
 

 

Borrego Springs Watermaster 
Technical Advisory Committee Meeting 

November 9, 2021 @ 12:00 p.m. 
Due to COVID-19 Meeting Available by Remote Access Only* 

 

 

Please join my meeting from your computer, tablet or smartphone. 
https://global.gotomeeting.com/join/230137293 
 
You can also dial in using your phone. 
United States (Toll Free): 1 866 899 4679 or United States: +1 (571) 317-3116 
 
Access Code: 230-137-293 
 
New to GoToMeeting? Get the app now and be ready when your first meeting 
starts: https://global.gotomeeting.com/install/230137293 

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

 
I. OPENING PROCEDURES 

A. Roll Call 
B. Review of Meeting Protocols 

 
II. PUBLIC COMMENTS 

This is an opportunity for members of the public to address the TAC on items included on the 
agenda. Comments will be limited to three minutes per commenter. If you wish to comment, please 
join the meeting five minutes early to request to speak (verbally or via GoTo meeting Chat feature). 

 
III. TAC SCOPE-OF-WORK AND SCHEDULE OF ACTIVITIES FOR WY 2022 …………………………………. Page 2 

Objective: Review and discuss technical activities planned for WY 2022, major milestones to 
achieve, and the topics of future meetings  

 
IV. METHODS TO ESTIMATE ANNUAL STORAGE CHANGE IN THE SUBBASIN …………………………. Page 11  

Objective: Discuss alternative methods to estimate annual changes in groundwater storage for 
annual reporting to the DWR and provide guidance to the Technical Consultant  

 
V. 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.  

 
VI. FUTURE MEETINGS 

• Discuss the need for and timing of future TAC meetings. 
 

VII. ADJORNMENT 

Page 1 of 14

https://global.gotomeeting.com/join/230137293
tel:+18668994679,,230137293
tel:+15713173116,,230137293
https://global.gotomeeting.com/install/230137293


Borrego Springs Watermaster 

Technical Advisory Committee Meeting 

November 9, 2021 

AGENDA ITEM III 

Page 1 of 1 

 

To:   Technical Advisory Committee (TAC) 

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

Date:  November 4, 2021 

Subject: TAC Scope-of-Work and Schedule of Activities for WY 2022 

Background and Previous Actions of the Board and TAC  
Pursuant to Section III.F. of the Judgment, the TAC recommended to the Board a technical scope-of-
work and budget for WY 2022 and WY 2023 in June 2021. The Board approved the technical scope-
of-work at its June 10, 2021 meeting (see attached Board memorandum) and approved a budget of 
$175,943 to implement the scope-of-work for WY 2022 at its July 8, 2021 meeting. 

The approved technical scope-of-work for WY 2022 includes the following major tasks: 

1. Redetermine the Sustainable Yield of the Borrego Springs Subbasin by January 1, 2025. This 
is a multi-year task. Subtasks to be completed in WY 2022 include: 

a. Obtain groundwater-level data from the Department of Water Resources (DWR). 

b. Update and run the Borrego Valley Hydrologic Model (BVHM) through WY 2021. 

c. Compare model-estimated vs. metered pumping for WY 2021. 

d. Prepare a technical memorandum with conclusions and recommendations for the 
technical scope-of-work in WY 2023. 

2. Prepare a Water-Quality Monitoring Plan. This is a multi-year task. The work in WY 2022 
includes the performance of a “monitoring gap analysis.” 

3. Provide support for annual reporting to the DWR. In this task, the Board has asked the TAC to 
provide advice and guidance on the methods to estimate annual storage changes in the 
subbasin, and to review the results. 

