
 

 

Borrego Springs Watermaster 
Technical Advisory Committee Meeting 

August 31, 2022 @ 9:00 a.m. 
Meeting Available by Remote Access Only* 

 

Please join the meeting from your computer, tablet or smartphone. 
https://meet.goto.com/429390717 
 

You can also dial in using your phone. 
United States (Toll Free): 1 877 309 2073  
Access Code: 429-390-717 

 

Get the app now and be ready when your first meeting starts: https://meet.goto.com/install  
 

AGENDA 
Items with supporting documents in the TAC Meeting Package are denoted with a page number. 

 
I. Roll Call 

 
II. Public Comments 

This is an opportunity for members of the public to address the TAC. Comments will be limited to 
three minutes per commenter. 

 
III. Status Update: DWR Monitoring Well Funded through the DWR’s Technical Support Services 

Grant 
 

IV. Review draft results and draft technical memorandum on the extension of the Borrego Valley 
Hydrologic Model (BVHM) to support the update of the Sustainable Yield in 2025 ……….…. Page 2 

 
V. Status Update: Groundwater Monitoring Plan  

 
VI. Public Comments (time permitting) 

This is an opportunity for members of the public to address the TAC on items discussed during the 
meeting. Comments will be limited to three minutes per commenter, time permitting.  

 
VII. Future Meetings 

 
VIII. Adjournment 
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To:   Technical Advisory Committee (TAC) 

From:  Andy Malone, PG (West Yost), Technical Consultant   

Date:  August 26, 2022 

Subject: Review draft results and draft technical memorandum on the extension of the 
Borrego Valley Hydrologic Model (BVHM) to support the update of the Sustainable Yield in 
2025  

Background 

The Borrego Valley Hydrologic Model (BVHM) and its supporting tools, the Basin Characterization 
Model (BCM) and the Farm Process (FMP), were originally developed by the USGS and were used to 
improve the hydrogeologic understanding of the Borrego Springs Subbasin (Basin) and evaluate future 
management scenarios that would eliminate conditions of overdraft (initial BVHM).  

The initial BVHM was updated and extended by Dudek and used to simulate historical groundwater 
conditions in the Basin from October 1929 through September 2016 (2016 BVHM).  The 2016 BVHM 
results were used to characterize the water budget for the Basin and estimate the Sustainable Yield 
for the Basin at 5,700 acre-feet per year (afy). 

Section II.E of the Judgment established the initial Sustainable Yield at 5,700 afy and requires it to be 
redetermined by January 1, 2025, and every five years thereafter through 2035. If the redetermination 
results in a changed Sustainable Yield, then the Rampdown rate is adjusted accordingly to bring 
pumping in the Basin within the Sustainable Yield by 2040. 

In June 2021, the TAC recommended to the Watermaster Board a technical scope-of-work and budget 
for water years (WYs) 2022 and 2023. A primary focus of the scope-of-work was the technical work 
necessary to redetermine the Sustainable Yield of the Basin by January 1, 2025. The TAC identified the 
ability of the BVHM to accurately estimate historical and future pumping as the top priority issue to 
address in the 2025 redetermination of the Sustainable Yield. 

Based on the TAC recommendations, the Watermaster Board approved the following tasks to be 
completed in WY 2022:  

• Extend the 2016 BVHM from October 2016 through September 2021 (WY 2016 through WY 
2021). 

• Run the BVHM from October 1929 through September 2021.  

• Compare the FMP-estimated pumping to the Watermaster’s newly metered pumping for WY 
2021. 
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• Prepare a technical memorandum (TM) to describe the model results, the comparison of 
modeled versus metered pumping in WY 2021, and recommendations for additional model 
updates and/or model recalibration (if any) that are necessary to redetermine the Sustainable 
Yield by 2025.  

Discussion 

West Yost has successfully performed the extension of the 2016 BVHM through WY 2021 (2021 
BVHM) and has published a draft technical memorandum (TM) to describe findings and 
recommendations. The draft TM is attached to this memo. 

TAC members are encouraged to review the TM thoroughly before the TAC meeting.  At the TAC 
meeting, West Yost will provide an overview of the TM and TAC members will have the opportunity 
to ask questions and provide feedback. The TAC can propose a recommendation to the Watermaster 
Board, if appropriate.  

West Yost is requesting written comments on the TM from TAC members by September 14, 2022.  
West Yost intends to publish a final TM that addresses all TAC comments and suggestions by 
September 30, 2022. 

 

Enclosures 

Technical Memorandum: Extension of the Borrego Valley Hydrologic Model through Water Year 2021.  
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TECHNICAL MEMORANDUM 
 
DATE: July 29, 2022 Project No.: 940-80-21-02 
  SENT VIA: EMAIL 

TO:  Technical Advisory Committee 
Borrego Springs Watermaster 

 
FROM: Lauren Salberg – Geologist II  
 Eric Chiang, PhD – Principal Scientist II 
  
REVIEWED BY: Andy Malone, PG #8700 
 
SUBJECT: Extension of the Borrego Valley Hydrologic Model through Water Year 2021 
 

BACKGROUND AND OBJECTIVES 

The Borrego Valley Hydrologic Model (BVHM) and its supporting tools, the Basin Characterization Model 
(BCM) and the Farm Process (FMP), were originally developed by the USGS1 and were used to improve 
the hydrogeologic understanding of the Borrego Springs Subbasin (Basin) and evaluate future 
management scenarios that would eliminate conditions of overdraft (initial BVHM). Figure 1 shows the 
model domain and grid of the initial BVHM. 

More specifically, the initial BVHM used:  

• The BCM2 to estimate the primary sources of natural recharge to the Basin, including:  

• Subsurface inflow from the adjacent mountain-blocks recharge 

• Surface-water discharge to the ephemeral streams entering the Borrego Valley from the 
adjacent mountain watersheds 

• The FMP3 to estimate: 

• Groundwater pumping at un-metered wells that satisfy irrigation demands 

• Irrigation return flows 

 

1 USGS. 2015. Hydrogeology, Hydrologic Effects of Development, and Simulation of Groundwater Flow in the 
Borrego Valley, San Diego County, California. 

2 Flint, L.E. and Flint, A.L., 2014, California Basin Characterization Model: A Dataset of Historical and Future 
Hydrologic Response to Climate Change, (ver. 1.1, May 2017): U.S. Geological Survey Data Release, 
https://doi.org/10.5066/F76T0JPB. 

3 Schmid, Wolfgang, and Hanson, R.T., 2009, The Farm Process Version 2 (FMP2) for MODFLOW-2005—Modifications 
and Upgrades to FMP1: U.S. Geological Survey Techniques and Methods 6-A-32, 102 p. 
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• MODFLOW-OWHM4 to simulate groundwater conditions in the Basin from October 1929 
through December 2010, including groundwater levels, groundwater-flow directions, the water 
budget of the Basin, and changes in groundwater storage.  

The initial BVHM was updated and extended by Dudek and used to simulate historical groundwater 
conditions from October 1929 through September 2016 (2016 BVHM).5 The 2016 BVHM results were used 
to characterize the water budget for the Basin and estimate the Sustainable Yield for the Basin at 5,700 
acre-feet per year (afy). The 2016 BVHM was also used to evaluate several future management scenarios 
for groundwater pumping that would reduce and ultimately eliminate overdraft conditions.  

