
 

 

 
  

   
 

 

  
 

 

 
  

  

 

   

 

 
  

 
  
 
  

 
 
  

  
 

    
 

   
 

VI. Status Update: DWR Monitoring Well Funded through the DWR’s Technical Support Services 
Grant (time permitting) 

 
VII. 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.  

 
VIII. Future Meetings 

 
IX. Adjournment 
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To:   Technical Advisory Committee (TAC) 

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

Date:  October 27, 2022 

Subject: Develop Recommendations for Technical Scope of Work in WY 2023 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 (and 
budget) for completion in WY 2022 and WY 2023:  

• WY 2022 ($116,000): 

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

o Run the BVHM from October 1929 through September 2021.  

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

• WY 2023 ($30,000): 

o Collect and validate metered pumping through WY 2022.  

o Extend and run the 2021 BVHM through WY 2022.  

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

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

In WY 2022, West Yost successfully performed the extension of the 2016 BVHM through WY 2021 
(2021 BVHM) and published a draft TM to describe the findings and recommendations. The TAC 
conducted a meeting on August 31, 2022 to discuss the TM. The main points of the TAC discussion 
were: 

• The Farm Process underestimated actual groundwater pumping by 4,456 af in WY 2021 
(42% difference).  

• There were several other discrepancies identified in the BVHM that could influence the 
BVHM results.  Some of the main discrepancies discussed were related to recharge:  

o Approximately 36% of subsurface inflow was assigned to inactive cells in the 
Flow and Head Boundary Package, which could result in less recharge being 
assigned to the model than intended. 

o Incorrect units were used for the streambed elevation in the Stream Flow 
Routing Package, which could result in less recharge being assigned to the model 
than intended. 

o West Yost was not able to precisely identify and use the same methods 
employed by the USGS or Dudek to estimate surface-water inflows to the Basin 
from the upstream watersheds.  

o West Yost was not able to precisely identify and use the same methods 
employed by the USGS to estimate subsurface inflows to the Basin from the 
adjacent watersheds.  

The general TAC consensus at the meeting was: 

• The Farm Process underestimation of actual groundwater pumping in WY 2021 by 4,456 
af is significant; however, it only a one-year evaluation. 

• The other discrepancies identified in the BVHM could directly impact its ability to 
accurately estimate the water budget of the Basin. 
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• The ability of the BVHM to accurately simulate recharge (i.e., surface-water and 
subsurface inflows) remains a significant concern. 

• If the BVHM is improved to simulate historical pumping and recharge more accurately, 
it’s likely that model recalibration will also be necessary. 

At the conclusion of the meeting, the TAC decided to meet again to develop a recommendation for an 
appropriate scope of work for WY 2023.  

Discussion 

Several TAC members also submitted written comments, suggested revisions to the draft TM, and 
recommendations for future work to improve the BVHM. A final TM (attached to this memo) was 
prepared that incorporates the feedback received from the TAC. Appendix A in the TM contains the 
TAC comments on the draft TM.    

Table 1 below is a summary of TAC recommendations for potential work in WY 2023. West Yost used 
the TAC recommendations to prepare a list of potential tasks to improve the BVHM in WY 2023. Table 
2 below describes each potential task, including a budget-level cost estimate to execute each task. 

At the November 2, 2022 TAC meeting, West Yost will lead a TAC discussion with the ultimate 
objectives to: (i) identify the TAC priorities for WY 2023 and (ii) develop a recommendation for Board 
consideration for the appropriate scope of work for WY 2023.  

 

Enclosures 

1. Table 1: Summary of TAC Recommendations for Scope of Work in WY 2023 – 
Redetermination of the Sustainable Yield by 2025 

2. Table 2: Potential Tasks and Cost Estimates for Update of the Borrego Valley Hydrologic 
Model in WY 2023 

3. Final Technical Memorandum: Extension of the Borrego Valley Hydrologic Model through 
Water Year 2021 
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Table 1: Summary of TAC Recommendations for Scope of Work in WY 2023 

Redetermination of the Sustainable Yield by 2025 

Topic Recommendation 
Recommended 

by 

FMP 

• Perform the current scope for WY 2023: Compare FMP-estimated vs. Actual 
pumping for WY 2022. 

BWD 

• Update water-use factors (e.g., reference ET, crop coefficient) for different 
crop types using parcel-scale data for pumping, crop type, and irrigated area. 

• Run FMP with updated water-use factors and compare results to historical 
FMP-estimated pumping. If differences exceed 10%, TAC should consider 
recalibration of the BVHM. 

AAWARE 
BWD 

• Correct the land use classification of “potato” to “fallow” for Water Balance 
Subregion 23 for WY 2014-16. 

AAWARE 

MNW2 
Package 

• Confirm the history of wells ID3 and CDZ and update the MNW2.  AAWARE 

• Compare and validate the depth distribution of pumping in the MNW2 
package against available well-construction records. 

BWD 

• Use newer version of MODFLOW-OWHM, which may resolve software bugs 
in the MNW2 package (and ZONEBUDGET). 

BWD 

SFR 
Package 

• Correct the units used to assign streambed elevation. 
AAWARE 
T2 Borrego 

• Evaluate the use of the newest version of the BCM (BCMv8) to estimate past 
and future stream inflows. 

• Develop a reproducible method for estimating streamflow inputs to the 
BVHM and document in a technical appendix.  

BWD 

FHB 
Package 

• Check the reasonableness of BCM-estimated mountain block recharge by 
comparing BCM estimates to estimates of mountain block recharge using 
alternative methods (e.g., Maxey-Eakin method). Use results of evaluation to 
develop a consistent and reproducible method. 

T2 Borrego 

• Address the potential errors of subsurface inflows being assigned to inactive 
model cells. 

• Perform a model sensitivity analysis to assess the sensitivity of simulated 
heads and basin yield to subsurface inflows. Evaluate the need for model 
recalibration.  

AAWARE,  
BWD 

Other 

• Compare simulated vs. measured heads (validation) to determine the need 
for model recalibration. 

AAWARE 
BWD 

• Prepare model documentation in technical appendices. BWD 

• Evaluate all model errors and discrepancies with respect to their potential 
contribution to the current estimated Sustainable Yield.  

• Rank errors to identify which should be evaluated in more detail. 

T2 Borrego 
BWD 
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Recommendation Cost Estimate

Approved Scope of Work for WY 2023 $31,598

Extend BVHM through WY 2022

Compare FMP-estimated pumping to Actual Pumping for WY 2022

Update Water-Use Factors in the FMP $52,000

Update water-use factors (e.g., reference ET, crop coefficient) for different crop types using parcel-scale data for pumping, crop type, 

and irrigated area.

Run FMP with updated water-use factors and compare results to historical FMP-estimated pumping. If differences exceed 10%, TAC 

should consider recalibration of the BVHM.

Compare FMP-estimated pumping to Actual Pumping for WY 2021.

Prepare documentation on methodology, findings and recommendations.

Correct Errors Identified in 2021 BVHM TM $33,000

SFR Package - Correct the streambed elevation from feet to meters.

SFR Package - Correct the formatting of SFR input file.

SFR Package - Fix the the absence of leap years.

SFR Package - Run BVHM through WY 2021 and compare results to model-estimated historical water budget and Basin yield to 

determine influence of errors on model results. 

FHB package - Address the errors of subsurface inflows being assigned to inactive model cells.

FHB Package - Run BVHM through WY 2021 and compare results to model-estimated historical water budget and Basin yield to 

determine influence of errors on model results. 

MNW2 package - Address unaccounted-for pumping (e.g. wells unable to pump their assigned rates, wells that were pumping prior 

to 2016 but were not simulated in the 2016 pumping, etc.)

MNW2 package - Confirm the history of wells ID3 and CDZ and update the MNW2. 

FMP - Correct the land use classification of “potato” to “fallow” for Water Balance Subregion 23 for WY 2014-16.

Run BVHM through WY 2021 and compare results to model-estimated historical water budget and Basin yield. 

Prepare documentation on methodology, results, and recommendations.

Evaluate New Methods for Estimating Recharge $71,000

Develop reproducible method for estimating stream inflow. Efforts may include evaluating the newest version of the BCM (BCMv8) 

to derive the relationship between precipitation, temperature, and stream inflow for each subwatershed. The derived relationship 

can be used to estimate stream inflow based on the estimates of precipitation and temperature.

Develop reproducible method for estimating subsurface inflow from each subwatershed surrounding the model domain. Efforts may 

include evaluating the newest version of the BCM (BCMv8) to estimate the relationship between precipitation, temperature, 

recharge, and subsurface inflow in each subwatershed. 

Use updated methodologies for estimating stream inflow and subsurface inflow to update model input files for the SFR and FHB 

packages, respectively. 

Run BVHM through WY 2021 and compare results to model-estimated historical water budget and Basin yield. 

Prepare documentation on methodology, results, and recommendations.

Compare and Validate the Depth Distribution of Pumping in the MNW2 Package $13,000

Collect and compile well construction information for wells modeled in the MNW2 package.

Compare well construction information to well properties defined in the MNW2 package.

Prepare documentation of findings from comparison and recommendations.

Upgrade BVHM to Use the New Version of MODFLOW-OWHM $34,000

Research differences between the current version of MODFLOW-OWHM used in the BVHM and the new version of MODFLOW-

OWHM (e.g. model input files, defined parameters, etc.).

Convert BVHM to the new version of MODFLOW-OWHM.

Run BVHM through WY 2021 and compare results to model-estimated historical water budget, Basin yield, and  ZONEBUDGET 

output. 

Prepare documentation on methodology, results, and recommendations.

Compare Simulated to Measured Heads for Model Validation $10,000

Develop time-series of simulated and measured heads and other graphics.

Generate calibration statistics and calculate residuals at wells.

Prepare documentation on methodology, results, and recommendations.

Table 2. Potential Tasks and Cost Estimates for 

Update of the Borrego Valley Hydrologic Model in WY 2023

K-941-80-21-02

Borrego Springs TAC

TAC Meeting 11.2.2022

Last Revised: 10-26-22
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TECHNICAL MEMORANDUM 
 
DATE: September 21, 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.  

 Develop recommendations (if any) for additional model updates and/or model recalibration that 
are necessary to redetermine the Sustainable Yield by 2025.  

 

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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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.  

 Head Observation Package (HOB): This package is used to specify observations of head for use in 
the Observation process.  
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 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 golf 
courses in the Basin. 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, consistent with previous versions of the BVHM.  

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 
does not occur in any version of the BVHM until 1944. Prior to 1944, Groundwater Pumping was 
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less than 300 afy and was mainly used for domestic purposes, as estimated by the USGS12. 
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 golf courses 
in the Basin. 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 during the 2016 and 2021 BVHM extensions ( 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. Annual gains in groundwater 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. The cumulative change in storage 
from WY 1945 to 2021 was -555,646 af. 

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 due to the loss of phreatophytes in the Basin. 

 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 (42%) 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 42% 
Un-metered 1,790 

8,401  12,8571 -4,456 42% 
1. Actual Pumping does not include metered pumping from Actual Non-FMP wells. Pumping for Actual Non-FMP wells is assigned to the Non-

FMP wells in the MNW2 package.  

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 Layers 2 and 3, all cells set to receive subsurface inflow are active. However, in Layer 
1 (upper aquifer), 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. The total subsurface 
inflow routed through the model averaged 1,367 afy for WY 1930 through 2016 (Table 2), which 
does not include the 754 afy assigned to the inactive cells in Layer 1. 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.  
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 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 
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 
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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:  

 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 cannot be directly 
compared to actual wells in the Basin – there is not a one-to-one relationship of FMP wells to 
actual wells (see Figure 5).  

 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. ZoneBudget is a post-processing tool and does not 
directly estimate water budget terms. However, the discrepancy in the calculations produced by 
ZoneBudget compared to the listing file indicates that there are unresolved bugs in the version 
of MODFLOW-OWHM used by the BVHM.  

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:  
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— 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.  

 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 not specify tasks to address the errors in the current BVHM.  

The TAC received a draft of this TM on July 29, 2022 and were asked to (i) review the draft TM, (ii) come 
prepared to a TAC meeting on August 31, 2022 to discuss the contents of the draft TM, and (iii) submit 
written comments and recommended revisions on the draft TM. The TAC was also asked to consider the 
findings and the ultimate goal of redetermining the Sustainable Yield by January 1, 2025 in order to 
determine the highest and best use of the approved $30,000 budget for WY 2023. Based on comments 
received from the TAC on the draft TM (see Appendix A), a future TAC meeting will be held to further 
discuss recommendations and determine the appropriate scope of work for WY 2023.  
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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 

Change in 

Storage

af
Total Inflows

Inflows

afy

Outflows

afy

Groundwater Pumping
Streambed 

Recharge

Unsaturated 

Zone 

Recharge

Subsurface 

Inflow
ET

Subsurface 

Outflow

Water

Year

K-941-280-21-02-372

Borrego Springs Watermaster

Extension of the BVHM through WY 2021

Last Revised: 07-22-22
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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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Land Use Changes in the 2021 BVHM
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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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INTERA Incorporated 
3838 W. Carson Street, #380 

Torrance, California 90503 USA 
424.275.4055 

 

California | Colorado | Florida | Hawai’i | Indiana | New Mexico | Texas | Washington | Australia | France | Switzerland 

September 14, 2022 

Andy Malone 
Principal Hydrogeologist 
Borrego Springs Watermaster 
C/O West Yost Associates 
23692 Birtcher Drive 
Lake Forest, California 92630 
(Submitted via email: BorregoSpringsWM@westyost.com) 

RE: Technical Comments on Extension of the Borrego Valley Hydrologic Model through Water Year 
2021 

Dear Mr. Andy Malone: 

 

INTERA has prepared this comment letter on Extension of the Borrego Valley Hydrologic Model through 
Water Year 2021 Technical Memorandum (TM) dated July 29, 2022 on behalf of the Borrego Water District 
(BWD). This comment letter is organized as two parts. The first part provides specific comments regarding 
the contents of the TM and the second part provides recommendations regarding additional work needed 
to update the Borrego Valley Hydrologic Model (BVHM)1 to develop a defensible redetermination of 
sustainable yield for the Borrego Springs by January 1, 2025. 

Comments on TM 

Comment No. 1: On page 2 of the TM, the discussion of the Judgment should emphasize the schedule in 
Section III.F of the Judgment, which requires agreement with the Technical Advisory Committee (TAC) on 
a scope of work and budget for technical work through September 30, 2023 and redetermination of the 
sustainable yield by January 1, 2025. The TM presents several technical issues that should be included in 
an updated scope and fee that should be considered for completion in the 2023 Water Year. Please see 
the second part of this comment letter for discussion of recommended BVHM updates to be performed 
through September 30, 2023.  

Comment No. 2: On page 6, Precipitation and reference evapotranspiration (ET) data from the BCM 
([Water Year] WY 2017 - 2020) bullet, please document the steps taken to crop and resample the 

 
1Faunt, 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. Geological Survey Scientific Investigations Report 2015-5150, 
DOI: 10.3133/sir20155150 
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Mr. Andy Malone 
September 14, 2022 
Page 2 

precipitation and ET data from the Basin Characterization Model (BCM)2. The FMP uses monthly 
precipitation and ET data to calculate a water balance on a cell-by-cell basis. Monthly precipitation and 
evapotranspiration data for the BVHM are extracted as arrays from the BCM. Each cell in the model has a 
specified precipitation and ET value. Recommend including a model documentation technical appendix to 
the TM, which specifies all steps required to update data in the BVHM. Please confirm that the BCM (and 
the BVHM model, in turn) has the record dry and hot conditions observed in recent years. 