4. Conduct quarterly TAC meetings.  

Discussion 
At its meeting on November 9, 2021, the TAC will review and discuss its current and future technical 
activities for WY 2022, major milestones it must achieve, and the specific topics of its future meetings. 
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Board of Directors Meeting 

June 10, 2021 
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Page 1 of 8 

 

To:   Board of Directors 

From:  Andy Malone (WY), Lead Technical Consultant 

Date:  June 7, 2021 

Subject: Technical Advisory Committee (TAC) Recommended Scope and Budget for Water 
Years (WY) 2022 and 2023 

 

 For Action  Fiscal Impact  Funds Budgeted 

 Information Only  Cost Estimate:  $259,040 (WY 2022 and 2023) 

Recommended Action 

1. Approve the TAC recommended scope of work and budget for WY 2022 and WY 2023 (with 
any recommended changes). 

Fiscal Impact: The recommended budget for TAC related efforts in WY 2022 is $175,943. The 
estimated cost for TAC efforts in WY 2023 is $83,097. The combined estimated cost for TAC efforts in 
WY 2022 and WY 2023 is $259,040. 

Background and Introduction 

Pursuant to Section III.F. of the Judgment, the TAC is to recommend to the Board a technical scope-
of-work and budget for WY 2022 and WY 2023 by June 1, 2021. A primary focus of the scope-of-work 
is the technical work necessary to redetermine the Sustainable Yield of the Borrego Springs Subbasin 
(Subbasin) by January 1, 2025, as required by the Judgement to comprehensively determine and 
adjudicate all groundwater rights in the Subbasin.  

The Borrego Valley Hydrologic Model (BVHM) was developed by the U.S. Geological Survey (USGS).   
The BVHM was used to determine the current estimate of the Sustainable Yield of 5,700 acre-ft per 
year. The Judgment calls for the continued update and use of the BVHM to redetermine the 
Sustainable Yield over the period of the Rampdown of Subbasin pumping through 2040. 

The Groundwater Management Plan (GMP) identified the greatest uncertainties in the BVHM, 
including:  

 Uncertainty in the historical and future pumping estimates. 

 Uncertainty in the recharge estimates. 

 Uncertainty in the aquifer properties.  

The Judgment required the implementation of a systematic program to meter all wells with Baseline 
Pumping Allocation (BPA) rights. The metering program is currently being implemented and is filling a 
major data gap identified in the GMP going forward. However, the ability of the BVHM to accurately 
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estimate historical and future pumping remains essential to future redeterminations of the 
Sustainable Yield of the Subbasin, and has been identified by the TAC as the top priority issue to 
address in the 2025 redetermination of the Sustainable Yield. 

Previous Actions by the Board and TAC 

On April 8, 2021, the Board approved a TAC meeting agenda to initiate the TAC’s effort to develop a 
recommended technical scope and budget for WY 2022 and WY 2023.  

On April 25, 2021, the TAC met to discuss potential tasks that could be performed to redetermine the 
Sustainable Yield by the 2025 deadline.  

On May 13, 2021, the Board approved a TAC meeting agenda to (i) finalize the TAC’s recommended 
scope and budget for WY 2022 and WY 2023 and (ii) perform a mid-year review of the well production 
meter-reading program. 

On May 25, 2021, the TAC met to review, edit, and prioritize a draft scope and budget that was 
prepared by the Technical Consultant. The questions that guided the TAC in the discussion at the 
meeting were: 

1. Is the task necessary? 

2. Is the scope appropriate? 

3. Is the budget appropriate to execute the task? 

The discussions at the TAC meeting, and thereafter, were the basis for the TAC recommendations 
described below. 

Recommended Technical Scope and Budget for WY 2022 and 2023 

Redetermination of the Sustainable Yield (WY 2022). The redetermination of the Sustainable Yield of 
the Subbasin through 2040 is an iterative scientific process. The tasks recommended by the TAC for 
WY 2022 and WY 2023 are designed to cost-effectively build upon existing data and models. During 
the Sustainable Yield redetermination process, the TAC will continue to objectively evaluate the data 
and make appropriate recommendations to the Board to achieve the Watermaster’s sustainability 
goals.  

