
Central Valley Regional Water Quality Control Board 
19 January 2021 

Tess Dunham 
Kahn, Soares & Conway, LLP 
1415 L Street, Suite 400 
Sacramento, CA 95814 

CONDITIONAL APPROVAL OF THE GROUNDWATER PROTECTION FORMULA 
WORKPLAN FOR CENTRAL VALLEY WATER QUALITY COALITIONS 

On 1 July 2020, a document entitled Workplan: Groundwater Protection Formula (GWP 
Workplan) was submitted to the Central Valley Regional Water Quality Control Board 
(Central Valley Water Board) on behalf of third-party groups (Coalitions) approved to 
represent owners and operators of irrigated lands within the Central Valley. 
Development of a Groundwater Protection Formula is required under applicable Waste 
Discharge Requirements General Orders (WDRs) for owners and operators of irrigated 
agricultural lands for the purpose of developing estimates (Groundwater Protection 
Values), expressed as either a nitrate loading number or a concentration of nitrate in 
water (e.g.,mg/L), which reflect the total applied nitrogen, total removed nitrogen, 
recharge conditions, and other relevant and scientifically supported variables that 
influence the potential average concentration of nitrate in water expected to reach 
groundwater in a given township over a given time period. These estimates will in-turn 
be used to develop appropriate Groundwater Protection Targets reflective of N loading 
rates necessary to achieve compliance with receiving water limitations within High 
Vulnerability Areas. 

The GWP Workplan was circulated for public comment on 28 July 2020 and 
concurrently reviewed by Central Valley Water Board staff (staff). It is my expectation 
that the Groundwater Protection Formula will continue to be refined over time as 
additional opportunities for improvement are identified. Based on staff’s review of the 
GWP Workplan, I am approving the submittal with the conditions listed below. 

The following items must be submitted in conjunction with the proposed Groundwater 
Protection Values: 

1. Documentation of model inputs and results used to develop the Root-Zone
Library (crop growth parameter definitions and values, management parameters,
irrigation method and volume by crop, crop coefficients, assumed irrigation
efficiency, etc.)
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2. A sensitivity analysis which identifies the model parameters exhibiting the largest
influence on N losses (e.g., volatilization, sequestration, runoff) for each of the
top five crops by acreage.

3. A summary for each of the three model domains describing the range of
estimated N losses by crop. At a minimum the summary should include each of
the top five crops by acreage.

4. Summaries of overall water budget (precipitation, runoff, ET by crop, irrigation,
percolation) and N mass balance (applied, uptake, runoff, deposition,
denitrification, volatilization, storage, leached) by township.

5. Descriptions of the specific methods and criteria that will be used to account for
post root-zone processes (if any). Any proposal would be subject to public review
and EO approval prior to use.

6. Comparisons of other sources of percolation and nitrate leaching estimates (e.g.,
field studies, HYDRUS) to model estimates.

7. Comparisons, aggregated by township, of grower reported data (N applied, N
removed) to model estimates (N applied, N Removed, N Leached).

If you have any questions regarding this letter, please contact Sue McConnell at 
(916) 464-4798 or by e-mail at sue.mcconnell@waterboards.ca.gov.

Patrick Pulupa 
Executive Officer 

Enclosure: 29 December 2020 staff memorandum 

mailto:sue.mcconnell@waterboards.ca.gov


 

 

Central Valley Regional Water Quality Control Board 

TO: David Sholes, PG  
Senior Engineering Geologist 
Irrigated Lands Regulatory Program

FROM: Eric Warren, PE 
Water Resource Control Engineer 
Irrigated Lands Regulatory Program

DATE: 29 December 2020 

SUBJECT: REVIEW OF THE GROUNDWATER PROTECTION FORMULA 
WORKPLAN FOR CENTRAL VALLEY WATER QUALITY 
COALITIONS 

On 1 July 2020, a collaborative Workplan for the development of a Groundwater 
Protection Formula was submitted to the Central Valley Regional Water Quality Control 
Board (Central Valley Water Board) on behalf of third-party groups (Coalitions) 
approved to represent owners and operators of irrigated lands within the Central Valley 
Region. Development of a Groundwater Protection Formula is required under applicable 
Waste Discharge Requirements General Orders (WDRs) for owners and operators of 
irrigated agricultural lands for the purpose of developing estimates (Groundwater 
Protection Values), expressed as either a nitrate loading number or a concentration of 
nitrate in water (e.g., mg/L) for townships within designated High Vulnerability Areas. 
The Values need to reflect the total applied nitrogen, total removed nitrogen, recharge 
conditions, and other relevant and scientifically supported variables that influence the 
potential average concentration of nitrate in water expected to reach groundwater in a 
given township over a given time period. These estimates will in-turn be used to develop 
appropriate Groundwater Protection Targets reflective of N loading rates necessary to 
achieve compliance with receiving water limitations within High Vulnerability Areas. 

