
 

Kern County Subbasin Groundwater Sustainability Plan Support – Phase II Att. 4-i 

Sustainable Groundwater Management Grant Program – Round 3 Planning Grants 

 

 

Grant Proposal Summary Budget Table .................................................................................................... 1 

Proposal/Component Detailed Budget Table ............................................................................................ 2 

Budget Description ..................................................................................................................................... 3 

 

 

 

 



Attachment 4 – Budget 

 

Kern County Subbasin Groundwater Sustainability Plan Support – Phase II Att. 4-1 

Sustainable Groundwater Management Grant Program – Round 3 Planning Grants 

 

Grant Proposal Summary Budget Table 

Table 5A – Grant Proposal Summary Budget (No Components) 

Grant Proposal Title:  Kern County Subbasin Groundwater Sustainability Plan Support – Phase II 

Applicant:  Kern River Groundwater Sustainability Agency (KRGSA) 

Grant Proposal serves a need of a DA?: X Yes ☐ No  

Local Cost Share requested: ☐ 25% ☐ 15% ☐ 10% X 0% 

 

Budget Categories1 

(a) 

Requested 
Grant 

Amount 

(b) 

Local Cost Share: 

Non-State Fund 

Source2 

(c) 

Total 

Cost 

(d) 

% Local Cost 

Share (Col (b)/ 

Col (c)) 

(a) Grant Agreement Administration  $25,000 $0 $25,000 0% 

(b) Stakeholder Engagement / Outreach $2,500 $0 $2,500 0% 

(c) GSP Development – Subbasin DMS 

Scoping and Development 
$472,500 $0 $472,500 0% 

(d) Monitoring / Assessment $0 $0 $0 $0 

Grand Total  

Sum rows (a) through (d) for each 

column 

$500,000 $0 $500,000 0% 

1 Only these Budget Categories shall be used. Tasks can be added for more detail. 

2 List sources of funding: Assumes DAC waiver for local cost share 
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Proposal/Component Detailed Budget Table 

Table 6A – Proposal Detailed Budget (No Components) 

Grant Proposal Title:  Kern County Subbasin Groundwater Sustainability Plan Support - Phase II  

Applicant:  Kern River Groundwater Sustainability Agency (KRGSA) 
 

Budget Categories1 

(a) 

Requested Grant 

Amount 

(b) 

Local Cost Share: 

Non-State Fund 

Source2 

(c) 

Total Cost 

(a) Grant Administration  $25,000 $0 $25,000 

Task 1. Grant Management $4,000 $0  

Task 2. Invoicing $9,000 $0  

Task 3. Report Preparation  $12,000 $0  

(b) Stakeholder Engagement / 

Outreach 
$2,500 $0 $2,500 

Task 1. Technical Meetings $2,500 $0  

(c) GSP Development: Subbasin 

DMS Scoping and Development 
$472,500 $0 $472,500 

Task 1. Retain Consultant to Assist 

with DMS Development 
$2,500 $0  

Task 2. Identify Information 

Requirements for DMS 
$2,500 $0  

Task 3. Investigate and Select an 

Appropriate DMS 
$5,000 $0  

Task 4. Procure/Design and 

Customize the Selected DMS 
$457,500 $0  

Task 5. Develop Data Protocols and 

Templates  
$2,500 $0  

Task 6. Develop DMS User’s Manual 

and Train GSA Staff 
$2,500 $0  

Task 7. Review and Assessment of 

DMS 

$0 $0 
 

(d) Monitoring / Assessment  $0 $0  

Grand Total  

Sum rows (a) through (d) for each 

column 

$500,000 $0 $500,000 

1 Only these Budget Categories shall be used. Tasks can be added for more detail. 

2 List sources of funding: Assumes DAC waiver for local cost share 
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Budget Description 

The Kern County Subbasin Groundwater Sustainability Plan Support – Phase II proposal includes one 

project, which will benefit the entire Kern County Subbasin. Since only one component (or project) is 

proposed, Grant Administration has been included with the budget for the project, and the required 

budget templates 5A and 6A, intended for proposals that do not include multiple components, have been 

completed and presented above. 

This section summarizes costs included in each budget category and describes how the values included 

in Table 6A, Proposal Detailed Budget, for the Kern County Subbasin Groundwater Sustainability Plan 

Support – Phase II were developed. 

Budget Category (a): Grant Administration  

The Direct Project Administration provided by KRGSA on behalf of all the GSAs in the Kern County 

Subbasin will support this project and will also oversee the implementation of overall grant funding such 

as executing a grant agreement with DWR, conducting reporting and invoicing, and ensuring that grant 

requirements are met. These tasks ensure that the project will be completed, DWR receives Quarterly 

and Final Project Completion Reports, invoicing and record-keeping are current, and other grant 

administrative functions are completed. 

The Grant Administration budget was developed in order to keep these administration costs to within 5% 

of the award amount and maximize the grant funding utilized for the Subbasin Data Management System 

Development project, which is the critical GSP planning need in the Subbasin at this time. The total 

Budget Category (a) costs are therefore estimated at $25,000 – 5% of the total grant amount of $500,000.  

The total of $25,000 for this Budget Category (a) includes $4,000 for Grant Administration, $9,000 for 

Invoicing, and $12,000 for Report Preparation. The Administration budget is well within DWR’s guidance 

to keep costs to within 10% of the Grant Request. The Grant Administration budget is considered 

reasonable as it does not exceed 5% of the overall project budget and is consistent with DWR’s 

guidance. This cost estimate is considered standard and was developed based on KRGSA, KGA, and the 

other GSA experience managing IRWM and SGMA grants in recent years.  

The Grant Administration work will include effort from KRGSA’s legal and accounting functions, as well as 

project managers as well as the GSAs in the Kern subbasin who will coordinate with KRGSA, assuring 

the timely completion of reporting tasks detailed in the Work Plan. A consultant may be added to assist 

the project team. Grant Administration effort may exceed amounts included in this budget; additional 

effort and costs required to complete the Grant Administration task will constitute Other Cost Share. 

It is anticipated that a full DA waiver for Local Cost Share will be received for this Proposal. In anticipation 

of the full waiver, no Local Cost Share has been included with the Proposal Budget. Please see 

Attachment 6 – SDAC, DAC, EDA for documentation and narrative describing Disadvantaged Areas 

within the Kern County Subbasin project area. 

Budget Category (b): Stakeholder Engagement / Outreach 

The total cost of Stakeholder Engagement / Outreach, Budget Category (b), is $2,500, included as Grant 

Request. This cost estimate was developed based on KRGSA, KGA, and other the GSA experience in 

conducting Stakeholder Engagement and Outreach work in recent years and through development of 

Groundwater Sustainability Plans for the Subbasin. These costs represent a minimal level of Stakeholder 

Engagement associated specifically with this proposed grant-funded project, in order that the bulk of 

available grant funding can be allocated to implementation of the Subbasin Data Management System 

Development project, which is the critical GSP planning need in the Subbasin at this time.  
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If the actual level of effort needs to exceed amounts included in this budget to achieve project objectives, 

the additional costs required to complete the task will be paid by the GSAs.  

It is anticipated that a full DA waiver for Local Cost Share will be received for this Proposal. In anticipation 

of the full waiver, no Local Cost Share has been included with the Proposal Budget. Please see 

Attachment 6 – SDAC, DAC, EDA for documentation and narrative describing Disadvantaged Areas 

within the Kern County Subbasin project area. 

Budget Category (c): GSP Development: Subbasin DMS Scoping and Development  

The total cost of GSP Development: Subbasin DMS Scoping and Development, Budget Category (c), is 

$472,500, included as Grant Request. This total Budget Category (c) cost of $472,500 constitutes the 

bulk of requested grant funding, in order to launch the scoping and development of the Subbasin’s critical 

GSP planning effort, to develop a DMS for the Subbasin. This $472,500 Category (c) grant request is 

spread the anticipated seven tasks that will result in a fully functioning DMS. $2,500 is budgeted for 

Task 1, which includes developing a Request for Proposals and ultimately contracting with a Data 

Management System professional consultant to lead the DMS development process. Task 2 is budgeted 

at $2,500 and includes identification of the information requirements for the DMS. Allocated for Task 3, to 

investigate and ultimately select an appropriate DMS for the Subbasin is $5,000. Task 4 constitutes the 

bulk of the grant request in the amount of $457,500. Task 4, Procure, Design, and Customize the 

Selected DMS, is the focus of the Kern County Subbasin to accomplish the coordination of monitoring, 

management, and annual reporting going forward. Tasks 5 and 6 are supportive tasks to complete the 

development of a basin-wide coordinated DMS. Each of these tasks is allocated $2,500. Task 7, Review 

and Assessment of DMS, would be funded by the GSAs as part of their ongoing GSP process. 

Budget Category (d): Monitoring / Assessment 

This project is a planning effort and does not involve on-the-ground monitoring activities. 

As described in Attachment 3, Work Plan, the intent is to make as much progress as possible toward 

development of a fully functioning DMS. The GSAs have committed to continue ongoing collaborative 

efforts towards accomplishing Subbasin-wide tasks to support GSP planning and implementation. The 

GSAs will support each task in the workplan as needed with the necessary level of effort to meet the 

project goals. 

This cost estimate was developed based on KRGSA, KGA, and other GSA experience in contracting with 

professional consultants in recent years and through development of Groundwater Sustainability Plans for 

the Subbasin, as well as with input from consultants and industry professionals knowledgeable about 

DMS development and the data collection needs of the Subbasin’s GSAs.  

As described in Attachment 3, Work Plan, it is anticipated that the cost to fully develop an operational 

DMS for the Subbasin will far exceed grant funding available under this Round 3 Planning Grant 

opportunity. Additional resources beyond the funding available through this grant will be provided by 

Subbasin GSAs as necessary to complete the project and achieve a workable DMS that meets Subbasin 

needs. The Subbasin GSAs will coordinate to fund any additional project costs and have a demonstrated 

track record of doing so on many other GSP-related projects. 

It is anticipated that a full DA waiver for Local Cost Share will be received for this Proposal. In anticipation 

of the full waiver, no Local Cost Share has been included with the Proposal Budget. Please see 

Attachment 6 – SDAC, DAC, EDA for documentation and narrative describing Disadvantaged Areas 

within the Kern County Subbasin project area. 
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Schedule  

Table 7A – Grant Proposal Schedule (No Components) 

Grant Proposal Title:  Kern County Subbasin Groundwater Sustainability Plan Support – Phase II   

Applicant:  Kern River Groundwater Sustainability Agency (KRGSA)   

 

 

  

Categories 
Start Date 

(Earliest Start Date) 

End Date 

(Latest End Date) 

(a) Grant Administration  3/1/2020 7/31/2022 

Task 1. Grant Management 3/1/2020 7/31/2022 

Task 2. Invoicing 6/1/2020 7/31/2022 

Task 3. Report Preparation  6/1/2020 7/31/2022 

(b) Stakeholder Engagement / Outreach 4/1/2020 4/30/2022 

Task 1. Technical Meetings 4/1/2020 4/30/2022 

(c) GSP Development: Subbasin DMS Scoping and 

Development 
2/1/2020 4/30/2022 

Task 1. Retain Consultant to Assist with DMS Development 2/1/2020 6/30/2020 

Task 2. Identify Information Requirements for DMS 2/1/2020 9/30/2020 

Task 3. Investigate and Select an Appropriate DMS 6/30/2020 4/30/2021 

Task 4. Procure/Design and Customize the Selected DMS 5/1/2021 4/30/2022 

Task 5. Develop Data Protocols and Templates  5/1/2020 4/30/2022 

Task 6. Develop DMS User’s Manual and Train GSA Staff 10/1/2021 4/30/2022 

Task 7. Review and Assessment of DMS  7/1/2021 4/3/2022 

(d) Monitoring / Assessment  N/A N/A 
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Schedule Description 

The Kern County Subbasin Groundwater Sustainability Plan Support – Phase II proposal includes one project, 

which provides benefits for the entire Kern County Subbasin. Since there are no additional components included 

with this proposal, Grant Administration has been included with the Work Plan, Budget, and Schedule for the 

single project, and the required Schedule Table 7A, intended for proposals that do not include multiple 

components, has been completed and presented above. 

This section summarizes the schedule established (and presented in Table 7A) for the Kern County Subbasin 

Groundwater Sustainability Plan Support – Phase II proposal. 

The tasks listed in the schedules align with the same tasks identified and described in the Work Plan (Attachment 

3) and Budget (Attachment 4), and use March 2020 as the assumed award date of the grant and launch of Grant 

Administration. Project implementation will likely begin prior to notification of award, potentially by February 2020.  

All project implementation work will be complete by the end of April 2022. The schedule for Grant Administration 

extends through July 2022 when all final reports and invoicing will be complete for the grant. 

The anticipated order of activities for completion of the project is as follows: 

• Category (c), GSP Development: Subbasin DMS Scoping and Development, will begin immediately upon 

grant award with the process of hiring a DMS consultant (Task 1). The selected consultant will assist the 

GSAs with identifying information requirements for the DMS (Task 2). Task 2 begins concurrently with 

Task 1 to allow the identification of requirements to inform the RFP process in Task 1; the task continues 

to allow communication and consultation with the DMS Consultant on system requirements. After working 

collaboratively with the GSAs in Task 2, the DMS consultant will then investigate and recommend 

appropriate DMS options for selection by the GSAs’ Boards (Task 3). KRGSA and KGA, on behalf of all 

the Subbasin GSAs, will procure the selected DMS and the consultant will customize it as needed (Task 

4). This process is expected to continue through April 2022 with ongoing adjustments and customization. 

Task 4 is expected to be partially funded by the GSAs when grant funds are expended for this task. 

Concurrently with this process, the consultant and GSAs will develop protocols and data templates (Task 

5), and will train GSA staff to use and populate the DMS following completion of these tasks (Task 6). 

Task 7 commences in 2021 when the DMS development is underway and continues throughout the grant 

period, allowing additional modifications to the DMS as the project is implemented. 

• Category (b), Stakeholder Engagement/Outreach, will involve coordination of technical meetings with 

stakeholders and DACs throughout the process of DMS scoping and development. 

• Category (a), Grant Administration, will involve management of the grant, invoicing, and report 

preparation before, during, and after completion of the grant activities. 

• Category (d), Monitoring / Assessment, does not apply to this project as it is a planning effort and does 

not involve on-the-ground monitoring activities. 

Environmental Compliance and Permitting 

The Kern County Subbasin Groundwater Sustainability Plan Support – Phase II proposal includes one project, 

which will benefit the entire Kern County Subbasin. This project, Subbasin Data Management System 

Development, is effectively a planning effort; no construction will take place under this project. 

This grant proposal covers the preparation of Groundwater Sustainability Plans (GSPs) within the Kern County 

Subbasin. Under Water Code § 10728.6, CEQA does not apply to the preparation and adoption of Groundwater 

Sustainability Plans. Therefore, this Proposal is exempt from California Environmental Quality Act (CEQA) 

requirements. 