The TAC consensus for the highest priority tasks during WY 2022 to assist in the redetermination of 
the Sustainable Yield are: 

 Obtain Groundwater-Level Data from the DWR and Well Owners. The DWR has been collecting 
groundwater-level data at private wells in the Subbasin for over a decade. Collecting these 
data will require outreach and coordination with the DWR and the well owners. The data will 
be useful for modeling purposes, to fill data gaps, and to estimate Subbasin storage changes 
for SGMA annual reporting. As a first step, the TAC recommends the Technical Consultant 
contact the DWR to identify the number and locations of well data in their system, and the 
DWR procedure for granting access to the historic data. The Technical Consultant will report 
the findings of its discussion with the DWR to the TAC for consideration and advice. The data 
that are collected will be reviewed, compiled, and uploaded to the database. 
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 BVHM Improvements. The TAC recommends that improvements to the BVHM in WY 2022 and 
WY 2023 be focused on refining historical and future estimates of pumping.  The validity of 
these pumping estimates is directly related to the accuracy of water budget generated by the 
BVHM, which is used to estimate the Sustainable Yield.  

The TAC recommended approach is to update and run the BVHM through WY 2021 and 
compare the BVHM-estimated pumping for WY 2021 to the Watermaster’s metered pumping 
for WY 2021. The results of the comparison will inform the need for specific model updates 
and/or model recalibration (if any) in subsequent efforts to redetermine the Sustainable Yield.  

The existing BVHM is a complex groundwater model.  It was last extensively run and calibrated 
by Dudek as part of their work pertaining to the Sustainable Groundwater Management Act 
(SGMA) on behalf of the Borrego Water District (BWD). To ensure reliable results during this 
first critical redetermination process, and a smooth technical transition, the TAC recommends 
the budget include funding for Dudek to support this model update and run.  Accordingly, a 
$20,500 budget estimate is included to fund Dudek’s assistance with this task (see Dudek’s 
cost estimate attached to the end of memorandum).  

A draft technical memorandum (TM) will be prepared to describe the model results, the 
comparison of pumping estimates, and the recommendations for model updates that are 
necessary to redetermine the Sustainable Yield. The TAC will review the TM and provide 
feedback which will be incorporated into a final TM for presentation to the Board by the 
Technical Consultant. 

The TAC recommends the foregoing tasks be completed in WY 2022 to provide the Watermaster early 
understanding of the potential need and associated costs for necessary model updates or model 
recalibration.  

The TAC recommends that other model improvements, such as improving the estimates of recharge 
and aquifer properties, be deferred to a future time after the above tasks are completed and 
confirmed. 

Table 1 is a line-item cost estimate of $115,750 to complete this task in WY 2022.  

Redetermination of the Sustainable Yield (WY 2023). As stated above, the redetermination of the 
Sustainable Yield is an iterative process that builds upon prior data and model results. The objective 
of the work proposed for WY 2023 is to ensure that the BVHM estimates of historical and future 
pumping are defensible for use in the redetermination of the Sustainable Yield that will occur in WY 
2024. The TAC recommended work for 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 BVHM results and recommendations for additional model refinements (if any) will be 
documented in a draft TM. The TM will also describe a recommended base period and method to 
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redetermine the Sustainable Yield in WY 2024. The TAC will review the TM and provide feedback which 
will be incorporated into a final TM for presentation to the Board by the Technical Consultant. 

An engineering-level cost estimate for this task in WY 2023 is $30,000. This cost estimate is conceptual 
because it is unknown what model refinements will be recommended in WY 2022.  

Prepare Water-Quality Monitoring Plan. Section VI.B of the Judgment requires the Watermaster to 
develop a Water-Quality Monitoring Plan (WQMP) with TAC input within 24 months of entry of 
Judgment (by April 2023). The purpose of the WQMP is to provide the necessary information so that 
the Watermaster can avoid Undesirable Results and achieve Sustainable Groundwater Management. 
When complete, the WQMP will satisfy the requirements and objectives of the Judgment.  

Currently, Watermaster has an interim groundwater-quality monitoring program at selected wells 
until the WQMP is completed. The intent of the WQMP is to leverage the existing monitoring that is 
occurring in the Subbasin and avoid duplication of monitoring efforts.  