Comment No. 3: On page 7, Historical Precipitation and ET data from the BCM (WY 2021) bullet, will future 
updates of the BVHM use the downscaled BCM or Parameter-elevation Regressions on Independent 
Slopes Model (PRISM)3 climate data? If PRISM data is used to update the BVHM without being 
downscaled, we recommend the data used and specific steps taken to complete the comparative analysis 
be documented in a technical appendix to the TM.  

Comment No. 4: On page 7, Aerial images of the basin bullet, is there a documentation of the crop 
information received from landowners including what land use types and areas were updated? 
Furthermore, parcel scale comparison between on-the-ground crop acreage/type and agricultural ET 
assumptions used for FMP would be beneficial. Please also confirm that the model grid-scale ET estimates 
used for FMP account for sub-grid scale variation in crop-acreage and type. We recommend documenting 
land use updates in a technical appendix to the TM. 

Comment No. 5: On page 7, Aerial images of the basin bullet, please provide list of newly fallowed 
properties and comparison of acres fallowed in BVHM cells and actual estimate of land area fallowed. 
Please see note, above, on parcel scale validation of FMP assumptions for crop acreage/type. We 
recommend documenting land use changes in a technical appendix to the TM. 

Comment No. 6: On page 7, Land use histories through contact with landowners bullet, please document 
any changes documented in a technical appendix to the TM. 

Comment No. 7: On page 8, Well activity records bullet, please document active and inactive wells in a 
technical appendix to the TM. 

Comment No. 8: On page 8, Well completion reports bullet, please document the location and well 
completion information for the five new wells in a technical appendix to the TM. It would be useful to 
compare and validate locations and depths of wells (as obtained from well completion data) with the 
locations and well-depths used in the MNW2 package. 

Comment No. 9.: On page 8, SFR package, please document how the model (original and extended) 
handled SFR segments/reaches in the inactive portion of layer 1. Were these SFR reaches connected to 
layer 1 (inactive – leading to no surface-water recharge/discharge in those areas) or were they connected 
to layer 2 (potentially allowing recharge/discharge with the water table)? This has an important bearing 
on understanding the contributions from different boundary conditions in the model.  

Comment No. 10: On page 8, last bullet for the cumulative departure from the mean analysis should more 
than three water year types (normal, wet, dry) potentially be considered? Because the Basin climate is 
characterized by extremes in climate it may be important to characterize additional water year types as 

 
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 PRISM Climate Group, Oregon State University, https://prism.oregonstate.edu 
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follows: very dry, dry, average, wet, and very wet based on statistical analysis of available rainfall records. 
Please refer to the DWR Water Year Type dataset (https://data.cnra.ca.gov/dataset/sgma-water-year-
type-dataset) for reference. 

Comment No. 11: On page 8, Groundwater pumping data for Non- Farm Process (FMP) Wells bullet, please 
provide the location and owners of the two wells and document why they are not reporting pumping, if 
this is still the case. 

Comment No. 12: On page 10, Non-FMP Wells Bullet, we recommend indicating that Non-FMP Wells are 
wells primarily owned by the BWD or golf courses, which historically were required to report production 
to the County as per major use permit requirements rather than refer solely to the ‘Rams Hill Golf Course’. 
Historically, Rams Hill Golf Course was often at time predominantly served by the BWD and the Non-FMP 
wells were reporting pumping by other golf courses. 

Comment No. 13: On page 10, last paragraph of the section, redact the sentence as follows: An a Annual 
gains in groundwater 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. 

Comment No. 14: On page 12, Evapotranspiration bullet, please explain that the decline in 
evapotranspiration (ET) in the Basin is due to loss of phreatophyte or other vegetation cover.  

Comment No. 15: What is the status of the unmetered wells in Figure 5? Are they currently being 
metered? Please document any currently unmetered wells. 

Comment No. 16: On page 13, Table 4. Groundwater Pumping Estimated by FMP vs. Actual Groundwater 
Pumping WY 2021. Percent difference equals the absolute value of the change in value, divided by the 
average of the two numbers, all multiplied by 100. Table 4 presents the percent change rather than the 
percent difference. Please either update table header to indicate percent change or calculate the percent 
difference and update the table. 

Comment No. 17: On page 13, Table 4. Groundwater Pumping Estimated by FMP vs. Actual Groundwater 
Pumping WY 2021. A percent change of 35% for Water Year 2021 is very large. The reason for difference 
requires further evaluation and other periods of the model should be analyzed to determine if similar bias 
occurs for pumping. If the FMP underestimates pumping over the model period, this may have 
implications on model calibration and estimated sustainable yield. INTERA believes this is an important 
model issue to be evaluated in the next year. Assessment of model calibration (fit between observed and 
simulated water levels/flows) will be important in evaluating the implications of this discrepancy. 
Furthermore, ground-truthing pumping estimates for prior years (see Comments 4 and 5) will be essential 
in evaluating whether this bias exists from prior years. 

Comment No. 18: On page 13, Subsurface inflow is assigned to inactive cells in the [Flow and Head 
Boundary Package] FHB package bullet. It is not clear from the U.S. Geological Survey’s (USGS) BVHM 
model documentation where these underflows should be applied. They may need to be applied to layer 
2 (highest active layer). Alternatively, they may be contributing to the vadose zone (as opposed to the 
groundwater table) in this area and could remain in layer 1. It is recommended that one or more 
alternative model scenario be evaluated by including these underflows in layer 2 and assessing model 
calibration/basin yield. The sensitivity of model heads, water budget, and calibration to this boundary 
condition needs to be further evaluated. INTERA believes this is an important model issue to be evaluated 
in the next year. 

Page 35 of 120

https://data.cnra.ca.gov/dataset/sgma-water-year-type-dataset
https://data.cnra.ca.gov/dataset/sgma-water-year-type-dataset


 

 

Mr. Andy Malone 
September 14, 2022 
Page 4 

Recommendations on Update of the BVHM 
The approved technical scope-of-work for WY 2022 for the multi-year task to Redetermine the Sustainable 
Yield of the Borrego Springs Subbasin by January 1, 2025 included the following: 

• Update and run the BVHM through WY 2021 
• Compare model-estimated vs. metered pumping for WY 2021 
• Prepare a technical memorandum with conclusions and recommendations for the technical 

scope-of-work in WY 2023 

The Watermaster recognizes that the redetermination of the sustainable yield of the Subbasin is an 
iterative scientific process as described in Technical Advisory Committee (TAC) Recommended Scope and 
Budget for Water Years (WY) 2022 and 2023 dated October 11, 2021 (see Borrego Springs Watermaster 
Board of Directors Meeting Agenda Package for October 14, 2021). The TAC Recommend Scope and 
Budget for WY 2022 and 2023 objective was to ensure that the BVHM estimates of historical and future 
pumping are defensible for use in the redetermination of the sustainable yield.  

Pumping 

Considering the documented 35% change in the FMP vs. Actual Groundwater Pumping for WY 2021, 
estimates of historical pumping used to develop and calibrate the BVHM need to be further evaluated 
and validated to determine whether WY 2021 is an outlier or if the FMP underestimates pumping over 
the entire model period. To complete this analysis, the area irrigated, and the crop type irrigated by 
individual metered wells is required to be documented to develop updated water use factors by crop type. 
A similar parcel-scale analysis was developed using the ET method to establish the Baseline Pumping 
Allocation presented in the Judgment. The FMP model-estimated water use for past years would then be 
compared to the ‘calibrated’ estimated water use derived from the WY 2021 and 2022 metered pumping. 
In addition, the depth distribution of pumping in the MNW2 package should be compared and validated 
against available well-construction records. Based on the results of this analysis, it may be recommended 
to update the historical estimates (and depth distribution) of pumping in the BVHM. In addition, the 
observed versus simulated heads and residuals (difference between the observed groundwater level 
measured at a well to the corresponding simulated groundwater level) through WY 2021 should be 
presented in the TM to evaluate model calibration. Residuals by well should also be depicted spatially to 
evaluate how well the BHHM model is calibrated in different parts of the basin. 

The previously approved TAC Recommended Scope and Budget for Water Years WY 2023 includes: 

• Collect and validate metered pumping data through WY 2022. 
• Update and run the BVHM through WY 2022 
• Compare the metered pumping data against the results of the model run and propose any 

additional refinements to the BVHM. 

The 2022 WY ends on September 31, 2022, and pumping is reported to the Watermaster no later than 
December 15 of each Year4. INTERA recommends that the comparison of FMP to WY 2022 metered 
pumping should be completed in the first quarter of 2023. In addition, the development of updated water 

 
4 Rules and Regulations of the Borrego Springs Watermaster Article 5. Monitoring 5.5 Pumping Reports. 
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use factors by crop, and comparison of updated water use factors to FMP historical estimates of pumping 
should be added to the scope of work for WY 2023. The results of this analysis should be reported at a 
TAC meeting to be held end of the first quarter of 2023. If the results of the FMP and metered pumping 
comparison of the model period indicates a percent change greater than 10%, INTERA recommends that 
the TAC consider a recommendation to update the historical pumping input to the BVHM and evaluate 
the need to recalibrate and validate the BVHM.   

Flow and Head Boundary Package 

West Yost has documented that subsurface inflow is assigned to inactive cells in the FHB package. As 
previously described, it is not clear from the USGS’s BVHM model documentation where these underflows 
should be applied. They may need to be applied to layer 2 (highest active layer). Alternatively, they may 
be contributing to the vadose zone (as opposed to the groundwater table) in this area and could remain 
in layer 1. It is recommended that one or more alternative model scenarios be evaluated to assess the 
sensitivity of simulated heads, flows, and by including these underflows in layer 2 and assessing model 
calibration/basin yield. INTERA believes this is an important model issue to be evaluated in the next WY 
because it is estimated that up to 754 acre-feet per year of surface inflow may be missing from the model. 
Scope and fee for this item should be added to the WY 2023 budget. 

Stream flow inputs 

The lack of technical documentation by the USGS regarding stream flow inputs to the BVHM was 
previously identified as a model issue as part of the 2016 BVHM Update. In the process of updating the 
Borrego Valley numerical model in 2016, Dudek attempted to replicate the calculation of streamflow into 
the basin from 1945 to 2010 that was implemented by the USGS during the original model design. In the 
model documentation, the USGS stated that they used runoff and recharge outputs from the BCM to 
calculate streamflow for each of the 24 sub-watersheds that drain into the model domain. The USGS 
provided GIS shapefiles containing the boundaries of the sub-watersheds. However, the USGS stated that 
they could not provide a detailed description of how streamflow was calculated and referred to the model 
documentation as containing all necessary information. The BCM output files were used to calculate 
streamflow and attempt to recreate the streamflow simulated in the USGS model from 1945 to 2010 using 
the sub-watershed boundaries to extract recharge and runoff output from the BCM. 

Two major issues occur when attempting to replicate the calculations of stream flow to the basin: 1) the 
raw runoff and recharge data from the BCM has to be multiplied by a factor to get the streamflow from 
each sub-basin defined in the input file, and it is unclear from the model documentation exactly what 
factors were used to calculate this data, and 2) there are instances where the BCM had runoff while the 
model input do not, and vice versa. This suggested that there may be some time delay component, or 
some other factor included in the USGS calculation of streamflow for the input file, and there is no clear 
documentation of what this might be. There is also a constant inflow from two watersheds in the model 
(Coyote Creek and a smaller unnamed watershed), which could not be recreated with BCM outputs. 
Finally, it is not clear how SFR segments/reaches are handled in areas with layer 1 inactive. 
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The BCM is currently available for water years 1896 through 20205. The absence of the 2021 BCM data 
necessitated use of the raw PRISM data for WY 2021 to identify historical months with similar climate by 
water year type for the PRISM and downscaled BCM data. Comparable historical BCM data for 
precipitation and ET was used to extend the FMP through WY 2021. If PRISM data is continued to be used 
for years with missing BCM data, the correlation between historical downscaled BCM and raw PRISM data 
should be evaluated and presented in a technical appendix to future BVHM updates. In addition, the TM 
may want to further describe that the PRISM data is the time-series grided climate input data, which is 
downscaled by the BCM. 

The processing steps necessary to translate the BCM data to a timeseries of all major stream inflows into 
the BVHM is unclear and remains a model issue. Basin Characterization Model, version 8 (BCMv8) was 
released after the development of the BVHM. BCMv8 was refined to improve the accuracy of the water-
balance components, particularly the recharge estimate. Use of improvements to BCMv8 for the BVHM 
update should be evaluated for development of past and future stream inflow inputs. All steps necessary 
to calculate streamflow inputs into the BVHM should be documented in a technical appendix. Scope and 
fee for this item should be added to the WY 2023 budget. 

MNW2 package 

Multi-node Well 2 Package (MNW2). Several software bugs were previously encountered with MNW2 
that control groundwater allotments to the farm wells. The USGS has previously fixed some of the 
software bugs in newer versions of the MODFLOW-OWHM software; however, MODFLOW-OWHM 
version 1.0 may still have software bugs that have not been fixed. This was particularly the case for future 
scenarios where a software bug was causing certain farm wells to ignore the groundwater allotments, 
such that the pumping output for the model was higher than designed in the future scenarios. A 
workaround was required as part of the 2016 BVHM update to set the maximum pumping capacity of 
wells included in the farm package to the total amount of pumping desired in each of the future water 
years. Scope and fee for this item should be added to the WY 2023 budget. 

ZONEBUDGET 

The model was originally designed and calibrated using MODFLOW-OWHM version 1.0. However, there 
is an unresolved bug in the MODFLOW-OWHM version 1.0 code which causes ZONEBUDGET to incorrectly 
extract pumping values from the model output files. In cases where ZONEBUDGET incorrectly extracts 
pumping results, pumping can be extracted from the raw model output using a text editor. Later versions 
of the MODFLOW-OWHM code have reportedly corrected this issue. Scope and fee for this item should 
be considered to the WY 2023 budget. 

Other Findings 

West Yost has documented other findings as part of its review of the BVHM not highlighted above 
including the following: 

 
5 Flint, L.E., Flint, A.L., and Stern, M.A., 2021, The Basin Characterization Model - A regional water balance 
software package (BCMv8) data release and model archive for hydrologic California, water years 1896-2020, U.S. 
Geological Survey data release, https://doi.org/10.5066/P9PT36UI. 
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• Incorrect units are used to assign streambed elevation in the SFR package 
• Incorrect formatting on the SFR input file 
• Accounted pumping in the BVHM due to 

o Wells unable to pump assigned rates in the MNW2 package 
o Wells that were pumping prior to September 2016 but were not simulated in the 2016 

BVHM 
o De minimis pumping wells 
o Other metered, non-ag wells 

• Results for model pumping by the MNW2 package and FMP are incorrect in the model listing file 
• Land was fallowed in the Basin, but not in the BVHM 
• Absence of leap years 
• Confusion over wells located in the same model grid 

 
A scope of work and budget should be developed to address the Recommendations on Update of the 
BVHM and the above other findings in the next WY to develop a defensible redetermination of sustainable 
yield for the Borrego Springs by January 1, 2025. 

 

INTERA appreciates this opportunity to comment on the TM. If you have any questions or require further 
discussion regarding this matter, please contact us. 

 

Sincerely, 

 

Trey Driscoll, PG No. 8511, CHG NO. 936 Abhishek Singh, PhD, PE No. 89384 
Principal Hydrogeologist President - Water Supply & Water Resources 
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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 fro  m 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,. Aand 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. The cumulative change in storage from WY 1945 to 2021 was -
555,646 af. 

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 (upper aquifer) and Layer 2 (middle aquifer), there are 17 inactive cells set 
to receive subsurface inflow in the FHB package. Because these cells are inactive in Layers 1 and 
2, 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 in WY 2021. 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 cannot be directly 
compared to actual wells in the Basin – there is not a one-to-one relationship of FMP wells to 
actual wells (see Figure 5).  