The proposed Subbasin Data Management System Development project will initiate the key steps to develop and 

build a Subbasin DMS, which will ultimately support Subbasin GSAs by providing (1) improved coordination of 

groundwater monitoring and management actions and (2) the ability to meet the reporting and implementation 
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requirements of their respective GSPs and DWR. The development of a DMS does not meet the definition of a 

“Project” under CEQA, as it will not create any foreseeable impact on or alter the physical landscape in any 

shape, manner, or form. Under CEQA, a “Project” refers to an action that has the potential to result in a physical 

change to the environment (Pub. Res. Code § 21065). Therefore, CEQA does not apply to this project. 

Development of a Subbasin Data Management System will not require any permits or regulatory agency 

approvals. Therefore, a process and schedule for securing permits and approvals is not necessary, and has not 

been included in this Proposal.  
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Introduction 

According to Water Code § 79505.5, a disadvantaged community (DAC) is “a community with an annual 

median household income that is less than 80 percent of the Statewide annual median household income.” 

These communities, widely dispersed throughout California and the Kern County Subbasin, are especially 

sensitive to groundwater overdraft and decreases in local water quality such as that in the Kern County 

Subbasin. 

Attachment 6 – SDAC-DAC-EDA addresses the existence of DAC areas located within the Kern County 

Subbasin, and includes a map showing the Proposal benefit area and the location of DACs. 

Location of DACs within the Proposal Area 

The Kern County Subbasin (Proposal benefit area) is located in the Southern San Joaquin Valley, is a 

critically overdrafted, high priority groundwater basin and is home to numerous DAC Communities. The 

GSAs in the Kern County Subbasin identified DACs throughout the Subbasin by using the DWR’s DAC 

Mapping Tool and ArcGIS Map Package. Geographically, the Kern County Subbasin is comprised of 79.5 

percent Disadvantaged Communities. 

The GSAs in the Subbasin have accurately discerned and mapped where DAC communities exist within 

the Subbasin. Figure 6-1, below, illustrates the Proposal benefit area and the location of DACs within the 

Kern County Subbasin.  

The DAC Mapping tool and ArcGIS Map Package provide US Census data identifying DACs by “Block 

Groups”, “Tracts”, and “Places.” The specific dataset used in the tool is the US Census American 

Community Survey (ACS) 5-Year Data: 2012 – 2016 (with an MHI of $63,783 and hence calculated DAC 

threshold of $51,026).  

According to the US Census Bureau: 

• Block Groups are statistical divisions of census tracts, generally defined to contain between 600 

and 3,000 people.  

• Census Tracts are small, relatively permanent statistical subdivisions of a county or equivalent 

entity. Census tracts generally have a population size between 1,200 and 8,000 people, with an 

optimum size of 4,000 people.  

• Places can be defined as either incorporated or designated. Incorporated Places usually consist of 

a city, town, village, or borough, but can have other legal descriptions or boundaries. Designated 

Places usually coincide with visible features or the boundary of an adjacent incorporated place or 

another legal entity boundary, have no legal status, nor do these places have officials elected to 

serve traditional municipal functions. 

For more information on the DAC Mapping Tool or ArcGIS Mapping Package, please visit: 

http://www.water.ca.gov/irwm/grants/resources_dac.cfm. 

All communities qualifying as Disadvantaged Communities within the Kern County Subbasin (block groups, 

census tracts, and places) will benefit as a result of the Subbasin Data Management System Development 

project included in this Kern County Subbasin Groundwater Sustainability Plan Support – Phase II Proposal. 

 

http://www.water.ca.gov/irwm/grants/resources_dac.cfm
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Figure 6-1 shows the location and extent of all Disadvantaged Communities within the Kern County 

Subbasin. These Disadvantaged Areas make up 79.5 percent of the Subbasin and Project area. All 

communities qualifying as DACs within the Kern County Subbasin will benefit as a result of the proposed 

project. 

 

Figure 6-1. Disadvantaged Communities in the Kern County Subbasin 
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DAC Support and Outreach 

The Kern County Subbasin Groundwater Sustainability Plan Support – Phase II grant application includes 

outreach, engagement, and technical support to benefit DACs throughout the entire Subbasin. All the GSAs 

in the Subbasin conduct regular Board meetings on a monthly basis to support development of their 

respective GSPs. All the GSAs in the Subbasin have undertaken coordination activities with the DACs in 

the Subbasin. Several of the DACs are represented by board members on the GSAs in the Subbasin. 

The following DAC communities within the Kern County Subbasin are identified as cities or Census 

Designated Places (CDPs) in DWR’s DAC database. All communities qualifying as DACs within the Kern 

County Subbasin will benefit as a result of the DMS project. 

 

Arvin  

Buttonwillow CDP 

Delano  

Edmundson Acres CDP 

Ford City CDP 

Fuller Acres CDP 

Greenfield CDP 

Lamont CDP 

Lost Hills CDP 

Maricopa  

McFarland  

McKittrick CDP 

Mettler CDP 

Mexican Colony CDP 

Oildale CDP 

Richgrove CDP 

Shafter  

Smith Corner CDP 

South Taft CDP 

Taft  

Taft Heights CDP 

Tupman CDP 

Valley Acres CDP 

Wasco  

Weedpatch CDP 

 

As part of the DMS project, the GSAs in the Subbasin would conduct outreach to all the DACs that will be 

required to report to DWR under SGMA. GSA staff would work with local DACs within their boundaries, 

relying on the existing relationships they have established and maintained during the GSP development 

process.  

A joint letter of support for the Kern County Subbasin Groundwater Sustainability Plan Support – Phase II 

2019 Grant Application endorsed by the GSAs and stakeholders that would benefit from the project is 

provided in Appendix C. As noted previously, outreach to DACs will continue to occur throughout 

development of the DMS. With grant funding, the DMS project will be better situated to conduct outreach 

to, engage, and include DACs and DAC concerns so that DACs will benefit from easier access to 

groundwater sustainability information.  
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Joint Letter of Support 

 

 

 



 

 

 

HENRY MILLER WATER DISTRICT 

 TEJON-CASTAC WATER DISTRICT 

 Olcese Water District 

 

 

 

 

 

 

 

November 15, 2019  

Mr. Zaffar Eusuff, Program Manager 

Financial Assistance Branch 

California Department of Water Resources 

PO Box 942836  

Sacramento, CA 94326-0001 

 

Ms. Kelley List, Project Manager 

Sustainable Groundwater Management 

Program, Round 3 Planning Grant 

California Department of Water Resources 

901 P Street 

Sacramento, CA 94236 

 

Subject: Letter of Support for Kern River Groundwater Sustainability Agency Leading the Kern 

County Subbasin Proposition 1 Round 3/Proposition 68 Planning Grant Application 

Dear Mr. Eusuff and Ms. List:  

The undersigned groups are submitting this letter in support of the Sustainable Groundwater 

Management – Proposition 1 Round 3/Proposition 68 Planning Grant Application submitted by the Kern 

River Groundwater Sustainability Agency (KRGSA), in coordination with the all the GSAs in the Kern 

County Subbasin. The demographics of the Subbasin service area establish it as a geographic area of 

largely disadvantaged communities in need of assistance and support. As representatives and water 

providers of Disadvantaged Communities (DACs) in the Kern County Subbasin, we jointly support this 

effort to achieve sustainable groundwater planning in the Kern County Subbasin.  

Since the enactment of the Sustainable Groundwater Management Act (SGMA), the Kern County 

Subbasin GSAs have worked together to achieve sustainable groundwater management. Through a 

collaborative process involving more than a dozen member agencies and landowner representatives,  
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GSAs in the Kern County Subbasin have coordinated on numerous GSP activities, including the following 

milestones:  

• Produced a Subbasin-wide Sustainability Goal for achieving and maintaining sustainable 

groundwater management; 

• Developed Sustainable Management Criteria to apply to the entire Subbasin, while allowing 

flexibility for local GSA control; 

• Coordinated on a Subbasin-wide monitoring network and agreed on monitoring protocols for 

coordinated monitoring and groundwater evaluations; 

• Shared costs and tasks for the development of a Subbasin-wide integrated surface water–

groundwater model to analyze Subbasin water budgets and to support an evaluation of projects 

and management actions; 

• Held two widely attended SGMA Open Houses to allow stakeholders to discuss the GSP process 

and requirements directly with GSA managers; 

• Hosted numerous community, Board, public outreach, and stakeholder meetings, including many 

that were focused on the disadvantaged communities in the Subbasin; and 

• Organized numerous committees to guide policy decisions, coordinate communication and 

outreach activities, and provide a forum for GSA managers to discuss and coordinate GSP 

elements.  

While individual GSAs and their member agencies have developed separate Groundwater Sustainability 

Plans (GSPs) to comply with the SGMA regulations, the Kern GSAs recognized the need to develop a 

centralized, Subbasin-wide data management system (DMS) to support monitoring, evaluation, reporting, 

management, and, importantly, GSP implementation. We recognize that compilation of our individual 

systems will require significant manipulation and re-structuring to create a centralized relational DMS that 

is populated with consistent data sets across the Subbasin. For this reason, the GSAs of the Kern County 

Subbasin have agreed to coordinate to submit a Proposition 1 Round 3/Proposition 68 Planning Grant 

Application to take the first key steps in this process. Participating in the DWR grant funding program 

through continued Subbasin-wide Groundwater Sustainability Planning efforts is a good and essential 

step forward for DAC communities in the Kern County Subbasin.  

We are pleased and supportive to see the inclusion and participation of Disadvantaged Communities and 

related stakeholders in the Kern County Subbasin’s Groundwater Sustainability Planning efforts, and we 

believe that funding from this Grant Application will contribute to basin-wide groundwater planning efforts 

and benefit our community members. By funding the KRGSA’s grant application in the full allotment of 

$500,000, DWR will ensure that all that disadvantaged communities in the Kern County Subbasin will 

benefit from improved groundwater management and sustainability. The grant funds will be instrumental 

to the DACs in the Kern County Subbasin by providing the mechanism for meeting their reporting 

requirements under SGMA and also providing the ability to review each other’s data in the Subbasin.  

We hope that DWR will fully fund the Kern County Subbasin Round 3 Planning Grant Application, and we 

look forward to seeing the benefits of this program within all of our service areas in the near future. 
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Sincerely, 

Art Chianello 

Water Resources Manager 

City of Bakersfield 

David Beard 

Manager 

Improvement District No. 4  

Kern County Water Agency 

Holly Melton 

Water Resources Manager 

Kern County Water Agency 

L. Mark Mulkay 

General Manager 

Kern Delta Water District  

Phil Nixon 

General Manager 

Westside District Water Authority 

Jeof Wyrick 

President 

Henry Miller Water District  

Dennis Atkinson 

President of the Board 

Tejon-Castac Water District 

James L. Nickel 

President 

Olcese Water District 

Jason Gianquinto 

General Manager 

Semitropic Water Storage District 

Richard A. Diamond 

General Manager 

North Kern Water Storage 

     District  

Jonathan Parker 

General Manager  

Kern Water Bank Authority  

Raul Barraza, Jr.  

General Manager 

Arvin Community Service 

     District 

Chad Hathaway 

Board President 

Eastside Water Management  
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 MINUTES OF THE REGULAR 

 MEETING OF THE BOARD OF DIRECTORS 

 HENRY MILLER WATER DISTRICT 

 

 Held: December 2, 2019 

 

 

A regular meeting of the Board of Directors of Henry Miller Water District was held at the 

Law Offices of McMurtrey, Hartsock & Worth on December 2, 2019. 

 

CALL TO ORDER AND APPOINTMENT OF SECRETARY PRO TEM                        

 

President Jeof Wyrick called the meeting to order at 3:30 p.m. and appointed James Worth 

as Secretary Pro Tem.       

 

ROLL CALL 

 

 The following Directors were present: Slavisa Pavlovic, Charles Riddle, Jeof Wyrick and 

Thomas Hurlbutt appeared telephonically. 

 

The following Directors were absent:  Joey Mendonca. 

 

Others present were: Dominic Sween, Manager; Jim Worth, General Counsel; Lindsey 

McGuire, Treasurer. 

 

PUBLIC COMMENT 

 

None. 

 

APPROVAL OF BOARD MEETING MINUTES 

 

After discussion, and upon motion by Director Hurlbutt, seconded by Director Riddle, the 

minutes of the August 30, 2019 Special meeting were unanimously approved by a roll call vote.  

Director Mendonca was absent. 

 

TREASURER’S REPORT 

 

a. 2019 District FY Budget to-date:  Treasurer McGuire presented the prior Fiscal 

Year Income and Expenses for the period March 1, 2019 through October 31, 2019.  

The Income totaled $1,489,380.97 and the Expenses totaled $1,979,717.73.  After 

discussion, and upon motion by Director Riddle, seconded by Director Pavlovic, 

the Board unanimously accepted the FY19 Income/Expense Report by a roll call 

vote.  Director Mendonca was absent. 
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b. Review 2020 District FY Budget:  Treasurer McGuire presented the 2020-2021 FY 

Projected and Actual Cash Flows.  After discussion, and upon motion by Director 

Riddle, seconded by Director Pavlovic, the Board unanimously approved the 2020-

2021 FY Budget.  Director Mendonca was absent. 

 

c. California Farm Water Coalition Request for Funds:  Manager Sween informed the 

Board that the California Farm Water Coalition had made a request for funds.  After 

Board discussion, no action was taken. 

 

WATER SUPPLY AND OPERATIONS 

 

a. 2019 SWP Supplies:  Manager Sween informed the Board that it is too early for 

projections but an estimate of SWP allocation is 25%.  Carmel Carryover is 

presently estimated at 1,700 AF for 2020.  

 

b. 2019 Kern River Supplies:  Manager Sween provided the Board with an update of 

2019 Kern River supplies.

c. District Operations:  No report was given. 

 

d. Pioneer Project:  No report was given.

 

SUSTAINABLE GROUNDWATER MANAGEMENT ACT 

 

a. Master Coordination Agreement:  President Wyrick provided the Board with the 

latest status on local SGMA activities, including the Master Coordination 

Agreement.  After Board discussion, and upon motion by Director Hurlbutt, and 

seconded by Director Riddle, the Board unanimously approved the District signing 

the Master Coordination Agreement. 

 

b. Public Hearing for Comments on HMWD draft GSP:  President Wyrick opened the 

public hearing to receive comments on the HMWD draft GSP.  Hearing no 

comments, the public hearing was closed.  No action was taken. 

 

OTHER ITEMS 

 

No Website Resolution:  President Wyrick advised the Board of the requirement 

that special districts maintain a website, subject to certain exceptions enumerated 

in California Government Code Section 53087.8.  After discussion, and upon 

motion by Director Riddle, and seconded by Director Pavlovic, the Board 

unanimously approved Resolution No. 2019-01, District Determination of 

Insufficient Resources to Maintain an Internet Website.  Director Mendonca was 

absent. 
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ADJOURNMENT 

 

There being no further business to come before the Board, the meeting was adjourned at 

3:54 p.m. 

 

Respectfully submitted, 

 

 

____________________________________ 

James Worth, Secretary Pro Tem 

 

ATTEST: 

 

________________________________ 

Jeof Wyrick, President 
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 MINUTES OF THE SPECIAL 

 MEETING OF THE BOARD OF DIRECTORS 

 HENRY MILLER WATER DISTRICT 

 

 Held: January 10, 2020 

 

 

A special meeting of the Board of Directors of Henry Miller Water District was held at the 

Law Offices of McMurtrey, Hartsock & Worth on January 10, 2020. 