The Groundwater Protection Formula workplan was circulated for public comment on  
28 July 2020 and concurrently reviewed by Central Valley Water Board staff (staff). 
Three comment letters were received during the public review period. In addition, 
several meetings have been held with Coalition representatives to provide further 
clarification on the GWP Formula Workplan and associated CV-SWAT model 
development. A summary of the Workplan’s proposed approach, public comments 
received, and staff comments are provided in the following sections. 
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Summary of the Proposed Groundwater Protection Formula Methodology 

Model Background 
A key component of the proposed Groundwater Protection Formula is the SWAT (Soil 
and Water Assessment Tool) Model. This model has been under continual 
development, expansion, validation, and use for over 40 years, including incorporation 
of other scientific model features and data. SWAT has been used to quantify nitrate 
loading to surface and groundwater from agricultural and adjacent natural systems. 

According to the Groundwater Protection Formula Workplan, SWAT is a process-based 
model that operates with a daily time-step and represents many physical, chemical, and 
biological processes. SWAT uses these underlying processes to simulate hydrology and 
water quality, and to model the environmental effects of land use, land management 
practices, and climate change. SWAT incorporates climate, soil, water, nutrient and 
pesticide dynamics, the nitrogen cycle, plant growth, and management. The spatial 
scale of SWAT can be adapted to larger regional processes or more detailed field-level 
analyses. This allows for estimation of numerous environmental effects, including nitrate 
leaching below the root-zone.  A version of SWAT has been customized for the Central 
Valley (CV-SWAT) for the Management Practice Evaluation Program and will be further 
adapted for the calculation of Groundwater Protection Values. In this application, the 
most detailed available climatic and (sub-field-level) soils information, is used, with the 
results for the many small analysis units summed to provide results for whole 
townships. 

General Approach 
The proposed Groundwater Protection Formula consists of three key steps: 1) Compile 
climate, soil, parcel, and Irrigation and Nitrogen Management Plan (INMP) Summary 
Report data; 2) Develop a “Root-zone Library” based on CV-SWAT estimates for 
percolation and nitrate leaching under various management scenarios; and 3) Calculate 
Groundwater Protection Values by matching appropriate Root-zone Library entries to 
grower reported data and aggregating the results to the township scale. 

Data Compilation 

Step 1 includes aggregating, analyzing, and summarizing INMP Summary Report data 
from all participating Central Valley Coalitions. These data will be analyzed to quantify 
the ranges of applied nitrogen, yield, and their relationship for each crop within High 
Vulnerability Townships. These datasets will then be used to develop a comprehensive 
Crop Management and Yield Matrix (Matrix) that reflects the distribution of applied 
nitrogen and yield for each crop. The Matrix will identify the appropriate management 
scenarios for CV-SWAT runs that are conducted in Step 2. 

Soils data from the Natural Resources Conservation Service as well as historical and 
current climate data from the California Irrigation Management Information System will 
also be assembled in CV-SWAT. Parcel data will be used to spatially associate the 
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individual Irrigation and Nitrogen Management Plan Summary Reports with soil and 
climate conditions at that location. 

Root-zone Library Development 

The Root-zone Library will consist of percolation and nitrate leaching estimates 
developed from an automated workflow which uses data from Step 1 to execute 
numerous (approximately 40,000) CV-SWAT runs. The wide range of modeled 
scenarios is intended to capture the variability of climate, soil, crop, and management 
that occurs throughout the Central Valley. Simulating each crop on every soil in every 
climate adds additional flexibility to account for future land use changes without 
necessitating additional model runs.  

Root-zone Groundwater Protection Value Calculations 

Percolation and nitrate leaching estimates from Step 2 will be aggregated to the 
township-scale to calculate root-zone Groundwater Protection Values for High 
Vulnerability Townships. This will be done by 1) matching the appropriate Root-zone 
Library entry to each INMP Summary Report (based on yield, applied nitrogen, soil, 
climate, and parcel), and b) developing a “calculator” to aggregate the resulting 
percolation and leaching estimates at the township scale to calculate root-zone-based 
Groundwater Protection Values. Additional steps to account for additional processes 
(e.g., vadose zone attenuation and groundwater recharge) may be applied to the root-
zone-based Groundwater Protection Values as a post-processing step or be applied 
when calculating Groundwater Protection Targets. 