The steps to develop the WQMP include: (i) define the questions that the monitoring plan should 
answer to comply with the Judgment; (ii) identify the gaps in the interim groundwater-quality 
monitoring program that should be filled to comply with the Judgment; and (iii) describe 
recommended steps and costs to fill the data gaps. The data gaps will be identified by defining the 
questions that the WQMP should answer, an assessment of the readily available data, and an 
assessment of the interim groundwater-quality monitoring program. The recommended steps to fill 
data gaps may include increased or modified monitoring, construction of new monitoring facilities, or 
other strategies. The WQMP is required to be completed and approved by the Watermaster Board by 
April 2023. Implementation of the WQMP will begin in the fall of WY 2024. The subtasks to complete 
the WQMP are: 

 Perform Monitoring Gap Analysis. The objective of this task is to develop the criteria that will 
be used to prepare the WQMP. Specific questions that need to be answered by the plan will 
be defined. The readily available groundwater-quality data that has been derived from the 
interim monitoring program will be assessed and evaluated with respect to the questions that 
need to be answered to identify the gaps in the interim monitoring program. A technical 
memorandum will be prepared to document the Monitoring Gap Analysis for TAC 
consideration and advice. The budget to complete this subtask is $20,258. 

 Prepare Water-Quality Monitoring Plan. The Data Gap Analysis memorandum will provide the 
basis for preparing the WQMP. The plan will include: the network of monitoring wells; the 
frequency of monitoring; the constituents to be monitored; monitoring responsibilities; 
recommendations for reporting; a process for adaptation of the plan; and cost estimates to 
implement the plan. The plan will be approved by the Watermaster Board by April 2023. The 
budget to complete this subtask is approximately $13,162. 

The budget to complete both subtasks is $ $33,420. 

Some TAC members indicated that it should be a priority to start this task in WY 2022. Other TAC 
members felt that this task could be deferred until WY 2023. There was no TAC consensus on whether 
Task 3 should be started in WY 2022 or WY 2023. In this memorandum, the Monitoring Gap Analysis 
is shown to be completed in WY 2022, and the WQMP is shown to be completed in WY 2023.  
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Support DWR Annual Reporting. The Watermaster Board has shown considerable interest and 
concern with the change in groundwater storage estimates that were prepared for the 2020 SGMA 
annual report to the DWR. Topics of concern included the data 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. The Board has asked the TAC for advice and guidance on the methods and 
on review of results. 

The TAC recommends that the annual budget for the preparation of the Annual Report be increased 
by $5,000 to enable a process to have the TAC (i) work with the Technical Consultant on the storage 
change methods and analysis; (ii) review the results; and (iii) provide recommendations to the Board.   

Ad Hoc Requests from the Board. From time to time, the Board may request activities or special 
studies for the TAC to complete. These ad hoc activities are undefined, and the budget assigned to this 
task is $9,997 per year for WY 2022 and WY 2023. Including this task and budget provides 
administrative flexibility and minimizes the potential need for mid-year supplemental budget requests 
to the Board. 

TAC Meetings. The TAC recommends, at a minimum, a quarterly meeting schedule to conduct its 
business and make timely recommendations to the Board. The cost to prepare for, attend, and 
summarize the TAC recommendations to the Board is $29,938 per year for WY 2022 and WY 2023. 

Future Technical Tasks. For planning purposes, the TAC requested that the Technical Consultant 
provide an engineering-level cost estimate to perform and document the modeling work in WY 2024 
for the redetermination of the Sustainable Yield. The engineering-level cost estimate to redetermine 
Sustainable Yield and perform the required 5-year update to the GMP is approximately $150,000.  

Summary of Cost Estimates for WY 2022 and WY 2023 

Table 2 attached to this memorandum is a summary of the cost estimates for all tasks described above, 
summarized by year for WY 2022 and WY 2023. 