 

CALL TO ORDER AND APPOINTMENT OF SECRETARY PRO TEM                        

 

President Jeof Wyrick called the meeting to order at 11:01 a.m. and appointed Isaac L. St. 

Lawrence as Secretary Pro Tem.       

 

ROLL CALL 

 

 The following Directors were present in person: Jeof Wyrick, Joey Mendonca, and Slavisa 

Pavlovic. Thomas Hurlbutt appeared telephonically. 

 

The following were absent:  Charles Riddle. 

 

Others present were: Dominic Sween and Isaac L. St. Lawrence, General Counsel.  

 

PUBLIC COMMENT 

 

None. 

 

ADDITION OF AGENDA ITEM 

 

Pursuant to Government Code section 54954.2(b)(2), and upon motion duly made by 

Director Mendonca, seconded by Director Pavlovic, and unanimously carried by the Board 

members present, it was determined that there was a need to consider/take immediate action on 

one item, and that the need for action came to the attention of the District subsequent to the agenda 

being posted.  Therefore, the Board approved to add “Northwest Kern Resource Conservation 

District Contribution” as Open Session agenda item number 2.5 and renumbered all other agenda 

items accordingly. 

 

NORTHWEST KERN RESOURCE CONSERVATION DISTRICT CONTRIBUTION  

 

After discussion, and upon motion by Director Pavlovic, seconded by Director Mendonca, 

and unanimously carried by the Board members present, it was agreed it was in the best interest 

of the District to participate in, and pay the required contribution of $2,500.00, to support the 

Northwest Kern Resource Conservation District project and its mobile lab which assists the 

District with water conservation.   
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SUSTAINABLE GROUNDWATER MANAGEMENT ACT 

 

a. Resolution No. 2020-01 - Authorization to Approve the HMWD GSP:  Upon 

motion by Director Mendonca, seconded by Director Pavlovic, and unanimously 

carried by the Board members present, District Resolution 2020-01 was adopted 

whereby the HMWD GSP was approved, and staff was directed to take all 

necessary steps to file the HDWD GSP with DWR.  

 

OTHER ITEMS: 

 

 None. 

 

ADJOURNMENT 

 

There being no further business to come before the Board, the meeting was adjourned at 

11:10 a.m. 

 

Respectfully submitted, 

 

 

____________________________________ 

Isaac L. St. Lawrence, Secretary Pro Tem 

 

ATTEST: 

 

________________________________ 

Jeof Wyrick, President 
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Well Destruction Documents 



 



 



 



 



 



 

 

 

 
WATER WELL 

DESTRUCTIONS 

 
Water wells that are no longer in use 
(abandoned) or are no longer producing 
adequate supplies of water are required 
by state law and county ordinance to be 
destroyed according to established pro- 
cedures. 

 
Abandoned water wells can act as con- 
duits for surface and subsurface pollu- 
tion to enter groundwater supplies. 
Once polluted, groundwater is no longer 
drinkable. 

 
Abandoned wells can also be illegally 
used for the disposal of liquid and solid 
wastes, causing further degradation of 
the groundwater quality. 

 
The following guidelines will enable you 
to destroy your well in compliance with 
those regulations: 

 
1. An application for a permit to 

destroy the well must be sub- 
mitted to the Kern County Public 
Health Services Department, 

Environmental Health Division, for 
review prior to the well destruction. 

 
2. The contractor submitting an 

application must have a C-57 
license and be registered with the 
Department. 

 
3. A fee at the rate of $100 per hour 

will be charged for the travel and 
inspection time. 

 
4. Cut off casing six to eight feet (6'- 

8') below grade if in an urban 
area. 

 
5. Sealing material shall consist of 

neat cement, sand cement, 
concrete, bentonite or other 
approved material. Cuttings from 
drilling, or drilling mud, shall not 
be used for any part of the sealing 
material. 

 
6. With an aid of a tremie pipe, 

cement, concrete, or sand-cement 
grout in top 50 feet, spilling over 
to form a mushroom cap. 

 
7. Placement of the 50-foot cement 

seal must be witnessed by a 
representative of this Division. 

 
WELL 

DESTRUCTION 
 

 



 

 

 

 
 

 
For wells that penetrate a regional con- 
fining clay, additional requirements are 
as follows: 

 
1. Depth of the annular seal will be 

determined at the time the appli- 
cation is submitted or after the 
application is submitted to the 
Kern County Water Agency for 
review. 

 
2. Casing may be required to be 

perforated across the regional 
confining clay with a mills knife or 
wire line casing shot. 

 
3. The casing is to be immediately 

pumped full of approved sealing 
material with the aid of a tremie 
pipe from 10’ below the regional 
confining clay to the top of the well 
casing. 

 
4. The destruction procedures for the 

upper seal are the same as for the 
shallow well destruction. 

DESTRUCTION OF 

WELL WITH REGIONAL 

CONFINING CLAY 

 
 

 
WELL DESTRUCTION 

PROCEDURES 

 
 
 
 
 
 
 

DEPARTMENT OF PUBLIC 

HEALTH SERVICES, 

ENVIRONMENTAL HEALTH DIVISION 

2700 M STREET, SUITE 300 

BAKERSFIELD, CA 93301 

(661) 862-8700 

 
 

October 2006 
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January 7, 2020 

MEMORAND UM  

To:  Mark Mulkay, Kern River GSA 
  Patty Poire, Kern Groundwater Authority GSA 
From:  Michael Maley, Todd Groundwater 
  Charles Brush, Hydrolytics LLC 
Re:  SGMA Water Budget Development using C2VSimFG-Kern in support of the 

Kern County Subbasin Groundwater Sustainability Plans (GSPs) 

 
1. INTRODUCTION 

In compliance with the Sustainable Groundwater Management Act (SGMA), the multiple Groundwater 
Sustainability Agencies (GSAs) of the Kern County Subbasin (Figure 1) have successfully coordinated on 
the development of Groundwater Sustainability Plans (GSPs). The Kern County Subbasin, the largest in 
the State, was designated as critically-overdrafted by the California Department of Water Resources 
(DWR).  Water management in the Kern County Subbasin is complex.  It involves more than 30 water 
districts/systems, contains large groundwater banking projects of State-wide importance, and provides 
large quantities of groundwater to support both large urban centers and one of the top agricultural-
producing areas in the country. In addition, most agencies are involved in conjunctive management of 
local surface water, imported state and federal water, and groundwater. 
Within this complex water management setting, GSAs recognized that a numerical modeling tool would 
be needed to meet GSP regulations for assessment of historical, current, and future projected water 
budgets that are developed on a Subbasin-wide basis (§357.4(b)(3)). The California Central Valley 
Groundwater-Surface Water Simulation Model (C2VSim) is anticipated to be DWR’s primary tool for 
evaluating water management in the Central Valley and is specifically referenced in the GSP regulations 
for application to GSP water budgets (§354.18(f)); therefore, C2VSim was selected by the GSAs for GSP 
compliance. 
This technical memorandum describes the process and approach for selection, revisions, and application 
of the C2VSim to the Kern County Subbasin. The memorandum documents the development of Subbasin 
water budgets and presents the results. This document is being prepared as an attachment to Subbasin 
GSPs and as an attachment to the Kern County Subbasin GSAs’ coordination agreement.   
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1.1 Background 

During late 2016 and 2017, Subbasin GSAs held a series of meetings and workshops to evaluate 
potential modeling tools for GSP application. Although numerous existing models had been developed 
by various entities in the Subbasin over time, none of those models covered the entire Subbasin or 
incorporated all of the local water budget components necessary to meet GSP requirements.  
During the time that the Subbasin was evaluating various modeling alternatives, DWR was in the process 
of updating the regional C2VSim model through water year (WY) 2015. In particular, the GSP regulations 
stated that DWR would provide the C2VSim model “for use by Agencies in developing the water 
budget.” Todd Groundwater developed an approach for review, revisions, and application of the C2VSim 
model to the Kern County Subbasin. In March 2017, the Kern River GSA (KRGSA), on behalf of the 
Subbasin GSAs, entered into a contract with Todd Groundwater to conduct the proposed scope of work. 
The Kern Groundwater Authority (KGA), on behalf of the Subbasin GSAs, also retained Woodard & 
Curran to conduct a peer review of the Todd Groundwater C2VSim model revisions and application for 
the Kern County Subbasin.   
DWR released the C2VSim Fine Grid Public Beta model (C2VSimFG-Beta) on May 18, 2018 (CNRA, 2018). 
An initial model review indicated that the C2VSimFG-Beta generally had good historical precipitation, 
streamflow, land use and crop acreage for the entire Central Valley. Historical water supply and demand 
data were also generally good in the Sacramento Valley and San Joaquin River hydrologic regions; 
however, data were considered less reliable in the Tulare Lake hydrologic region including Kern County.  
To address this concern, Todd Groundwater – working with all Subbasin GSAs –revised the Kern County 
portion of C2VSimFG-Beta for WY1985 to WY2015.  This revised version of C2VSim for the Kern County 
Subbasin, referred to herein as the C2VSimFG-Kern model, was used to develop historical, current and 
projected-future water budgets in accordance with the requirements in the GSP regulations.  
The Central Valley portion of Kern County contains two groundwater subbasins, the Kern County 
Subbasin (5-022.14) and the White Wolf Subbasin (5-22.18) based on DWR Bulletin 118 (DWR, 2016A).  
All of the agencies that deliver water in White Wolf Subbasin also deliver water in the Kern County 
Subbasin and participated in the C2VSim revision. The White Wolf Subbasin portion of C2VSimFG-Beta 
model was included in this update to ensure coordination of groundwater conditions between the two 
subbasins.  These are considered separate groundwater basins under SGMA with the Kern County 
Subbasin listed by DWR as critically-overdrafted with a GSP deadline of January 30, 2020, whereas the 
White Wolf Subbasin is listed as medium priority with a GSP deadline of January 30, 2022. Therefore, 
only the model results for the Kern County Subbasin are evaluated and reported here. 
1.2 General Approach  

The current C2VSim model has a detailed finite element mesh that closely follows local hydrologic 
features. As a regional model, the C2VSimFG-Beta may over-generalize local conditions within the Kern 
County Subbasin so as to be inconsistent with local site-specific data and knowledge.  To address this 
concern, the managed water supply and demand inputs were updated to better represent the local 
water balance.  To do this, the more general assumptions in C2VSimFG-Beta were replaced with local 
data and knowledge that are regionally or locally significant over the WY1995 to WY2015 Hydrology 
Period.  Local managed water supply input data (e.g., surface water deliveries, land use, irrigation 
demand, return flows, and groundwater banking) were collected and applied to C2VSim. Improvement 
of Kern County data focused on incorporating:  
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• Surface water delivery volumes, application areas and use by water district, 
• Groundwater banking recharge, recovery and application of recovered water,  
• Irrigation demand from recent analyses of remote sensing data of evapotranspiration in the 

Kern County Subbasin based (ITRC, 2017), 
• Urban demand for the Subbasin focusing on Metropolitan Bakersfield, and  
• Data on other water sources and demands of local significance to individual districts/GSAs. 

Compiling the data needed for the model revision required a coordinated effort from the Subbasin GSAs 
(Figure 1) to provide locally derived data on managed water supply and demand that was used to revise 
the C2VSimFG-Beta for the Kern County Subbasin.  The Subbasin GSAs also coordinated on selection of 
consistent study periods for the C2VSimFG-Kern water budget analyses. Based on technical 
considerations and a review of regional data, the following study periods were selected: 

• Historical Water Budget - WY1995 through WY2014 (Section 3.2), and 
• Current Water Budget - WY2015 (Section 3.2), 
• Projected Water Budget - WY2021 through WY2070 using 50 years of hydrologic data based on 

historical data (Section 6.1). 
Todd Groundwater also coordinated data collection and model revision efforts with a Technical Peer 
Review Team and local agencies to ensure input data were accurately represented in the model.  
Tabulated input data, model files and model-derived water budgets were provided to the Technical Peer 
Review Team for review of accuracy and appropriateness.  Model input data and results were also 
provided to Kern County Subbasin water districts and local water purveyors for their review.  Comments 
and data issues were reconciled and incorporated into the revised C2VSimFG-Kern model.   
1.3 Acknowledgements 

These regional model revisions were enhanced by the participation of the many agencies that provided 
local water budget input data. Todd Groundwater worked with the member agencies, and their 
consultants, including the Kern River GSA, Kern Groundwater Authority GSA, Henry Miller Water District 
GSA, Olcese Water District GSA, and Buena Vista GSA to coordinate acquisition of input data from other 
agencies in formats that could be easily incorporated into the C2VSim model. On-going review of interim 
model results by these agencies, including local zonal water budgets, groundwater hydrographs and 
other model results, helped ensure that the revised model reproduced local mass balance estimates 
across the Subbasin.   
Woodard & Curran conducted an on-going peer review of model input files at the request of the GSAs in 
the Kern County Subbasin. Todd Groundwater worked with Woodard & Curran throughout the historical 
model revision process.  The C2VSimFG-Kern input files for the Kern County Subbasin revised historical 
simulation were provided to DWR for incorporation into future C2VSim public releases. 
Dr. Charles Brush of Hydrolytics LLC was added to the Todd Groundwater modeling team.  As an early 
developer of C2VSim for DWR, he provided his experience and expertise with the C2VSim. This 
collaborative effort provided further assurance that the significant model revisions could be managed in 
an efficient manner to meet the expedited schedule for water budget development. 
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2. C2VSIM 

C2VSim uses DWR’s modeling code Integrated Water Flow Model (IWFM) and covers the entire 
California Central Valley. Kern County is located at the far southern end of the Central Valley (Figure 2).  
C2VSim simulates the full hydrologic cycle, calculating water demands and tracking water movement 
through surface water and groundwater systems, and is therefore well suited to support GSP 
development.  
2.1 C2VSim Background 

DWR developed C2VSim to simulate water demands and supplies in the Central Valley.  C2VSim is an 
application of DWR’s IWFM software.  IWFM is an integrated hydrologic model that simulates water 
flows on the linked land surface, unsaturated zone, groundwater, and surface water flow systems.  A key 
feature of IWFM is DWR’s agricultural and urban water supply and demand management module that 
dynamically simulates the delivery of both surface water and groundwater supplies based on both water 
availability and calculated water demands, as affected by usage and climatic conditions.  
The C2VSim is derived from a series of Central Valley hydrologic models developed by DWR and other 
agencies beginning in the early 1990s.  Each model in this series has incorporated significant 
improvements over the previous version (Brush, Dogrul and Kadir, 2013).  The groundwater flow system 
is modeled in IWFM using the finite element method and uses a highly efficient solver developed at UC 
Davis.  The IWFM Demand Calculator (IDC) and land surface simulation process were developed with 
input from California irrigation management professionals.  Given DWR’s emphasis on water 
management, detailed water budgets produced by C2VSim provide strong representations of the 
surface water and groundwater flow systems and make it a preferred platform for developing water 
budgets.  
2.2 C2VSImFG-Beta Model 

DWR’s 2018 release of C2VSimFG-Beta includes historical input data for WY1922 to WY2015.  
C2VSimFG-Beta includes historical precipitation, stream inflow, land use and crop acreage for the entire 
Central Valley.  These data include monthly precipitation and annual land use for each model element 
and estimated monthly evapotranspiration for each modeled land use type and agricultural crop. 
Historical surface water data include monthly surface water inflow for each river entering the model 
boundary and monthly surface water diversions and deliveries. 
The C2VSimFG-Beta finite element grid divides the Central Valley into 32,537 model elements (Figure 2). 
Element areas are small near streams and in developed areas and expand to larger sizes in undeveloped 
areas.  Element sizes average 407 acres and range from 4 to 1,770 acres. Central Valley rivers and 
streams are represented with a network of 110 stream reaches. Surface water and groundwater inflows 
from uplands along the model boundary are simulated with 1,033 small watersheds.  Within the Kern 
County Subbasin, the land surface elevation varies from 208 feet above mean sea level (msl) in the north 
to 3,922 feet above msl in the foothills.   
The groundwater aquifer system is represented with four aquifer layers and one regional confining 
layer. The aquifer thickness in the Kern County Subbasin varies from 857 to 9,054 feet and the deepest 
aquifer location is 8,752 feet below msl. The Central Valley aquifer is simulated with the following 
hydrostratigraphic layers, listed from top to bottom: 
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• Shallow, unconfined aquifer, 
• Regional confining layer, 
• Active confined aquifer (contains high level of pumping), 
• Inactive confined aquifer (contains limited pumping), and 
• Saline confined aquifer.  