Public Comments Received 

California Rice Commission 
On 28 July 2020 a comment letter was submitted by the California Rice Commission. 
While development of a Groundwater Protection Formula is not a requirement of the 
Waste Discharge Requirements General Order for Sacramento Valley Rice Growers 
(R5 R5-2014-0032-02), the letter expressed strong support for the GWP Formula 
Workplan and noted its utility in managing approximately 12,000 acres of rice grown in 
other areas of the San Joaquin Valley.  

American Rivers and the Environmental Law Foundation 
On 11 September 2020 a joint comment letter was submitted by American Rivers and 
the Environmental Law Foundation. The letter generally supported the CV-SWAT 
modeling approach but expressed concern regarding 1) the completeness of the 
Groundwater Protection Formula, 2) the modeling approach for crop rotations and land 
use changes, and 3) the transparency and public accessibility of the Groundwater 
Protection Formula. 
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Completeness of the Groundwater Protection Formula  

In regard to completeness of the Groundwater Protection Formula, the commenters 
noted that the calibration of the model is currently ongoing, and comparisons against 
literature values or outputs from other models such as HYDRUS have not been 
provided in the Workplan. The letter also expressed concern regarding the lack of 
information regarding how the described post root-zone processes would be accounted 
for during the calculation of Groundwater Protection Values. 

Modeling Approach for Crop Rotations and Land Use Changes 

The comment letter stated that the proposed Groundwater Protection Formula does not 
contain a mechanism for accounting for crops that are frequently rotated and suggested 
incorporating simulations to represent scenarios where land use may frequently change. 
It also noted the availability of a more recent 2016 land use dataset published by the 
Department of Water Resources. 

Transparency and Public Accessibility of the Groundwater Protection Formula 

The last issue raised by the commenters was regarding the lack of public access to the 
data input files used within the model, and the inability for the public to reproduce the 
model results. Items specifically identified as unavailable were grower reported nitrogen 
application data, adjusted land use data, and calibrated parameter values for each 
chapter of the described Root-Zone Library. 

Clean Water Action, Community Water Center, and Leadership Counsel for Justice and 
Accountability 
On 15 September 2020 a joint comment letter was received from the Clean Water 
Action, Community Water Center, and Leadership Counsel for Justice and 
Accountability. The letter supported the use of the CV-SWAT model but raised 
questions regarding 1) how model calibration will be continuously improved; 2) how the 
Groundwater Protection Formula relates to Groundwater Protection Values and Targets; 
and 3) how local impacts within a township may be identified and mitigated. 

Model Calibration 

The commenters noted that there is currently a lack of information available to calibrate 
the proposed model and agreed with prior comments submitted by American Rivers and 
the Environmental Law Foundation suggesting the results be compared to other model 
results, such as HYDRUS, for at least five of the most common crop types. An 
additional request was made for more information regarding how the modeling process 
can be continuously improved over time (e.g., the development of field data necessary 
to confirm model outputs) and how the described work will continue beyond the 2024 
completion of the MPEP. 
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How the Groundwater Protection Formula Relates to Groundwater Protection Values and 
Targets 

The commenters also noted that the Groundwater Protection Formula Workplan 
identifies post-processing modifications to calculated Groundwater Protection Values 
may be made by individual Coalitions to account for factors that may influence the 
concentration of nitrate reaching groundwater (e.g., vadose zone attenuation and 
recharge). An expanded description of what site-specific information may be developed 
and how the information will be used was requested prior to calculation of Groundwater 
Protection Values, along with an additional opportunity for public comment.  

Clarification was requested regarding whether the Groundwater Protection Formula 
Workplan is proposing to modify the WDRs point of compliance with receiving water 
limitations from first-encountered groundwater to the bottom of the root-zone. 

How Local Impacts Within a Township May Be Identified and Mitigated 

As part of Groundwater Protection Value and Target development, the commenters 
requested additional discussion regarding how tools used in this process may 
potentially help to identify and prioritize impacted communities for protection. 

Summary of Staff Comments 

Staff have several comments on the proposed Groundwater Protection Formula, some 
of which are duplicative to those raised by public commenters. These issues, along with 
recommendations for addressing them, are discussed in the following sections. 