Schedule 

Figure 1 is a proposed TAC schedule for WY 2022 and WY 2023. 
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Sub-Task Task
Sub-

Task
Task

Sub-

Task

Task and 

Project

$6,220 $0 $6,220

Collect groundwater-level data from DWR 18 $3,206 $0 $3,206

Review, compile, and upload data to HydroDaVE 18 $3,014 $0 $3,014

$89,030 $20,500 $109,530

Collect BCM data/information from USGS for 2016-2021 50 $11,070 $3,145 $3,145 $14,215

Update the land use and crop types, if changed since 2016 50 $11,070 $2,065 $2,065 $13,135

Collect other input parameters and build model input files 50 $11,070 $2,065 $2,065 $13,135

Update and run BVHM through WY 2021; check model results 86 $18,402 $1,800 $1,800 $20,202

Compare BVHM-estimated vs. metered pumping for WY 2021 50 $10,950 $11,425 $11,425 $22,375

Prepare draft technical memorandum with recommendations 92 $20,044 $0 $20,044

Prepare final technical memorandum 32 $6,424 $0 $6,424

Task 1 Totals 446 $95,250 $20,500 $115,750

Other Direct Costs Totals

Redetermine the Sustainable Yield (WY 2022)

Obtain Groundwater-Level Data from the DWR and Well Owners

BVHM Improvements

P
e

rs
o

n
 H

o
u

rs Labor Cost

Dudek

Table 1. Line-Item Cost Estimate to Redetermine the Sustainable Yield (WY 2022)

Task and Subtask

Task WY 2022 WY 2023
Task

Totals

Redetermine the Sustainable Yield by 2025 $115,750 $30,000 $145,750

Prepare Water-Quality Monitoring Plan $20,258 $13,162 $33,420

Support DWR Annual Reporting1

Ad Hoc Requests from the Board $9,997 $9,997 $19,994

TAC Meetings $29,938 $29,938 $59,876

Totals by Year $175,943 $83,097 $259,040

Table 2. Cost Estimate for TAC Budget for WY 2022 and WY 2023

1 -- Increase Watermaster annual budget for the preparation of the SGMA Annual Report to DWR by $5,000 
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Figure 1. TAC Schedule for WY 2022 and WY 2023

Redetermine the 
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Ad Hoc Requests 
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TAC Meetings
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Obtain Groundwater-Level Data from DWR

Compare Model-Estimated vs. Metered Pumping for WY 2021

Prepare Technical Memorandum

Update and Run BVHM through WY 2022

Compare Model-Estimated vs. Metered Pumping 
for WY 2022

Prepare Technical Memorandum

Perform Monitoring Gap Analysis

Support DWR Annual Reporting

Jun Aug Oct Dec Feb

WY 2021 WY 2022

Apr Jun Aug

Update and Run BVHM through WY 2021

Prepare Water-Quality Monitoring Plan
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13281.01 (Borrego Springs Watermaster Services)

West Yost Associates, Inc.
13281.01 (Borrego Springs Watermaster Services)

DUDEK FEE ESTIMATE

06/01/2021

Project Team Role:

Principal 

Hydrogeologist/

Engineer II

Hydrogeologist 

VI/Engineer VI

Team Member: Trey Driscoll Trevor Jones

Billable Rate: $265.00 $180.00 

Task 1 Update of Land Use Types

1.1 Review approach to incorporate land use changes/types into the FMP 1 2 3 $625.00 $625.00

1.2 Assist with any input file development/GIS work 8 8 $1,440.00 $1,440.00

Subtotal Task 1 1 10 11 $2,065.00 $2,065.00

Task 2 Precipitation and Evapotranspiration

2.1

Assistance with GIS mapping of BCM data onto model grid and assess the potential need to scale BCM 

precip and PET by locally measured data. 1 16 17 $3,145.00 $3,145.00

Subtotal Task 2 1 16 17 $3,145.00 $3,145.00

Task 3 Review of streamflow and underflows

3.1 Collaborate with West Yost to discuss historical challenges with BCM usage in the BVHM 1 2 3 $625.00 $625.00

3.2

Assist West Yost in the development defensible estimates of streamflow and underflows for updated 