C2VSimFG-Beta includes annual land use and crop acreages and monthly precipitation, 
evapotranspiration, stream inflows, surface water deliveries and specified groundwater pumping rates 
for WY1922 to WY2015.  C2VSimFG-Beta uses IDC to dynamically calculate distributed monthly water 
demands, allocate available water supplies to meet these demands, and calculate unmetered 
groundwater pumping necessary to satisfy unmet demands.  C2VSimFG-Beta produces detailed monthly 
water budgets for arbitrary sets of elements grouped into zones. 
Water demands are calculated dynamically for each model element using the IWFM Demand Calculator 
(IDC) for agricultural, urban, native and riparian land use types.  Agricultural demand is calculated based 
on annual crop type distribution mapping and user-specified evapotranspiration rates for 20 irrigated 
crop types and managed seasonal wetlands at the Kern National Wildlife Refuge.  Agricultural water 
demand is determined based on a soil moisture balance that uses local soil properties to assess the 
amount of applied water (precipitation and specified surface water applications) available to meet the 
crop demand.  If water demands in an element are not satisfied from these sources, the C2VSim model 
calculates the groundwater pumping needed to eliminate any deficit. 
Urban demands are calculated based on population and per-capita water demands. Water demands for 
native, undeveloped, fallow or riparian settings are calculated from monthly evapotranspiration rates 
and the amount of precipitation.  If water demands in an element are not satisfied, no applied water is 
provided to these areas, and the vegetation is assumed to be in a stressed state.  Runoff of precipitation 
in developed and undeveloped areas within the Subbasin and surrounding small watersheds is 
calculated using methodology included in IWFM that is based on the Soil Conservation Service Curve 
Method (NRCS, 2004).   
C2VSimFG-Beta was released after a preliminary model calibration.  The distribution of aquifer 
parameters was based on a texture analysis of lithologic well logs compiled by the US Geological Survey 
(USGS, 2009) from Well Completion Reports submitted to DWR by well drillers.  The texture analysis 
interpolated the percentage of coarse-grained material at each well location and depth of the 
C2VSimFG-Beta mesh.  Aquifer parameters were then calculated for the model mesh based on the 
percentage of coarse-grained material and estimated properties for pure coarse- and fine-grained 
materials.  Transmissivities were estimated using specific capacity tests, where available.  Soil properties 
for each model element were derived from digitized soil maps published by the US Department of 
Agriculture (USDA) Natural Resources Conservation Service (NRCS, 2018). 
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3. KERN COUNTY REVISIONS 

C2VSimFG-Beta input files were revised to incorporate locally-derived managed water supply and 
demand data to better represent the local water budgets for the Kern County Subbasin.  Additional 
revisions were made to C2VSimFG-Beta model to address issues that were identified with the physical 
representation of the Kern County Subbasin.  The result of these Kern County specific modifications is a 
local version of C2VSimFG-Beta that is referred to here as C2VSimFG-Kern.  The following provides a 
summary of the model modifications.   
3.1 C2VSimFG-Kern Model 

C2VSimFG-Kern input files incorporate locally-derived historical data for the Kern County and White 
Wolf subbasins to better represent local water conditions.  These are two separate groundwater 
subbasins in the Kern County portion of the San Joaquin Groundwater Basin.  The Kern County Subbasin 
is listed as critically-overdrafted by DWR with a GSP deadline of January 30, 2020, whereas the White 
Wolf Subbasin is listed as medium priority by DWR with a GSP deadline of January 30, 2022.  C2VSimFG-
Kern was not changed for areas outside of the Kern County Subbasin. 
Historical surface water diversion, water bank recharge and water bank withdrawal information were 
collected from local GSAs, management areas, water agencies and purveyors. Urban land use was 
restricted to developed areas, and urban populations and per-capita water demands were updated. 
Model structure (elements, streams, stratigraphy, etc.) was not modified.  Model parameters were not 
calibrated, although some model parameters were adjusted to improve model performance in specific 
geographic areas. 
3.2 Simulation Time Period 

GSP requirements indicate a need to identify an average hydrologic study period for purposes of the 
groundwater analyses in the basin-wide water budgets. In order to select a consistent study period, the 
Kern County Subbasin GSAs agreed upon an historical hydrologic study period covering WY1995 through 
WY2014 (October 1, 1994 through September 30, 2014).  The selection of the historical hydrologic study 
period was based on a variety of technical criteria including: 

• Covers at least 10 years consistent with GSP regulations (§354.18(c)(2)(B)), 
• Contains 10 years characterized as above normal or wet years based on precipitation; also 

contains 10 years of below normal or dry years, including four critically dry years, 
• 100 percent of the long-term average streamflow conditions on the Kern River, as indicated by 

an average annual Kern River Index of 100 percent (Figure 4), 
• About 104 percent of long-term average precipitation (NOAA Bakersfield Meadows Field Airport 

Station), 
• Widely-available high-quality data available across the Subbasin, 
• Time period with current water management practices, intensive groundwater banking 

operations, and more recent land use patterns, 
• Begins in a time of relatively stable water levels (October 1994), and 
• Overlaps a time period with consistently developed basin-wide contour maps by Kern County 

Water Agency (KCWA). 
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For the historical water budget, it is desirable to define a base period when natural hydrology represents 
average conditions.  C2VSimFG-Kern incorporates this 20-year base period of WY1995 through WY2014 
with a 10-year spin-up period (WY1985 to WY1994).   
Kern County water agencies provided locally-derived water budget data for WY1993 to WY2015 for this 
study so that data input extended beyond the historical base period.  Additional water budget data prior 
to WY1993 were also collected where available and input into the model.   
The simulation period for C2VSimFG-Kern was set to WY1986 to WY2015 (October 1, 1985 through 
September 30, 2015), allowing a 10-year spin-before the start of the historical base period.  The 
C2VSimFG-Beta simulation period ran from October 1973 through September 2015 (WY1974 to 
WY2015).  The period from October 1973 to September 1985 was not included in the simulation due to 
concerns about lack of comparable data from these earlier periods.  
3.3 Data Compilation 

Participating agencies compiled water budget input data sets (using their staff, consultants or other 
resources) and provided them to Todd Groundwater.  Where appropriate, Todd Groundwater 
developed data templates that conformed to IWFM model data needs and used them to facilitate 
obtaining input data from local agencies.  This included monthly data for the following: 

• Surface water imports and diversions (inflows and outflows) by source, conveyance and 
application area,  

• Groundwater banking and managed aquifer recharge by water district or agency, 
• Groundwater recovery pumping of groundwater bank recharge for export from the basin,  
• Groundwater recovery pumping of managed aquifer recharge for local use, 
• Urban area population and per capita water use, and  
• Crop evapotranspiration (ET) rates based an analysis of satellite data (ITRC, 2017).   

In addition, groundwater banking data were compiled for the large Kern Fan banking projects.  Recently 
developed crop ET rates derived from remote sensing data were used to develop monthly crop ET rates 
for agricultural crops.  Urban land use was restricted to developed areas, urban populations and per-
capita water demands were updated, and urban wastewater recharge operations were added. 
3.4 Surface Water  

Kern County surface water diversions in C2VSimFG-Beta were grouped by project or water source, and 
some surface water deliveries were applied to large regions rather than to individual districts. In 
addition, some local surface water deliveries were missing from C2VSimFG-Beta.  For C2VSimFG-Kern, 
the 43 Kern County surface water diversions from C2VSimFG-Beta were replaced with 113 surface water 
diversions developed with data provided by local agencies.  
The Arvin-Edison WSD, Wheeler Ridge-Maricopa WSD and Tejon-Castaic WD overlie both the Kern 
County and White Wolf subbasins.  Surface water deliveries for these districts were apportioned to 
either the Kern County and White Wolf subbasins, based on data provided by Arvin-Edison WSD and 
Wheeler Ridge-Maricopa WSD, so that surface water deliveries to those areas could be tracked 
separately for the water budgets. 
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3.4.1 River and Stream Inflow 
Inflows to the Kern River and Poso Creek at the Subbasin boundary are based on historical gauge data.  
Kern River inflows at the First Point gauge and downstream gauges were verified and updated based on 
the annual Kern River Hydrographic Reports produced by the City of Bakersfield (COB, 1985-2015). 
C2VSimFG-Beta contained Poso Creek inflows for WY1961 to WY1986.  Poso Creek inflows for WY1987 
to WY2015, based from flow records for the Coffee Canyon and Trenton stream gauges, were added to 
C2VSimFG-Kern based on data provided by the local agencies. 
3.4.2 Surface Water Diversions 
Monthly surface water diversion data for WY1995 to WY2015 were collected for 21 agencies and 
recharge projects in Kern County.  The data from each water district or agency included monthly surface 
water inflow by source and monthly surface water outflow by destination.   
The monthly surface water inflow and outflow data collected for this study did not have sufficient detail 
to track this water and create an accurate historical water budget for each canal for each month.  The 
data did provide sufficient information to identify monthly surface water diversions from each source 
and deliveries to each end use. Therefore,  

• All diversions from the Kern River were exported from the model and treated as imports at 
delivery locations,  

• Diversions from Poso Creek and the Kern River Flood Channel (or Main Drain) were diverted 
from the appropriate stream nodes, and  

• All other surface water deliveries (State Water Project (SWP), Central Valley Project (CVP), oil 
field recovery water, etc.) were treated as imports.  

Each C2VSim surface water diversion is linked to two groups of model elements: the elements of the 
end use and the elements receiving the recoverable losses.  A single set of elements was used for both 
purposes in C2VSimFG-Kern.  Model elements for agricultural, urban and refuge deliveries were selected 
by overlaying the model grid on delivery areas maps.  Model elements for recharge diversions were 
selected by overlaying the model grid on recharge basin maps. 
Monthly water delivery data for the SWP, CVP and Kern River were also provided by the agencies.  
Monthly turnout-level deliveries for the SWP were also compiled from the monthly SWP Report of 
Operations published by DWR. Monthly CVP deliveries were compiled from the USBR Report of 
Operations.  Monthly Kern River flow and diversions were compiled from Kern River Hydrographic 
Reports.  Water agencies in the Kern County Subbasin trade and wheel water in real time to maximize 
water utilization, minimize waste and energy consumption, and meet immediate water needs.  Water 
delivery reports from water suppliers (such as the CVP and SWP) generally identify the owner of 
delivered water, not where it was actually delivered.  
Some surface water conveyances discharge water into stream or river channels for re-diversion 
downstream.  A key part of the surface water system in Kern County is the Kern River. Kern River 
operations data were reviewed for calendar years 1970 to 2015.  While Table 1 summarizes surface 
water deliveries, Table 2 summarizes Kern River diversions by turnout location as applied in C2VSimFG-
Kern.   
3.4.3 Surface Water Deliveries  
Water flow through the Kern River and its associated canal system is very complex.  Water is diverted 
from the Kern River into a parallel canal system at several locations, with some diverted water flowing 
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back to the river.  Some water from the CVP and SWP are discharged into the Kern River for diversion 
downstream.  Some water agencies are served from multiple diversion points along the Kern River.  
Several canals that receive water diverted from the Kern River also exchange water with other canals 
and receive some water from groundwater pump-in, so deliveries from many canals cannot be 
attributed to a single source. Figure 5 shows the locations of the primary streams, regional surface 
water canals, and groundwater recharge locations in the Kern County Subbasin.  
Each surface water diversion in C2VSim is allocated to a specified destination and water use.  Five water 
use types are simulated in C2VSimFG-Kern: agricultural, urban, refuge, recharge and export.  Agricultural 
and refuge diversions are applied to a group of model elements that corresponds to a surface water 
service area within a specific water agency or refuge.  Urban diversions are allocated to an urban service 
area.  Groundwater recharge diversions are allocated to the model element or elements where the 
receiving recharge basin is located.  Three delivery fractions apportion each surface water diversion to 
application, loss to groundwater (recoverable loss), and loss to evaporation (non-recoverable loss).  
Table 1 summarizes the annual surface water deliveries for agricultural use by water district in Kern 
County.  Table 3 summarizes surface water diversions for urban use, wastewater land disposal and 
wildlife refuge management in Kern County.   
3.5 Groundwater Banking and Managed Aquifer Recharge Operations 

In our preliminary discussions with the C2VSim developers at DWR, it was revealed that significant 
model uncertainty was related to incomplete data regarding groundwater banking and other managed 
aquifer recharge (MAR) operations in the Kern County Subbasin.  Recognizing the importance of these 
groundwater banking projects for simulating groundwater conditions, the groundwater banking and 
MAR operations data was updated using the earliest available records.  
3.5.1 Recharge and Recovery Data 
A monthly time-series of recharge rates was determined for each recharge project.  Recharge rates were 
allocated to individual recharge basins using the initial data whenever possible or were shared 
proportionally between basins based on historical rates.  All Kern County recharge basin surface water 
deliveries were simulated as imports. 
Recharge basin locations and recovery well locations were provided by each agency or project 
(Figure 6).  The C2VSim finite element grid was overlaid onto a map of recharge basins to determine the 
model elements for each recharge location.  Well location coordinates were added to C2VSimFG-Kern.  
Monthly volumes for recharge at groundwater banking and managed aquifer recharge facilities were 
compiled for 16 agencies and projects (Table 4).  This information originated from multiple sources, and 
included data provided by agencies, compiled from agency reports, and compiled from Kern River 
Hydrographic Reports.  The data includes monthly recharge for years prior to 1995 for many projects.  
Several agencies and projects provided data for multiple recharge basins.  Some groundwater wells used 
for recovery of banked water are also used for other purposes such as supplementing agricultural or 
urban surface water deliveries. 
Recognizing that several of the large groundwater banking projects (especially those on the Kern Fan) 
pre-date the 20-year base period, and that future studies might simulate periods prior to 1985, all 
available historical data for groundwater banking operations was reviewed and updated.  This included 
incorporating pre-1985 data for banking operations at  
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• Arvin-Edison WSD (1966-2015),  
• Berrenda Mesa Project (1977-2015),  
• Buena Vista WSD (1963-2015),  
• City of Bakersfield 2800 Recharge Facilities (1973-2015), 
• North Kern WSD (1956-2017), and  
• Rosedale-Rio Bravo WSD (1980-2015).  