The model results from the initial BVHM and the 2016 BVHM assisted in the development of (i) the 
Stipulated Judgment (Judgment) that adjudicated the pumping rights in the Basin including a required 
schedule for a Rampdown6 in groundwater pumping to eliminate conditions of overdraft and (ii) a 
Groundwater Management Plan (GMP). Together, the Judgment and GMP represent the Physical Solution 
for the Basin that will achieve sustainable groundwater management by 2040.  

The GMP identified the greatest uncertainties in the use of the BVHM, including:  

• Historical and future pumping estimates 

• Recharge estimates 

• Aquifer properties  

Section II.E of the Judgment established the initial Sustainable Yield at 5,700 afy and requires it to be 
redetermined by January 1, 2025, and every five years thereafter through 2035. If the redetermination 
results in a changed Sustainable Yield, then the Rampdown rate is adjusted accordingly to bring pumping 
in the Basin within the Sustainable Yield by 2040.  

Section III.F of the Judgment describes the process and schedule to redetermine the Sustainable Yield and 
any adjustments to the Rampdown rate in collaboration with the Technical Advisory Meeting Committee 
(TAC). Section III.F further states: 

• The redetermination of the Sustainable Yield will include collecting additional data, refining the 
BVHM, and using model runs to update the Sustainable Yield.  

• The choice to perform specific technical tasks will be informed by considering the value and 
importance of the work to attain a better understanding of the Basin and the goal of advancing 
Sustainable Groundwater Management in comparison to the cost of the work. 

 

4 Hanson, R.T., Boyce, S.E., Schmid, Wolfgang, Hughes, J.D., Mehl, S.M., Leake, S.A., Maddock, Thomas, III, and 
Niswonger, R.G., 2014, One-Water Hydrologic Flow Model (MODFLOW-OWHM): U.S. Geological Survey Techniques 
and Methods 6-A51, 120 p., http://dx.doi.org/10.3133/tm6A51. 

5 Dudek. 2019. Update to USGS Borrego Valley Hydrologic Model for the Borrego Valley GSA (draft final). 

6 Rampdown is defined in the Judgment as the incremental reduction in cumulative authorized pumping of Baseline 
Pumping Allocation (BPA) rights necessary to bring pumping in the Basin within its Sustainable Yield and achieve 
Sustainable Groundwater Management by 2040. 
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The Judgment also required the implementation of a systematic program to meter all well pumping 
pursuant to Baseline Pumping Allocation (BPA) rights7 and to obtain meter reads from each well on a 
periodic basis. The metering program is currently being implemented and is filling a major data gap 
identified in the GMP.  Figure 2 is a map that shows the active pumping wells in the Basin and the status 
of the well metering program as of WY 2021. The data generated by the new metering program provides 
an opportunity to evaluate the ability of the BVHM to accurately estimate historical and future pumping, 
which will remain essential to future redeterminations of the Sustainable Yield. 

In June 2021, pursuant to Section III.F of the Judgment, the TAC recommended to the Watermaster Board 
a technical scope-of-work and budget for water years (WYs)8 2022 and 2023. A primary focus of this scope-
of-work was the technical work necessary to redetermine the Sustainable Yield of the Basin by January 1, 
2025. The TAC identified the ability of the BVHM to accurately estimate historical and future pumping as 
the top priority issue to address in the 2025 redetermination of the Sustainable Yield. The TAC 
recommended that other model improvements, such as improving estimates of aquifer properties and 
recharge, be deferred to the future. 

Based on the TAC recommendations, the Watermaster Board approved the following tasks to be 
completed in WY 2022:  

• Extend the BVHM from October 2016 through September 2021 (WY 2016 through WY 2021). 

• Run the BVHM from October 1929 through September 2021.  

• Compare the FMP-estimated pumping to the Watermaster’s newly metered pumping for WY 
2021. 

• Prepare a technical memorandum (TM) to describe the model results, the comparison of 
modeled versus metered pumping in WY 2021, and recommendations for additional model 
updates and/or model recalibration (if any) that are necessary to redetermine the Sustainable 
Yield by 2025.  

The main objectives of this modeling effort and this TM are to: 

• Demonstrate that the extension of the BVHM through WY 2021 was performed correctly, 
including: 

• Importation of the historical model input files through WY 2016 

• Extension of the model input files from WY 2017 through WY 2021 

• Execution of the BVHM 

• Post-processing of the BVHM results 

• Characterize the ability of the FMP to accurately estimate pumping that satisfies irrigation 
demands.  

 

7 Existing De Minimis pumpers at the time of entry of the Judgment are not required to meter. De Minimis pumpers 
do not have BPA rights and pump less than 2 afy.  

8 A water year is defined as the period from October 1 through September 30.  
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• Develop recommendations (if any) for additional model updates and/or model recalibration that 
are necessary to redetermine the Sustainable Yield by 2025. 

EXTENSION OF THE 2016 BVHM 

This section describes the steps that were followed to extend the 2016 BVHM through WY 2021. The 
BVHM as extended through WY 2021 is referred to herein as the “2021 BVHM.” 

Review of Input Files for the 2016 BVHM 

The input files to the initial BVHM and the 2016 BVHM were provided by Dudek. These input files were 
reviewed to identify the required data for the model extension and potential challenges. Dudek staff was 
consulted as necessary during the model review process to ensure Watermaster obtained all necessary 
information and understood how the model files were updated in the past. 

The 2016 BVHM consists of several input files. Each input file contains the input data to a model package 
that simulates a specific hydrologic process or controls a particular model feature. The model packages of 
the 2016 BVHM are listed below. The abbreviations of the package names are given in parentheses.  

• Basic Package (BAS): The Basic package is used to specify the locations of active, inactive, and 
specified head cells as well as the initial groundwater elevation for all cells.  

• Discretization Package (DIS): The discretization package defines the model grid sizes and model 
time steps.  

• Farm Process (FMP): The Farm Process estimates the irrigation demands and pumping 
requirements of the irrigation wells that are specified in the multi-node well package. The FMP 
also estimates runoff and deep infiltration of precipitation and applied water. 

• Flow and Head Boundary Package (FHB): This package is used for specified head cells and 
specified flow cells whose properties can vary within a stress period. In the BVHM, this package 
is used to simulate subsurface inflow from the mountain blocks that bound the Basin. 

• Multi-node Well 2 Package (MNW2): This package is used to simulate pumping at wells that are 
screened in one model layer or across more than one model layer.  

• Newton Solver Package (NWT): This package is used to solve the finite difference equations in 
each step of a stress period during the simulation. 

• Streamflow Routing Package (SFR): This package is used to simulate flow in streams, stream 
routing, and streambed recharge. 

• Time-Varying Constant Head Package (CHD): This package is used to simulate specified head 
boundaries that can change within or between stress periods. In the BVHM, this package is used 
to simulate subsurface outflow from the Basin. 

• Unsaturated Zone Flow Package (UZF): This package simulates vertical flow of water through the 
unsaturated zone to the saturated zone. 

• Upstream Weighting Package (UPW): This package is used to specify properties controlling flow 
between cells in the model. 

In addition to the packages listed above, the 2016 BVHM also includes the following input files.  
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• Head Observation Package (HOB): This package is used to specify observations of head for use in 
the Observation process.  

• HYDMOD Package (HYD): This package is used to record time-series data of the simulation 
period for selected data types. 

• Multiplier File (MULT): This file is used to specify multiplier arrays which can be used to calculate 
layer variables from parameter values. 

• Output Control (OC): This file is used to specify which head, drawdown, or budget data should 
be saved. 

