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3.2.3 Travel Time of DIPAW Through the Vadose Zone 

The magnitude and timing of DIPAW arriving at the groundwater table are based on R4 model estimates 
of surface-water infiltration past the root zone with the arrival time lagged based on the HYDRUS-2D 
model estimates of travel time through the Vadose zone. The estimated annual average DIPAW is used as 
input to the Recharge Package (RCH) of the MODFLOW model. 

Figure 3-8 shows the location of the HYDRUS-2D models and the estimated lag time for the 2020 CVM. In 
the 2020 CVM, a constant lag time was applied within each color-banded zone, resulting in abrupt “jumps” 
in DIPAW arrival times at the zone boundaries. No updates were made to the HYDRUS-2D models in the 
2025 CVM, based on the assumption that lag time remains spatially static under relatively stable land use 
conditions across most of the Basin. To eliminate jumps in timing of DIPAW across the Basin, the lag time 
for the 2025 CVM is based on linear-interpolation of the estimated HYDRUS-2D lag times from the 
2020 CVM data. Figure 3-9 shows the location of the HYDRUS-2D models and the estimated lag time for 
the 2025 CVM. 

3.2.4 Evapotranspiration of Groundwater 

Evapotranspiration of groundwater2 by phreatophytes in the Prado Basin and SAR areas was simulated 
with the Evapotranspiration Segments Package (ETS1) of the MODFLOW model. Appendix A.3 provides a 
detailed description of the data, literature, and assumptions that were used to construct the input file to 
the ETS1 Package. 

3.2.5 Santa Ana River and Tributaries 

Streamflow and groundwater/surface-water interactions within the SAR and its tributaries were 
simulated using the Streamflow-Routing Package (SFR) of the MODFLOW model. The stream courses, 
streambed elevations, and streambed cross-sectional geometries were updated based on the review of 
historical aerial photos and the 2018 one-meter digital elevation model from the USGS (see Section 2). 
Figure 3-10 shows the locations of the streams simulated with the SFR package in the MODFLOW model 
of the 2025 CVM. 

3.2.6 Groundwater Pumping 

Groundwater pumping data compiled by the Watermaster were reviewed and extended to match the 
calibration period. The Well Package (WEL) of the MODFLOW model was used to simulate unmetered 
agricultural pumping from 1992 to the early 2000s that was estimated with water-duty methods. The 
Multi-node Well Package (MNW2) of the MODFLOW model was used to simulate metered pumping. Most 
metered data is available at monthly or quarterly intervals, with Watermaster's production database 
containing quarterly records. 

  

 

2 Evapotranspiration of surface water was simulated with the HSPF and R4 models. 
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Travel Time of DIPAW through
Vadose Zone - 2020 CVM
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Figure 3-8
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Figure 3-9
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3.2.7 Fault Barriers 

The Horizontal-Flow Barrier (HFB) Package of the MODFLOW model was used to simulate geologic faults 
that impede groundwater flow. Figure 3-11 shows the simulated faults of the 2020 CVM and the two 
modifications that were made to the simulated faults in the 2025 CVM. The first modification was adding 
a barrier between the Spadra Basin and Chino Basin based on the observation of abrupt change in depth 
of bedrock, difference in groundwater levels, and a USGS-mapped fault in that area. The second 
modification was shifting the fault lines north of CA-210 (i.e., the faults that separate the north portions 
of the Cucamonga and Six Basins from the Chino Basin) based on probable fault lines suggested by InSAR 
estimates of ground motion between Spring 2022 and Spring 2023 (see Section 2). Figure 3-12 shows how 
the faults were segmented in the 2025 CVM to apply parameters to each segment. The parameters 
applied to each segment were updated for the 2025 CVM and allowed to vary to consider the uncertainty 
in the fault properties (see Section 4 for more detail). 

3.2.8 Subsurface Inflow 

Subsurface inflow includes inflow from the San Gabriel Mountains to the Cucamonga and Six Basins and 
inflow from other adjacent groundwater basins to the basins simulated in the 2025 CVM. Figure 3-13 
shows the locations of the subsurface inflow and the segmentation of these locations in the 2025 CVM. 
Subsurface inflow in these segments is simulated as a variable-flux boundary. The time series of 
subsurface inflow from the San Gabriel Mountains to the Six Basins and Cucamonga Basin was estimated 
by the streambed percolation estimated by the HSPF model. The time series of subsurface inflow from 
hillsides (e.g., Jurupa Hills, Chino Hills) to the basins simulated in the 2025 CVM was estimated by the 
DIPAW estimated with the R4 model. 