3.5.2 Groundwater Recovery 
Two types of recovery wells were added to the C2VSimFG-Kern.  These include district-operated water 
wells that were used for out-of-district transfers or out-of-basin exports of groundwater, and wells used 
for recovering banked groundwater and distributing the pumped groundwater via the district’s water 
conveyance system to provide water supply, typically for agricultural use, within the district.  The 
locations of the specified groundwater recovery wells are shown on Figure 6.  The specified 
groundwater recovery pumping input into C2VSimFG-Kern is summarized as follows: 

• 229 time series for Kern County groundwater banking withdrawals were added, 
• 313 simulated pumping wells and 225 pumping time series for local groundwater pumping by 

district-operated recovery wells were added, and 
• Elemental agricultural, refuge and urban pumping was eliminated in areas where it has not 

historically occurred. 
Recharge and withdrawal data for the Kern Fan banking projects, including the Kern Water Bank, 
Berrenda Mesa Project, Pioneer Project, and the City of Bakersfield 2800 Recharge Facilities were shared 
with the local banking authorities for verification.  Banking data for district-specific groundwater banking 
projects were provided by these districts.  A summary of the data input for groundwater recovery 
pumpage added to C2VSimFG-Kern is provided in Table 5.  
3.5.3 Model Application 
A separate diversion was created to deliver surface water to each recharge basin or set of geographically 
close jointly managed basins.  A diversion time series of monthly application rates was then created for 
each recharge diversion from the available data.  Each recharge diversion delivers water to the model 
elements coinciding with the receiving recharge basin(s).  Recharge basins were simulated in C2VSimFG-
Kern by setting the application delivery fraction to zero, the recoverable loss fraction to 94% and the 
evaporation loss to 6%.  
Monthly groundwater recovery was generally provided by well field and destination (e.g., agriculture, 
urban, canal pump-in, or export).  This information was used to develop a pumping time series for each 
well field and destination.  Groundwater pumped for export from the Kern County Subbasin is 
summarized in Table 6.  Recovery well locations and screen intervals were used to enter each recovery 
well into C2VSimFG-Kern.  Recovery pumping time series were then allocated equally to all of the wells 
in each field.  
Some well fields supply water to two different end uses, for example supplementing surface water 
deliveries within the district in some months and exporting water from the district in other months.  This 
is handled in C2VSimFG-Kern by entering the well two times.  Each entry is associated with a separate 
time series of pumping rates and delivery destination. 
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3.5.4 Groundwater Banking Obligations 
The general operation of groundwater banking facilities is to recharge excess available surface water 
supplies during wet years by recharging to the groundwater and recovering this water by pumping in dry 
years when surface water supplies are limited.  Groundwater banking programs store water in the Kern 
County Subbasin for use by local agencies and for export to out-of-basin entities.   
For evaluating the groundwater sustainability, any water stored in the Kern County Subbasin that is 
contractually obligated to an out-of-basin entity does not contribute to the long-term groundwater 
sustainability because the owner of that water could call for its return at any time.  However, this can be 
difficult to track because a common practice is to recover groundwater for local use to replace imported 
surface water that was sent to the out-of-basin entity. 
C2VSimFG-Kern does not have a mechanism to track these complex contractual exchanges, so the 
tracking is done as a post processing step by assigning the portion of the groundwater recharge as an 
out-of-basin banking obligation. 
The Kern County Subbasin GSAs provided the total out-of-basin banking obligation for their operations 
as of September 2014 for the historical assessment.  As of September 2014, the out-of-basin banking 
obligation for the Kern County Subbasin totaled of 1,719,307 acre-feet, which, when averaged over the 
20-year period, was 85,965 acre-feet per year (AFY).  The 85,965 AFY is applied during post-processing of 
C2VSimFG-Kern historical water budget results. 
3.6 Urban Water Demand 

C2VSim calculates urban water demands for specified urban delivery zones, allocates specified surface 
water and groundwater supplies to meet these demands, and can optionally pump additional 
groundwater to satisfy unmet urban demands in each zone.  Urban demands were represented with 
nine urban zones in C2VSimFG-Beta.  These zones were reconfigured, and a tenth urban zone was added 
representing Metropolitan Bakersfield in C2VSimFG-Kern.  Historical urban populations and per capita 
water use rates were reviewed and updated.  
3.6.1 Urban Zones 
C2VSimFG-Kern dynamically calculates urban water demands for urban zones using time-series data of 
urban populations and monthly per capita water use.  The urban delivery zones of C2VSimFG-Beta were 
modified to better represent Kern County population centers, jurisdictional boundaries and urban water 
sources.  Although Kern County urban water delivery systems are operated by many diverse entities, 
their water generally comes from two sources:  surface water deliveries and agency-operated 
groundwater wells.  
The nine Kern County urban zones in C2VSimFG-Beta for Kern County were numbered 97-105.  The 
Urban Zone boundaries were adjusted, as shown on Figure 7, as follows:  

• Portions of Urban Zones 97, 99, 100, and 102 in C2VSimFG-Beta were used to create Urban Zone 
106 representing the Metropolitan Bakersfield area, 

• Urban Zone 98 was extended southeast to near the Stockdale Highway to include 
unincorporated urban areas, 

• The boundary of Urban Zone 99 was extended eastward to California State Route 65 to include 
small communities in this area, removing them from Urban Zone 100, and 
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• The northern boundary of Urban Zone 104 was moved north to correspond to the West Kern 
WD service area. 

3.6.2 Urban Population and Per Capita Use 
Historical annual urban populations for the urban zones were estimated using United States Census 
total population data from 1990, 2000 and 2010 (US Department of Commerce, 2018).  Tabular 
historical census data and census block shapefiles were obtained from the IPUMS National Historical 
Geographic Information System Database (IPUMS 2018).  These data were combined to produce maps 
of the geographic distributions of populations within Kern County.  The historical populations for each 
Urban Zone were estimated by mapping census block centroids to the ten Urban Zones using ArcGIS.  
The 1990, 2000 and 2010 populations of each Urban Zone were then estimated as the sum of the 
populations of the associated census blocks.  Populations for other years were estimated using 
interpolation and extrapolation.  The population values by Urban Zone used for C2VSimFG-Kern are 
listed in Table 7. 
3.6.3 Urban Water Use Specifications 
Monthly historical urban water demands for Urban Zone 106 were calculated using water delivery data 
from the water purveyors in the Metropolitan Bakersfield area.  Monthly historical urban water 
demands for the other urban zones in the Kern County Subbasin were estimated using available water 
use data from published urban water management plans for the communities served in those zones.  
The historical monthly water use in each zone was then divided by the historical population to obtain 
the monthly per capita urban water demand.  Monthly historical per capita water demands for zones 
without urban water management data were estimated using the per capita water demand from zones 
with similar demographics. 
The urban water use specifications indicate the portion of total urban water that is used indoors.  In 
C2VSimFG-Kern, the portion used indoors becomes urban return flow, and the remainder is added to 
the urban root zone where it contributes to evapotranspiration and deep percolation.  C2VSimFG-Beta 
included monthly urban water use specifications for each model subregion.  The urban per capita water 
use was based on local water supply data and urban water management plans.  Table 8 lists the per 
capita water use data used for C2VSimFG-Kern.  
3.6.4 Urban Wastewater 
Urban wastewater for the Metropolitan Bakersfield area is treated at local wastewater treatment 
plants; however, wastewater disposal is primarily evaporation ponds or land disposal at locations 
outside of the Metropolitan Bakersfield area.  C2VSimFG-Beta does not have a direct means to redirect 
wastewater to an outside location.  Urban wastewater, based as the indoor use, is applied uniformly 
within the urban zone.  To get around this limitation, application of wastewater for the Metropolitan 
Bakersfield area was turned off in C2VSimFG-Kern.  The wastewater deliveries to evaporation ponds and 
land disposal areas from the wastewater treatment plants was assigned to the appropriate location 
using data provided by the plants.  This conserved the water balance by not double counting 
wastewater, and it was applied at the appropriate locations for evaluating groundwater levels.  
3.6.5 Model Application 
Historical annual urban population estimates were placed in the C2VSimFG-Kern urban population input 
file.  Historical monthly urban per capita water demand estimates for each urban zone were placed in 
the C2VSimFG-Kern urban per capita water use file.  Urban demand was calculated by C2VSimFG-Kern 
and the water supply to meet these demands was met first by specified surface water and groundwater 
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pumping deliveries for urban use.  The remaining water demand in each model element was met with 
groundwater pumped from the aquifer portion of that element.  
3.7 Agricultural Crop Water Demand 

C2VSim dynamically calculates agricultural crop water demands and allocates supplies to meet these 
demands for each model element.  Agricultural demands are calculated for 20 crops using historical crop 
acreage data and crop evapotranspiration (ETc) rates.  Crop water demands in each model element are 
first met with stored soil moisture, surface water deliveries and specified groundwater deliveries.  If the 
agricultural demands are not satisfied, the model can optionally calculate the additional groundwater 
pumping required to satisfy the unmet demands and extract that water from the groundwater 
component of the model element.  
C2VSimFG-Beta contained one set of monthly ETc rates for each model subregion that were applied to 
all years despite climatic variation.  New monthly ETc rates for three model subregions (northeast, 
northwest, south) in Kern County were calculated for 1993-2015 using monthly remote sensing imagery 
and detailed annual crop maps.  ETc for 1974-1992 were estimated from 1993-2015 values by using the 
values for similar water year types based on the San Joaquin Index.  Satellite data were not available for 
2012, so ITRC was unable to provide METRIC data for 2012.  In C2VSimFG-Kern, 2013 was applied as an 
appropriate proxy for ETc data in 2012 because of their hydrologic similarity.   
A remote sensing study of historical ETc rates across the entire Kern County Subbasin by the Irrigation 
and Training Research Center (ITRC, 2017) provided detailed basin-wide agricultural demands that 
corresponded to the WY1995 to WY2014 base period.  These data were used to develop monthly ETc 
rates for the Kern County portion of the model.  
3.7.1 ET Rates 
The Irrigation Training and Research Center (ITRC) at California Polytechnic State University, San Luis 
Obispo, has developed a procedure to use remote sensing imagery from Landsat satellites to calculate 
historic ETc rates (ITRC, 2017).  The Mapping of Evapotranspiration with Internal Calibration (METRIC) 
method was originally developed by Richard Allen of the University of Idaho.  ITRC made several 
modifications to the original METRIC method to better match California data and conditions (named the 
ITRC-METRIC method).  These modifications include using grass for reference evapotranspiration (ETo), 
incorporating a semi-automated calibration procedure and spatially interpolating ETo rates.  An example 
of the METRIC ET data for the total annual ET in 2013 is provided in Figure 8.  
ITRC used Landsat imagery for 1994-2015 (except 2012 when no imagery was available) and the ITRC-
METRIC method to develop monthly raster maps of ETc at 30 x 30-meter resolution for the Kern County 
portion of the Central Valley (ITRC, 2017).  The monthly ETc raster maps were used with annual DWR 
crop maps to calculate the average ETc by crop type for the three Kern County C2VSim subregions.  
ITRC-METRIC raster data were used to determine the exact areas of applied irrigation and total annual 
ETc.  A raster pixel was assumed to be irrigated if the total annual ETc was greater than 20 inches.  
The following data processing steps were used to determine monthly ETc rates for each crop and 
C2VSim subregion: 

• Create irrigation coverages – ITRC-METRIC monthly ETc raster data were summed to calculate 
total annual ETc for each year for each raster location. The ArcGIS Reclassify tool was then used 
on each annual ETc raster to create a binary polygon coverage for each year for 1994-2015 
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(except 2012), setting the attribute “IRR” to 1 if total annual ETc was over 20 in/year, and to 0 if 
total annual ETc was equal to or less than 20 in/year. 

• Create land use coverages – Annual DWR land use rasters were converted to polygon coverages 
with the attribute “Crop” set to the corresponding integer crop value used in C2VSimFG-Kern. 
The land use rasters were checked against GIS maps produced by the Kern County Agricultural 
Commissioner and errors in the DWR land use rasters were corrected. DWR land use maps for 
1994-1997 were missing large areas of data, so the 1998 land use map was used to approximate 
the land use for 1994-1997. 

• Create monthly zone maps – One zone shapefile was created for each month by using the 
ArcGIS Union tool to combine a shapefile of the three C2VSim subregions with the irrigation 
coverage (produced in step 1) and the land use coverage (produced in step 2). Each monthly 
zone polygon shapefile has three attributes: C2VSim subregion, binary irrigation indicator, and a 
land use crop value. The dissolve function was used to combine zones with identical parameters. 

• Calculate average monthly ETc for each zone – The ArcGIS Zonal Statistics by Table tool was 
used to calculate the average ETc value for each zone for each month. The individual pixels in 
each monthly ETc raster were averaged within each zone (produced in step 3). ITRC-METRIC 
data for 2013 were used in place of missing data for 2012. 

• Combine tables – The MS Access Append function was used to combine the monthly ETc tables 
into a master table of monthly ETc by crop and C2VSim subregion. 

• Output data – Data from the Access database was exported in a form consistent with the 
C2VSimFG-Kern input files. The output was also summarized to show the average monthly ETc 
for the irrigated area of each crop type in each model subregion. 

