levels decline, the aquifer-system sediments can 
compress or compact permanently, and the land surface can fall (i.e., land subsidence). Because of these 
aquifer-system mechanics that respond to rising and falling groundwater levels, InSAR has proven valuable 
in identifying the locations of subsurface faults and barriers to groundwater flow within the CVM domain.3 
This is because groundwater levels oftentimes deform differently on either side of fault barriers, which 
causes differential vertical ground motion across the fault barriers. 

Recent InSAR data collected since the development of the 2020 CVM were reviewed to refine the 
location of certain fault barriers within the CVM domain. During the winter of FY 2023, InSAR 
measurements captured differential vertical ground motion in the northwestern corner of the CVM 
domain during a period of higher-than-average precipitation and recharge in the Six Basins and 
Cucamonga Basin. These data proved useful in refining the location of the West Cucamonga Barrier and 
the San Jose Fault in these areas. 

 

2 TM - 941 - 1D Model - Final.pdf 

3 Wildermuth Environmental, Inc. 2017. Strategic Plan for the Six Basins. Prepared for the Six Basins Watermaster. 
November 2017. Link 
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Figure 2-1
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Borehole Locations Used to Describe
the Hydrogeologic Conceptual Model
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Figure 2-2
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Map View of the
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Figure 2-3
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Figure 2-4 illustrates the vertical ground motion observed in the northwestern corner of the CVM domain 
between Spring 2022 and Spring 2023. The areas in the Six Basins and Cucamonga Basin exhibited uplift 
because of the large volumes of recharge and increases in groundwater levels north of the 
West Cucamonga Barrier and the San Jose Fault, while little to no ground motion occurred south of these 
fault barriers. These findings not only illustrate improved understanding about the location of the fault 
barriers but also suggest that groundwater flow is restricted across the fault barriers. These observations 
and insights were used to revise the hydrologic boundary of the Chino Basin and the delineation of the 
San Jose Fault and the West Cucamonga Barrier in the 2025 CVM. Figure 2-4 illustrates these changes by 
showing the hydrologic basin boundary in the 2020 CVM as a gray line and the revised boundary in the 
2025 CVM as a red line. 

2.3.2 NDVI and Aerial Photos 

The Prado Basin Habitat Sustainability Program (PBHSP) is designed to monitor the extent and health of 
the riparian vegetation in the Prado Basin in the southern Chino Basin, which is the largest 
groundwater-dependent ecosystem in southern California. The PBHSP publishes annual reports to 
document the monitoring data, analyses, and interpretations. As part of the PBHSP, Watermaster 
routinely collects and evaluates NDVI data and aerial photographs of the Prado Basin to determine the 
extent, density, and health of riparian vegetation in Prado Basin over time. For the 2025 CVM update, 
Watermaster reviewed these datasets in the context of the estimation of groundwater 
evapotranspiration (ET) in this area, which is one of the key processes that governs the water budget of 
the Chino Basin. Appendix B of the 2020 SYR Report documented the assumptions and process to calculate 
ET from the Prado Basin in the 2020 CVM. 

Based on the review of the new NDVI data and aerial photos, it was determined that no changes were 
necessary to the existing ET estimation process, or the delineation of the riparian vegetation as 
implemented in the 2020 CVM. The spatial extent and density of the riparian vegetation used in the 
2020 CVM has remained consistent since 2020 CVM was completed. 

2.3.3 DEM 

The groundwater and surface water interactions between the Chino Basin and the Santa Ana River (SAR) 
are important dynamics that are simulated by the CVM. Accurately characterizing the geometry 
(e.g., stream-bottom elevations and slope) and location of the SAR are key data for the simulations. In 
the 2020 CVM, the geometry and location of the SAR were computed using a 10-meter DEM from the 
United States Geological Survey (USGS). For the development of the 2025 CVM, Watermaster gathered 
the most recent 1-meter DEM data (2018) and aerial photos of the SAR. With these data, Watermaster 
updated the streambed elevations, slopes, and stream cross-sections to characterize the SAR in the 
groundwater-flow model. 
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2.4 FAULTS AND BASIN BOUNDARIES 

Watermaster reviewed other new information related to the location and characterization of faults and 
basin boundaries to further refine the HCM. The new information included: 

• Spadra Barrier: The Spadra Barrier marks the boundary between the Chino Basin and the
Spadra Basin. Groundwater levels in the Spadra Basin are approximately 50 to 200 feet
higher than those in the Chino Basin. A review of groundwater-level data from wells near
this boundary has refined the location of the Spadra Barrier, as shown in Figure 2-1. The
revised extent and location of the Spadra Barrier aligns with a concealed fault mapped by a
USGS study.4 Additionally, the northern extent of the Central Avenue Fault, which runs
parallel to the western edge of the Chino Basin south of the Spadra Barrier, has been revised
to intersect with the Spadra Barrier.