BVHM simulation 8 8 $1,440.00 $1,440.00

Subtotal Task 3 1 10 11 $2,065.00 $2,065.00

Task 4 Comparison of simulated and metered pumping rates

4.1

Review simulated pumping data from the updated BVHM and provide a quantitative comparison 

between simulated and metered extractions 1 10 11 $2,065.00 $2,065.00

4.2 Collaborate with West Yost in developing methods to calibrate FMP pumping to metered pumping 40 40 $7,200.00 $7,200.00

4.3

Provide assessment of historical modeled pumping estimates and needs to revise historical conditions 

simulation 12 12 $2,160.00 $2,160.00

Subtotal Task 4 1 62 63 $11,425.00 $11,425.00

Task 5 Assessment of model uncertainty

5.1 Assist in a model validation of updated BVHM results using recently measured groundwater elevations. 10 10 $1,800.00 $1,800.00

Subtotal Task 5 10 10 $1,800.00 $1,800.00

Total Hours 4 108 112

Total $1,060.00 $19,440.00 $20,500.00 $0.00 $20,500.00

Percent of Hours (Base) 4% 96%

Dudek Labor Hours and Rates

TOTAL 

DUDEK 

HOURS

DUDEK LABOR 

COSTS

OTHER 

DIRECT 

COSTS TOTAL FEE

 Dudek Project Budget Created 6/1/20212:08 PM Page 1 of 1
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To:   Technical Advisory Committee (TAC) 

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

Date:  November 4, 2021 

Subject: Methods to Estimate Annual Storage Change in the Subbasin 

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 two Annual Reports to the DWR in 2019 and 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. 
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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. This 
is an immediate, high-priority task for the TAC to address because the Annual Report is due to the 
DWR on April 1, 2022. To provide the TAC and the Board sufficient time to review the draft Annual 
Report, the change in groundwater storage estimates must be completed by the early winter of 2022. 
Therefore, the TAC should provide guidance to the Technical Consultant on the methods to estimate 
groundwater storage change in fall 2021. 

Objectives 
The objective of this effort 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. 

The objective of the this memorandum is to: (i) describe the current method used to estimate storage 
changes and (ii) facilitate TAC discussion on potential modifications to the current method for future 
estimates of storage change. The Technical Consultant will compile the feedback received at the TAC 
meeting and, if appropriate, prepare a proposal for a revised methodology to estimate annual storage 
changes.  

Discussion 
Current methodology used in prior Annual Reports.3 The change in storage estimates reported 
in the 2020 Annual Report were calculated by comparing spring groundwater elevations between 
water years 2015 and 2020. Annual change in storage was computed by mapping depth-averaged 
aquifer properties, defined in the Borrego Valley Hydrologic Model (BVHM), and spring groundwater 
elevations onto a regularly spaced grid generated in a Geographic Information System (GIS). The grid 
was defined using a spatial discretization of 1,000 feet by 1,000 feet, oriented in the north-south 
direction, and constructed to extend across the entire Subbasin. The resulting grid contains 103 rows 
and 72 columns. Change in storage was 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 

 

3 Dudek. 2020. Borrego Springs Subbasin Annual Report Change in Storage Calculation Methodology. Prepared for Samantha 
Adams, West Yost. March 26, 2021. 
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t1 and t0  are the two years between which storage change is calculated 

The interpolated groundwater elevations (GWE) defined each spring were generated by contouring 
groundwater elevations measured in the monitoring network using the software Surfer 17.1.288 
(Golden Software, LLC). Groundwater contours were generated in Surfer using an inverse distance 
weighting scheme with a power of 1. Dimensions of the GIS-generated storage change grid were 
imported into Surfer to ensure that specific yield and contoured groundwater elevations were defined 
at the same point in space.  