• Parameter Values File (PVAL): Parameter values in this file replace parameter values specified in 
the other input files where parameters are defined. 

• Zone File (ZONE): This file is used to specify zone arrays which can be used to specify the cells in 
a layer variable that are associated with a parameter. 

Through the review process, the model packages that needed to be extended were identified along with 
the specific data and information needed for each package. The following packages in the 2016 BVHM 
do not contain values that change during the model simulation, and therefore, the input files for these 
packages were kept unchanged in the 2021 BVHM:  

• Basic Package (BAS)  

• Head-Observation Package (HOB) 

• HYDMOD Package (HYD) 

• Layer-Property Flow Package (LPF) 

• Multiplier File (MULT) 

• Newton Solver Package (NWT) 

• Upstream Weighting Package (UPW) 

• Parameter Values File (PVAL) 

• Zone File (ZONE) 

All other packages in the 2016 BVHM required an extension through WY 2021 and are described below. 

Model Packages Extended for Simulation Time Only 

Model packages that required only an extension of simulation time through WY 2021 are those that apply 
stationary data throughout the model simulation. These data were maintained and repeated through WY 
2021 and are consistent with the 2016 BVHM. The model packages in the 2021 BVHM that were extended 
using the same stationary data in the 2016 BVHM were:   

• Flow and Head Boundary Package (FHB) 

• Unsaturated Zone Flow Package (UZF) 

• Time-Varying Constant Head Package (CHD) 

• Discretization Package (DIS) 

• Output Control (OC) 
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Model Packages Requiring New Data/Information for Extension 

Extending the FMP, MNW2 Package, and SFR Package required new data as these packages rely on 
dynamic data that change over time (e.g., pumping, streamflow, precipitation, land use, 
evapotranspiration (ET), etc.). The data and information that were collected, reviewed, and used to 
extend these model packages through WY 2021 included:  

• Precipitation and ET data from the BCM 

• Precipitation and temperature data from PRISM9 

• Aerial photos of the Basin  

• Land use histories collected from landowners 

• Water credits issued by Borrego Water District (BWD) in exchange for fallowing irrigated land 

• Well completion reports for new wells constructed since WY 2016 

• Well activity records (e.g., active, inactive, destroyed)  

• Groundwater pumping data from wells that have been historically metered 

• Groundwater pumping data from newly metered wells (WY 2021 only) 

• Groundwater pumping estimated at unmetered wells 

The process to extend the FMP, MNW2 Package, and SFR Package through WY 2021 is described below in 
more detail. 

FMP  

The FMP estimates the use of water from natural, urban, and agricultural vegetation in a demand-driven 
and supply-constrained model structure to estimate groundwater pumping and surface-water deliveries10 
to satisfy irrigation demands. In the BVHM, the FMP simulates the climatic, land use, and water use 
conditions for 52 Water-Balance Subregions, sometimes referred to as “Farms.” The spatial extent of the 
Water-Balance Subregions (shown in Figure 1) were first delineated in the initial BVHM and have remained 
the same in the 2016 and 2021 BVHMs. Each Water-Balance Subregion is comprised of one or more model 
cells which are individually assigned land use types. The FMP computes a water budget for each Water-
Balance Subregion using data and information on land use, crop type and rooting depths, crop 
coefficients, reference ET, precipitation, and irrigation efficiencies. Output from the FMP includes 
estimates of the required groundwater pumping to meet the irrigation demands, the infiltration of excess 
applied water past the root zone that recharges the unsaturated zone, and surface water runoff that 
returns to the streams. The FMP output are linked to the Streamflow Routing (SFR), Multi-Node 2 Well 
(MNW2), and Unsaturated Zone Flow (UZF) packages in the BVHM. 

To extend the BVHM through WY 2021, the following data were collected and used in the FMP: 

• Precipitation and reference ET data from the BCM (WY 2017 - 2020): The available monthly 
precipitation and ET data were downloaded from the BCM for October 2016 through September 

 

9 PRISM Climate Group, Oregon State University, https://prism.oregonstate.edu 

10 In the Borrego Valley, surface water deliveries are not used to satisfy irrigation demands. 
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2020, cropped, resampled to the BVHM boundary, and used as inputs for October 2016 through 
September 2020 in the FMP. 

• Historical Precipitation and ET data from the BCM (WY 2021): At the time of the 2021 BVHM 
extension, precipitation and ET data for WY 2021 were not available from the BCM. In the 
absence of the 2021 BCM data, PRISM data (see below) were used to identify a historical month 
with similar climate, and the BCM data for precipitation and ET of that historical month was 
used to extend the FMP through WY 2021.  

• Aerial images of the Basin: Aerial images of the Basin from 2016 through 2021 were reviewed 
to identify if and where land use changes occurred (e.g., fallowing of previously irrigated 
agricultural land). If there was uncertainty in the type or date of conversion, the BWD water 
credit records were reviewed and landowners were contacted for additional information. Once 
a land use conversion in the Basin was confirmed, the land use assigned to the grid cell in the 
FMP was updated to reflect the new land use and its new water demands. Figure 3 identifies the 
land use assigned to model grid cells at the start and end of the 2021 BVHM (October 2016 and 
September 2021, respectively) and identifies which grid cells changed land use at some point 
during the extension period to reflect land use changes in the Basin.  

• Water credits: The BWD maintains a list of land parcels that have been fallowed and received 
water credits in exchange for fallowing irrigated land. This list of water credits was reviewed to 
identify if any land parcels in the Basin were fallowed between October 2016 through 
September 2021. If a parcel was confirmed as being fallowed, the land use classification of the 
appropriate grid cell in the FMP was updated to reflect the conversion. Grid cells that were 
fallowed during the model extension period are identified in Figure 3.  

• Land use histories through contact with landowners: Some landowners in the Basin were 
contacted to confirm if any of their land had changed use between October 2016 through 
September 2021 if such a change was suspected based on the review of aerial images and water 
credits. Based on the landowners’ responses, the land use assigned to the grid cells in the FMP 
were updated accordingly and are identified on Figure 3.  

MNW2 Package 

Groundwater pumping from the Basin is simulated with the MNW2 package. Input data is assigned to the 
MNW2 package for two main sets of wells, which are shown on Figure 1: 

• FMP Wells. Pumping at these wells is estimated by the FMP and assigned in the MNW2 package 
to satisfy water demands of the 52 Water-Balance Subregions across the Basin (as described 
above). These are fictitious wells that represent the actual wells that satisfy the water demands 
of the 52 Water-Balance Subregions, because historically the actual wells have been of 
uncertain location with unmetered pumping. Figure 1 shows the locations of the FMP Wells at 
centroids of specified BVHM grid cells.  

• Non-FMP Wells. Pumping at these wells is metered or estimated on a monthly time step and is 
assigned directly to the MNW2 package. Most of these wells are owned by the BWD or Rams Hill 
Golf Course. Figure 1 shows the location of the Non-FMP Wells in the MNW2 package at the 
centroid of the BVHM grid cell where the actual Non-FMP Well is located.  

The following data were reviewed and used to extend the MNW2 package: 
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• Well activity records. The activity of all wells in the 2016 BVHM were reviewed to confirm if the 
well was active, inactive, or destroyed between October 2016 through September 2021. Well 
owners were consulted as necessary. This information was used to assign the status of the wells 
in the 2021 BVHM. 