• Rialto-Colton Fault: The Rialto-Colton Fault separates the Rialto-Colton Basin from the
Chino and Riverside Basins. It is a known barrier to groundwater flow along much of its
length, particularly in its northern reaches. Watermaster reviewed recent information on
the characterization of this fault, including a 2014 USGS study5 and the groundwater model
report from the Integrated SAR Model.6 The conclusion of this review was that no new
significant findings emerged that would necessitate changes to the current location of this
fault in the CVM or its influence on groundwater flow.

• Boundary between the Chino and Temescal Basins: The Temescal Basin is included within
the domain of the 2020 CVM. Groundwater within the Chino Basin flows southwest towards
the Prado Basin and converges with groundwater flowing northwest out of the Temescal
Basin. These groundwaters mix and flow southwest toward Prado Dam. Watermaster
reviewed the groundwater-flow model that was recently developed to support the
2022 Groundwater Sustainability Plan (GSP) for the Temescal Basin.7 Based on the review of
the GSP and model documentation, it was determined that no changes should be made for
the 2025 CVM.

4 Morton, D., and Miller F. Geologic Map of the San Bernardino and Santa Ana 30' x 60' quadrangles, California. 
2006. http://pubs.usgs.gov/of/2006/1217/  

5 Teague, Nick, Brown, A.A., and Woolfenden, L.R., 2014, Geohydrologic and water-quality data in the vicinity of 
the Rialto-Colton Fault, San Bernardino, California: U.S. Geological Survey Data Series 813, 76 p., 
http://dx.doi.org/10.3133/ds813. 

6 Geoscience, 2020. Integrated Santa Ana River Model Report. Prepared for San Bernardino Valley Municipal Water 
District, 2020. 

7 2022 Temescal Basin Groundwater Sustainability Plan 
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SECTION 3  
2025 Updates to the Chino Valley Model 

This section describes the updates that were made to the four models that compose the 2025 CVM: the 
Hydrologic Simulation Program – Fortran (HSPF) model, the R4 model, the HYDRUS-2D model, and the 
MODFLOW model. The purpose of each of these models is described below. 

Hydrologic Simulation Program – Fortran (HSPF). This model was implemented based on 
the HSPF code (Bicknell, et al., 2005), which is a numerical model developed to simulate 
hydrologic and water quality processes in natural and man-made water systems. The HSPF 
model uses meteorological data, land use data, and physical characteristics of the model 
domain to estimate surface runoff and subsurface inflow from the San Gabriel Mountains to 
the Chino Valley. The HSPF model was calibrated during the 2020 SYR and was not 
recalibrated during the 2025 SYR. However, the simulation period of the HSPF model was 
extended through FY 2023 to cover the calibration period of the 2025 CVM and one year of 
the projection period. 

R4. This model was implemented based on the R4 code (WEI, 2007).1 Like the HSPF model, 
the R4 model uses meteorological data, land use data, and physical characteristics of the 
model domain to simulate the surface-water processes, including rainfall, 
evapotranspiration, runoff, runoff routing, and deep infiltration of precipitation and applied 
water (DIPAW) within the Chino Valley. The simulated streamflow from the HSPF model is 
used as input data to the R4 model. The R4 model was calibrated during the 2020 SYR and 
was not recalibrated during the 2025 SYR. However, the simulation period of the R4 model 
was extended through FY 2023 to cover the calibration period of the 2025 CVM and one 
year of the projection period. 