Subsurface inflows from other regions into the 2025 CVM domain are identical to those described in 
Section 5 of the 2020 SYR Report. Figure 3-14 shows the locations of the time-variant specified-head 
boundaries for the 2025 CVM located at the western edge of Spadra Basin and at the Bloomington Divide. 
The time series for these specified-head boundaries are based on groundwater levels at wells near the 
basin boundaries, as documented in Section 5 of the 2020 SYR. The time series of subsurface inflows was 
extended to match the calibration period and used as input data for the Flow and Head Boundary 
Package (FHB) of the MODFLOW model. No changes were made to the methods to calculate subsurface 
inflow between the 2020 CVM and the 2025 CVM. 
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Figure 3-11
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SECTION 4  
Model Calibration and Uncertainty Analysis 

4.1 VALIDATION OF R4 MODEL 

Section 4 documents the validation of the R4 model and the calibration and uncertainty analysis applied 
to the groundwater-flow (MODFLOW) model of the 2025 CVM. 

The scope of revising the R4 model for the 2025 CVM specified a validation of the model using new data 
rather than a recalibration. The validation effort included extending and running the R4 model used in the 
2020 CVM through FY 2022 and then assessing the results using the same criteria and statistics that were 
used to evaluate the calibration of the 2020 CVM. As the simulated outflows from the HSPF model are 
used as inflows for the R4 model, validation of the R4 model was assumed to be sufficient to assess the 
performance of both the R4 and HSPF models. 

The peer review responses included the preparation of water budgets and additional documentation of 
the R4 model (see Appendix A). 

4.1.1 Evaluation Criteria 

R4 model validation used the same criteria and statistics that were used to evaluate the calibration of the 
R4 model in the 2020 CVM: 

• Comparison of simulated streamflow with measured streamflow at two streamflow gauges 
in the Chino Basin (Chino Creek at Schaefer Avenue and Cucamonga Creek near Mira Loma). 
Figure 4-1 shows the locations of these two streamflow gauges. 

• Comparison of urban outdoor water use (UOWU) simulated through the R4 root zone 
module with the UOWU estimated within the Inland Empire Utilities Service Area (IEUA) 
service area. 

• Comparison of R4-simulated stormwater recharge in Chino Basin recharge basins with the 
stormwater recharge measured by the IEUA. 

The calibration statistics for the R4 model in the 2020 CVM are documented in Section 6 of the 
2020 SYR Report. 

4.1.2 Validation Results 

4.1.2.1 Simulated Streamflow 

For the 2020 CVM, the R4 model was manually calibrated to match surface water discharges at the gaging 
stations shown in Figure 4-1. To evaluate the match of simulated versus measured streamflow in this 
validation exercise, the same statistics used in the 2020 CVM were applied: the Nash-Sutcliffe 
Efficiency (NSE) index1 and the coefficient of determination (R²). 

  

 

1 Nash, J. E. and Sutcliffe, J. V. 1970. River flow forecasting through conceptual models: Part 1. A 
discussion of principles. J. Hydrology. 1970, Vol. 10, 3, pp. 282-290. 
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CHINO BASIN WATERMASTER
Case No. RCVRS51010

Chino Basin Municipal Water District v. City of Chino, et al.

PROOF OF SERVICE

I declare that:

I am employed in the County of San Bernardino, California. I am over the age of 18 years and not
a party to the action within. My business address is Chino Basin Watermaster, 9641 San
Bernardino Road, Rancho Cucamonga, California 91730; telephone (909) 484-3888.

On October 14, 2026, I served the following:

1. EXHIBIT A - PART 2 OF 4 TO DECLARATION OF GARRETT RAPP IN SUPPORT OF
MOTION REGARDING 2025 SAFE YIELD REEVALUATION, AMENDMENT OF
RESTATED JUDGMENT, PARAGRAPH 6

/X / BY MAIL: in said cause, by placing a true copy thereof enclosed with postage thereon
fully prepaid, for delivery by the United States Postal Service mail at Rancho
Cucamonga, California, addresses as follows:
See attached service list: Mailing List 1

/_/ BY PERSONAL SERVICE: I caused such envelope to be delivered by hand to the
addressee.

/_I BY FACSIMILE: I transmitted said document by fax transmission from (909) 484-3890
to the fax number(s) indicated. The transmission was reported as complete on the
transmission report, which was properly issued by the transmitting fax machine.

/X / BY ELECTRONIC MAIL: I transmitted notice of availability of electronic documents by
electronic transmission to the email address indicated. The transmission was reported
as complete on the transmission report, which was properly issued by the transmitting
electronic mail device.
See attached service list: Master Email Distribution List

I declare under penalty of perjury under the laws of the State of California that the above is true
and correct.

Executed on October 14, 2026, in Rancho Cucamonga, California.

By:   Richard C. Dolar
China Basin Watermaster



PAUL HOFER
11248 S TURNER AVE
ONTARIO, CA 91761

JEFF PIERSON
2 HEXHAM
IRV1NE, CA 92603
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