• Well completion reports: Five new wells installed in the Basin after September 2016 were 
added to the BVHM. The construction details in the well completion reports were used to define 
the location, depth, screen interval, aquifer layers screened, and other properties in the BVHM.  

• Groundwater pumping data for Non-FMP Wells: Monthly metered municipal and recreational 
pumping data were used as input data for the Non-FMP Wells. Pumping data from WY 2017 
through 2021 were obtained from a variety of sources including the BWD and private purveyors. 
Two Non-FMP Wells in the Basin were un-metered during the extension period and historical 
estimates of pumping were used as input data.  

SFR Package 

The SFR package is used in the BVHM to simulate streamflow discharge, routing, and streambed recharge 
across the Basin. Model cells assigned to the SFR package are shown in Figure 1. Surface-water inflow is 
assigned to 24 model cells along the boundary of the active cells in the BVHM to simulate runoff entering 
the Basin from the adjoining upstream watersheds in the San Ysidro and Vallecito Mountains. The SFR 
package then routes streamflow across the Basin to simulate streamflow discharge and streambed 
recharge in Coyote Creek, San Felipe Creek, Borrego Palm Creek, and other tributaries.  

The initial BVHM and 2016 BVHM used different data sources for assigning streamflow at the 24 model 
inflow cells. The initial BVHM used streamflow data from the BCM. The methodology of using BCM data 
for streamflow could not be reproduced during the 2016 BVHM extension. Instead, the 2016 BVHM 
generally assumed no streamflow entered the Basin between January 2010 through September 2016 due 
to extended drought conditions.11  During the development of the 2021 BVHM, a new methodology was 
used because neither of the previous methodologies could be applied since (1) drought conditions were 
not persistent throughout WY 2017 through 2021 and (2) obtaining streamflow data from the BCM was 
again not re-producible.  

The methodology for extending stream inflows in the 2021 BVHM relied on historical streamflow data 
used in the initial BVHM and 2016 BVHM. Monthly historical streamflow data were matched to months 
in WY 2017 through WY 2021 based on climate conditions which were determined using precipitation and 
temperature data from PRISM. The following methodology was used to identify the most appropriate 
historical streamflow to use for each month in the extension period:  

• Monthly PRISM precipitation and maximum temperature data in 4-KM resolution for October 
1929 through September 2021 were downloaded for the Borrego Springs watershed.  

• The climate of each month in the historical period (October 1929 through September 2016) and 
the extension period (October 2016 through September 2021) were characterized using the 
monthly PRISM precipitation and maximum temperature data.  

• The cumulative departure from the mean (CDFM) was calculated for each water year to classify 
normal, wet, and dry years.  

 

11 Dudek, 2019.  
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• Months in the extension period were matched with the most similar historical month, 
considering total monthly precipitation, maximum monthly temperature, and CDFM 
classification. Only same-month comparisons were considered for a match (e.g., January 2017 
was compared only to historical Januarys). 

• Historical streamflow from the matched historical month was used as input streamflow data for 
the month in the BVHM extension.  

Using these steps, streamflow data was extended from October 2016 through September 2021 and 
assigned to the stream inflow cells in the SFR package.  

EXECUTE THE 2021 BVHM 

After all appropriate model packages were extended and reviewed for quality assurance, the 2021 BVHM 
was executed. An annual water budget was calculated using results from the 2021 BVHM for the entire 
simulation period (WY 1930 through 2021). The water budget accounts for the inflows and outflows 
simulated by the 2021 BVHM and calculates the total change in groundwater storage. Table 1 presents 
the annual water budget for WY 1945 (when modeled groundwater pumping commenced) through WY 
2021. Figure 4 is a time-series chart of the annual water budget for WY 1945 through 2021.  

As shown in Table 1 and Figure 4, inflows to the Basin simulated by the BVHM included: 

• Streambed Recharge. Streambed Recharge represents the infiltration of water from streams 
that overlie the Basin. Streambed Recharge is the primary source of recharge to the Basin, 
representing approximately 60% of total inflows over the simulation period. Annual volumes of 
Streambed Recharge are reported in the model listing file and from WY 1945 through 2021 
ranged from 112 to 22,303 afy and averaged 3,783 afy.  

• Unsaturated Zone Recharge. Unsaturated Zone Recharge represents precipitation and applied 
irrigation water that infiltrates past the root zone and ultimately recharges the saturated zone. 
The FMP estimates the Unsaturated Zone Recharge and is linked to the UZF package in the 
BVHM, which routes the Unsaturated Zone Recharge through the unsaturated zone to the 
saturated zone. Annual volumes of Unsaturated Zone Recharge are reported from the model 
listing file and from WY 1945 through 2021 ranged from 579 to 3,509 afy and averaged 1,472 
afy.  

• Subsurface Inflow. Subsurface Inflow represents groundwater inflow to the Basin from the 
upstream San Ysidro and Vallecito Mountain watersheds. The initial BVHM assigned constant 
rates of Subsurface Inflow to 44 model cells along the northern and western boundary of the 
BVHM using the FHB package. The same constant rates were applied to the 2021 BVHM using 
the FHB package. Annual volumes of Subsurface Inflow are reported from the model listing file 
and from WY 1945 through 2021 were 1,367 afy. 

 As shown in Table 1 and Figure 4, outflows from the Basin simulated by the BVHM include: 

• Groundwater Pumping. Groundwater Pumping represents all non-de minimis pumping that 
occurs in the Basin. De minimis pumping is not simulated by the BVHM. Groundwater Pumping 
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does not occur in any version of the BVHM until 1944. Prior to 1944, the USGS12 estimated that 
Groundwater Pumping was less than 300 afy and was mainly used for domestic purposes. 
Groundwater Pumping is simulated in the 2021 BVHM from 1944 through 2021 for two subsets 
of wells: 

— FMP Wells. FMP Wells represent the actual wells that satisfy the water demands for the 
52 Water-Balance Subregions. Groundwater Pumping at FMP Wells was estimated by 
the FMP. Annual volumes of Groundwater Pumping from FMP Wells are reported from 
the FMP output file and from WY 1945 through 2021 ranged from 0 to 15,331 afy and 
averaged 8,414 afy. 

— Non-FMP Wells. Non-FMP Wells are wells primarily owned by the BWD or Rams Hill 
Golf Course. Non-FMP Wells have historically been metered and their metered pumping 
volumes are directly assigned in the MNW2 package. Annual volumes of Groundwater 
Pumping from Non-FMP Wells are reported from the MNW2 output file and from WY 
1945 through 2021 ranged from 87 to 4,516 afy and averaged 2,228 afy.  

• ET. ET represents the consumptive use of groundwater via uptake by vegetation as estimated by 
the FMP. Annual volumes of ET are reported from the listing file. Average ET for WY 1945-1956 
was 7,463 afy. Average ET for WY 2011 through 2021 was 374 afy. Annual ET has declined since 
1956 primarily due to declining groundwater levels and the associated decline in phreatophytes. 

• Subsurface Outflow. The USGS identified a boundary at the southern end of the Basin that is 
“not influenced by water level fluctuations and hydraulic conditions to the north” (Dudek, 
2019). To simulate this boundary and Subsurface Outflow from the southern end of the Basin, 
three model cells were assigned a constant head boundary condition (see Figure 1). Annual 
volumes of Subsurface Outflow are reported from the model listing file and from WY 1945 
through 2021 ranged from 499 afy to 555 afy and averaged 521 afy.  