 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.  

Commented [LU13]: I agree with this improvement. 

Commented [LU14]: What are the technical implications of not 
using Zone Budget? If model results are not different, this can be 
ignored. 

Commented [LU15]: See my comments on Table 4. 
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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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To:   Technical Advisory Committee (TAC) 

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

Date:  October 27, 2022 

Subject: Review Draft Technical Memorandum: Groundwater Monitoring Gap Analysis  

 

Background 

The Borrego Springs Watermaster conducts monitoring programs for groundwater levels and 
groundwater quality in the Borrego Springs Subbasin (Basin) pursuant to the Stipulated Judgment1 
and the Groundwater Management Plan (GMP).2  

Generally, the main objectives of the monitoring programs are to: 

• Demonstrate progress toward meeting the Sustainability Goal of the GMP, which is to 
ensure that by 2040 the Subbasin is operated within its Sustainable Yield without 
causing Undesirable Results. The main Undesirable Results to be avoided are the 
significant and unreasonable occurrences of the following Sustainability Indicators: 
chronic lowering of groundwater levels; reductions in groundwater storage; and 
degradation of groundwater quality. 

• Inform adaptive management of the Subbasin to achieve the Sustainability Goal. 

The Watermaster’s current monitoring programs were described in Sections 2.2 and 3.5 of the GMP. 
The GMP also noted that gaps exist in the monitoring programs, particularly in the North Management 
Area. The GMP states that the Watermaster will periodically update the monitoring programs, through 
the Technical Advisory Committee (TAC) process described in the Judgment, to address the gaps so 
that groundwater levels and groundwater quality can be monitored and the results compared against 
the Sustainability Indicators defined in Chapter 3 of the GMP. 

In addition, Section VI.B of the Judgment calls for Watermaster to develop a Water Quality Monitoring 
Plan (WQMP) with input from the TAC within 24 months of entry of Judgment (i.e., by April 2023). The 
purpose of the WQMP is to understand water quality and how it is changing, so that the GMP can be 
adapted to avoid Undesirable Results and achieve Sustainable Groundwater Management. The 

 

1 Borrego Water District v. All Persons Who Claim a Right To Extract Groundwater in the Borrego Valley Groundwater Subbasin No. 7.024 
Whether Based on Appropriation, Overlying Right, or Other Basis of Right, and/or Who Claim a Right to Use of Storage Space in the 
Subbasin; et al. (Case No. 37-2020-00005776). 
2 Exhibit 1 to the Judgment.  
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WQMP should describe the network of monitoring wells, the frequency of monitoring, and the 
constituents to be monitored.  

During water years (WY) 2022 and 2023, the Watermaster is updating its groundwater-level and 
groundwater-quality monitoring programs through the TAC process. The first step of this process is to 
perform a groundwater monitoring gap analysis. In this task, the specific gaps in the monitoring 
programs are identified and described. West Yost performed the gap analysis and has identified 
several spatial and depth-specific gaps in the monitoring networks and insufficiencies in the 
monitoring protocols. The results of the gap analysis have been documented in the draft technical 
memorandum (TM): Groundwater Monitoring Gap Analysis (attached to this memo).  

Discussion 

TAC members have been asked to review the draft TM before the TAC meeting. At the TAC meeting, 
West Yost will provide an overview of the draft TM and facilitate a discussion with TAC members 
regarding the identified gaps. TAC members will have the opportunity to ask questions and provide 
additional feedback to West Yost.  

Next Steps  

West Yost is requesting written comments on the draft TM from TAC members by November 16, 2022.  

West Yost will use the comments and recommendations from the TAC in the preparation of an 
updated Groundwater Monitoring Plan, which will address the identified gaps. The Groundwater 
Monitoring Plan will be completed early 2023 and will include: the network of monitoring wells; the 
frequency of monitoring; the constituents to be monitored; equipment needs (e.g., transducers); 
improvements to monitoring protocols and field sheets; descriptions of required collaboration with 
cooperating entities; a process for adaptation of the plan over time; and cost estimates to implement 
the plan. The Groundwater Monitoring Plan must be approved by the Watermaster Board at its March 
2023 Regular Board meeting. 

 

Enclosures 

Draft technical memorandum: Groundwater Monitoring Gap Analysis  
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TECHNICAL MEMORANDUM 
 
DATE: October 20, 2022 Project No.: 940-80-21-02 (380) 
   SENT VIA: EMAIL 
 
TO:  Technical Advisory Committee, Borrego Springs Watermaster  
 
FROM: Andy Malone, PG, Watermaster Technical Consultant  
  
REVIEWED BY: Samantha Adams 
 
SUBJECT: Groundwater Monitoring Gap Analysis (DRAFT) 
 

BACKGROUND AND OBJECTIVES 

The Borrego Springs Watermaster (Watermaster) conducts monitoring programs for groundwater levels 
and groundwater quality in the Borrego Springs Subbasin (Basin) pursuant to the Stipulated Judgment1 
and the Groundwater Management Plan (GMP).2  

Generally, the main objectives of the monitoring programs are to: 

• Demonstrate progress toward meeting the Sustainability Goal of the GMP, which is to ensure 
that by 2040 the Subbasin is operated within its Sustainable Yield without causing Undesirable 
Results. The main Undesirable Results to be avoided are the significant and unreasonable 
occurrences of the following Sustainability Indicators: chronic lowering of groundwater levels; 
reductions in groundwater storage; and degradation of groundwater quality. 

• Inform adaptive management of the Subbasin to achieve the Sustainability Goal. 

The Watermaster’s current monitoring programs were described in Sections 2.2 and 3.5 of the GMP. The 
GMP also noted that gaps exist in the monitoring programs, particularly in the North Management Area. 
The GMP states that the Watermaster will periodically update the monitoring programs, through the 
Technical Advisory Committee (TAC) process described in the Judgment, to address the gaps so that 
groundwater levels and groundwater quality can be monitored and the results compared against the 
Sustainability Indicators defined in Chapter 3 of the GMP. 

In addition, Section VI.B of the Judgment calls for Watermaster to develop a Water Quality Monitoring 
Plan (WQMP) with input from the TAC within 24 months of entry of Judgment (i.e., by April 2023). The 
purpose of the WQMP is to understand water quality and how it is changing, so that the GMP can be 

 

1 Borrego Water District v. All Persons Who Claim a Right To Extract Groundwater in the Borrego Valley 
Groundwater Subbasin No. 7.024 Whether Based on Appropriation, Overlying Right, or Other Basis of Right, and/or 
Who Claim a Right to Use of Storage Space in the Subbasin; et al. (Case No. 37-2020-00005776). 

2 Exhibit 1 to the Judgment.  
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adapted to avoid Undesirable Results and achieve Sustainable Groundwater Management. The WQMP 
should describe the network of monitoring wells, the frequency of monitoring, and the constituents to be 
monitored.  

During water years (WY) 2022 and 2023, the Watermaster is updating its groundwater-level and 
groundwater-quality monitoring programs through the TAC process. For efficiency, the update is being 
combined into one effort and is being funded by a Sustainable Groundwater Management Act (SGMA) 
Implementation grant administered by the California Department of Water Resources (DWR). The update 
will be executed in a two-step process: 

1. Perform Groundwater Monitoring Gap Analysis. In this task, the specific gaps in the 
monitoring programs are identified and described. Such gaps could include spatial gaps in the 
monitoring network (i.e., lateral and vertical gaps) and/or insufficiencies in the monitoring 
protocols (e.g., monitoring frequency, coordination with cooperating entities, 
documentation, constituents to be monitored, etc.).  

2. Prepare Groundwater Monitoring Plan. The Monitoring Gap Analysis will inform the 
preparation of the Groundwater Monitoring Plan. The plan will include: the network of 
monitoring wells; the frequency of monitoring; the constituents to be monitored; 
recommendations for reporting; recommendations for new monitoring wells, if any; a process 
for adaptation of the plan; and cost estimates to implement the plan. The plan will be 
approved by the Watermaster Board at its March 2023 meeting. 

This memorandum is the Groundwater Monitoring Gap Analysis described in (1) above. 

METHODS 

The objective of the Groundwater Monitoring Gap Analysis is to identify and describe the gaps in the 
groundwater-level and groundwater-quality monitoring programs. For each monitoring program, the 
following steps were executed to achieve the objective: 

1. Define the specific objectives of the monitoring program that need to be achieved to comply 
with the requirements in the Judgment and GMP. 

2. Describe the Watermaster’s current monitoring network and monitoring protocols for each 
monitoring program. 

3. Assess whether the current monitoring programs are sufficient to achieve the specific 
objectives defined in (1) above. 

4. If the current monitoring programs are insufficient to achieve the specific objectives defined 
in (1) above, identify the gaps in the current monitoring programs that should be filled to 
achieve the specific objectives. 

5. Prepare a draft technical memorandum, Groundwater Monitoring Gap Analysis, for review 
and comment by the TAC. The draft memorandum, and the comments and recommendations 
received from the TAC, will inform the preparation of the Groundwater Monitoring Plan. 

The two monitoring programs (groundwater-level and groundwater-quality) are addressed separately in 
the sections below.  
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GROUNDWATER-LEVEL MONITORING PROGRAM 

This section identifies and describes the gaps in Watermaster’s current groundwater-level 
monitoring program. Such gaps could include spatial and depth-specific gaps in the monitoring network 
and/or insufficiencies in the monitoring protocols (e.g., monitoring frequency, monitoring tools, etc.). 

Specific Objectives of the Groundwater-Level Monitoring Program  

Section 3.5 of the GMP refers to several objectives for the Watermaster’s groundwater-level monitoring 
program. These objectives are meant to satisfy the GSP Regulations for monitoring networks (Title 23 CCR 
Section 354.34) and are summarized below: 

• Provide enough monitoring data to describe current groundwater conditions and the 
changes in such conditions over time, including groundwater elevations, changes in 
groundwater storage, and directions of groundwater flow. The monitoring data should be 
sufficient to: 

— Characterize groundwater conditions on a basin-wide scale, a management-area scale, 
and for different aquifer layers where such understanding is important. 

— Demonstrate short-term, seasonal, and long-term trends in groundwater levels and 
related surface conditions. 

— Describe the directions of groundwater flow and hydraulic gradients (lateral and 
vertical). 

— Quantify changes in water budget components. 

— Prepare contour maps of equal groundwater elevation for the principal aquifers across 
the basin.  

— Detect impacts to the beneficial uses or users of groundwater. 

— Evaluate the effects of GMP implementation over time. 

• Enable the comparison of the monitoring data to the Measurable Objectives and Minimum 
Thresholds at Key Indicator Wells3 for the following Sustainability Indicators that were 
identified in the GMP as potential or existing Undesirable Results in the Basin:  

— Chronic lowering of groundwater levels 

— Reductions of groundwater storage 

• Validate and update the Borrego Valley Hydrologic Model (BVHM), which is used to quantify 
the water budget of the Basin and redetermine the Sustainable Yield every five years 
through 2040. This objective includes the need for data to improve the understanding of: 

— Aquifer properties 

— Recharge 

— The occurrence and movement of groundwater   

 

3 Key Indicator Wells are a subset of wells in the monitoring network where Minimum Thresholds, Measurable 
Objectives, and Interim Milestones are defined. All of these are defined in the GMP. 
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Watermaster’s Current Groundwater-Level Monitoring Program  

The Watermaster’s current groundwater-level monitoring program is described below, including the 
monitoring network, monitoring protocols, and database management. 

Monitoring Network 

As of Spring 2022, there are 45 wells in the current groundwater-level monitoring network.4 The current 
monitoring network is depicted and described in Figure 1 and Table 1: 

• Figure 1 is a map that shows the spatial distribution of wells in the current monitoring 
network. The map includes several features that were used to assist in identifying the gaps 
in the monitoring program, including:  

— The extent of the principal aquifers in the BVHM.  

▪ There are three principal aquifers that comprise the groundwater system within the 
Basin – the Upper, Middle, and Lower aquifers. These principal aquifers are 
described in Section 2 of the GMP. Generally, the principal aquifers become finer 
grained in their sediment composition and less permeable with depth. 

▪ The thicknesses and later extent of each principal aquifer vary across the Basin, and 
in some areas, the aquifers pinch out and are not present. Generally, the Upper and 
Middle aquifers are thickest in the North Management Area and Central 
Management Area but become thinner to the south and ultimately pinch out in the 
South Management Area. The Lower aquifer is present in the South Management 
Area and Central Management Area but becomes thinner to the north and 
ultimately pinches out in the North Management Area.  

▪ The GIS layer on Figure 1 depicts the spatial distribution of the principal aquifers 
across the Basin, and is useful in understanding the spatial distribution of the 
current monitoring network relative to the principal aquifers. 

— Well symbology, which indicates the following for each well in the current 
monitoring network:  

▪ The principal aquifer(s) penetrated by the well screens.  

▪ Frequency of measurement of depth to groundwater (i.e., once every 15 minutes by 
transducer or semi-annual by manual measurement). 

— Representative Monitoring Site as defined in the GMP. 

— The “principal recharge areas” as described in the GMP. These areas are generally 
located along the Basin boundaries with the surrounding mountain-front watersheds. 

— Groundwater-elevation contours and arrows depicting the general direction of 
groundwater flow.  Generally, the direction of groundwater flow is from the principal 
recharge areas along the Basin boundaries towards the areas of major pumping in the 
central portions of the Basin. 

 

4 The current monitoring network is not exactly as described in the GMP since some wells have been destroyed or 
are not able to be measured. 
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5 The RP is the exact point on the well head from which depth-to-water is measured. 

•  Table 1  is a list of the wells shown on Figure 1 with attribute columns to describe  well-specific
  information,  such  as:  owner,  well  name,  status,  use,  numeric  depth  interval  of  well  screens,

principal  aquifer(s)  penetrated  by  the  well  screens,  the  frequency  of  monitoring,  and  the
monitoring entity.  Representative Monitoring Sites  as defined in the GMP  are identified in  bold.
Each well in Table 1 is assigned a Map ID  that appears on Figure 1 as the well label.

Monitoring Protocols  and Database Management

Watermaster  is  required  to  follow  standard  operating  procedures  (SOPs)  in  the  measurement  and
recording  of  groundwater  levels  that  are  consistent  with  the  Sampling  and  Analysis  Plan  and  Quality
Assurance Project Plan  (Appendix E2 of the GMP).  The objective of the SOP is to establish consistent field
data-collection procedures for measuring groundwater levels that will yield defensible data  that  are of
acceptable quality and meet project requirements.

Currently, Watermaster staff conducts groundwater-level monitoring in the following manner:

•  In the spring and fall of each year,  Watermaster staff measures  and records  depth to
  groundwater at  about  29  of the  45  wells in the current monitoring network.  The semi-
  annual frequency of measurement satisfies  the objective of monitoring the seasonal and
  long-term trends in groundwater elevations.  At the remaining  16  of the  45  wells,
  Watermaster staff collects data that were measured and recorded by cooperating well
  owners  —  the main cooperator being the Borrego Water District  (BWD).  Currently, it is
  unknown if cooperators follow the Watermaster’s  same  SOPs in measuring and recording
  groundwater levels.

•  Sixteen (16) of the  45  wells are equipped with pressure transducers that measure and
  record depth to groundwater once every 15 minutes.  This frequency of measurement
  satisfies the objective of monitoring the short-term changes in groundwater elevations in
  response to short-term stresses to the aquifer system (e.g., stormwater recharge, nearby
  pumping at wells, etc.).  The transducers are  downloaded and recalibrated to current depth-
  to-groundwater during the semi-annual manual measurements by Watermaster staff or  by
  the cooperating well owner (e.g.,  BWD  staff).