The interpolated groundwater elevations generated by Surfer were exported as a “.dat xyz file type.” 
This export format saves the Easting and Northing of each cell center and the corresponding 
interpolated groundwater elevation. The interpolated groundwater elevations were imported into 
Microsoft Excel and matched with the specific yield values that corresponded to the same location to 
calculate the change in storage by grid cell using the equation referenced above. The sum of the 
change in storage values by grid cell provided an estimate of the total annual change in groundwater 
in storage in the Subbasin. Results were displayed graphically by importing the storage change values 
by grid cell into GIS and applying a graduated color scheme to categorize values. 

Comparison of the change in groundwater storage using the interpolation method described above 
with the simulation results from the BVHM over the years in which modeled and measured data 
overlapped reasonably reproduced change in groundwater storage values. 

Considerations for changes to the current methodology. Listed below are several topics, posed 

as questions, that the TAC should discuss regarding potential revisions or additions to the current 
methodology. At the TAC meeting, the Technical Consultant will support the discussion with maps and 
data graphics. 

1. What should be the domain for storage change estimation? The current methodology uses a 
domain that appears to be the active cells of the BVHM model domain within the Subbasin 
boundary as defined by the DWR. Other options include: using the entire Subbasin as the 
domain or using a smaller domain constrained to where GWE data exists. 

2. If the methodology calls for extrapolating the storage-change analysis into areas where no 
GWE data exists, what should be the extrapolation method? The current methodology uses 
an automated interpolation tool (Surfer) to extrapolate GWE to the edges of the Subbasin. 
Another option is to add “control points” to the edges of the domain to constrain the 
extrapolation. Past BVHM results could be used to estimate the location and value of the 
“control points.” 

3. Should the methodology utilize a consistent network of wells over time? The current 
methodology uses all available GWE data at wells. Another option is to use a defined network 
of wells which would minimize the influence of data availability on the storage-change results. 
If this option is used, some of the criteria for selecting the defined network of wells could 
include:  

a. Preferential selection of wells to establish a broad and even spatial distribution of wells 
across the basin (to the extent this is possible).  
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b. Preferential selection of wells that are screened across the shallow aquifer system 
where most of the unconfined storage changes are occurring.  

c. Preferential selection of wells with a long, high-quality record of GWE measurements.  

d. Preferential selection of wells that are expected to be preserved and available for GWE 
measurement in the future.  

e. Preferential selection of wells where measurements of true static GWE are expected 
to be the norm (i.e., non-pumping wells).  

4. If a well in the network could not be measured, should there be a standard method to 
estimate the GWE so that it can be used in the analysis? An option here is to utilize GWE 
measurements at nearby wells. 

5. What aquifer storage parameters should be used in the analysis? The current methodology 
uses an average specific yield across the three aquifers (BVHM layers) to assign one specific 
yield value per grid cell.  Another option is to use specific yield estimates across the shallow 
aquifer layers where most of the unconfined storage changes are occurring.  

6. Should the period of analysis for annual storage change be changed from spring-to-spring to 
fall-to-fall? This change would be consistent with the water year reporting period.  

7. If the methodology is changed, should past estimates of annual and cumulative storage 
change be re-estimated? Options include: (i) make no changes to the historical estimates of 
storage change; (ii) re-estimate the storage changes so all estimates are based on the same 
methodology; or (iii) wait until the BVHM is updated and use the model-generated storage 
change estimates. 

8. Are there other methods that should be considered to estimate storage changes? For 
example, the BVHM is a tool capable of estimating storage changes. 

9. Are there gaps in the monitoring network that should be filled? Currently, there is a paucity 
of GWE data in the North Management Area.  Should this exercise be used to identify the gaps 
in the GWE monitoring network? 

Next Steps 
The Technical Consultant will compile the feedback received at the TAC meeting and, if appropriate, 
prepare a proposal for a revised methodology to estimate annual storage changes. The Technical 
Consultant will distribute the proposal to the TAC as a memorandum so that TAC can review, 
comment, and provide suggested edits on the revised methodology. The Technical Consultant will 
then finalize the memorandum for Board review at its December 2021 or January 2022 meeting. The 
Technical Consultant will use the TAC-recommended method to estimate annual storage change for 
the WY 2021 Annual Report to the DWR. 
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