Over the simulation period, outflows from the Basin were generally greater than inflows, which resulted 
in a long-term trend of declining groundwater in storage. The average annual reduction in storage from 
WY 1945 through 2021 was approximately 7,216 afy. An annual gains in storage were estimated in only 
nine of the 77 years simulated, which were due to exceptionally wet years when Streambed Recharge was 
a significant source of inflow to the Basin.  

COMPARISON OF MODEL RESULTS: 2021 BVHM VERSUS 2016 BVHM  

To ensure that the 2021 BVHM extension was performed correctly and consistent with the 2016 BVHM, 
the 2021 BVHM water budget was compared to the 2016 BVHM water budget. The average annual water 
budgets of the 2016 and 2021 BVHMs are compared in Table 2.   

Table 2 shows that all components of the water budget for the 2016 BVHM and 2021 BVHM are identical 
through WY 2016, which demonstrates that: 

• The 2021 BVHM replicated the results of the 2016 BVHM through WY 2016. 

 

12 Faunt, C.C., Stamos, C.L., Flint, L.E., Wright, M.T., Burgess, M.K., Sneed M., Brandt J., Martin P., and Coes, A.L. 2015. 
Hydrogeology, Hydrologic Effects of Development, and Simulation of Groundwater Flow in the Borrego Valley, San Diego County, 
California: U.S. Accessed at https://pubs.er.usgs.gov/publication/sir20155150 on July 25, 2022. 
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• No unintentional changes were made to the input data prior to October 2016 during the 
extension of the 2021 BVHM. 

• No modeling errors were introduced during the extension of the 2021 BVHM, its execution, and 
the post-processing of the results. 

EVALUATION OF 2021 BVHM RESULTS 

The results of the 2021 BVHM extension were evaluated to (i) check for reasonableness of the model 
output by comparison to the 2016 BVHM results and (ii) identify changes in the water budget over WY 
2017 through 2021. Table 3 compares the average annual water budget for each extension of the BVHM: 
WY 2011-2016 in the 2016 BVHM versus WY 2017-2021 in the 2021 BVHM. 

Table 2. Comparison of Water Budgets – 2016 BVHM versus 2021 BVHM 

Water Budget 
Component 

Simulation Period  
October 1929 - September 2016 

2016 BVHM 
afy 

2021 BVHM 
afy 

Total Inflows 6,887 6,887 

Streambed Recharge 3,872 3,872 

Unsaturated Zone Recharge 1,647 1,647 

Subsurface Inflow 1,367 1,367 

Total Outflows 13,410 13,410 

Groundwater Pumping1 8,906 8,906 

Non-FMP Wells 1,864 1,864 

FMP Wells 7,042 7,042 

Evapotranspiration 3,979 3,979 

Subsurface Outflow 525 525 

Average Annual Change in Storage -6,524 -6,524 

1. Groundwater pumping is not simulated in the model until January 1944.  

Table 3.  Comparison of Water Budgets during BVHM Extension Periods  
2016 BVHM versus 2021 BVHM 

Water Budget 
Component 

Simulation Period 

October 2010 - 
September 2016 

October 2016 - 
September 2021 

2016 BVHM 
afy 

2021 BVHM 
afy 

Total Inflows 5,808 6,157 

Streambed Recharge 2,752 3,214 

Unsaturated Zone Recharge 1,688 1,576 

Subsurface Inflow 1,368 1,367 

Total Outflows 16,590 12,914 

Groundwater Pumping1 15,621 12,108 

Non-FMP Wells 1,918 2,294 

FMP Wells 13,703 9,814 

Evapotranspiration 445 291 

Subsurface Outflow 524 515 

Average Annual Change in Storage -10,782 -6,757 
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Table 3 shows the following changes in the water budget from WY 2011-2016 (2016 BHVM) to WY 2017-
2021: 

• Groundwater Pumping from FMP Wells. Average annual groundwater pumping estimated by 
the FMP declined from WY 2011-2016 to WY 2017-2021 (13,703 afy to 9,814 afy, respectively). 
The decline is due to the fallowing of agricultural land that occurred in the Basin, which was 
reflected in the 2021 BVHM through the re-classification of land use from crops to fallowed.  

• Groundwater Pumping from Non-FMP Wells. Average annual groundwater pumping at Non-
FMP Wells increased from WY 2011-2016 to WY 2017-2021 (1,918 afy to 2,294 afy, 
respectively). The increase is due to the addition of five new Non-FMP Wells in the 2021 BVHM.  

• Streambed Recharge. Average annual Streambed Recharge increased from WY 2011-2016 to 
WY 2017-2021 (2,752 afy to 3,214 afy, respectively). Recall that stream inflow in the 2021 BVHM 
extension was estimated using a new method that used historical stream inflow data since 
methods of estimating stream inflows used in the initial BVHM and 2016 BVHM could not be 
reproduced.  

• Evapotranspiration. Average annual ET declined from WY 2011-2016 to WY 2017-2021 (445 afy 
to 291 afy, respectively). This recent decline in ET is consistent with the long-term trend in 
declining ET. 

• Change in Storage. Average annual decline in groundwater storage decreased from WY 2011-
2016 to WY 2017-2021 (-10,782 afy to -6,757 afy, respectively) primarily due to reduced 
groundwater pumping in the Basin. 

These observations indicate that the 2021 BVHM results are reasonable in comparison to the 2016 BVHM 
results and are consistent with known conditions in the Basin (e.g., recent fallowing of agricultural lands; 
new Non-FMP Well construction; declining groundwater levels). 

COMPARISON OF FMP-ESTIMATED PUMPING VERSUS ACTUAL PUMPING 

As stated earlier, the TAC identified the top priority issue with the BVHM as the ability of the FMP to 
accurately estimate historical and future pumping, because this ability is essential to future 
redeterminations of the Sustainable Yield and the Rampdown rate that determines annual pumping 
allocations for the Judgment Parties. To perform this analysis, the pumping simulated by the FMP in WY 
2021 was compared to the actual pumping that occurred in WY 2021 at the existing wells that are intended 
to be simulated by the FMP.13  

Figure 5 is a map that displays the following features: 

• The 52 Water-Balance Subregions where the FMP estimates the groundwater pumping required 
to satisfy the water demands. 

• The FMP Wells where pumping is estimated by the FMP to satisfy the water demands of the 52 
Water-Balance Subregions.  

 

13 This comparison does not include groundwater pumping from Non-FMP Wells, which are wells not intended to be 
simulated by the FMP. 
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• The Actual FMP Wells where the actual groundwater pumping occurs that is simulated by the 
FMP to satisfy water demands of the 52 Water-Balance Subregions. 

Actual groundwater pumping in WY 2021 was determined at the Actual FMP Wells as described below: 

• Newly-metered Actual FMP Wells. The meter data from these wells were either (i) monitored by 
the Watermaster in WY 2021 or (ii) monitored by well owners who shared their total production 
data with the Watermaster in WY 2021.  

• Un-metered Actual FMP Wells. There were still several un-metered wells in the Basin in WY 2021. 
Groundwater pumping at these wells was estimated for WY 2021 using the water duty method 
relied on by Dudek in the GMP.  

Table 4 summarizes the groundwater pumping as estimated by the FMP versus actual groundwater 
pumping. Table 4 indicates that the FMP underestimated groundwater pumping by 4,456 af (35%) in WY 
2021.  