•  Field sheets are completed to document  each  depth-to-groundwater measurement and
  transducer download.  Example field sheets  are  included in Appendix A. The main field
  parameters that are documented include:  Well name, Well ID,  date  and time of

measurement,  reference  point  (RP) description,5  distance from  RP to ground surface,
depth-to-water,  well activity  during measurement,  transducer status  (battery,  memory 
available),  previous  measurement information,  and  comments.  Currently, cooperators do
not utilize the same field sheets at Watermaster staff.

•  In the office, the field sheets and transducer downloads are checked for accuracy and
  completeness, and are then uploaded to the Watermaster’s database management system

(DMS)  called HydroDaVEsm.  During the upload process,  the depth-to-water measurements 
are converted to groundwater elevations based on the established  RP  elevation at each
well.  The Watermaster’s Technical Consultant checks and approves the final data uploads
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through inspection of the data in HydroDaVE and comparison of the newly-uploaded data to 
the historical time-series of groundwater elevations. 

Gaps in the Current Groundwater-Level Monitoring Program  

The Watermaster’s current groundwater-level monitoring program was compared against the list of the 
specific objectives for the monitoring program. Gaps in the monitoring program were identified and are 
described and justified below.  

Monitoring Network 

• Figure 2 is a map that shows the generalized locations of spatial and depth-specific gaps in 
the Watermaster’s current groundwater-level monitoring network. 

• Table 2 is a list of the identified gaps in the monitoring network shown on Figure 2. Each gap 
in Table 2 is assigned a Gap ID that appears on Figure 2 as the gap label. Table 2 describes 
the location, depth, and nature of the gap and the justification for why the gap was 
identified (i.e., the objectives that would be achieved if the gap was filled).  

• A total of 18 spatial and depth-specific gaps in the monitoring network are identified on 
Figure 2 and Table 2: 

— North Management Area. Eight (8) gaps were identified across the North Management 
Area.  

▪ Most of these are spatial gaps that were identified due to the paucity of wells in the 
current monitoring network.  

▪ Two of the gaps are also depth-specific (WL-2 and WL-6) and were identified and 
located because of the need to characterize vertical hydraulic gradients and depth-
specific aquifer properties in the North Management Area. 

— Central Management Area. Seven (7) gaps were identified across the Central 
Management Area and within the Ocotillo-Clark Valley Groundwater Basin.  

▪ Most of these are spatial gaps located in the eastern portion of the management 
area, which is upgradient from the main pumping centers in the Basin. 

▪ One gap is located in the Ocotillo-Clark Valley Groundwater Basin because of a lack 
of understanding of the hydraulic relationship between the Ocotillo-Clark Valley 
Groundwater Basin and the Central Management Area across the Coyote Creek 
Fault.  

▪ Two of the gaps are also depth-specific (WL-12 and WL-15) and were identified and 
located because of the need to characterize vertical hydraulic gradients and depth-
specific aquifer properties in the Central Management Area. 

— South Management Area. Three (3) gaps were identified across the South Management 
Area. 

▪ Two of the gaps are spatial gaps due to a lack of monitoring along the southern 
boundaries of the Basin.  

▪ A depth-specific gap (WL-16) was identified within the main pumping area because 
of the need to characterize vertical hydraulic gradients and depth-specific aquifer 
properties in the South Management Area. 
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Monitoring Protocols and Database Management 

In addition to the gaps identified in Figure 2 and Table 2, Watermaster staff have noted other gaps in the 
monitoring program that need to be addressed to ensure data quality and completeness and achieve the 
objectives of the monitoring program: 

• Because the monitoring program depends, in part, on the collection of groundwater-level 
data by cooperating entities (BWD being the main cooperator), the monitoring program 
needs to enforce consistent protocols for all individuals in the field that are measuring and 
recording data and information. Currently, the coordination and collaboration between 
cooperators and Watermaster staff can be improved in the following ways: 

— All individuals that are measuring groundwater levels should use the same procedures. 
These procedures should include:  

▪ Ensuring that the well is turned off before and during measurement of the 
water level. 

▪ Measuring depth-to-water from the established reference point. 

▪ Ensuring a “true static” measurement by repeating measurements until two 
consecutive readings are within 0.01 foot of each other. 

▪ Recording measurements and all other information on the same field sheets that 
the Watermaster uses.  

— All individuals that are measuring groundwater levels should use the same or equivalent 
equipment, including:  

▪ For manual water-level measurements: an electronic, battery-powered probe 
attached to a cable marked in 0.01-foot increments. 

▪ For transducer downloads: a laptop or tablet with the most recent software version 
installed for communicating with the transducer, downloading the recorded data, 
and starting a new data-collection event for the next six months. 

— All individuals that are measuring groundwater levels should have an up-to-date 
document that describes the Watermaster’s SOPs, field tools, and field sheets for 
measuring and recording groundwater levels. 

• BWD staff should be thoroughly trained to implement the monitoring procedures 
described above. 

• Many existing transducers currently installed in wells are nearing the end of their useful 
lifespan and may need to be replaced in the near term. Currently, there is not a sufficient 
supply of back-up transducers available for Watermaster to make immediate replacements 
in the field, when necessary.  

• The reference points and reference-point elevations at wells in the monitoring network can 
change over time due to physical modifications at the well head and land subsidence. In 
addition, not all measuring points are clearly marked at all wells. Therefore, there may be gaps 
in the current understanding of the reference points and the reference-point elevations.  
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GROUNDWATER-QUALITY MONITORING PROGRAM 

This section identifies and describes the gaps in Watermaster’s current groundwater-quality monitoring 
program. Such gaps could include spatial and depth-specific gaps in the monitoring network and/or 
insufficiencies in the monitoring protocols (e.g., monitoring frequency, constituents monitored, etc.). 

Specific Objectives of the Groundwater-Quality Monitoring Program  

The Judgment and Section 3.5 of the GMP refer to several objectives for the Watermaster’s 
groundwater-quality monitoring program. These objectives are meant to satisfy the GSP Regulations for 
monitoring networks (Title 23 CCR Section 354.34) and are summarized below: 

• Provide enough monitoring data to describe current groundwater-quality conditions for the 
constituents of concern (COCs) in the Basin and changes in such conditions over time. The 
COCs identified in the GMP are: total dissolved solids (TDS), nitrate, arsenic, sulfate, and 
fluoride. The monitoring data should be sufficient to: 

— Characterize groundwater-quality conditions on a basin-wide scale, a management-area 
scale, and for different aquifer layers where such understanding is important. 

— Demonstrate short-term, seasonal, and long-term trends in groundwater quality. 

— Detect impacts to the beneficial uses of groundwater, including the identification and 
characterization of salts, nutrients, and other COCs in groundwater and their sources. 

— Evaluate the effects of GMP implementation over time. 

• Enable the comparison of the monitoring data to the Measurable Objectives and Minimum 
Thresholds for the following Sustainability Indicator that was identified in the GMP as a 
potential or existing Undesirable Result in the Basin: 

— Degradation of groundwater quality. 

Watermaster’s Current Groundwater-Quality Monitoring Program  

The Watermaster’s current groundwater-quality monitoring program is described below, including the 
monitoring network, monitoring protocols, and database management. 

Monitoring Network 

As of spring 2022, there are 27 wells in the current groundwater-quality monitoring network.6 The current 
monitoring network is depicted and described in Figure 3 and Table 3: 

• Figure 3 is a map that shows the spatial distribution of wells in the current monitoring 
network. The map includes several features that were used to assist in identifying the gaps 
in the monitoring program, including:  

— The extent of the principal aquifers in the BVHM.  

▪ There are three principal aquifers that comprise the groundwater system within the 
Basin – the Upper, Middle, and Lower aquifers. These principal aquifers are 

 

6 The current monitoring network is not exactly as described in the GMP since some wells have been destroyed or 
are not able to be measured. 
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described in Section 2 of the GMP. Generally, the principal aquifers become finer 
grained in their sediment composition and less permeable with depth. 

▪ The thicknesses and later extent of each principal aquifer vary across the Basin, and 
in some areas, the aquifers pinch out and are not present. Generally, the Upper and 
Middle aquifers are thickest in the North Management Area and Central 
Management Area but become thinner to the south and ultimately pinch out in the 
South Management Area. The Lower aquifer is present in the South Management 
Area and Central Management Area but becomes thinner to the north and 
ultimately pinches out in the North Management Area.  

▪ The GIS layer on Figure 3 depicts the spatial distribution of the principal aquifers 
across the Basin, and is useful in understanding the spatial distribution of the 
current monitoring network relative to the principal aquifers. 

— Well symbology, which indicates the following for each well in the current 
monitoring network:  

▪ The principal aquifer(s) penetrated by the well screens.  

▪ The beneficial use of the well (including observation only). 

• Table 3 is a list of the wells shown on Figure 3 with attribute columns to describe well-
specific information, such as: owner, name, status, use, numeric depth interval of well 
screens, principal aquifer(s) penetrated by the well screens, and the monitoring entity.  
Representative Monitoring Sites as defined in the GMP are identified in bold. Each well in 
Table 3 is assigned a Map ID that appears on Figure 3 as the well label.  

Monitoring Protocols and Database Management 

Watermaster is required to follow standard operating procedures (SOPs) in the sampling and analysis of 
groundwater quality that are consistent with the Sampling and Analysis Plan and Quality Assurance 
Project Plan (Appendix E2 of the GMP). The objective of the SOP is to establish consistent field 
data-collection, sampling, and laboratory analytical procedures that will yield defensible data of 
acceptable quality and meet project requirements. In accordance with the SOP: 

Currently, Watermaster staff conducts groundwater-quality monitoring in the following manner:   

• In the spring and fall of each year, Watermaster staff samples and analyzes for groundwater 
quality at 18 of the 27 wells in the current monitoring network. The semi-annual frequency 
of sampling satisfies the objective of monitoring the seasonal and long-term water 
groundwater quality. At the remaining 9 of the 27 wells, Watermaster staff collects 
groundwater-quality data that were sampled and analyzed by cooperating well owners — 
the main cooperator being the BWD. Currently, it is unknown if cooperators follow the 
Watermaster’s same SOPs in the sampling and analysis for groundwater quality.  

• The chemical parameters that are analyzed for include:  

— The COCs identified in the GMP: TDS, nitrate, arsenic, sulfate, and fluoride.   

— Major cations and anions 

The chemical parameters are listed below with a justification for inclusion in the monitoring 
program. 
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• Eleven (11) of the 18 wells sampled by Watermaster are active pumping wells that are 
sampled by switching on the well and collecting a groundwater sample at a sampling port. 
The remaining eight (8) wells are sampled with portable pumping equipment by Blaine Tech 
with Watermaster staff assistance.  

• All field equipment, including the field water-quality meter, are calibrated per the 
manufacturers’ instructions at the start of each sampling day. Calibration results are 
recorded on a Field Calibration Documentation Form.  

• All field sheet templates and previous sampling notes are printed out before the start of 
each sampling day. An example field sheet is included in Appendix A. 

• If possible, a depth-to-groundwater measurement is taken and recorded before each well is 
sampled pursuant to the SOP for measurement of groundwater levels.  

• For active pumping wells, the wells are turned on to collect a groundwater sample from a 
sampling port typically located on the well’s discharge piping. Field measurements for 
depth-to-water, pH, specific conductance, temperature, and turbidity are collected and 
documented on field sheets after the samples are collected. 

• For non-pumping wells, Blaine Tech installs a portable pump system to collect a 
groundwater sample. The pump is positioned in the middle of the well screen or at the 
predetermined selected sampling depth. During pumping, field measurements are taken for 
pH, temperature, specific conductance, and turbidity. All field measurements are recorded 
on a field sheet (see Appendix A) once every five minutes until parameter stabilization is 
achieved, at which time, the groundwater sample is collected.  

• The groundwater samples are placed in an ice cooler as soon as possible and kept at four (4) 
degrees Celsius until delivered to the laboratory. Samples are to be transported to an 
approved laboratory within 24 hours of sample collection or according to the analyte 
holding times, whichever is shorter.  

• A Chain-of-Custody form is completed for each cooler for laboratory signature with a copy 
retained by Watermaster staff.  

• Field parameters are checked and uploaded to HydroDaVE. 

• Electronic data deliverables (EDDs) are received from the laboratory, checked against the field 
parameters, and uploaded to HydroDaVE. Watermaster staff perform QA/QC checks and 
approve the final data uploads after inspection of the data in HydroDaVE and comparison of 
the newly-uploaded data to the historical time-series of groundwater quality. 

Chemical Parameter List for the Groundwater-Quality Monitoring Program

Analytes Justification

Total Dissolved Solids COC in the GMP; total dissolved salt content in water

Nitrate as Nitrogen COC in the GMP; primary nutrient in groundwater

Aresenic COC in theGMP

Floride COC in theGMP

Major cations: K, Na, Ca, Mg Useful in source water characterization

Major anions: Cl, SO4 Useful in source water characterization; SO4 is a COC in the GMP 

Total Alkalinity (HCO3, CO3, OH) Useful in source water characterization
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Recent Monitoring Results 

Appendix B contains maps and time series charts of the recent results of the Watermaster’s current 
groundwater-quality monitoring program: 

• Figure B-1 through B-5 are maps that display maximum COC concentrations at wells across 
the Basin for 2019-2022 for TDS, nitrate-N, arsenic, sulfate, and fluoride. The maps do not 
indicate any significant change in the spatial distribution of groundwater quality results for 
any COC compared to the maps of COC concentrations in groundwater in the GMP.  

• Figures B-6 through B-11 are time series charts of TDS and nitrate-N for wells in the current 
monitoring network by Management Area. The time series charts show that at most wells 
there are no significant seasonal variations in TDS or nitrate-N concentrations. This 
observation suggests that the semi-annual frequency of monitoring at most wells is 
sufficient to track the trends in groundwater quality, and that the frequency of monitoring 
at most wells could be reduced without compromising the monitoring objectives. 

Gaps in the Current Groundwater-Quality Monitoring Program  

Watermaster’s current groundwater-quality monitoring program (monitoring network and monitoring 
protocols) were compared against the list of the specific objectives for the monitoring program. Gaps in 
the monitoring program were identified and are described and justified below.  

Monitoring Network 

• Figure 4 is a map that shows the generalized locations of spatial and depth-specific gaps in 
the Watermaster’s current groundwater-quality monitoring network. 

• Table 4 is a list of the identified gaps in the monitoring network shown on Figure 4. Each gap 
in Table 4 is assigned a Gap ID that appears on Figure 4 as the gap label. Table 4 describes 
the location, depth, and nature of the gap and the justification for why the gap was 
identified (i.e., the objectives that would be achieved if the gap was filled).  

• A total of 20 spatial and depth-specific gaps in the monitoring network are identified on 
Figure 4 and Table 4: 

— North Management Area. Eight (8) gaps were identified across the North Management 
Area.  

▪ Most of these are spatial gaps that were identified due to the paucity of wells in the 
current monitoring network.  

▪ Two of the gaps are also depth-specific (WQ-2 and WQ-6) and were identified and 
located because of the need to characterize; (i) the effects of irrigation return flows 
on water quality in the Upper aquifer and (ii) the vertical differences in groundwater 
quality within the principal aquifers in the North Management Area. 

— Central Management Area. Eight (8) gaps were identified across the Central 
Management Area and within the Ocotillo-Clark Valley Groundwater Basin.  

▪ Most of these are spatial gaps located in the eastern portion of the management 
area, which is upgradient from the main pumping centers in the Basin. 
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▪ One gap is located in the Ocotillo-Clark Valley Groundwater Basin to improve the 
understanding of groundwater flow across the Coyote Creek Fault and its influence 
on groundwater quality in the Borrego Springs Subbasin.  