The monthly ETc rates for the three Kern County subregions for WY 1993-2015 were then replaced with 
the monthly ETc rates calculated using ITRC-METRIC data.  The annual ETc rates applied to C2VSimFG-
Kern by crop are listed in Table 9. 
3.7.2 Irrigation Periods  
The C2VSim Irrigation Periods file contains monthly parameters for each crop and subregion that 
indicate whether or not the crop is irrigated in that month.  C2VSimFG-Beta irrigation periods for the 
three Kern County subregions were adjusted to match crop irrigation practices from ITRC-METRIC water 
usage.  Refuge irrigation periods for the three Kern County subregions were also adjusted to match Kern 
NWR practices. Simulated irrigation water usage for the C2VSimFG-Kern better reflects observed 
irrigation practices. 
3.8 Model Modifications  

In general, the scope of work was to revise the managed water supply and demand for the Kern County 
Subbasin.  During the course of this revision, several issues were identified with the hydrogeological 
conceptual model and simulation parameters that affected the historical water budget.  The following 
summarizes modifications made in C2VSimFG-Kern to improve the model performance.  Other issues 
identified regarding the hydrogeological conceptual model, model setup and simulation parameters that 
were not addressed in C2VSimFG-Kern but are recommended to be modified for future model updates, 
are listed in Section 8.5.  A summary of the changes that were made in C2VSimFG-Kern are provided 
below.   
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3.8.1 Streambed Parameters 
In the Kern County Subbasin, the Kern River and Poso Creek are the two largest streams.  Both have 
multiple stream gauges along their courses including ones near where they enter the Kern County 
Subbasin from the Sierra Nevada.  These are the only two streams that are simulated in the model using 
the IWFM stream module. Both are predominantly losing streams where surface water recharges 
groundwater, except during limited periods near the major groundwater banking operations west of 
Bakersfield when multi-year periods of recharge operations produce high groundwater levels.  
As a part of the C2VSimFG-Kern update, the simulated recharge from the Kern River and Poso Creek 
were compared to changes in stream gauge measurements and estimated streambed losses to evaluate 
how well the model was simulating streambed seepage.  For much of the Kern River, the amount of 
streambed seepage is estimated based on daily weir information and is documented in the annual Kern 
River Hydrographic Reports.  The streambed parameters used in C2VSimFG-Beta were not providing a 
comparable volume and distribution of seepage along the Kern River streambed.  In dry years, 
streamflow as not getting far enough downstream whereas in wet years the seepage was too low.  
Similarly, the Poso Creek streambed seepage showed similar issues based on comparisons to differences 
in stream gauge data along its course.   
To address this, the Kern River and Poso Creek streambed parameters were manually modified until a 
reasonable approximation of the measured streambed seepage was achieved by C2VSimFG-Kern.  In 
general, the streambed conductance was lowered whereas the stream wetted perimeter was increased.  
This provided the best balance in matching the measured dry, average and wet years flows in both 
streams.   
Part of this issue is that C2VSimFG-Beta uses a simple form of the stream module in the simulation.  This 
approach appears to work sufficiently well for the continuously flowing streams in the northern parts of 
the Central Valley but is not sufficient for simulating the highly variable flows that occur on the Kern 
River and Poso Creek.  It is recommended that future revisions to C2VSimFG-Kern further evaluate 
issues in simulating streamflow and seepage in the Kern River and Poso Creek (see Section 8.5).  This 
may include incorporating more advanced streamflow simulation features that are available in IWFM 
but that have not been utilized in C2VSimFG.   
3.8.2 Small Watershed Runoff  
In reviewing the small watershed contributions, it was determined that the runoff was not representing 
the variable nature of runoff in an arid region.  Although this was not part of the originally planned 
model revisions, it affected the model results.  Todd Groundwater revised the corresponding model 
parameters to be more representative of the local arid conditions in Kern County. 
Runoff of precipitation from the surrounding small watersheds was calculated within C2VSimFG-Kern 
using methodology included in IWFM that is based on the SCS Curve Method (NRCS, 2004).  The 
C2VSimFG-Beta results showed a steady baseflow that contributed water to the Kern County Subbasin 
continuously and did not show the appropriate variation in runoff expected between wet, average and 
dry years in the arid environment.   
Two major issues were identified and revised.  First, the SCS curve number was changed to allow a 
higher percentage of runoff in wet years to capture the flashy nature of runoff from these watersheds 
during differing climatic conditions.  Second, IWFM uses a localized soil moisture water budget; 
however, soil, ET and other parameters were set that allowed for the continuous outflow from the 
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basins.  These were changed to more appropriate values that limited baseflow from the very small 
watersheds while allowing baseflow from the larger watersheds. Parameters were varied to better 
match estimated watershed runoff from a local USGS study (Nady and Larragueta, 1983). 
3.8.3 Root Zone Parameters 
Areas of overly high root zone hydraulic parameters led to high volumes of deep percolation that 
required additional groundwater pumping to meet the overall water demand for irrigation.  This issue 
was noted by local water district staff who recognized that the groundwater pumping and deep 
percolation from preliminary model results were significantly higher than what was found in practice.  A 
review found areas of overlying hydraulic conductivity and other hydraulic parameters that caused this 
high percolation rate.  Two types of issues were found.  First, very high parameters were found in parts 
of the basin that were not consistent with local soil data.  Second, the root zone parameters for lakebed 
and other heavy clay soil areas were too high.  These areas were manually adjusted to be more in line 
with observed conditions.  A more rigorous development of root zone parameters should be considered 
in the future as this issue demonstrates that it is a sensitive parameter.   
3.8.4 Land Use Modifications  
The agricultural land use and crop type distribution in the model for early period (1974-1990 and 
1992-1996) from C2VSimFG-Beta used a regional distribution and did not accurately represent historical 
practices.  This resulted in agricultural water use being distributed across the entire Kern County 
Subbasin including areas that did not have irrigated agriculture.  To correct for this, land use and crop 
type data were modified to conform with irrigated agricultural areas in the early 1990s.  The crop types 
were adjusted to be consistent with the Kern County Agricultural Commissioner reports for these years. 
This included capturing the appropriate crop types present in the Kern County Subbasin in the periods 
from 1974 through 1996.  For example, there was a higher percentage of cotton produced during that 
period and a lower percentage of nut trees, which became one of the major crop types in the 2010s.   
3.8.5 Westside Pumping Limits 
Western Kern County contains large areas with poor groundwater quality.  As a result, little or no 
agricultural or urban groundwater pumping occurs in this area.  To simulate this, groundwater pumping 
was turned off in C2VSim-Kern in most of the area with poor groundwater quality.  However, in the 
Westside District Water Authority Management Area, limited groundwater pumping does occur.  The 
poor-quality water is mixed with surface water to supplement the imported water supply.  To simulate 
this condition, the groundwater pumping rate in the Westside District Water Authority Management 
Area was estimated to be 10% of the surface water deliveries, and the automated groundwater 
pumping adjustment in C2VSimFG-Kern was turned off for these areas. 
Subsequent to the completion of the historical model, GSP developers in the Westside area refined their 
estimate of pumping used to mix with delivered surface water to about 3,000 AFY, which is considerably 
lower than that used in the historical model.  The Westside GSP developers included a management 
action to further refine the estimated groundwater use in the Westside GSP water districts.  Therefore, 
the original assumption was left in this version of the historical model. The Westside District Water 
Authority Management Area GSP identifies a management action to further evaluate the groundwater 
pumping in their area.  The results of their evaluation will be included in in future model updates.  
3.8.6 Kern Wildlife Refuge pumping 
C2VSimFG-Beta enabled groundwater pumping in the model elements representing the Kern National 
Wildlife Refuge.  The Kern National Wildlife Refuge Water Management Plan (USBR, 2011) indicates that 
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during the simulation time period, the refuge was sustained entirely on imported surface water and 
occasional diversions of Poso Creek flood waters.  No groundwater was pumped at the refuge during the 
simulation period 1985-2015.  Groundwater pumping was used at some time in the past. Groundwater 
pumping and automated groundwater pumping adjustment were turned off for all model elements in 
the Kern National Wildlife Refuge. 
In addition to the Kern National Wildlife Refuge, former rice fields and other areas are currently used for 
sustaining ponds at private duck hunting clubs in the northwestern portion of the Kern County Subbasin.  
Water use data for these operations were not available during the development of the historical model.  
This water includes a combination of surface water and groundwater, and this volume is considered to 
be very small relative to the overall basin water use.  GSP developers included a management action to 
further refine the estimated water use for these facilities that will be addressed in future updates. 
3.9 C2VSimFG-Beta Modifications 

Minor changes were made to the C2VSimFG-Kern hydrogeological conceptual model and natural water 
budget components and are listed in Table 10.  The architecture of the model including layering, 
discretization, boundary conditions, and aquifer properties was not revised.  Aquifer parameters were 
adjusted in several areas to better match observed historical conditions, especially in areas with high 
historic recharge volumes such as the Kern Fan.  Extremely high soil hydraulic conductivities in a small 
set of elements were reduced to more reasonable values.  Stream-bed conductance values were 
modified in some stream reaches to better match simulated stream gains and losses to observed values.  
Minor adjustments to small watershed parameters were also made to match surface runoff to observed 
values.   
Due to the number of modifications that were identified with the hydrogeological conceptual model and 
aquifer parameters during the C2VSimFG-Kern update, it is recommended that a more rigorous model 
update be conducted that will update the hydrogeological conceptual model and aquifer parameters to 
be consistent with that presented in the Kern County Subbasin GSPs.  In addition, further calibration of 
C2VSimFG-Kern is recommended to update aquifer parameters in the Kern County Subbasin.  Future 
calibration is further discussed in Section 8.5.   
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4. HISTORICAL AND CURRENT WATER BUDGETS FROM C2VSIMFG-KERN 

C2VSimFG-Kern was used to develop historical (WY1995 to WY2014) and current (WY2015) water 
budgets for the Kern County Subbasin.  The following summarizes the simulated water budgets from 
C2VSimFG-Kern.  A summary of these results is provided below.  
4.1 Historical and Current Water Budget 

The simulated historical and current water budgets based on C2VSimFG-Kern are presented in 
Tables 11A and 11B and are presented graphically on Figures 9.  Figure 10 presents the average annual 
historical water budget for the Kern County Subbasin. The results for the historical water budget are 
summarized under the following categories that are defined as: 

• Deep Percolation – Precipitation and applied water that reaches the groundwater after 
simulated transport across the unsaturated zone.  The simulated historical 20-year average is a 
net inflow of 669,398 AFY. 

• Managed Recharge and Canal Seepage- Combined groundwater recharge from managed 
aquifer recharge operations, groundwater banking, and seepage from canals and other 
conveyance.  The simulated historical 20-year average for Managed Recharge and Canal 
Seepage is a net inflow of 583,598 AFY.  On Figure 10, this total is subdivided between out-of-
basin groundwater banking obligations (85,965 AFY) and the remaining local recharge of 
497,633 AFY. 

• Net Groundwater-Surface Water (GW/SW) Interactions - Net volumetric exchange of surface 
water and groundwater between the aquifer and streams:  Positive represents a net 
groundwater recharge, and negative represents a net groundwater discharge to the stream.  
The simulated historical 20-year average is a net inflow of 98,606 AFY. 

• Small Watershed Inflow – Runoff, small stream inflow and subsurface inflow from the small 
watersheds and areas surrounding the groundwater basin.  The simulated historical 20-year 
average is a net inflow of 48,760 AFY. 

• Groundwater (GW) Pumping - Total groundwater pumping by wells.  Groundwater banking 
recovery pumping is specified as fixed input values and agricultural and municipal pumping is 
calculated by C2VSimFG-Kern based on demand minus surface water diversions.  The simulated 
historical 20-year average is a net outflow of 1,590,373 AFY. 

• Subsurface Flow with Adjacent Groundwater (GW) Basins - Net subsurface groundwater flow 
to and from the Kern County Subbasin with adjoining groundwater basins: negative is a net flow 
out of the Subbasin and positive is a net flow into the Subbasin.  The simulated historical 20-year 
average is a net outflow of 87,102 AFY. 

• Change in Groundwater Storage - Sum of the inflow components (positive numbers) plus the 
outflow components (negative numbers): positive is an increase in storage typified by a rise in 
groundwater levels whereas a negative is a decrease in storage typified by a decline in 
groundwater levels.  The simulated historical 20-year average is a decline in groundwater 
storage of 277,114 AFY. 

The simulated change in groundwater storage varies over the 20-year historical period and is closely 
related to climatic conditions and surface water supply availability (Figure 11).  During the periods 



C2VSimFG-Kern Water Budgets   
Kern County Subbasin SGMA 19 TODD GROUNDWATER 

WY1995 to WY1999, WY2005 to WY2006 and WY2011, the groundwater storage volume was stable to 
increasing and correlates to the above average rainfall and surface water availability during these times.  
During the periods WY2000 to WY2004, WY2007 to WY2010 and Y2012 to WY2015, groundwater 
storage volume decreased, correlated to periods of drought and low surface water availability.  The 
simulated historical groundwater recharge also reflects this climatic pattern with high deep percolation 
to groundwater and steep increases in managed aquifer recharge and canal seepage during the above 
average rainfall periods and lower groundwater recharge during the drought years (Figure 12).  
Groundwater pumping for agriculture shows a general increasing trend from WY1995 to WY2014; 
however, groundwater pumping is lower in above average rainfall years and higher during droughts 
(Figure 13).  This general increasing trend follows a comparable decreasing trend in surface water 
deliveries over this same period.  As shown on Figure 14, surface water deliveries show a general 
decreasing trend from WY1995 to WY2014; however, the surface water deliveries are higher in the 
above average rainfall years and lower during the droughts.  
4.2 Sustainable Yield 

Section 354.18(b)(7) of the GSP Regulations requires that an estimate of the basin’s sustainable yield be 
provided in the GSP (or in the coordination agreement for basins with multiple GSPs).  SGMA defines 
“sustainable yield” as: 

“the maximum quantity of water, calculated over a base period representative of long-
term conditions in the basin and including any temporary surplus, that can be 
withdrawn annually from a groundwater supply without causing an undesirable result.”  

SGMA does not incorporate sustainable yield estimates directly into sustainable management criteria. 
Sustainable yield is referenced in SGMA as part of the estimated basinwide water budget and as the 
outcome of avoiding undesirable results.  Basinwide pumping within the sustainable yield estimate is 
neither a measure of, nor proof of, sustainability.  Sustainability under SGMA is only demonstrated by 
avoiding undesirable results for the six sustainability indicators. 
4.2.1 Determination of Sustainable Yield 

To determine the sustainable yield for the Kern County Subbasin, the results of the C2VSimFG-Kern 
model were used with two methods to estimate the amount of groundwater pumping that would avoid 
the undesirable result of a reduction in groundwater storage over the historical base period 1995 to 
2014.  The results are shown in Table 12 and are summarized below:  

• Sustainable Yield from Groundwater Pumping – The model results produced an average annual 
groundwater pumping in the Kern County Subbasin of 1,590,373 AFY with a decline in 
groundwater storage of 277,114 AFY.  Subtracting the groundwater storage decline from 
groundwater pumping produced a sustainable yield of approximately 1,313,000 AFY. 

• Sustainable Yield from Groundwater Recharge – The model results produced an average annual 
groundwater recharge in the Kern County Subbasin of 1,400,362 AFY.  The subsurface outflow 
from the GSA was estimated to be 87,102 AFY.  Subtracting these outflow losses from the 
groundwater recharge produced a sustainable yield of approximately 1,313,000 AFY. 
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Sustainable yield estimates are part of SGMA’s required basinwide water budget.  In general, the 
sustainable yield of a basin is the amount of groundwater that can be withdrawn annually without 
causing undesirable results.  This sustainable yield estimate can be helpful for evaluating the projects 
and programs needed to achieve sustainability.  Although the SGMA regulations require a single value of 
sustainable yield calculated basinwide, it should be noted that the sustainable yield can be changed by 
implementation of recharge projects, variations in climate, or changes in stream flow conditions. 
Using WY1995 to WY2014 as the base period, C2VSimFG-Kern results show declining groundwater levels 
and long-term reduction of groundwater storage.  During this period, average annual inflow to the 
aquifer is 1,400,362 AFY, and outflow is 1,677,476 AFY (Table 11A).  This yields an average annual deficit 
of 277,114 AFY.  Based on these historical C2VSimFG-Kern results, the sustainable yield of the basin is 
approximately 1,313,000 AFY, with an estimated level of uncertainty on the order of plus or minus 10% 
to 20%.  
4.2.2 Native Yield 

Although not a SGMA requirement, the native yield is being used by Kern County GSAs for determining a 
portion of the groundwater allocation within the basin.  The native yield is comparable to the 
sustainable yield except that the only recharge that is included in the calculation is the natural, 
unallocated portion of the groundwater recharge.  For the Kern County Subbasin, this includes the 
groundwater recharge derived from precipitation and runoff from unallocated streams.  The Kern River 
and Poso Creek, however, are allocated streams where specific agencies or parties have rights to specific 
volumes of flow.   
The C2VSimFG-Kern model results over the historical base period WY1995 to WY2014 was again used 
for estimation of native yield.  The model results were used to determine the amount of precipitation 
recharge over irrigated agricultural areas and the native/urban/undeveloped areas.  The total and 
average annual volume of precipitation that percolates to groundwater during the WY1995 to WY2014 
base period are listed in Table 13.  The basinwide contribution is the relative proportion of the runoff 
along the basin margins from small, unallocated watersheds and inflow from the surrounding basin 
margin (from areas not defined as DWR groundwater basins).  The results of this assessment based on 
the C2VSimFG-Kern results are shown in Table 13 and are summarized below: 

• The volume of precipitation that recharges the groundwater in the irrigated agricultural areas is 
77,780 AFY.  