Table 4. Groundwater Pumping Estimated by FMP vs. Actual Groundwater Pumping 
WY 2021 

Pumping Estimated  
by FMP 

afy 

Actual Pumping 
afy 

Difference 
afy 

% Difference 

8,401 
Newly-metered 11,067 

-4,456 35% 
Un-metered 1,790 

8,401  12,857 -4,456 35% 

 

OTHER FINDINGS DURING THE EXTENSION PROCESS 

During the 2021 BVHM extension process, several errors in the BVHM were identified:  

• Subsurface inflow is assigned to inactive cells in the FHB package. There are 44 model cells along 
the BVHM boundary in which specified fluxes are defined to represent subsurface inflow from the 
adjacent mountain blocks. These fluxes are assigned to a specific layer in the BVHM (Layers 1, 2, 
and/or 3). In Layer 1, there are 17 inactive cells set to receive subsurface inflow in the FHB 
package. Because these cells are inactive in Layer 1, the subsurface inflow is essentially “lost” 
because it cannot be routed into the 2021 BVHM. Subsurface inflow assigned to these 17 cells is 
754 afy, indicating that approximately 36% of the estimated subsurface inflow is lost. Figure 6 is 
a map that shows all FHB cells assigned to Layer 1 and identifies the location of active and inactive 
cells.  

• Incorrect units are used to assign streambed elevation in the SFR package. The streambed 
elevation is assigned in feet to the SFR package, but the model uses meters as the length unit. 
This results in the stream being incorrectly constructed in the model, where the streambed is 
essentially “floating” in the BVHM domain.  

• Incorrect formatting of the SFR input file. Two datasets in the SFR input file are required only 
for the first stress period to define the starting and ending widths of a stream segment. 
However, these datasets are repeated for all stress periods in the SFR input file. This incorrect 
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repetition results in the stream segments being incorrectly connected throughout the entire 
simulation.  

• Unaccounted pumping in the BHVM due to:  

— Wells unable to pump their assigned rates in the MNW2 package. There are several 
wells that are assigned pumping rates in the BVHM from metered data, but pump less 
than the assigned rate because the wells “go dry” during the model simulation. In most 
cases, the simulated head at a well drops below the well screens in the model and the 
well is unable to continue pumping. As a result, the total modeled pumping is less than 
the assigned pumping at those wells.  

— Wells that were pumping prior to September 2016 but were not simulated in the 2016 
BVHM. Four wells owned by the Rams Hill Golf Course (RH-3, RH-4, RH-5, and RH-6) 
were installed between 2014 and 2015. All four wells began pumping groundwater from 
the Basin in 2015 and pumped a total volume of 1,254 af from January 2015 through 
September 2016. However, these wells were not included in the 2016 BVHM and, 
therefore, the 1,254 AF of pumped groundwater was unaccounted for in the 2016 
BVHM. These wells were added to the model for the model extension, but the pumping 
from 2015-2016 remains unaccounted for in the BVHM.  

— De minimis pumping wells. There are an estimated 53 de minimis wells in the Basin that 
are assumed to pump a total of 26.5 afy (assuming each pumps 0.5 afy). These wells are 
not modeled in the BVHM.   

— Other metered, non-ag wells. The Anza Borrego Desert State Park well is metered and 
pumped 10.10 af in WY 2021. However, pumping for this well is not estimated by the 
FMP or assigned in the MNW2 package in any version of the BVHM, so this pumping is 
unaccounted for in the 2021 BHVM.   

• Results for modeled pumping by the MNW2 package and FMP are incorrect in the model 
listing file. The BVHM’s listing file does not correctly report pumping simulated by the MNW2 
and estimated by the FMP. By comparing the estimated pumping by the FMP and the pumping 
from the MNW2 output files to the values reported in the model listing file, the latter incorrectly 
reports that the MNW2 pumping exceeds the pumping estimated by the FMP throughout the 
entire model simulation. Further investigation is warranted to identify why the MNW2 output 
file and the model listing file are inconsistent.  

• Land was fallowed in the Basin, but not in the BVHM, which causes over-estimated pumping 
by the FMP. The Agri Empire potato farm (Water-Balance Subregion 23 in the BVHM) was 
fallowed in 2014, but the land use classification in the 2016 BVHM was not updated to reflect 
this change. No groundwater was pumped from this farm during WYs 2014 and 2015 but the 
2016 BVHM simulated approximately 1,640 AF of groundwater pumping from the Water-
Balance Subregion for the same period. This land use for this Water-Balance Subregion was 
changed to fallowed starting in October 2016 of the 2021 BVHM, but the historic land use 
classification needs to be updated to reflect the actual land use.  

• Absence of leap years. Three leap years are unaccounted for in the SFR package of the BVHM: 
February 1932, February 2012, and February 2016. The length of these timesteps is 28 days, not 
29 days. Additionally, February 1931 is incorrectly reported as a leap year (assigned 29 days, not 
28 days). This results in a miscalculation of the water budget for these affected months.  

Several data gaps were also identified during the extension of the BVHM, which represent opportunities 
to refine future versions of the BVHM including:  
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• Lack in understanding of the delineation of Water-Balance Subregions and assignment of FMP 
Wells by the USGS. There is a gap in understanding how the USGS assigned FMP Wells in the 
original BVHM. Because of this, FMP-estimated pumping in the BVHM can’t be directly 
compared to actual wells in the Basin – there is not a one-to-one relationship of FMP wells to 
actual wells.  

• Absence of a consistent method for estimating stream inflows. During the 2021 BHVM 
extension, a new method of estimating streamflow was developed in order to assign stream 
inflows to model cells in the SFR package. However, upon reviewing the water budgets for WY 
2017 through 2021, it appears that streamflow is greater than previous WYs. This indicates that 
the stream inflow values assigned in the 2021 BVHM are likely too high. The methodology 
originally used by the USGS in the initial BVHM to estimate stream inflows has not been able to 
be re-produced in the 2016 BVHM or the 2021 BVHM. In addition, the methodology used to 
assign stream inflows in the 2016 BVHM was not recorded and cannot be reproduced. Future 
extensions of the BVHM should consider a consistent methodology for assigning stream inflow 
to the SFR package.  

• Confusion over wells located in the same model grid cell. The ID3 Well modeled by the BVHM 
has been inactive since 2011 and was destroyed in 2020. This well is still listed in the BVHM 
model as “ID3.” Located within the same grid cell in the BVHM is the CDZ Well owned by La Casa 
del Zorro, LLC. The CDZ Well has actively pumped since 2011. In the 2021 BVHM extension, 
historical estimates of pumping for the CDZ Well were assigned to this model well, because the 
source for pumping data used in the 2016 BVHM could not be reproduced. Future extensions of 
the BVHM should review the transition of model well ID3 to the CDZ Well. This includes 
identifying the source of historical pumping data and well construction information for the CDZ 
Well.  

• ZoneBudget calculations don’t match the model listing file results. ZoneBudget is a MODFLOW 
tool that identifies the flow of water into and out of pre-defined “zones” in a model. The water 
budget of the 2016 BVHM was reported using ZoneBudget. However, when attempting to 
recreate the water budget for the 2021 BVHM, ZoneBudget could not be used because the 
results were different from the model listing file and, upon review, determined to be 
unreasonable. Instead, the water budget for the 2021 BVHM was produced using the model 
listing, MNW2 output file, and FMP output file. It is unclear why ZoneBudget did not perform as 
expected during the 2021 BVHM extension.  