▪ Two of the gaps are also depth-specific (WQ-12 and WQ-16) and were identified and 
located because of the need to characterize the vertical differences in groundwater 
quality within the principal aquifers in the Central Management Area. 

— South Management Area. Four (4) gaps were identified across the South Management 
Area. 

▪ Three of the gaps are spatial gaps due to a lack of monitoring along the southern 
boundaries of the Basin.  

▪ A depth-specific gap (WQ-17) was identified within the main pumping area because 
of the need to characterize the vertical differences in groundwater quality within 
the principal aquifers in the South Management Area. 

Monitoring Protocols and Database Management 

In addition to the gaps identified in Figure 4 and Table 4, Watermaster staff have noted other gaps in the 
monitoring program that need to be addressed to ensure data quality and completeness and achieve the 
objectives of the monitoring program: 

• Because the monitoring program depends, in part, on the collection of groundwater-quality 
data by cooperating entities (BWD being the main cooperator), the monitoring program 
needs to enforce consistent protocols for all individuals in the field that are collecting 
samples and measuring/recording data and information. Currently, it is unknown if 
Watermaster and the cooperating entities are employing identical or equivalent monitoring 
protocols. 

• During some monitoring events, not all wells in the monitoring network that are intended to 
be sampled by cooperating entities are sampled.  This is particularly problematic for those 
wells that have been identified as Representative Monitoring Sites in the GMP.  

• The list of COCs was derived several years ago based on groundwater quality results 
published by the USGS, DWR, and BWD compared to regulatory and non-regulatory health-
based standards established by the U.S. Environmental Protection Agency and California 
Division of Drinking Water. The health-based standards established by these regulatory 
agencies, the list of emerging contaminants of concern, and the understanding of public 
health effects of water quality, are continuously evolving. There may be other potential 
COCs in groundwater that have not yet been identified. Such potential COCs could include, 
but are not limited to: per- and polyfluoroalkyl substances (PFAS), 1,2,3,-Trichloropropane 
(1,2,3 - TCP), perchlorate, and others.   

NEXT STEPS 

The TAC should review this TM and:  

• Come prepared to the TAC meeting on November 2, 2022 to discuss the contents of the TM. 

• Prepare written comments and suggested revisions on the draft TM and submit to the 
Technical Consultant by November 16, 2022. 
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This Groundwater Monitoring Gap Analysis, along with comments and recommendations from the TAC, 
will inform the preparation of an updated Groundwater Monitoring Plan in early 2023. The Groundwater 
Monitoring Plan will include: the network of monitoring wells; the frequency of monitoring; the 
constituents to be monitored; equipment needs (e.g., transducers); improvements to monitoring 
protocols and field sheets; descriptions of required collaboration with cooperating entities; a process for 
adaptation of the plan over time; and cost estimates to implement the plan. The Groundwater Monitoring 
Plan must be approved by the Watermaster Board at its March 2023 Regular Board meeting. 
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Map 

ID
Well Name Well Owner State Well ID

Well 

Status

Beneficial 

Use*

Well 

Depth

(ft-bgs)

Screened 

Interval

(ft-bgs) 

Principal

Aquifer(s)

Screened

Monitoring

Frequency

Monitoring 

Entity

North Management Area

1 ID4-18 Borrego Water District 010S006E18J001S Active MUN 570 240 - 560 Upper/Middle 15-minutes BWD

2 ID4-3 Borrego Water District 010S006E18R001S Inactive MUN 621 20 - 600 Upper/Middle Semi-Annual BWD

3 ID4-4 Borrego Water District 010S006E29K002S Active MUN 802 470 - 786 Middle/Lower 15-minutes BWD

4 MW-1 Borrego Water District 010S006E21A002S Active OBS 900 786 - 890 Middle/Lower 15-minutes Watermaster

5 Evans JM Roadrunner 010S006E21E001S Active OBS 650 190 - 630 Upper/Middle Semi-Annual Watermaster

6 Horse Camp State Park 009S006E31E003S Active AGR 350 150 - 350 Upper Semi-Annual Watermaster

Central Management Area

7 Anzio/Yaqui Pass Borrego Water District 011S006E22E001S Active OBS 500 250 - 500 Middle/Lower Semi-Annual BWD

8 BSR Well 6 Borrego Nazareth LLC 011S006E09B002S Active AGR no data no data no data Semi-Annual Watermaster

9 Cameron 2 Unknown 011S006E04F001S Active OBS no data no data no data Semi-Annual Watermaster

10 County Yard County of San Diego 011S006E15G001S Active IND 280 no data Upper/Middle Semi-Annual Watermaster

11 ID1-10 Borrego Water District 011S006E22D001S Active MUN 392 162 - 372 Middle/Lower Semi-Annual BWD

12 ID1-12 Borrego Water District 011S006E16A002S Active MUN 580 248 - 568 Middle/Lower 15-minutes BWD

13 ID1-16 Borrego Water District 011S006E16N001S Active MUN 705 160 - 549 Upper/Middle/Lower 15-minutes BWD

14 ID4-1 Borrego Water District 010S006E32R001S Active OBS 495 no data Upper/Middle Semi-Annual BWD

15 ID4-10 Borrego Water District 011S006E18L001S Inactive MUN 630 162 - 372 Upper/Middle Semi-Annual BWD

16 ID4-11 Borrego Water District 010S006E32D001S Active MUN 770 450 - 760 Middle/Lower Semi-Annual BWD

17 ID4-2 Borrego Water District 011S006E07K003S Active OBS 380 240 - 325 Upper/Middle Semi-Annual BWD

18 ID4-5 Borrego Water District 010S006E33Q001S Active OBS 650 400 - 640 Middle Semi-Annual BWD

19 ID5-5 Borrego Water District 011S006E09E001S Active MUN 700 400 - 700 Middle/Lower Semi-Annual BWD

20 MW-4 Borrego Water District 010S006E35Q001S Active OBS 390 85 - 390 Upper/Middle Semi-Annual Watermaster

21 Paddock Unknown 011S006E22B001S Active OBS 430 185 - 430 Middle/Lower Semi-Annual BWD

22 Palleson Unknown 010S006E33J001S Active OBS 300 140 - 200 Upper Semi-Annual Watermaster

23 Wilcox Borrego Water District 011S006E20A001S Active MUN 502 242 - 502 Upper/Middle/Lower Semi-Annual BWD

24 White Well Unknown 010S006E29A001S Active OBS 400 no data Upper Semi-Annual Watermaster

25 Hanna Flowers Unknown 010S006E14G001S Active OBS 420 317 - 392 Upper/Middle Semi-Annual Watermaster

26 Airport 2
County of San Diego, 

Borrego Valley Airport
010S006E35N001S Active OBS 400 60 - 400 Upper/Middle Semi-Annual Watermaster

South Management Area

27 Air Ranch Well 4 Borrego Air Ranch 011S007E30L001S Active MUN 380 120 - 300 Middle/Lower Semi-Annual Watermaster

28 Army Well Unknown 011S006E34A001S Active OBS 690 no data Lower Semi-Annual Watermaster

29 Hayden (32Q1) Unknown 011S007E32Q001S Active OBS 463 267 - 418 Lower Semi-Annual Watermaster

30 ID1-8 Borrego Water District 011S006E23J001S Active MUN 850 72 - 830 Upper/Middle/Lower 15-minutes BWD

31 JC Well T2 Borrego LLC 011S006E24Q001S Active OBS no data 230 - 315 Middle 15-minutes Watermaster

32 La Casa CWC Casa del Zorro LLC 011S006E23E001S Active AGR 500 no data no data Semi-Annual Watermaster

33 MW-3 Borrego Water District 011S006E23J002S Active OBS 325 175 - 331 Middle/Lower 15-minutes Watermaster

34 MW-5A Borrego Water District 011S007E07R001S Active OBS 345 200 - 340 Middle 15-minutes Watermaster

35 MW-5B Borrego Water District 011S007E07R002S Active OBS 160 45 - 155 Upper 15-minutes Watermaster

36 RH-1 (ID1-1) T2 Borrego LLC 011S006E25A001S Active AGR 600 180 - 580 Middle/Lower Semi-Annual Watermaster

37 RH-2 (ID1-2) T2 Borrego LLC 011S006E25C001S Active AGR 740 120 - 720 Upper/Middle/Lower 15-minutes Watermaster

38 RH-3 T2 Borrego LLC 011S006E25C002S Active AGR 890 295 - 885 Middle/Lower 15-minutes Watermaster

39 RH-4 T2 Borrego LLC 011S006E24Q002S Active AGR 675 280 - 420 Middle/Lower 15-minutes Watermaster

40 RH-5 T2 Borrego LLC 011S006E26B001S Active AGR 815 270 - 480 Lower 15-minutes Watermaster

41 RH-6 T2 Borrego LLC 011S006E26H001S Active AGR 948 238 - 938 Middle/Lower 15-minutes Watermaster

42 WWTP Borrego Water District 011S006E23H001S Active OBS 100 60 - 100 Upper/Middle 15-minutes Watermaster

43 Bing Crosby Unknown 011S007E20P001S Active OBS no data 70 - 250 Upper/Middle/Lower Semi-Annual Watermaster

Outside Borrego Springs Subbasin

44 Nel Well Unknown 012S007E03L001S Active OBS 844 400 - 840 Lower Semi-Annual Watermaster

45 State Well Unknown 012S007E04R001S Active OBS 381 336 - 376 Lower Semi-Annual Watermaster

Notes: 

Representative Monitoring Site is shown in BOLD

* Beneficial uses are defined in Table 2-1 of the 2019 Water Quality Control Plan for the Colorado River Basin Region and include: Agriculture Supply (AGR), Industrial Service Supply (IND), and Municipal and Domestic 

Supply (MUN). The classification of Observation (OBS) is defined as wells used only for monitoring purposes. 

Table 1. Wells in the Current Groundwater-Level Monitoring Network -- WY 2022
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Gap ID Description of Gap Objectives Achieved by Filling Gap

North Management Area

WL-1

Spatial gap in monitoring network: 

• Northern NMA

• Near Coyoto Creek and San Ysidro Mountains

• Upper/Middle aquifers

• Detect effects of recharge in Coyote Creek and from San Ysidro Mountains.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-2

Spatial/depth-specific gap in monitoring network: 

• North-central NMA

• Upper aquifer

• Middle aquifer

• Lower aquifer

• Quantify vertical hydraulic gradients in the NMA.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-3

Spatial gap in monitoring network: 

• Northeast NMA

• Near Coyoto Creek and Coyote Mountains

• Upper/Middle aquifers

• Detect effects of recharge in Coyote Creek and from Coyote Mountains.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-4

Spatial gap in monitoring network: 

• Eastern NMA

• Near Coyoto Creek and Coyote Mountains

• Upper/Middle aquifers

• Detect effects of recharge in Coyote Creek and from Coyote Mountains.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-5

Spatial gap in monitoring network: 

• Western NMA

• Near San Ysidro Mountains

• Upper/Middle aquifers

• Upgradient of municipal wells

• Detect effects of recharge from San Ysidro Mountains.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-6

Depth-specific gap in monitoring network: 

• Southern NMA

• Upper/Middle aquifers

• Quantify vertical hydraulic gradients in the NMA (by comparison to MW-1).

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-7

Spatial gap in monitoring network: 

• Central NMA

• Upper/Middle aquifers 

• Detect effects of recharge in Coyote Creek.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-8

Spatial gap in monitoring network: 

• South-western NMA

• Near Borrego Palm Creek

• Upper/Middle aquifers

• Upgradient of municipal wells

• Detect effects of recharge from Borrego Palm Creek.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

Central Management Area

WL-9

Spatial gap in monitoring network: 

• Western Ocotillo-Clark Lake Basin

• Adjacent to Coyote Creek Fault

• Upgradient(?) of CMA

• Upper/Middle aquifers

• Characterize groundwater levels in Ocotillo-Clark Lake Basin.

• Improve understanding of groundwater flow across the Coyote Creek Fault.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

Table 2. Gaps in the Groundwater-Level Monitoring Network -- WY 2022
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Gap ID Description of Gap Objectives Achieved by Filling Gap

Table 2. Gaps in the Groundwater-Level Monitoring Network -- WY 2022

WL-10

Spatial gap in monitoring network: 

• Eastern CMA

• Adjacent to Coyote Creek Fault

• Downgradient(?) of Ocotillo-Clark Lake Basin

• Upper/Middle aquifers

• Detect effects of recharge from Ocotillo-Clark Lake Basin.

• Improve understanding of groundwater flow across the Coyote Creek Fault.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-11

Spatial gap in monitoring network: 

• North-eastern CMA

• Adjacent to Coyote Creek

• Upper/Middle aquifers

• Detect effects of recharge in Coyote Creek.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-12

Spatial/depth-specific gap in monitoring network: 

• Central portion of CMA

• Upgradient of municipal wells

• Upper aquifer 

• Middle aquifer 

• Lower aquifer

• Quantify vertical hydraulic gradients in the CMA.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-13

Spatial gap in monitoring network: 

• South-eastern CMA

• Near Borrego Badlands

• Upper/Middle aquifers

• Detect effects of recharge from Borrego Badlands.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-14

Spatial gap in monitoring network: 

• South-central CMA

• Within historical extent of Mesquite Bosque

• Upper/Middle aquifers

• Improve understanding of depth to groundwater beneath Mesquite Bosque.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-15

Depth-specific gap in monitoring network: 

• South-central CMA

• Upper aquifer

• Quantify vertical hydraulic gradients in the CMA  (by comparison to nearby deep wells).

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

South Management Area

WL-16

Depth-specific gap in monitoring network: 

• Central SMA

• Upper aquifer

• Middle aquifer

• Lower aquifer

• Quantify vertical hydraulic gradients in the SMA.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-17

Spatial gap in monitoring network: 

• Southern SMA

• Near San Felipe Creek and Yaqui Ridge

• Lower aquifer

• Detect effects of recharge in  San Felipe Creek and Yaqui Ridge.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.

WL-18

Spatial gap in monitoring network: 

• Eastern SMA

• Near Borrego Sink Wash and Borrego Badlands

• Lower aquifer

• Detect effects of recharge in Borrego Badlands and Borrego Sink Wash.

• Improve the accuracy of mapping groundwater elevations.

• Help characterize changes in storage and directions of groundwater flow.

• Detect impacts to the beneficial uses/users due to changes in groundwater levels.

• Detect effects of GMP implementation (e.g., Pumping Reduction).