• The volume of precipitation that recharges groundwater in the other areas is 132,981 AFY.  
• The volume of inflow from unallocated small watersheds that recharges the groundwater in the 

irrigated agricultural areas is 48,760 AFY.   
Totaling these inputs results in a native yield for the Kern County Subbasin of 259,520 AFY.  The annual 
contribution per acre of approximately 0.144 acre-feet per acre is estimated by dividing the average 
annual contribution by the total area of the Kern County Subbasin (Table 13).  
Similar to the sustainable yield, the native yield at this time is based on the available data.  However, as 
data gaps are eliminated and management actions/plans are implemented, the native yield could 
change, and any changes to native yield will be included in future GSP amendments.   
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4.2.3 Application of Sustainable and Native Yield 

In general, the sustainable yield of a basin is the amount of groundwater that can be withdrawn 
annually without causing undesirable results.  The native yield is comparable to the sustainable yield 
except that the only recharge that is included in the calculation is the natural, unallocated portion of the 
groundwater recharge.  The following estimates of the Kern County Subbasin sustainable and native 
yields are derived from the C2VSimFG-Kern historical model results for the purpose of supporting GSP 
assessment of the types and magnitude of projects and programs needed to achieve sustainability.   
The C2VSimFG-Kern estimates of sustainable and native yield presented here are based on available 
data and the current level of model calibration.  Therefore, these estimates are considered appropriate 
as guides to SGMA planning.  However, the C2VSimFG-Kern sustainable and native yield estimates are 
initial water budget estimates that are not intended for determination of individual landowner 
allocations or groundwater rights.  Additional technical and legal analysis, along with stakeholder 
involvement, is necessary to fully quantify the sustainable and native yields.   

5. APPROACH FOR PROJECTED FUTURE WATER BUDGETS  

Projected future Baseline water budgets for the Kern County Subbasin were developed using the 
C2VSimFG-Kern.  These projected water budgets establish expected Baseline conditions to evaluate the 
impacts of GSP implementation.  Three predictive scenarios were developed for the Kern County 
Subbasin, each representing a different expected future hydrologic condition, by adapting C2VSimFG-
Kern as follows:  

• Future Baseline Conditions: Repeat historical hydrology with expected future water supply, 
• 2030 Climate Conditions: Adjust historical hydrology for 2030 climatic conditions and expected 

water supply, and 
• 2070 Climate Conditions: Adjust historical hydrology for 2070 climatic conditions and expected 

water supply. 
Projected future water budgets were developed for Baseline conditions and expected 2030 Climate 
Conditions and 2070 Climate Conditions over a 50-year planning and implementation horizon.  These 
scenario models provide a basis of comparison for evaluating proposed sustainability management 
actions and projects over the SGMA planning and implementation horizon.  
5.1 Assumptions 

C2VSimFG-Kern was modified to incorporate projected future hydrology and land use using analog data 
from the historical C2VSimFG-Kern model.  This approach meets GSP requirements using: 

• A 50-year time-series of historical precipitation, evapotranspiration and stream flow information 
as the future Baseline hydrology conditions, 

• The most recent land use, METRIC-based evapotranspiration, crop coefficient and urban 
population growth information as the Baseline condition for estimating future water demands, 

• The most recent water supply projections as the Baseline condition for estimating future surface 
water supply, 
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• DWR Climate Change Guidance and Data Sets to incorporate estimated climate change 
conditions for the Kern County Subbasin, 

• Specialized analysis of the Kern River watershed and estimated runoff volumes under climate 
change conditions, 

• Specialized analysis of CVP deliveries to Kern County under climate change conditions 
incorporating implementation of the San Joaquin River Restoration Program, and 

• Specialized analysis of SWP deliveries to Kern County under climate change conditions 
incorporating implementation of the OCAP Biological Opinion and recent changes in Table A and 
Article 21 allocations. 

5.2 Projected Future SGMA Projects 

Projected water budgets for the Kern County Subbasin were developed using the C2VSimFG-Kern to 
evaluate the performance of proposed management actions with respect to achieving groundwater 
sustainability.  Participating agencies provided a list of projected future management actions to be 
implemented between WY2021 and WY2040.  These projects were simulated under Baseline conditions, 
2030 Climate Conditions and 2070 Climate Conditions through WY2070 using the C2VSimFG-Kern. 
Proposed future projects and management actions were provided by GSAs.  The types of proposed 
SGMA projects and management actions are summarized as follows: 

• Demand Reduction is the volume of water reduced by changing the land use; these include: 
o Agricultural demand reduction projects through incentives or actions to reduce crop 

water use, 
o Fallowing of agricultural land and conversion of agricultural land to recharge basins, and  
o Conversion of agricultural land to urban land.  

• New Supply groups together planned increases in imported water supplies; these include: 
o Increased surface water imports generally resulting from projected water purchases,  
o New water conveyance facilities including pipelines and reservoirs to increase flexibility, 

and  
o Expansion of surface water delivery areas to reduce groundwater usage.  

• Other Supply groups together proposed projects to increase local water supplies; these include: 
o Recharging treated waste waters derived from both urban areas and oil production 

operations; increased recharge occurs in both existing and new locations,  
o Increased stream flow diversions; these include exercising riparian water rights and 

diverting flood flows, 
o Reallocation of water; generally reducing sales of surface water and banked 

groundwater and using this water within the agency, and 
o Brackish groundwater in areas not currently overdrafted will be treated and mixed with 

surface water to augment surface water supplies.  
Some management actions are implemented gradually over many years, with savings increasing each 
year over the implementation period. Some management actions are implemented only in certain years 
(wet years, for example).  The anticipated average-annual water supply benefit of the proposed SGMA 
projects and management actions steadily increases over the 20-year period from WY2021 to WY2040 
to represent the implementation of the Kern County Subbasin GSPs.  This increasing trend, as shown as 
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the average-annual water supply benefit over five-year increments on Figure 15, is summarized as 
follows:  

• about 116,000 AFY over the first five-year period (WY2021-WY2025), 
• about 216,000 AFY over the second five-year period (WY2026-WY2030),  
• about 343,000 AFY over the third five-year period (WY2031-WY2035), and 
• about 361,000 AFY over the fourth five-year period (WY2036-WY2040).  

The anticipated water supply benefit of the proposed SGMA projects and management actions included 
in the C2VSimFG-Kern projected future simulations is 422,000 AFY over the period from WY2041 to 
WY2070.  Benefits of implementing these projects and management actions over the 20-year 
implementation period are summarized in Figure 15.  

6. PROJECTED FUTURE BASELINE DEVELOPMENT  

Projected water budgets are required by GSP regulations to represent future conditions over a 50-year 
GSP planning and implementation horizon.  A Baseline condition was developed that projects water 
supply, demand and operations based on current land use and expected water supply availability over 
50 years.  The Baseline then serves as a basis of comparison for evaluating proposed sustainability 
management actions and projects for achieving sustainability over the planning and implementation 
horizon.  Each predictive scenario model simulates the 50-year planning and implementation period 
WY2021 to WY2070.  Development of the projected future Baseline conditions is summarized below.  
6.1 Projected Future Time Period Development  

WY1995 to WY2014 was chosen as a historical hydrology period because detailed demand and supply 
data are available for this period, and most Subbasin water delivery infrastructure was fully developed 
by the middle of this period.  The average Kern River inflow for this period is also very close to the long-
term average Kern River inflow.  
The projected future simulation period is based on repeating the WY1995 to WY2014 historical study 
period.  This period is only 20 years long, so a 50-year sequence of historical hydrology was developed 
by repeating data from this period in the sequence as shown in Table 14.  The development of this 
sequence is summarized as follows: 

• Simulation period WY2021 to WY2032 used the historical period WY2003 to WY2014,   
• Simulation period WY2033 to WY2052 used the historical period WY1995 to WY2014, and 
• Simulation period WY2053 to WY2070 used the historical period WY1995 to WY2012.   

This sequence was developed to match long-term average flows on the Kern River, and to ensure that 
the Baseline does not end in an extreme drought or extreme wet year.  By starting the projected future 
simulation time sequence with WY2003, the 50-year hydrology period has approximately 100 percent of 
the long-term average streamflow conditions on the Kern River, as indicated by an average annual Kern 
River Index of 100 percent.  The sequence includes the appropriate range of hydrologic conditions 
including extremely wet years and extended periods of drought.   
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C2VSimFG-Kern simulation results for the last timestep of the historical simulation (September 30, 2015) 
were used as initial conditions for all projected future simulations, including initial conditions for the 
root zone, saturated and unsaturated aquifer zones, and small watersheds.  Since the historical 
C2VSimFG-Kern simulation period ends with WY2015, all projected future scenarios also include 
estimated hydrology for WY2016 to WY2020.  Model input data for WY2016 to WY2020 was developed 
by repeating model input data for recent years based on correlation with the San Joaquin Index (DWR, 
2019).  
6.2 Development of Key Baseline Data Sets 

Key required components for the Projected Future Baseline, as summarized in the DWR Water Budget 
Best Management Practices guidance document (DWR, 2016B) include the following: 

• The projected Baseline hydrology conditions were developed using 50-years of historical 
precipitation and streamflow following the sequence outlined in Section 6.1.  

• Surface water supplies are based on available information from DWR and others to project 
future water imports from the SWP, CVC - Friant-Kern Canal (FKC) and Kern River diversions.  For 
the Kern River, recent diversion practices based on entitlements were used to develop water 
use consistent with the Baseline hydrology. 

• WY2013 land use was used as current land use for all scenarios as drought conditions likely 
reduced agricultural production in WY2014 and WY2015.   

• Consumptive use for agriculture and undeveloped lands was based on the recent land use and 
METRIC-based evapotranspiration.  Following DWR guidance, METRIC data over the Baseline 
period was varied according to varying hydrologic conditions (e.g., water year type).  

• Urban water demand was based on projections from recent urban water management plans to 
meet regulations for future water use.  Urban demand was estimated in the model based on 
projected urban population growth and per capita water demand information (including recent 
regulatory guidance).  

• Small watershed inflows used the same parameters as the historical C2VSimFG-Kern model; 
however, volumes varied based on changes in the precipitation and ET under the 2030 and 2070 
climate change conditions. 

Time-series input data were first developed for the Baseline scenario model for WY2021 to WY2070. 
Development of this time-series input data generally involved repeating time-series data from the 
historical C2VSimFG-Kern in the appropriate sequence.  The following time-series data were developed 
for each scenario: 

• Precipitation rates, 
• Evapotranspiration rates, 
• Surface water inflow rates, 
• Surface water diversion and delivery rates, and 
• Specified groundwater pumping rates. 

Baseline scenario model time-series data files were then modified following DWR guidelines to produce 
time-series input data for the 2030 Climate Conditions and 2070 Climate Conditions scenario models.  
C2VSim input data were modified only in Kern County.  C2VSim input data for areas outside of Kern 
County were not modified.  
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The baseline data sets were incorporated into the model files to develop the projected future water 
demand and supply under Baseline, 2030 Climate and 2070 Climate conditions.  A summary of the 
development of the projected future water demand and supply is discussed below.  
6.3 Projected Future Water Demand 

The projected future water demand was developed using fixed WY2013 land use areas with historical 
evapotranspiration rates for the Baseline and modified evapotranspiration rates for the 2030 and 2070 
climate scenarios and increasing urban populations. 
6.3.1 Agricultural Water Demand 
Evapotranspiration rates for the Baseline scenario model were developed by repeating input 
evapotranspiration rates from C2VSimFG-Kern in the appropriate sequence.  DWR provided monthly 
change factors for ETo values under 2030 and 2070 central tendency climatic conditions on a 6 km x 
6 km VIC grid for calendar years 1915 through 2011.  The VIC grid IDs for each C2VSim subregion in the 
Kern County Subbasin Zone of Interest were identified and area weighted monthly ETo change factors 
were calculated for each subregion.  Baseline scenario ETc rates for each subregion were then multiplied 
by the appropriate area-weighted ETo change factors to produce time-series ETc rates for the 2030 
Climate Conditions and 2070 Climate Conditions scenarios.  Factors for calendar years 1959-1961 were 
used as analogs for calendar years 2012-2014.  
6.3.2 Urban Water Demand 
Urban water demand calculations include an indoor component and an outdoor component.  Indoor 
urban water demands are based on the urban population and monthly per capita water demand.  
Future urban populations for Kern County urban areas were estimated using California Department of 
Finance population projections.  Future per capita urban water demands were estimated using 
projections from urban water management plans and California urban water conservation regulations, 
including SB 606 and AB 1668.  Future outdoor urban water demands are based on ETc rates, which 
were modified as described in the Agricultural Water Demand section above. 
6.3.3 Groundwater Banking Recovery 
Future groundwater banking recovery rates were developed by repeating historical recovery rates in the 
appropriate sequence.  No adjustments were made to Baseline rates or to rates for 2030 and 2070 
climatic conditions.  
6.4 Projected Future Water Supply 