CONCLUSIONS  

The main observations and conclusions from this effort to extend the 2021 BVHM are: 

• The extension of the BVHM through WY 2021 was performed consistent with the 2016 BVHM, 
as indicated by:  

— The historical water budget (WY 1930 through 2016). The 2016 BVHM results for WY 
1945 through 2016 were replicated by the 2021 BVHM as shown in Table 2. 

— The water budget of the extension period (WY 2017 through 2021). The 2021 BVHM 
water budget results for WY 2017-2021 reasonably compare to the 2016 BVHM water 
budget results and are consistent with known conditions in the Basin.  

• The FMP underestimated groundwater pumping at the Actual FMP Wells by approximately 
4,456 af in WY 2021.  
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• Other instances of underestimated groundwater pumping in the BVHM were also identified.  

• Several errors were identified in the BVHM during the extension process. These errors could 
impact the ability of the BVHM to estimate an accurate water budget, although the magnitude 
of error is unquantified.  

RECOMMENDATIONS  

Prior to completing the extension of the BVHM through WY 2021, a scope-of-work and budget for WY 
2023 were recommended by the TAC and approved by the Board to perform technical work to assist in 
the redetermination of the Sustainable Yield of the Basin by January 1, 2025. The approved budget for 
this work is $30,000 to perform the following tasks in WY 2023: 

• Collect and validate metered pumping through WY 2022.  

• Extend and run the 2021 BVHM through WY 2022.  

• Compare the FMP-estimated pumping to actual pumping at the Actual FMP Wells.  

• Prepare a TM that describes: (i) the results of the BVHM extension through WY 2022, (ii) any 
recommendations for additional model refinements or recalibration, and (iii) a recommended 
base period and method to redetermine the Sustainable Yield in 2025.   

Through the work to extend the 2021 BVHM, several previously unknown errors in the BVHM were 
identified and are documented in this TM. Some of these errors could directly impact the ability of the 
BVHM to accurately estimate the water budget of the Basin. The Board-approved scope-of-work for WY 
2023 above does specify tasks to address the errors in the current BVHM. Considering these findings and 
the ultimate goal of redetermining the Sustainable Yield by January 1, 2025, the TAC should determine 
the highest and best use of the approved $30,000 budget for WY 2023. Potential efforts to consider in 
WY 2023 could include:  

• Investigate and rank the errors based on their potential to impact the model results. 

• Develop and implement solutions and/or fixes to the highest ranked errors. 

• Fix the errors and extend and run the 2021 BVHM through WY 2022 (2022 BVHM). 

• Compare the results of the 2021 BVHM to the 2022 BVHM to evaluate the influence of the 
errors on the model results. 

• Compare the FMP-estimated pumping to actual pumping at the Actual FMP Wells in WY 2022. 

• Prepare recommendations for additional model refinements or recalibration to be performed in 
WY 2024. 

NEXT STEPS 

The TAC should review this TM and:  

• Come prepared to the TAC meeting to discuss the contents of the TM. 

• Prepare written comments and suggested revisions on the TM and submit to the Technical 
Consultant two weeks following the TAC meeting. 
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FMP