• Assist with future update/recalibration of the BVHM.
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Map 

ID
Well Name Well Owner State Well ID

Well 

Status

Beneficial 

Use*

Well 

Depth

(ft-bgs)

Screened 

Interval

(ft-bgs)

Principal

Aquifer(s)

Screened

Monitoring 

Entity

North Management Area

1 ID4-18 Borrego Water District 010S006E18J001S Active MUN 570 240 - 560 Upper/Middle BWD

2 ID4-4 Borrego Water District 010S006E29K002S Active MUN 802 470 - 786 Middle/Lower BWD

3 MW-1 Borrego Water District 010S006E21A002S Active OBS 900 786 - 890 Middle/Lower Watermaster

4 Horse Camp State Park 009S006E31E003S Active AGR 350 150 - 350 Upper Watermaster

5 State Park Well 3
California Dept of Parks 

and Recreation
010S005E25R002S Active MUN 505 400 - 500 Lower Watermaster

Central Management Area

6 BSR Well 6 Borrego Nazareth LLC 011S006E09B002S Active AGR no data no data no data Watermaster

7 County Yard County of San Diego 011S006E15G001S Active IND 280 no data no data Watermaster

8 ID1-10 Borrego Water District 011S006E22D001S Active MUN 392 162 - 372 Middle/Lower BWD

9 ID1-12 Borrego Water District 011S006E16A002S Active MUN 580 248 - 568 Middle/Lower BWD

10 ID1-16 Borrego Water District 011S006E16N001S Active MUN 705 160 - 549 Upper/Middle/Lower BWD

11 ID4-11 Borrego Water District 010S006E32D001S Active MUN 770 450 - 760 Middle/Lower BWD

12 ID5-5 Borrego Water District 011S006E09E001S Active MUN 700 400 - 700 Middle/Lower BWD

13 MW-4 Borrego Water District 010S006E35Q001S Active OBS 390 85 - 390 Upper/Middle Watermaster

14 Wilcox Borrego Water District 011S006E20A001S Active MUN 502 242 - 502 Upper/Middle/Lower BWD

South Management Area

15 Air Ranch Well 4 Borrego Air Ranch 011S007E30L001S Active MUN 380 120 - 300 Middle/Lower Watermaster

16 ID1-8 Borrego Water District 011S006E23J001S Active MUN 850 72 - 830 Upper/Middle/Lower BWD

17 JC Well T2 Borrego LLC 011S006E24Q001S Active OBS no data 230 - 315 Middle Watermaster

18 La Casa CWC Casa del Zorro LLC 011S006E23E001S Active AGR 500 no data no data Watermaster

19 MW-3 Borrego Water District 011S006E23J002S Active OBS 325 175 - 331 Middle/Lower Watermaster

20 MW-5A Borrego Water District 011S007E07R001S Active OBS 345 200 - 340 Middle Watermaster

21 MW-5B Borrego Water District 011S007E07R002S Active OBS 160 45 - 155 Upper Watermaster

22 RH-1 (ID1-1) T2 Borrego LLC 011S006E25A001S Active AGR 600 180 - 580 Middle/Lower Watermaster

23 RH-3 T2 Borrego LLC 011S006E25C002S Active AGR 890 295 - 885 Middle/Lower Watermaster

24 RH-4 T2 Borrego LLC 011S006E24Q002S Active AGR 675 280 - 420 Middle/Lower Watermaster

25 RH-5 T2 Borrego LLC 011S006E26B001S Active AGR 815 270 - 480 Lower Watermaster

26 RH-6 T2 Borrego LLC 011S006E26H001S Active AGR 948 238 - 938 Middle/Lower Watermaster

27 WWTP Borrego Water District 011S006E23H001S Active OBS 100 60 - 100 Upper/Middle Watermaster

Notes: 

Representative Monitoring Site is shown in BOLD

* Beneficial uses are defined in Table 2-1 of the 2019 Water Quality Control Plan for the Colorado River Basin Region and include: Agriculture Supply (AGR), Industrial Service Supply (IND), and 

Municipal and Domestic Supply (MUN). The classification of Observation (OBS) is defined as wells used only for monitoring purposes. 

Table 3. Wells in the Current Groundwater-Quality Monitoring Network -- WY 2022
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Gap ID Description of Gap Objectives Achieved by Filling Gap

North Management Area

WQ-1

Spatial gap in monitoring network: 

• Northern NMA

• Near Coyoto Creek and San Ysidro Mountains

• Upper/Middle aquifers

• Improve the spatial characterization of groundwater quality in the northern NMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect effects of recharge in Coyote Creek and from San Ysidro Mountains on groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

WQ-2

Spatial/depth-specific gap in monitoring network: 

• North-central NMA

• Upper aquifer

• Middle aquifer

• Lower aquifer

• Improve the spatial characterization of groundwater quality in the NMA.

• Quantify vertical distribution of groundwater quality in the NMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

WQ-3

Spatial gap in monitoring network: 

• Northeast NMA

• Near Coyoto Creek and Coyote Mountains

• Upper/Middle aquifers

• Improve the spatial characterization of groundwater quality in the northeastern NMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect effects of recharge in Coyote Creek and from Coyote Mountains on groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

WQ-4

Spatial gap in monitoring network: 

• Eastern NMA

• Near Coyoto Creek and Coyote Mountains

• Upper/Middle aquifers

• Improve the spatial characterization of groundwater quality in the eastern NMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect effects of recharge in Coyote Creek and from Coyote Mountains on groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

WQ-5

Spatial gap in monitoring network: 

• Western NMA

• Near San Ysidro Mountains

• Upper/Middle aquifers

• Upgradient of municipal wells

• Improve the spatial characterization of groundwater quality in the western NMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect effects of recharge from the San Ysidro Mountains on groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

WQ-6

Depth-specific gap in monitoring network: 

• Southern NMA

• Upper/Middle aquifers

• Improve the spatial characterization of groundwater quality in the southern NMA.

• Quantify vertical distribution of groundwater quality in the NMA (by comparison to MW-1).

• Track seasonal and long-term trends in groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

WQ-7

Spatial gap in monitoring network: 

• Central NMA

• Upper/Middle aquifers 

• Improve the spatial characterization of groundwater quality in the central NMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect effects of recharge in Coyote Creek on groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

WQ-8

Spatial gap in monitoring network: 

• Southwestern NMA

• Near Borrego Palm Creek

• Upper/Middle aquifers

• Upgradient of municipal wells

• Improve the spatial characterization of groundwater quality in southwestern NMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect effects of recharge in Borrego Palm Creek on groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

Central Management Area

WQ-9

Spatial gap in monitoring network: 

• Western Ocotillo-Clark Lake Basin

• Adjacent to Coyote Creek Fault

• Upgradient(?) of CMA

• Upper/Middle aquifers

• Characterize groundwater quality in Ocotillo-Clark Lake Basin.

• Improve understanding of groundwater flow across the Coyote Creek Fault and its influence on 

groundwater quality in the Borrego Springs Subbasin.

WQ-10

Spatial gap in monitoring network: 

• Eastern CMA

• Adjacent to Coyote Creek Fault

• Downgradient(?) of Ocotillo-Clark Lake Basin

• Upper/Middle aquifers

• Improve the spatial characterization of groundwater quality in eastern CMA.

• Track seasonal and long-term trends in groundwater quality.

• Improve understanding of groundwater flow across the Coyote Creek Fault and its influence on 

groundwater quality in the Borrego Springs Subbasin.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

Table 4. Gaps in the Groundwater-Quality Monitoring Network -- WY 2022
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Gap ID Description of Gap Objectives Achieved by Filling Gap

Table 4. Gaps in the Groundwater-Quality Monitoring Network -- WY 2022

WQ-11

Spatial gap in monitoring network: 

• North-eastern CMA

• Adjacent to Coyote Creek

• Upper/Middle aquifers

• Improve the spatial characterization of groundwater quality in the northeastern CMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect effects of recharge in Coyote Creek on groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

WQ-12

Spatial/depth-specific gap in monitoring network: 

• Central portion of CMA

• Upgradient of municipal wells

• Upper aquifer 

• Middle aquifer 

• Lower aquifer

• Improve the spatial characterization of groundwater quality in the CMA.

• Characterize vertical distribution of groundwater quality in area upgradient of municipal wells in CMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

WQ-13

Spatial/depth-specific gap in monitoring network: 

• Western CMA

• Near San Ysidro Mountains and Borrego Palm 

Creek

• Upper/Middle aquifers

• Improve the spatial characterization of shallow groundwater quality in the western CMA.

• Track seasonal and long-term trends in shallow groundwater quality.

• Detect effects of recharge from San Ysidro Mountains and Borrego Palm Creek on groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

WQ-14

Spatial gap in monitoring network: 

• South-eastern CMA

• Near Borrego Badlands

• Upper/Middle aquifers

• Improve the spatial characterization of groundwater quality in the southeastern CMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect effects of recharge from Borrego Badlands on groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

WQ-15

Spatial gap in monitoring network: 

• South-central CMA

• Within historical extent of Mesquite Bosque

• Upper/Middle aquifers

• Improve the spatial characterization of groundwater quality in the south-central CMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect effects of groundwater flowing from areas beneath Borrego Sink on groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

WQ-16

Depth-specific gap in monitoring network: 

• South-central CMA

• Upper aquifer layer

• Improve the spatial characterization of groundwater quality in the south-central CMA.

• Quantify vertical distribution of groundwater quality in CMA (by comparison to nearby deep wells).

• Track seasonal and long-term trends in groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

South Management Area

WQ-17

Depth-specific gap in monitoring network: 

• Central SMA

• Upper aquifer 

• Middle aquifer 

• Lower aquifer

• Improve the spatial characterization of groundwater quality in the central SMA.

• Quantify vertical distribution of groundwater quality in the SMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect impacts to the beneficial uses/users of groundwater due to overlying land uses.

• Detect effects of GMP implementation (e.g., land use changes due to Pumping Reduction).

WQ-18

Spatial gap in monitoring network: 

• Southern SMA

• Near San Felipe Creek and Yaqui Ridge

• Lower aquifer 

• Improve the spatial characterization of groundwater quality in the southern SMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect effects of recharge in San Felipe Creek and from Yaqui Ridge on groundwater quality.

WQ-19

Spatial gap in monitoring network: 

• Eastern SMA

• Near Borrego Sink and Borrego Badlands

• Lower aquifer

• Improve the spatial characterization of groundwater quality in the eastern SMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect effects of recharge from Borrego Badlands and the Borrego Sink on groundwater quality.

WQ-20

Spatial gap in monitoring network: 

• Western SMA

• Near Pinyon Ridge and Yaqui Ridge

• Lower aquifer

• Improve the spatial characterization of groundwater quality in the western SMA.

• Track seasonal and long-term trends in groundwater quality.

• Detect effects of recharge from Pinyon Ridge and Yaqui Ridge on groundwater quality.

K-940-80-21-02-380

Borrego Springs Watermaster

Groundwater Monitoring Gap Analysis 

Last Revised: 09-23-22
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FIELD DATA SHEET 
Groundwater-Level Monitoring Program 

Borrego Springs Watermaster 
 

Field WL Data Sheet.docx   

INSTRUCTIONS: This field sheet must be completed for all manual measurements of depth-to-water at wells in the 

Borrego Springs Subbasin.  Please follow these directions to the extent possible: 

• If possible, the well should be turned off for at least 15 minutes prior to measurement of depth-to-water.  

• Measurements must be taken with an electronic probe on a tape marked in 0.01-foot increments. 

• Measurements must be taken from an established and marked Reference Point at the well head. 

• Multiple measurements must be taken until two consecutive readings are within 0.01 foot of each other.  

• The individual water-level measurements should be taken at least one minute apart. 

• Time must be recorded for each measurement in Pacific Standard Time. 

 

WELL INFORMATION 

Well ID: <insert well ID>  Well GPS location: <insert address>  

Well Name: <insert well name>  Well Owner: <insert well owner name>  

Reference Point (RP): Top of casing Distance from RP to Ground Surface:  __________ ft 

Comments on RP: ______________________________________________________________________________ 

Previous Depth-to-Water =  __________ ft below RP Date and Time: ______________________________ 

 

WATER-LEVEL MEASUREMENTS 

Date: ____________________________________ Measurement Method: _______________________  

Measurement #1  

Depth to Water: __________________ ft below RP Time: _________ PST  

Measurement #2  

Depth to Water: __________________ ft below RP Time: _________ PST  

Measurement #3  

Depth to Water: __________________ ft below RP Time: _________ PST  

Measurement #4  

Depth to Water: __________________ ft below RP Time: _________ PST  

Comments: ___________________________________________________________________________________ 

_____________________________________________________________________________________________ 

Sampler:  ____________________________________________  
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FIELD DATA SHEET – WATER-LEVEL TRANSDUCER DOWNLOAD 
Groundwater-Level Monitoring Program 

Borrego Springs Watermaster 
 

WL Transducer Field Data Sheet.docx Page 1 of 2  

INSTRUCTIONS: This field sheet must be completed for all downloads of pressure transducers that measure and 

record depth-to-water at wells in the Borrego Springs Subbasin.  Follow these directions to the extent possible: 

• If possible, the well should be turned off for at least 15 minutes prior to beginning the monitoring event.  

• Manual measurements of water level should be performed prior to transducer download. 

• Measurements must be taken with an electronic probe on a tape marked in 0.01-foot increments. 

• Measurements must be taken from an established and marked Reference Point at the well head. 

• Multiple measurements must be taken until two consecutive readings are within 0.01 foot of each other.  

• The individual water-level measurements should be taken at least one minute apart. 

• Time must be recorded for each measurement in Pacific Standard Time. 

 

WELL INFORMATION 

Well ID: <insert well ID>  Well GPS location: <insert address>  

Well Name: <insert well name>  Well Owner: <insert well owner name>  

Reference Point (RP): Top of casing Distance from RP to Ground Surface:  __________ ft 

Comments on RP: ______________________________________________________________________________ 

Previous Depth-to-Water:  ____________ ft below RP Date and Time: __________________________ PST 

 

MANUAL WATER-LEVEL MEASUREMENTS 

Date: ____________________________________ Measurement Method: _______________________  

Measurement #1  

Depth to Water: __________________ ft below RP Time: _________ PST  

Measurement #2  

Depth to Water: __________________ ft below RP Time: _________ PST  

Measurement #3  

Depth to Water: __________________ ft below RP Time: _________ PST  

Measurement #4  

Depth to Water: __________________ ft below RP Time: _________ PST  

Comments: ___________________________________________________________________________________ 

_____________________________________________________________________________________________ 
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FIELD DATA SHEET – WATER-LEVEL TRANSDUCER DOWNLOAD 
Groundwater-Level Monitoring Program 

Borrego Springs Watermaster 
 

WL Transducer Field Data Sheet.docx Page 2 of 2  

TRANSDUCER INFORMATION 

Brand: <insert transducer brand> Transducer Model:  <insert model name>  

Serial No.: <insert serial number> Transducer Range: <insert range of submergence (ft)> 

Transducer Depth: ______________ feet below RP  [represents the maximum acceptable depth to water]  

Minimum Acceptable Depth to Water: _____________ ft below RP [Transducer Depth - Maximum Submergence] 

Direct Read Cable:   Yes    No 

Comments: ___________________________________________________________________________________ 

_____________________________________________________________________________________________ 

 

TRANSDUCER DOWNLOAD 

Connection Successful?   Yes    No  Battery Level: ________ % Memory Level: ________ %  

• Download data from transducer to laptop and inspect the data. 

Was data collected continually since last download?   Yes    No  

Last Recorded Depth-to-Water: __________________ ft below RP Date/Time: ______________________ PST 

Comments: ___________________________________________________________________________________ 

_____________________________________________________________________________________________ 

 

NEW TRANSDUCER DATA-COLLECTION EVENT 

• Reset transducer clock to laptop time.  