HYDRUS-2D. Seven HYDRUS-2D models were implemented based on the HYDRUS-2D code 
(Simunek, et al., 1999), which is a modeling environment for the analysis of water flow and 
solute and heat transport in variably saturated porous media. These models were used during 
the 2020 SYR to simulate the movement of DIPAW through the Vadose zone and to estimate 
the lag time for DIPAW to reach the groundwater table at selected locations in the Chino 
Basin. The HYDRUS-2D models were not updated during the 2025 SYR, as the lag time was 
assumed to be spatially static; therefore, an update to the model was not deemed necessary. 

MODFLOW. This model was implemented based on the MODFLOW-NWT code (Niswonger, 
et al., 2011). The MODFLOW model was used to simulate saturated groundwater flow in the 
Chino Basin, Spadra Basin, Cucamonga Basin, and Six Basins area. The results of the HSPF, 
R4, and Hydrus-2D models are used to inform the input values to the domain of the 
MODFLOW model, including boundary subsurface inflows; subsurface inflows from the 
San Gabriel Mountains; runoff to streams; percolation in recharge basins; and the 
magnitude and timing of DIPAW. 

Figure 3-1 shows the boundaries of the 2025 CVM domains for the HSPF, R4, and MODFLOW models. The 
remainder of this section describes the revisions that were made to the 2025 CVM during the 2025 SYR. 

1 The model is in the public domain and can be downloaded from https://github.com/weiwater/R4 
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3.1 EXTENSION OF HISTORICAL SIMULATION PERIOD FOR THE 2025 CVM 

The historical simulation period of the 2020 CVM was July 1, 1977 through June 30, 2018. For the 
development of the 2025 CVM, historical data was extended through June 30, 2023. 

3.1.1 Time Series Data 

Updated meteorological stresses, applied water, and recharged water data were used as input data for the 
extended simulation period of the R4 and HSPF models. The results of the HSPF and R4 models provide input 
data to the MODFLOW model, including surface-water runoff and mountain-front flow (from the HSPF 
model) and DIPAW, stormwater runoff and recharge, and subsurface boundary inflow (from the R4 model). 

In addition to the output data from the R4 and HSPF models, time series data for groundwater pumping, 
managed aquifer recharge, and groundwater levels (to calculate time-variant specified-head boundary 
flows) were used to extend the historical simulation period of the MODFLOW model. 

3.1.2 Land Use 

The domains of the HSPF and R4 models, and the hydrologic sub-areas of these models, are shown on 
Figure 3-2. Land use data is an input into the HSPF and R4 models that the models use to estimate runoff, 
applied water, and deep percolation of precipitation and applied water. Since the development of the 
2020 CVM, land use was collected in 2022 from Land IQ, a land use consulting firm that has documented 
recent land use changes in the southern Chino Basin. The southern portion of the Chino Basin is the only 
region where land use has changed significantly since the development of the 2020 CVM (the land use 
data for which ended in 2017) and was the only area where land use designations were updated from the 
2020 CVM. Figures 3-3 and 3-4 show the land use in the Chino Basin in 2017 and 2022, respectively. Land 
use in the HSPF model domain was not updated for the 2025 CVM. 

3.2 UPDATES TO THE MODFLOW MODEL 

3.2.1 Model Domain and Grid 

Like the 2020 CVM, the MODFLOW model of the 2025 CVM has a rectilinear grid consisting of five layers, 
577 rows, and 648 columns, with a uniform row/column width of 196.86 ft (60 meters). The model has a 
total of 1,869,480 cells, among which 838,113 are active cells where groundwater elevations are simulated. 

3.2.2 Model Layer Elevation and Thickness 

The Chino Basin is simulated with five model layers. The Spadra Basin, Cucamonga Basin, Temescal Basin, 
and Six Basins are simulated with a single model layer. The model layer elevations were updated based 
on the geological cross-sections of the updated HCM that included lithological/geophysical logs from new 
wells constructed since the last CVM update (see Section 2 and Appendix A). 

Layers 1, 3, and 5 represent regional aquifers from which most groundwater is pumped by wells. Layers 2 
and 4 represent regional clay-rich aquitards. Figures 3-5 through 3-7 are maps that display the model layer 
thicknesses for the 2025 CVM for Layers 1, 3, and 5, respectively. The thicknesses of Layers 2 and 4 are 
not shown; they are typically less than 100 feet thick.  
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Bernardino Road, Rancho Cucamonga, California 91730; telephone (909) 484-3888.
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/_ _/ BY PERSONAL SERVICE:
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