Wells

Non-FMP 

Wells

1945 8,563 2,812 1,366 12,742 0 87 7,700 532 8,319 4,423 4,423

1946 5,253 2,974 1,366 9,593 846 149 10,089 549 11,632 -2,039 2,384

1947 190 1,743 1,366 3,299 1,339 193 8,948 551 11,031 -7,732 -5,349

1948 112 1,070 1,370 2,553 2,748 236 8,673 551 12,208 -9,656 -15,004

1949 6,058 1,409 1,366 8,833 3,540 280 7,999 555 12,374 -3,541 -18,545

1950 127 993 1,366 2,486 4,325 324 8,311 547 13,506 -11,020 -29,565

1951 7,750 859 1,366 9,975 5,231 366 7,441 542 13,579 -3,604 -33,170

1952 619 875 1,370 2,864 6,679 410 6,105 542 13,736 -10,872 -44,042

1953 4,344 1,067 1,366 6,776 8,731 454 7,237 538 16,960 -10,183 -54,225

1954 710 732 1,366 2,808 9,243 496 5,952 531 16,223 -13,415 -67,640

1955 171 755 1,366 2,293 8,978 540 5,389 525 15,432 -13,139 -80,779

1956 2,025 667 1,370 4,063 10,485 583 5,717 521 17,306 -13,244 -94,023

1957 3,518 655 1,366 5,538 10,688 627 4,996 516 16,826 -11,288 -105,311

1958 797 679 1,366 2,843 9,750 671 4,411 513 15,345 -12,502 -117,813

1959 1,131 651 1,366 3,148 10,458 713 4,551 509 16,232 -13,083 -130,897

1960 686 677 1,370 2,733 9,385 757 3,925 509 14,576 -11,843 -142,740

1961 812 605 1,366 2,783 9,994 800 3,924 505 15,223 -12,440 -155,179

1962 163 579 1,366 2,108 9,795 844 3,553 502 14,694 -12,586 -167,765

1963 1,412 614 1,366 3,393 9,134 962 3,087 499 13,682 -10,289 -178,054

1964 4,078 1,370 1,370 6,818 8,591 1,030 3,477 516 13,613 -6,795 -184,850

1965 9,103 829 1,366 11,298 8,578 1,075 3,008 510 13,171 -1,873 -186,722

1966 7,336 1,153 1,366 9,855 4,716 1,118 2,876 517 9,228 628 -186,095

1967 1,175 1,029 1,366 3,570 4,554 1,161 2,677 516 8,908 -5,338 -191,433

1968 13,544 1,375 1,370 16,290 5,026 1,204 2,583 516 9,330 6,960 -184,473

1969 450 935 1,366 2,752 4,579 1,248 2,418 514 8,759 -6,008 -190,480

1970 331 950 1,366 2,648 4,502 1,291 2,329 512 8,634 -5,986 -196,467

1971 327 1,012 1,366 2,705 4,382 1,334 2,238 509 8,463 -5,757 -202,224

1972 2,173 1,074 1,370 4,616 4,582 1,705 2,261 509 9,058 -4,442 -206,666

1973 1,465 1,206 1,366 4,037 3,891 1,655 1,986 507 8,040 -4,003 -210,669

1974 644 1,137 1,366 3,147 4,251 1,684 1,997 505 8,438 -5,291 -215,960

1975 2,024 1,152 1,366 4,542 4,097 1,812 1,898 503 8,310 -3,768 -219,727

1976 3,697 1,352 1,370 6,419 4,161 1,934 1,837 505 8,437 -2,018 -221,745

1977 21,782 2,860 1,366 26,009 4,384 2,069 2,071 515 9,039 16,970 -204,775

1978 9,016 1,813 1,366 12,196 4,561 2,208 2,071 523 9,363 2,833 -201,942

1979 22,303 3,509 1,366 27,178 4,617 2,321 1,940 522 9,399 17,779 -184,163

1980 3,330 1,789 1,370 6,488 5,892 2,478 2,283 529 11,182 -4,693 -188,856

1981 1,978 1,220 1,366 4,563 6,673 2,596 2,421 525 12,214 -7,651 -196,507

1982 9,908 1,511 1,366 12,786 6,237 2,706 2,110 521 11,574 1,212 -195,295

1983 7,763 2,428 1,366 11,557 4,622 2,836 1,858 529 9,844 1,713 -193,582

1984 1,935 1,802 1,370 5,107 6,671 2,936 2,586 538 12,731 -7,624 -201,206

1985 3,102 1,709 1,366 6,177 6,324 3,058 2,208 534 12,124 -5,946 -207,152

1986 1,365 1,557 1,366 4,288 6,129 3,051 2,110 534 11,824 -7,535 -214,687

1987 911 1,458 1,366 3,736 6,761 3,332 2,131 530 12,755 -9,019 -223,706

1988 1,938 1,640 1,370 4,947 6,645 4,036 1,903 531 13,116 -8,168 -231,875

1989 230 1,363 1,366 2,959 7,057 3,836 1,914 524 13,331 -10,371 -242,246

1990 6,897 1,713 1,366 9,976 7,162 3,774 1,754 522 13,211 -3,235 -245,481

1991 2,486 1,449 1,366 5,301 6,465 4,005 1,522 518 12,511 -7,209 -252,690

1992 20,684 3,198 1,370 25,252 6,380 4,267 1,550 514 12,711 12,540 -240,150

1993 5,818 2,768 1,366 9,952 8,433 4,097 1,837 521 14,889 -4,937 -245,087

1994 8,202 1,904 1,366 11,473 10,389 3,923 1,845 518 16,675 -5,202 -250,289

1995 759 1,580 1,366 3,705 11,648 3,787 1,598 516 17,549 -13,844 -264,133

1996 652 1,283 1,370 3,305 13,653 4,003 1,628 515 19,800 -16,495 -280,627

1997 8,306 1,750 1,366 11,423 11,571 4,188 1,349 512 17,620 -6,197 -286,825

1998 2,978 1,914 1,366 6,258 10,169 3,975 1,339 523 16,006 -9,748 -296,572

1999 314 1,262 1,366 2,943 11,480 4,002 1,336 521 17,339 -14,397 -310,969

2000 436 1,286 1,370 3,092 12,314 4,196 1,187 519 18,217 -15,124 -326,093

2001 283 1,367 1,366 3,017 11,669 3,657 978 516 16,820 -13,803 -339,897

2002 422 1,483 1,366 3,271 13,029 4,096 951 513 18,588 -15,317 -355,214

2003 895 1,563 1,366 3,825 11,956 3,902 769 510 17,138 -13,313 -368,527

2004 10,531 1,679 1,370 13,580 12,804 3,902 740 510 17,956 -4,376 -372,902

2005 8,609 3,107 1,366 13,083 11,100 3,563 904 527 16,094 -3,011 -375,914

2006 2,421 1,849 1,366 5,636 13,988 3,766 978 530 19,262 -13,625 -389,539

2007 292 1,467 1,366 3,126 15,331 4,516 776 525 21,148 -18,023 -407,561

2008 1,199 1,244 1,370 3,813 14,074 3,838 580 523 19,015 -15,201 -422,762

2009 1,517 1,182 1,366 4,065 14,568 3,970 590 522 19,651 -15,586 -438,348

2010 237 1,246 1,366 2,849 14,310 3,118 499 521 18,448 -15,598 -453,946

2011 1,161 1,290 1,366 3,818 13,948 2,714 430 517 17,608 -13,790 -467,737

2012 6,220 1,929 1,370 9,519 12,919 1,814 507 529 15,769 -6,250 -473,987

2013 1,932 1,706 1,366 5,004 13,953 1,856 498 525 16,832 -11,828 -485,815

2014 1,649 1,543 1,366 4,558 14,964 2,057 473 522 18,016 -13,458 -499,272

2015 2,096 1,623 1,366 5,085 13,538 2,109 369 520 16,536 -11,452 -510,724

2016 1,862 1,640 1,370 4,872 13,141 1,751 380 523 15,795 -10,922 -521,646

2017 3,545 1,469 1,366 6,380 11,474 2,357 329 520 14,680 -8,300 -529,947

2018 2,640 1,284 1,366 5,291 12,656 2,346 322 517 15,842 -10,551 -540,498

2019 3,271 1,787 1,366 6,424 9,072 2,188 274 514 12,048 -5,625 -546,122

2020 3,983 1,787 1,370 7,140 7,466 2,231 263 515 10,475 -3,335 -549,457

2021 2,632 1,339 1,366 5,337 8,401 2,349 266 509 11,526 -6,189 -555,646

Average 3,783 1,472 1,367 6,622 8,414 2,228 2,676 521 13,838 -7,216

Minimum 112 579 1,366 2,108 0 87 263 499 8,040 -18,023

Maximum 22,303 3,509 1,370 27,178 15,331 4,516 10,089 555 21,148 17,779

Table 1.  Water Budget for the 2021 BVHM

Water Year 1945 to 2021

Total 

Outflows

-

Annual 

Change in 

Storage

afy

Cumulative 
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Storage

af
Total Inflows
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Groundwater Pumping
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Recharge

Unsaturated 

Zone 

Recharge

Subsurface 

Inflow
ET

Subsurface 
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Water
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Figure 1 
Borrego Valley Hydrologic Model (BVHM) Domain 

WEST YOST - K:\Clients\940 Borrego Springs Watermaster\00-00-00 Master Project\GIS\MXD\TAC\BVHM Extension thru WY 2021\Fig1_ModelDomain.mxd - lsalberg - 7/25/2022
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Figure 2 
Active Production Wells in WY 2021 

WEST YOST - K:\Clients\940 Borrego Springs Watermaster\00-00-00 Master Project\GIS\MXD\TAC\BVHM Extension thru WY 2021\Fig2_Wells in the Basin.mxd - lsalberg - 7/29/2022
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Figure 3 
Land Use Changes in the 2021 BVHM

October 2016 and September 2021 

WE
ST 

YO
ST 

- K
:\C

lien
ts\

94
0 B

orr
ego

 Sp
rin

gs 
Wa

ter
ma

ste
r\0

0-0
0-0

0 M
ast

er 
Pro

jec
t\G

IS\
MX

D\
TA

C\B
VH

M 
Ext

en
sio

n t
hru

 W
Y 2

02
1\F

ig3
_La

nd
Us

eC
om

pa
riso

n.m
xd 

- ls
alb

erg
 - 7

/29
/20

22
2016 2021

±0 21 Miles

Riverside
County

Orange
County

San Diego
County

Santa
Ana

San Diego

Land Use Classification in BVHM Grid Cells Other Features

Phreatophytes
Native
Fallow Palm

Citrus
Potatoes

Golf Course
Golf Course-Municipal
Urban

Borrego Springs Watermaster 
Extension of the BVHM 

through WY 2021 Boundary of Active Cells in the BVHM

Land Use Changed during Oct. 2016 - Sept. 2021 Borrego Springs Groundwater Subbasin

Water Balance Subregion in the FMPPrepared by:

Page 23 of 26



K-940-80-21-02-372

Borrego Springs Watermaster

Extension of the BVHM through WY 2021

Last Revised: 07-20-2022

-600,000

-500,000

-400,000

-300,000

-200,000

-100,000

0

100,000

200,000

300,000

400,000

500,000

600,000

-30,000

-25,000

-20,000

-15,000

-10,000

-5,000

0

5,000

10,000

15,000

20,000

25,000

30,000

C
u

m
u

la
ti

ve
 C

h
an

ge
 in

 S
to

ra
ge

 (
af

)

Water Year
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Figure 5 
Map of FMP Wells

versus Actual FMP Wells 
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Figure 6 
Location of FHB Cells versus

Active Cells in Layer 1 of the BVHM 
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