• Enter the following information to start the new data-collection event: 

Event Start Date/Time: __________________________ PST Recording Frequency: 15 min  

Starting Depth to Water: ____________________ ft below RP 

Measured Depth to Water at Start: ______________________ ft below RP 

Comments: ___________________________________________________________________________________ 

_____________________________________________________________________________________________ 

Sampler:  ____________________________________________  
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Groundwater-Quality Sampling Field Sheet

Client: Well Name: Well ID: 1245852

Date: Sampler:

Organization:

Time Depth to Temp Specific pH Turbidity

Water Conductance

PST ft-brp C ms/cm NTU

Sample Time:

Comments:

Borrego Springs Watermaster Air Ranch 4

Comments

Depth of Well Screens (ft-below RP): Reference Point (RP):

Page 1
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Groundwater-Quality Monitoring Program Results 
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Figure B-6. TDS Concentrations at Wells in the North Management Area
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Figure B-7. Nitrate-N Concentrations at Wells in the North Management Area
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Figure B-8. TDS Concentrations at Wells in the Central Management Area

BSR 6

County Yard

ID1-10

ID1-12

ID1-16

ID4-11

ID5-5

MW-4

Wilcox

Well Name

Page 95 of 120



K-940-80-21-02-380

Borrego Springs Watermaster TAC
Groundwater Monitoring Gap Analysis

Last Revised: 09-27-22

0

1

2

3

4

5

6

7

8

9

10

01/2017 07/2017 01/2018 07/2018 01/2019 07/2019 01/2020 07/2020 12/2020 07/2021 12/2021 07/2022 12/2022

N
itr

at
e-

N
 (m

gl
)

Figure B-9. Nitrate-N Concentrations at Wells in the Central Management Area
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Figure B-10. TDS Concentrations at Wells in the South Management Area
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Figure B-11. Nitrate-N Concentrations at Wells in the South Management Area
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Borrego Springs Watermaster 

Technical Advisory Committee Meeting 

November 2, 2022 

AGENDA ITEM V 

Page 1 of 3 

 

To:   Technical Advisory Committee (TAC) 

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

Date:  October 27, 2022 

Subject: Storage Change Calculation Methods (2021-22)  

 

Background and Previous Actions of the Board 

The Borrego Springs Watermaster is required to submit an annual report for the Borrego Springs 
Groundwater Subbasin (Annual Report) to the California State Department of Water Resources (DWR) 
pursuant to the requirements of the Sustainable Groundwater Management Act (SGMA), specifically 
Article 7, Section 356.2—Annual Reports, of the California Code of Regulations (CCR).1  

A portion of the annual reporting requirements include the annual changes in groundwater levels and 
groundwater in storage: 2 

• Groundwater elevation data from monitoring wells identified in the monitoring network shall 
be analyzed and displayed as follows: 

o Groundwater elevation contour maps for each principal aquifer in the basin 
illustrating, at a minimum, the seasonal high and seasonal low groundwater 
conditions. 

o Hydrographs of groundwater elevations and water year type using historical data to 
the greatest extent available, including from January 1, 2015, to current reporting year. 

• Change in groundwater in storage shall include the following: 

o Change in groundwater in storage maps for each principal aquifer in the basin. 

o A graph depicting water year type, groundwater use, the annual change in 
groundwater in storage, and the cumulative change in groundwater in storage for the 
basin based on historical data to the greatest extent available, including from January 
1, 2015, to the current reporting year. 

So far, the Watermaster has submitted three Annual Reports to the DWR in 2019, 2020, and 2021. 
The Watermaster Board had previously shown considerable interest and concern with the change in 
groundwater storage estimates that were prepared for past annual reports. Topics of concern 
included the data and methods used to estimate storage change, the storage-change results, and the 

 

1 Title 23, Division 2, Chapter 1.5, Subchapter 2 of the California Code of Regulations, which is commonly referred 
to as the Groundwater Sustainability Plan Regulations (GSP Regulations). 
2 California Code of Regulations, Title 23 § 356.2. 
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messaging that the storage-change results send to the BPA Parties and the public. Because of these 
concerns, the Watermaster Board asked the Technical Advisory Committee (TAC) to provide guidance 
to the West Yost on the methods to estimate annual storage change during preparation of the 2021 
Annual Report to the DWR. The objective of these discussions was to establish a standard method that 
ensures a defensible estimate of annual storage change and timely annual reporting to the DWR by 
April 1 of each year.  

The TAC met on November 9, 2021. At the meeting, the TAC reviewed the current methodology to 
estimate storage changes used in prior Annual Reports, discussed potential modifications to the 
current method including the domain for storage change estimation, extrapolation of groundwater 
elevation data, aquifer parameters used in analysis, period of analysis, and other tools to use for the 
analysis. Ultimately, the TAC recommended certain changes to the current methodology, which West 
Yost incorporated in a draft technical memorandum (TM) describing an updated methodology to 
estimate annual storage change. The TAC had the opportunity to review, comment, and suggest 
revisions to the draft TM. The West Yost used the updated methodology to estimate the storage 
change that occurred within the Borrego Springs Subbasin over the period Spring 2020 to Spring 2021 
and shared the methodology and the storage-change estimates with the Watermaster Board (Board) 
and the TAC. Based on feedback received from the Board and the TAC, the West Yost finalized: 

i. The storage-change estimate for Spring 2020 to Spring 2021 and published the results 
in the WY 2021 Annual Report to the DWR (excerpt attached). 

ii. The technical memorandum titled: Methods to Estimate Annual Storage Change in the 
Borrego Springs Subbasin (attached). 

The TAC met again on May 2, 2022. At the meeting, West Yost provided an overview of the methods 
that were employed to estimate the annual change in storage for the period of Spring 2020 to Spring 
2021, which was published in the WY 2021 Annual Report to the DWR. West Yost identified that the 
interpolation methods for groundwater elevation could be improved and provided the opportunity 
for TAC members to ask questions and provide additional feedback to regarding the revised method 
to estimate storage change. A TAC member recommended a sensitivity analysis be performed of the 
effects of groundwater-elevation interpolation methods on storage change estimates (including the 
storage change estimate for the Spring 2021 to Spring 2022 period).  

Discussion 

At the November 2, 2022 TAC meeting, West Yost will provide a summary of the current method for 
estimating the annual change in storage. Additionally, West Yost will describe the efforts that would 
be required to conduct a sensitivity analysis on the groundwater-elevation interpolation methods and 
ask for TAC opinions on if or when this analysis should be performed (e.g. during the current WY or 
during the 5-year update). TAC members will have the opportunity to ask questions, provide feedback, 
and develop recommendations, if any. West Yost believes that collaboration with the TAC on the 
storage change estimate for Spring 2021 to Spring 2022 can be performed by email and phone 
correspondence. 
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Enclosures 

Excerpted pages from the WY 2021 Annual Report to the DWR that describe the storage-change 
estimate for Spring-2020 to Spring-2021 in the Borrego Springs Subbasin.  

Technical memorandum titled: Methods to Estimate Annual Storage Change in the Borrego Springs 
Subbasin.  
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5.5 Groundwater Level Conditions 

This section describes the current Basin groundwater level conditions and the change in storage as of WY 
2021 pursuant to SGMA regulations that are shown in Table 1 (Article 7, Section 356.2—Annual Reports, 
of the CCR35). The SGMA regulations require the annual report includes the annual changes in 
groundwater levels and groundwater in storage36, including: 

• The analysis and display of groundwater elevation data from monitoring wells identified in 
the monitoring network, including: 

— Groundwater elevation contour maps for each principal aquifer in the basin illustrating, 
at a minimum, the seasonal high and seasonal low groundwater conditions. 

— Hydrographs of groundwater elevations and water year type using historical data to the 
greatest extent available, including from January 1, 2015, to current reporting year. 

• An estimate of the change in groundwater in storage, including: 

— Change in groundwater in storage maps for each principal aquifer in the basin. 

— A graph depicting water year type, groundwater use, the annual change in groundwater 
in storage, and the cumulative change in groundwater in storage for the Basin based on 
historical data to the greatest extent available, including from January 1, 2015, to the 
current reporting year. 

5.5.1 Groundwater Level Trends 

Since the early 1950s, groundwater pumping in the Basin has exceeded recharge causing long-term 
declines in groundwater levels and changes to the direction of groundwater flow in all areas of the valley. 
Time history charts of available groundwater-level data for each well in the monitoring network were 
plotted for the period of record from 1950 through 2021 and are included in Appendix E.  

Figure 7 is a time history chart that shows the long-term trend in groundwater levels in selected wells in 
the North, Central, and South Management Areas of the Basin. The long-term decline in groundwater 
levels within the Basin is most pronounced in the North Management Area and generally decreases in 
magnitude towards the South Management Area. One of the key objectives of the groundwater level 
monitoring program is to track and monitor trends to demonstrate progress toward meeting the 
sustainability goals, including comparing current conditions to minimum thresholds and measurable 
objectives for the relevant sustainability indicators for the Basin.  

  

 

35 Title 23, Division 2, Chapter 1.5, Subchapter 2 of the California Code of Regulations, which is commonly referred 

to as the Groundwater Sustainability Plan Regulations (GSP Regulations). 

36 California Code of Regulations, Title 23 § 356.2. 

Page 102 of 120



Groundwater Levels in Selected Wells
within the Borrego Groundwater Subbasin

Figure 7

Author: AK
Date: 20220214
File: Figure 6_GW Levels in Key Wells.grf
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The sustainability goal is to halt the overdraft condition in the Basin by bringing the groundwater pumping in 
balance with the Basin Sustainable Yield by 2040. Key groundwater level indicator wells were identified in the 
GMP to establish minimum thresholds and measurable objectives in each management area of the Basin. The 
minimum threshold is expressed as the maximum allowable decline in groundwater levels (in feet) following 
the start of the Physical Solution implementation through 2040. The start of the Physical Solution 
implementation is fall 2019, which is the beginning of WY 2020 (this period includes the pre--Judgment period 
during which the Interim Watermaster was in place under the Settlement Agreement). Table 14 shows the 
historical water level trend, expressed as a rate of decline over time, and the minimum threshold, for each key 
indicator well. Table 14 also shows the fall 2019 and fall 2021 groundwater levels, expressed as depth to water 
in feet and the change in elevation from fall 2019 to fall 2021.  

Inspection of the time histories shown in Figure 7 and Appendix E and the key wells in Table 14 illustrates 
that the rate of decline in groundwater levels (e.g., ft/yr of decline) for the Judgment implementation 
period is less than the historical rate of decline at most wells. 

5.5.2 Basin-Wide Groundwater Elevations 

To estimate seasonal high and low groundwater elevations in the Basin for WY 2021 and the annual 
change in storage, wells with reliable groundwater-elevation measurements in spring 2020, spring 2021 
and fall 2021 were mapped. Wells with reliable groundwater-elevation measurements were those with a 
true static groundwater elevation and those screened across the shallower, unconfined portions of the 
aquifer system. If a true static groundwater elevation was not available at a well in the monitoring 
network, then an estimate of static groundwater elevation was made using best professional judgment 
based upon recent trends in groundwater elevation at the well and nearby wells and knowledge of the 
influence of nearby pumping. Raster surfaces of groundwater elevation across the Basin were then 
generated in ArcGIS 10.7.1 using an inverse distance weighting scheme with a power of 1. Groundwater-
elevation contours were generated based on the raster surfaces. Figures 8, 9 and 10 show the wells with 
groundwater-elevation data and the groundwater-elevation contours for spring 2021, fall 2021 and spring 
2020, respectively.37 The raster surfaces of groundwater elevation for spring 2020 and spring 2021 are 
used in the storage change estimate described below in 5.3.3. 

5.5.3 Change in Storage 

This section describes the estimated change in groundwater storage that occurred in the Basin during the 
reporting period spring 2020 to spring 2021 and compares this estimate of change in storage to the history 
of estimated storage changes and groundwater pumping since WY 2016.  

To date, the Watermaster has submitted two Annual Reports to the DWR: the first one prepared by 
DUDEK in 2020 covering Water Year (WY) 2016 through 2019; the second one prepared by West Yost for 
WY 2020. In 2021, the Watermaster convened the TAC to evaluate and select an appropriate methodology 
to be used consistently for estimating annual storage changes. The Watermaster recognized the 
importance of employing a methodology that would produce future results that are consistent with past 
results, that would minimize the influence of the method itself on the storage change results, and that 
would include QA/QC steps to check on the reasonableness of the results. Through this process it was 

 

37 The TAC is continuing to investigate and discuss the appropriate techniques for interpolation of groundwater 
elevations. The TAC may recommend to the Watermaster to revise its methodology for interpolating groundwater 
elevations, estimating annual storage changes, and potentially, its past reported storage-change results. 
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identified that it is imperative that the same monitoring well network was used for both spring 2020 and 
spring 2021. The Watermaster asked the TAC to develop and document this methodology. 
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Local Well 

Name State Well ID

Historical Groundwater 

Level Trend (a), ft-yr

Minimum Threshold - 

Maximum Allowable 

Decline from 

2020 to 2040(b), ft

Start of Physical 

Solution 

Implementation 

Period: 

Fall 2019 Depth to 

Water(c), ft below 

monitoring point

Fall 2020 

Depth to Water(c), ft 

below monitoring point

Fall 2021

Depth to Water(c), ft 

below monitoring point

1-Year Change in 

Groundwater Level, ft

Total Change in 

Groundwater Level, ft, 

since Fall 2019

Total Rate of Change 

over implementation 

period (2019-2021), 

ft-yr)

North Management Area

MW-1 010S006E21A002S -2.14 -39 261.6 260.9 263.6 -2.7 -2.0 -1.0

ID4-3 010S006E18R001S -2.09 -42 289.2 289.0 291.0 -2.0 -1.8 -0.9

Fortiner(d)
010S006E09N001S -2.48 -46 336.1 337.3 na na na na

ID4-18 010S006E18J001S -2.31 -44 316.6 327 320.5 6.5 -3.9 -2.0

Central Management Area

ID4-1 010S006E32R001S -1.39 -33 181.1 181.5 182.0 -0.5 -0.9 -0.5

Airport 2 010S006E35N001S -1.67 -25 111.9 111.2 113.5 -2.3 -1.6 -0.8

ID1-16 011S006E16N001S -0.95 -33 231.7 232 234.0 -2.0 -2.3 -1.2

South Management Area

MW-5A 011S007E07R001S -0.74 -14 56.2 57.0 57.0 0.0 -0.8 -0.4

MW-5B 011S007E07R002S -0.74 -14 56 56.8 57.3 -0.5 -1.3 -0.6

MW-3 011S006E23J002S -5.84 -12 71.7 75.5 75.7 -0.2 -4.0 -2.0

Air Ranch 011S007E30L001S -0.5 -9 91.8 90.4 92.9 -2.5 -1.1 -0.6

RH-1 011S006E25A001S -0.94 -9 59 58.8 60.5 -1.7 -1.5 -0.7

Table 14. Historical Water Level Trends and Minimum Thresholds

for Key Indicator Wells Compared to Fall 2021 Groundwater Levels

na = not applicable

  (a)  Historical groundwater level trend based on pre-fall 2018 groundwater levels as reported in the GMP (Dudek, 2020).

  (b)  The Minimum Threshold is the maximum allowable decline in groundwater levels as measured at the beginning of Physical Solution Implementation through 2040.

  (c)  If a Fall water level was not measured, reported measurement value nearest to this date. Values from alternative dates are shown in italics.

  (d)  The Fortiner well is privately owned and the owner is no longer providing access to monitor the well. The Watermaster is working with DWR, the TAC, and BPA Parties to improve the monitoring network in the North Management Area.

K-C-940-00-00-00-R

Borrego Springs  Watermaster

Start-Up Period and Water Year 2021

Annual Report for the Borrego Springs Subbasin

Last Revised: 03-01-22
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Spring 2021
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Borrego Springs Subbasin
2021 Annual Report
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Fall 2021
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5.5.3.1 Methodology 

The change in volume of groundwater stored in the Basin’s alluvial sediments is not a parameter that can 
be directly measured; rather, change in storage must be estimated using aquifer properties and 
groundwater-elevation data collected at wells. Generally described, the change in groundwater elevations 
across the Basin between spring 2020 and spring 2021 is calculated by subtracting the groundwater 
elevation in spring 2021 from the groundwater elevation in spring 2020. The information required to 
estimate the change in storage for the Basin for the current WY includes:  

• A groundwater elevation map for spring 2020. 

• A groundwater elevation map for spring 2021.  

• A uniform storage change grid of 1,000 ft by 1,000 ft cells superimposed over the Basin area 
to assign groundwater elevations and aquifer properties.  

• The specific yield of the aquifer sediments where the change in groundwater elevations 
occurred. Specific yield is a ratio of the volumetric fraction that a bulk aquifer volume will 
yield when the water drains out by gravity.  