Modeling Approach for Crop Rotations and Land Use Changes 
With regards to crop rotations, and to a similar extent irrigation method, it is difficult to 
capture the yearly variability exhibited by some farms. For example, in a given year a 
grower may make a management decision to attempt a second harvest or change their 
irrigation method based on the availability of surface water allocations. The described 
methodology in the Groundwater Protection Formula Workplan contains a number of 
general assumptions (e.g., each field is assigned a single crop type and each crop is 
assigned the predominant irrigation method) which potentially reduce its ability to reflect 
the variability of management scenarios and corresponding leaching. Staff acknowledge 
that accounting for the full breadth of management scenarios is likely infeasible in the 
context of data availability and the time/cost involved in expanding the model 
capabilities. However, it is our expectation that the Groundwater Protection Formula will 
continue to be refined over time as additional opportunities for improvement are 
identified. 

Model Calibration  
While the applicable WDRs do not specify a specific metric or threshold for the accuracy 
of Groundwater Protection Values, the workplan should provide some assessment of 
the Groundwater Protection Formula’s ability to estimate the average concentration of 
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nitrate expected to reach groundwater in evaluated areas. Without documented 
comparisons between model outputs and other sources of percolation and nitrate 
leaching estimates (e.g., field studies, grower reported N Applied/Yield data, HYRDUS) 
it is difficult to have confidence in the model’s ability to reasonably estimate township-
scale leaching. The Groundwater Protection Formula Workplan is also lacking a 
sensitivity analysis that would allow staff or other interested parties to evaluate how the 
fate of N is influenced by various parameters within the model. These issues need to be 
resolved prior to approval of Groundwater Protection Values. 

Transparency and Public Accessibility of the Groundwater Protection Formula 
Staff agree there is a need for public transparency regarding the model. To this end, 
documentation of the parameter definitions and input values used to develop the root-
zone library needs to be submitted once complete. Additionally, township-level 
summaries comparing aggregated grower-reported data (N applied, N removed) to 
model estimates (N applied, N Removed, N Leached) should be submitted.  

Adjustment of Groundwater Protection Values 
The Groundwater Protection Formula Workplan identifies potential key processes that 
may be considered by individual Coalitions in calculation or adjustment of the final 
Groundwater Protection Values (e.g., vadose zone attenuation and groundwater 
recharge). Insufficient information was provided for staff to understand how this process 
may be implemented, but the Groundwater Protection Formula Workplan did include a 
commitment to provide clear explanations and supporting documentation for any post-
processing calculations conducted during the submittal of proposed Groundwater 
Protection Values. 

The intent of the Groundwater Protection Formula is to develop estimates of N loading 
to groundwater, as opposed to from the root-zone (although the later may be substituted 
for the former as a conservative estimate in most instances). Staff agree that submittal 
and review of the proposed post-processing methodology and criteria is a necessary 
step prior to use of such a methodology in calculating Groundwater Protection Values or 
Targets.  

Recommendations 
Staff generally support the use of the CV-SWAT model and methodology described in 
the Groundwater Protection Formula Workplan. However, certain aspects of the model 
development remain in-progress. Staff recommend the following items to be submitted 
in conjunction with the proposed Groundwater Protection Values: 

1. Documentation of model inputs and results used to develop the Root-Zone 
Library (crop growth parameter definitions and values, management parameters, 
irrigation method and volume by crop, crop coefficients, assumed irrigation 
efficiency, etc.) 

2. A sensitivity analysis which identifies the model parameters exhibiting the largest 
influence on N losses (e.g., volatilization, sequestration, runoff) for each of the 
top five crops by acreage. 
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3. A summary for each of the three model domains describing the range of 
estimated N losses by crop. At a minimum the summary should include each of 
the top five crops by acreage. 

4. Summaries of overall water budget (precipitation, runoff, ET by crop, irrigation, 
percolation) and N mass balance (applied, uptake, runoff, deposition, 
denitrification, volatilization, storage, leached) by township. 

5. Descriptions of the specific methods and criteria that will be used to account for 
post root-zone processes (if any). Any proposal would be subject to public review 
and EO approval prior to use. 

6. Comparisons of other sources of percolation and nitrate leaching estimates (e.g., 
field studies, HYDRUS) to model estimates. 

7. Comparisons, aggregated by township, of grower reported data (N applied, N 
removed) to model estimates (N applied, N Removed, N Leached). 
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