Figure 10 and Figure 8 show the groundwater elevation contours for spring 2020 and spring 2021, 
respectively. These estimates of groundwater elevation across the Basin for spring 2020 and spring 2021 
were generated using the process described in Section 5.5.2. 

Figure 11 shows the storage change grid and the grid cells included in the change in storage calculation 
superimposed over the Basin. The grid domain is oriented in the north-south direction across the entire 
Basin and includes 103 rows and 72 columns with a total of 7,416 cells of 1,000 ft by 1,000 ft dimension. 
To assign aquifer properties to each grid cell, the storage grid was superimposed over the BVHM grid. The 
BVHM grid is subdivided vertically into three layers, corresponding to the upper, middle, and lower 
aquifers. Each layer within a BVHM grid cell has specific yield values unique to each layer based on textual 
analysis of the lithologic logs by the USGS. The estimated average specific yield of the upper aquifer is 
15 percent, the middle aquifer is 17.5 percent, and the lower aquifer is 3 percent (USGS, 2015). Because 
the entire Basin behaves in a predominantly unconfined to semi-confined manner, the specific yield values 
for each BVHM grid cell were averaged across the three aquifers to create one value of average specific 
yield per grid cell. Then, a one-to-one spatial join using a closest match option was performed to join the 
BVHM averaged specific yield values to the 1,000 ft by 1,000 ft storage change grid shown in Figure 11. 
Grid cells outside of the active BVHM model domain were assigned a specific yield value of zero; hence, 
these cells are not used in the estimation of storage change. 
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2021 Annual Report
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Storage Change Grid and

Area Used to Compute Storage Change 
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2021 Annual Report

WEST YOST - K:\Clients\940 Borrego Springs Watermaster\00-00-00 Master Project\GIS\MXD\Annual Reports\WY 2021\Figure 11_Storage Change Grid.mxd - lsalberg - 3/2/2022

±
0 21 Miles

Prepared by:

Riverside
County

Orange
County

San Diego
County

Santa
Ana

San Diego

Borrego Valley Groundwater Basin Subbasins
Borrego Springs Groundwater Subbasin (7-024.01)
Ocotillo Wells Groundwater Subbasin (7-024.02)

Storage Change Grid
(1000 ft x 1000 ft cell)

Grid Cells Used to Compute Storage Change

Surface Water Features

Dry Lake
Stream Channel

Page 111 of 120



 

Start-Up Period and Water Year 2021  
Annual Report for the Borrego Springs Subbasin  

 

 

 
K-C-940-80-21-02-R 

65 Borrego Springs Watermaster 
March 2022 

 

The annual change in storage was calculated at the grid-cell level using the following equation and is 
visualized in Figure 12:  

𝑪𝒉𝒂𝒏𝒈𝒆 𝒊𝒏 𝑺𝒕𝒐𝒓𝒂𝒈𝒆𝒊 = (𝑮𝑾𝑬𝒊
𝒕𝟏 − 𝑮𝑾𝑬𝒊

𝒕𝟎) × 𝑺𝒚𝒊
× 𝑨 

where, i represents a unique cell within the storage change calculation grid, GWE is the interpolated 
groundwater elevation at cell i, Sy is the specific yield defined at cell i, A is the area of each cell, and t1 
and t0 are the two years between which storage change is calculated. 
 

 

Figure 12. A Conceptual Grid Cell as a Graphical Representation of the  
Method to Estimate Annual Storage Change Within a Grid Cell 

The sum of the change in storage values by grid cell provided an estimate of the total annual change in 
groundwater storage in the Basin.   

5.5.3.2 Annual and Cumulative Change in Storage 

Figure 13 is a map that shows the spatial distribution of the change in groundwater storage volume from 
spring 2020 to spring 2021. Also shown on Figure 13 are the wells with representative groundwater 
elevation data in both spring 2020 and spring 2021 that were used to generate the change in storage. The 
total change in storage from spring 2020 and spring 2021 was approximately -5,040 af. This change in 
storage is consistent with the observation in Section 5.5.1 that groundwater levels across most of the 
Basin continued to decline through 2021. 

  

In the Change in Storage equation above: 

B = (𝑮𝑾𝑬𝒊
𝒕𝟏 − 𝑮𝑾𝑬𝒊

𝒕𝟎) 
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Table 15 summarizes the annual change in storage, the cumulative change in storage, and annual 
groundwater pumping for spring 2015 through spring 2021. Over this six-year period, the volume of 
groundwater in storage decreased by approximately 37,815 af. Figure 14 is a time-series chart that 
compares the annual and cumulative change in storage with annual groundwater pumping from WY 2016 
through 2021. The rate of storage change has been relatively constant over the six-year record, despite a 
decline in production. This may be due to the effects of the long-term drought being experienced in the 
southwestern United States as displayed in the precipitation record on Figure 4.  

Table 15. Annual and Cumulative Change in Groundwater Storage and  
Annual Groundwater Extractions, af 

Period 
Annual  

Change in Storage 
Cumulative  

Change in Storage 
Annual Groundwater 

Extractions 

Spring 2015 to Spring 2016 -11,517 -11,517 19,739 

Spring 2016 to Spring 2017 -5,544 -17,061 18,369 

Spring 2017 to Spring 2018 -8,876 -25,937 17,653 

Spring 2018 to Spring 2019 -4,545 -30,482 17,379 

Spring 2019 to Spring 2020 -2,29338 -32,775 16,637 

Spring 2020 to Spring 2021 -5,040 -37,815 15,248 

 

  

 

38 The revised storage change methodology described herein was used to re-compute the change in groundwater 
storage for spring 2019 to spring 2020. This changed the estimate reported in the 2020 Annual Report from a 
decline in storage of 1,890 af to a decline in storage of 2,293 af. 
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TECHNICAL MEMORANDUM 
 
DATE: February 11, 2022 Project No.: 940-80-21-02 (120) 
  SENT VIA: EMAIL 
 
TO:  
 
FROM:  
 
SUBJECT:  

 
 

Background and Objectives 

The Borrego Springs Watermaster is required to submit an annual report for the Borrego Springs 
Groundwater Subbasin (Annual Report) to the California State Department of Water Resources (DWR) 
pursuant to the requirements of the Sustainable Groundwater Management Act (SGMA), specifically 
Article 7, Section 356.2—Annual Reports, of the California Code of Regulations (CCR).1  

A portion of the annual reporting requirements include the annual changes in groundwater levels and 
groundwater in storage: 2 

• Groundwater elevation data from monitoring wells identified in the monitoring network shall be 
analyzed and displayed as follows: 

o Groundwater elevation contour maps for each principal aquifer in the basin illustrating, 
at a minimum, the seasonal high and seasonal low groundwater conditions. 

o Hydrographs of groundwater elevations and water year type using historical data to the 
greatest extent available, including from January 1, 2015, to current reporting year. 

• Change in groundwater in storage shall include the following: 

o Change in groundwater in storage maps for each principal aquifer in the basin. 

o A graph depicting water year type, groundwater use, the annual change in groundwater 
in storage, and the cumulative change in groundwater in storage for the basin based on 
historical data to the greatest extent available, including from January 1, 2015, to the 
current reporting year. 

So far, the Watermaster has submitted two Annual Reports to the DWR: the first one prepared by DUDEK 
in 2020 covering Water Year (WY) 2016 through 2019; the second one prepared by West Yost for WY 
2020.  The Watermaster Board showed considerable interest and concern with the change in groundwater 
storage estimates that were prepared for the 2020 Annual Report. Topics of concern included the data 

 

1 Title 23, Division 2, Chapter 1.5, Subchapter 2 of the California Code of Regulations, which is commonly referred 
to as the Groundwater Sustainability Plan Regulations (GSP Regulations). 
2 California Code of Regulations, Title 23 § 356.2. 

Technical Advisory Committee of the Borrego Springs Watermaster

Andy Malone,  Technical Consultant

Methods  to  Estimate  Annual  Storage  Change  in  the  Borrego  Springs  Subbasin
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and methods used to estimate storage change, the storage-change results, and the messaging that the 
storage-change results send to the BPA Parties and the public.  

In WY 2022, the Board has asked the TAC to provide advice and guidance to the Technical Consultant on 
the methods to estimate annual storage change for the WY 2021 Annual Report to the DWR. The TAC met 
on November 9, 2021.  At the meeting, the TAC reviewed the current methodology used in prior Annual 
Reports and recommended certain changes to the current methodology. 

TAC Recommendations 

The consensus of the TAC is the following: 

1. The main objective is to establish a standard method that ensures technically-defensible 
estimates of annual storage changes and timely annual reporting to the DWR by April 1 of each 
year. The storage change estimates derived by this method are not intended to be used to change 
management actions under the Physical Solution. Detailed evaluations of changes in groundwater 
conditions will be performed every five years consistent with the SGMA and the Physical Solution. 

2. The Watermaster should continue using the methods employed for past annual reports3 
(attached) with some revisions. The recommended revisions include the following: 

• If groundwater-elevation data are not available for a well in the monitoring network during 
the period of interest, a groundwater elevation should be estimated for that well, based on 
the best available information, so that the spatial distribution of groundwater-elevation data 
remains relatively consistent year-to-year. 

• Estimates of change in storage should be computed for two spatial domains: (i) across the 
entire domain of the Subbasin, as was done for past annual reports and (ii) only the area of 
the Subbasin where groundwater-elevation data are present. 

3. The reasoning for this recommended approach is: 

• Using methods that are similar to the methods used in past efforts will produce results that 
are consistent with past estimates of storage change. 

• The methods should include steps to minimize the influence of the methods themselves on 
the storage-change results.  

• The methods should include QA/QC steps to check on the reasonableness of the results.  

The specific methods recommended by the TAC to estimate annual storage change for the WY 2021 
Annual Report to the DWR are described below. 

General Approach to Estimate Annual Storage Change in the Subbasin. The change in 

groundwater elevations across the Subbasin between water years 2020 and 2021 will be calculated by 
subtracting groundwater elevation in Spring 2021 from groundwater elevation in Spring 2020. This will 
produce a map of change in groundwater elevations across the Subbasin. The change in storage will be 
computed by mapping the change in groundwater elevation and the depth-averaged Specific Yield of the 
aquifer sediments (effective porosity), as defined in the Borrego Valley Hydrologic Model (BVHM), onto a 

 

3 Dudek. 2021. Borrego Springs Subbasin Annual Report Change in Storage Calculation Methodology. Prepared for 
Samantha Adams, West Yost. March 26, 2021. 
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regularly spaced “Storage Change Grid” GIS shapefile. The grid was originally prepared by Dudek for past 
estimates of storage change and has a spatial discretization of 1,000 feet by 1,000 feet, oriented in the 
north-south direction, with a spatial extent across the entire Subbasin. Change in storage will be 
calculated at the grid-cell level using the following equation:  

𝑪𝒉𝒂𝒏𝒈𝒆 𝒊𝒏 𝑺𝒕𝒐𝒓𝒂𝒈𝒆𝒊 = (𝑮𝑾𝑬𝒊
𝒕𝟏 − 𝑮𝑾𝑬𝒊

𝒕𝟎) × 𝑺𝒚𝒊
× 𝑨 

where, 

i  represents a unique cell within the storage change calculation grid  

GWE  is the interpolated groundwater elevation at cell i 

Sy  is the specific yield defined at cell i 

A  is the area of each cell 

t1 and t0  are the two years between which storage change is calculated 

 

   

The conceptual grid cell above is a graphical representation of the  
proposed method to estimate annual storage change within a grid cell.  

 

  

In the Change in Storage equation above: 

B = (𝑮𝑾𝑬𝒊
𝒕𝟏 − 𝑮𝑾𝑬𝒊

𝒕𝟎) 
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Specific Steps to Estimate Annual Storage Change in the Subbasin  

1. Check and upload all groundwater elevation data measured at wells during WY 2021 to the 
HydroDaVE database management system.  

2. For each well screened across the shallower, unconfined portions of the aquifer system, inspect 
the time-series chart of groundwater elevation in the HydroDaVE Explorer interface and select a 
“true static” groundwater elevation for Spring 2021 (i.e., April 1, 2021 plus or minus 30 days). 
Avoid using wells that are only screened across deeper confined aquifers. If a “true static” 
groundwater elevation measurement is not available for the well, an “estimated static” 
groundwater elevation can be selected based on the professional judgment of the Technical 
Consultant. The choice of an “estimated static” groundwater elevation could be based on, but not 
limited to: recent trends in groundwater elevation at the well; recent trends in groundwater 
elevation at nearby wells; and knowledge of the influence of nearby pumping. 

3. Perform Step 2 (above) for Spring 2020.  It is imperative that the same monitoring well network 
be used for both Spring 2020 and Spring 2021 in Step 5 (below).  

4. Prepare time-series charts of groundwater elevations for each well including the “true static” or 
“estimated static” groundwater elevations for Spring 2021. 

5. Prepare a rasterized surface of interpolated “true static” groundwater elevations across the 
Subbasin for Spring 2020 and 2021 using an inverse distance weighting scheme with a power of 
1. The interpolation can be performed with Golden Software Surfer, ArcGIS Spatial Analyst, or 
similar interpolation tool. The spatial resolution and dimensions of the raster shall be consistent 
with rasterized surface produced by Dudek for the WY 2020 Annual Report. 

6. Import the rasterized surfaces of interpolated groundwater elevations across the Subbasin for 
Spring 2021 and Spring 20204 to GIS. Using raster algebra in GIS, subtract the raster of 
groundwater elevations in Spring 2020 from the raster groundwater elevation in Spring 2021 to 
generate a raster of change in groundwater elevation, apply a color ramp, and inspect the raster 
as a check on reasonableness of the estimated change in groundwater elevation across the 
Subbasin. Negative values will indicate a decline in groundwater levels; positive values will 
indicate an increase in groundwater levels; zero values will indicate no change in groundwater 
levels or areas on the extreme edges of the basin where no information was available to estimate 
the specific yield of the aquifer sediments. 

7. Create a polygon shapefile in GIS to define the area where groundwater-elevation data exists for 
Spring 2021 (“Polygon Mask”). 

8. Import the Storage Change Grid shapefile to GIS. The shapefile attribute table contains the depth-
averaged Specific Yield values from the BVHM for each grid cell, the surface area of each grid cell, 
and the X-Y coordinates of the centroid of each grid cell.  

9. Using the geometric centroid of each grid cell, assign the raster values to the shapefile attribute 
table for: (i) groundwater elevation for Spring 2020; (ii) groundwater elevation for Spring 2021; 
(iii) change in groundwater elevation between Spring 2020 and Spring 2021; and (iv) whether the 
grid cell resides within or outside the Polygon Mask.  

10. Import the Storage Change Grid attribute table into Microsoft Excel to calculate the change in 
storage by grid cell using the Change in Storagei equation referenced above. The sum of the 

 

4 The rasterized surface of interpolated groundwater elevations for Spring 2020 was prepared by Dudek, using similar 
methods, for the Annual Report to the DWR for WY 2020. 

Page 119 of 120



Proposed Methods to Estimate Annual Storage Change in the Borrego Springs Subbasin 
February 11, 2022 
Page 5 

 

 
 TM_Proposed Storage Change Methods_draft-final_v2.docx 

 

change in storage values by grid cell will provide an estimate of the total annual change in storage 
in the Subbasin. Perform the same calculation for only those grid cells within the Polygon Mask. 
Compare the two results as a check on reasonableness of the results, which may reveal errors in 
execution of the methods or errors introduced by the methods themselves.  

11. Display the storage-change results graphically in GIS by applying a color ramp to the Storage 
Change Grid shapefile for storage-change volume by grid cell. Inspect the results as a check on 
reasonableness, which may reveal errors in execution of the methods or errors introduced by the 
methods themselves. 
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