Projected future precipitation, stream inflow and surface water import time series were developed 
following DWR guidelines.  Baseline future water supplies were developed by repeating historical values 
in the appropriate sequence.  Surface water diversions were then adjusted to account for operational 
changes.  Baseline water supplies were then modified to simulate 2030 and 2070 central tendency 
climatic conditions. 
6.4.1 Precipitation Rates 
Precipitation rates for the Baseline scenario model were developed by repeating input precipitation 
rates from C2VSimFG-Kern in the appropriate sequence.  DWR provided monthly change factors for 
precipitation under 2030 and 2070 central tendency climatic conditions on a 6 km x 6 km VIC grid for 
calendar years 1915 through 2011.  The VIC grid ID for each C2VSim element in the Kern County 
Subbasin Zone of Interest was identified and the Baseline scenario precipitation rates were multiplied by 
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the appropriate factors to produce time-series precipitation rates for the 2030 Climate Conditions and 
2070 Climate Conditions scenarios.  Factors for calendar years 1959-1961 were used as analogs for 
calendar years 2012-2014.  
6.4.2 Surface Water Inflow Rates 
Surface water inflow rates for Poso Creek and White River for the Baseline scenario model were 
developed by repeating input inflow rates from C2VSimFG-Kern in the appropriate sequence.  DWR 
provided unimpaired streamflow change factor datasets for Central Valley streams, and an Excel 
spreadsheet tool to modify basin unimpaired streamflow using these change factors.  The unimpaired 
streamflow change factors and spreadsheet were used to modify Baseline inflows to produce 2030 
Climate Conditions and 2070 Climate Conditions scenario time series inflows for Poso Creek and White 
River. 
Surface water inflow rates for Kern River at First Point for the Baseline scenario model were developed 
by repeating historical inflow rates from C2VSimFG-Kern in the appropriate sequence.  Flows on the 
Kern River are regulated, so the unimpaired streamflow method was not appropriate for estimating 
future flows under 2030 and 2070 climatic conditions.  Projected Kern River flows at First Point under 
2030 and 2070 central tendency conditions were estimated by GEI (2018) for calendar years 1956-2010 
hydrology.  This analysis considered the impacts of changed runoff in each sub-watershed contributing 
to the Kern River to develop revised streamflow estimates for Kern River at First Point. Future scenario 
Kern River at First Point flows for calendar years 2011-2014 were estimated using flows for analog years 
with similar annual flows and monthly flow pattern. Analog years 1986, 1991, 1990 and 1961 
respectively were used for 2011-2014 in the future scenarios.  
6.4.3 Surface Water Deliveries 
Surface water delivery rates for the Baseline scenario model were developed by first repeating input 
surface water delivery rates from the C2VSimFG-Kern in the appropriate sequence, and then modifying 
selected data sets.  Surface water deliveries from in-basin sources such as Oil Field Recovery were held 
constant at WY2015 rates for all future scenarios. 
The Kern County Subbasin is served by both the CVP and the SWP. Recent changes in CVP and SWP 
operations and their impacts on future surface water supplies are reflected in surface water diversion 
rates for the three scenarios.  Future CVP deliveries will be affected by implementation of the San 
Joaquin River Restoration Program (SJRRP) that included the 2008 U.S. Fish & Wildlife Service biological 
opinion (BO) on the Long-Term Operational Criteria and Plan (OCAP) for coordination of the CVP and 
SWP.  Future SWP deliveries will be affected by operational changes implemented between 2004 and 
2008 including the OCAP BO, reduced Table A contract amounts and reduced Article 21 deliveries.  DWR 
provided projected future deliveries from the CVP and SWP for WY1922 to WY2003, derived from 
CalSim-II modeling conducted for the Water Supply Investment Program (WSIP) (California Water 
Commission, 2016).  DWR’s CVP projections as provided do not fully incorporate these SJRRP 
operational changes.  DWR’s SWP delivery projections do not include the OCAP BO operational 
constraints, the reduced Table A amounts and reduced Article 21 water. 
Future CVP delivery projections developed by the Friant Water Authority (FWUA) were used in place of 
DWR’s CVP projections.  FWUA (2018) used CalSim-II to develop projected surface water deliveries with 
SJRRP implementation under hydrological conditions representing the Current Baseline, 2030 and 2070 
climate conditions by delivery class for WY1922 to WY2003, and estimated allocations to each CVP 
contractor.  The 2015.c data set was used for Baseline scenario CVP deliveries, the 2030.c data set was 



C2VSimFG-Kern Water Budgets   
Kern County Subbasin SGMA 27 TODD GROUNDWATER 

used for 2030 Climate Conditions scenario CVP deliveries, and the 2070.c data set was used for the 2070 
Climate Conditions scenario CVP deliveries.  CVP deliveries for WY2004 to WY2014 were estimated using 
deliveries for analog years WY1951 to WY1961; these analog years have a similar distribution of water 
availability. 
The SWP projections provided by DWR for WY1995 to WY2003 and historical deliveries for WY2004 to 
WY2014 were modified to incorporate the impacts of SWP operational changes in the three scenarios.  
2019 SWP Table A contract amounts were used to allocate these SWP deliveries to individual districts.  
In summary:  

• Baseline Hydrologic Conditions 
o WY1995 to WY2003 conditions are based on 2030-Level CALSIM increased by 3.03 %, 
o WY2004 to WY2007 conditions are based on historical data adjusted for OCAP BO, and 
o WY2008 to WY2014 conditions are based on historical data with the assumption that 

OCAP BO adjustments are already factored into the data. 
• 2030 Climate Change Hydrologic Conditions 

o WY1995 to WY2003 conditions are based on the 2030-Level CALSIM Projection, 
o WY2004 to WY2007 conditions are based on OCAP BO adjustment reduced by 3.03 %, 

and 
o WY2008 to WY2014 conditions are based on historical data reduced by 3.03%. 

• 2070 Climate Change Hydrologic Conditions 
o WY1995 to WY2003 conditions are based on the 2070-Level CALSIM Projection,  
o WY2004 to WY2007 conditions are based on OCAP BO adjustment reduced by 8.09%, 

and 
o WY2008 to WY2014 conditions are based on historical data reduced by 8.09%. 

Within the Kern County Subbasin, water users engage in complex real-time water trading and wheeling 
activities to maximize water utilization, minimize waste and energy consumption, and meet immediate 
water needs.  It would be difficult to project future surface water deliveries in the Kern County Subbasin 
without the use of a surface water allocation model that simulates these water trading and wheeling 
activities.  Therefore, for this modeling effort, monthly future scenario agricultural, urban and recharge 
deliveries from sources originating outside the basin were estimated by adjusting historical deliveries by 
the ratio of (total scenario inflows)/(total historical inflows) for each month, where total inflows are the 
sum of CVP deliveries, SWP deliveries and Kern River at First Point.  In addition, Kern River at First Point 
flows above historical flows under the 2030 Climate Conditions and 2070 Climate Conditions scenarios 
were proportionally added to selected recharge deliveries.  This method is deemed adequate for 
subbasin-level future scenario analyses. 
Some future scenario data sets did not cover the entire period from October 1994 through September 
2014.  In these cases, data from an analog historical period with similar water availability was used to fill 
in the missing data. The analog years for each data type are summarized as: 

• For CVP deliveries (CalSim-II data), WY1951 to WY1961 were used as analogs for missing 
WY2004 to WY2014 data; these analog years have a similar distribution of water availability.  

• Projected future Kern River at First Point flows for calendar years 1986, 1991, 1990 and 1961 
were used as analogs to missing calendar years 2011 through 2014; each of these analog years 
had a similar historical annual flow volume and monthly distribution.  
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• For climatic data adjustment factors, calendar years 1959-1961 were used as analogs to missing 
calendar years 2012-2014.  

6.5 Development of Climate Change Conditions 

Input data for the C2VSimFG-Kern were modified to simulate three future climatic scenarios.  Historical 
precipitation, evapotranspiration, land use, population, surface water inflow and surface water delivery 
rates were replaced with projected future values for WY2016 to WY2070 for Future Baseline Conditions.  
The Future Baseline Conditions for WY2021 to WY2070 were then modified to simulate 2030 Climate 
Conditions and 2070 Climate Conditions.  Water management agencies in the Kern County Subbasin 
provided a broad suite of proposed water management and conservation projects to increase water 
supplies and reduce water management demands.  These projects are added to the C2VSimFG-Kern to 
assess the long-term impacts of these projects under the Baseline, 2030 Climate Conditions and 2070 
Climate Conditions scenarios. 
Projected water budgets under Future Baseline Conditions, 2030 and 2070 Climate conditions are used 
to evaluate the potential effects of future Baseline and extended dry conditions with respect to 
achieving sustainability.  DWR published a Modeling Best Management Practices Guidance Document 
(DWR, 2016B) that outlines DWR recommendations for developing and running predictive scenarios.  
The C2VSimFG-Kern was modified following these recommendations to develop the Baseline scenario 
model.  DWR also issued the Guidance for Climate Change Data Use During Sustainability Plan 
Development Guidance Document (DWR 2018A) that outlines how DWR recommends that climate 
change be addressed under SGMA.  Baseline scenario data sets were modified using DWR climate 
change data sets for Kern County following procedures outlined in the guidance documents to develop 
the 2030 Climate Conditions and 2070 Climate Conditions scenario models.  The adjustment factors for 
Baseline, 2030 Climate Change and 2070 Climate Change for SWP deliveries were developed based on 
consistent CalSim operations studies at current, 2030 and 2070 climate levels developed for Bay Delta 
Conservation Plan evaluation and provided by DWR Bay Delta Office staff.  The WSIP studies provided on 
DWR’s SGMA web site were not used due to the unavailability of a Baseline study with assumptions 
consistent with the 2030 and 2070 climate change studies. 
6.6 Groundwater Banking Assumptions 

Groundwater banking operations are simulated in the C2VSimFG-Kern with surface water diversions to 
recharge basins and specified pumping rates for groundwater extractions.  All surface water deliveries 
were adjusted under the Baseline, 2030 Climate Conditions and 2070 Climate Conditions scenarios.  
Surface water deliveries to recharge basins were first adjusted by the same ratio as other surface water 
deliveries, then increased if Kern River flows were greater than historical flows.  Specified pumping rates 
for groundwater extraction were not modified.  
The out-of-basin banking obligations were assumed to follow a similar pattern where groundwater 
banking recharge would be affected by the limitation on surface water deliveries, but that banking 
recovery would remain similar to historical volumes.  Therefore, the historical groundwater banking 
obligations were adjusted under the Baseline, 2030 Climate Conditions and 2070 Climate Conditions 
scenarios by the same percentage as the surface water deliveries; however, the groundwater banking 
recovery was assumed to remain the same.  Based on the historical banking obligations and using that 
as a foundation going forward, no banking partner has ever requested the full amount of the water 
banked at any particular time even in the most recent drought years.  All the banking obligation 
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agreements require limitations on amounts to be requested and delivered as well as “leave in” amounts 
that remain in the Kern County Subbasin.  This historical management of banking obligations provides 
the Kern County Subbasin more flexibility for use of water as well as delivery of the obligations.  For the 
projected future scenarios, the out-of-basin banking obligations were calculated as follows: 

• For the Baseline scenarios, the out-of-basin banking obligations were calculated as 69,632 AFY 
based on surface water deliveries of about 81% of historical deliveries. 

• For the 2030 Climate scenarios, the out-of-basin banking obligations were calculated as 
67,913 AFY based on surface water deliveries of about 79% of historical deliveries. 

• For the 2070 Climate scenarios, the out-of-basin banking obligations were calculated as 
64,474 AFY based on surface water deliveries of about 75% of historical deliveries. 

Tracking of banked groundwater obligations was done using the same post processing process as 
applied to the historical groundwater assessment by assigning the portion of the groundwater recharge 
as an out-of-basin banking obligation.  

7. PROJECTED FUTURE C2VSIMFG-KERN SIMULATION RESULTS 

The C2VSimFG-Kern was run for three scenarios that estimate hydrologic conditions of Baseline, 2030 
Climate Conditions and 2070 Climate Conditions scenarios both with and without the proposed SGMA 
projects and management actions for a total of six projected future scenarios.  
7.1 Projected Future Water Budgets 

C2VSimFG-Kern calculates water budget components each month of the simulation period for each 
future scenario. Projected future water budgets developed based on the C2VSImFG-Kern simulation 
results with the proposed SGMA management actions were then compared to results for the future 
scenarios without the management actions to assess how these changes enhance groundwater 
sustainability within the Kern County Subbasin.  
The average annual value of each water budget component summarizes the impacts over 50 years with 
current water demands.  The water budget results for the six Projected Future Scenarios are presented 
in Tables 16 through 21, and include averages over three different periods, which include: 

• WY2021 to WY2040 – Implementation Period representing the 20-year period required by the 
SGMA regulations to implement projects and management actions to achieve sustainability. 

• WY2041 to WY2070 – Sustainability Period representing the 30-year hydrologic period following 
the Implementation Period to assess the long-term sustainability of the proposed projects and 
management actions with variable climatic conditions including periods with above average 
rainfall and extended droughts.   

• WY2021 to WY2070 – Simulation Period representing the entire 50-year projected future 
hydrologic conditions.  

Changes to surface water diversions under the proposed projects and management actions included 
monthly increases or reductions to 37 model diversions and the addition of 7 new diversions.  Ten new 
groundwater pumping wells were added to simulate a new groundwater pumping program.  Agricultural 
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land use was converted to native vegetation in ten management areas, and to urban land use in three 
management areas.  The projects and management actions included in the C2VSimFG-Kern scenarios 
with SGMA projects are described in the individual GSPs and management area plans.  These changes 
were applied to a series of six C2VSimFG-Kern scenarios for Baseline, 2030 Climate Conditions and 2070 
Climate Conditions both with and without SGMA projects.  The results of these simulations are 
summarized in Table 15 below. 
Baseline simulation results indicate that the Kern County Subbasin has an average annual overdraft of 
324,326 AFY.  By implementing the proposed projects and management actions, the Subbasin is 
forecasted to achieve sustainability by 2040 with an estimated 42,144 AFY of annual surplus.  With 
adjustments to account for limitations in the simulation (discussed in Section 7.2.1), the adjusted change 
in storage increases to 85,578 AFY. 
Collectively, the C2VSimFG-Kern simulation results indicate that the currently proposed SGMA projects 
and management actions, once fully implemented, provide a reasonable approach to achieve 
sustainable management of the groundwater basin and can be adaptively managed to meet future 
challenges as necessary.  A brief summary of each of the six projected future water budgets from 
C2VSimFG-Kern is provided below.   
 

Table 15: Summary of Simulated Change in Groundwater Storage Results over 
the 2041 to 2070 Sustainability Period 

C2VSimFG-Kern Model 
Scenario 

Change in Groundwater Storage (AFY) 
C2VSimFG-Kern 
Model Results 

Adjusted Model 
Results 

Historic -277,114 -277,114 
   
Baseline  -324,326 -324,326 
Baseline with Projects 42,144 85,578 
   
2030 Climate Change -380,900 -372,120 
2030 Climate with Projects -12,861 46,829 
   
2070 Climate Change -489,828 -472,336 
2070 Climate with Projects -118,273 -45,969 

 
7.1.1 Baseline Condition Water Budgets  
The Baseline Scenarios simulate how the Kern County Subbasin aquifer would respond if the recent 
hydrology were repeated with current expected surface water availability and current land use.  The 
Baseline Scenarios were run both with and without SGMA projects.   
For the Baseline Scenario without SGMA Projects, the groundwater budget for WY2021 to WY2040 
(Table 16) repeats the 20-year historical hydrologic period so it provides a direct comparison of the 
differences between the projected future Baseline without SGMA Projects and the historical condition.  
The primary difference between historical conditions and the projected future Baseline is a nearly 20% 
decrease in imported surface water deliveries primarily from the SWP due to the OCAP Biological 
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Opinion.  This is replaced with additional groundwater pumping.  As a result, total net aquifer outflows 
increase by about 20,200 AFY and total net aquifer inflows decrease by about 76,500 AFY.  This is mostly 
because of increased groundwater pumping and decreased managed aquifer recharge due to a decline 
in imported SWP water.  Over this period, the average groundwater pumping is 1,581,000 AFY, which 
includes agricultural pumping, urban pumping and exported water.  This results in an additional loss of 
groundwater storage of about 56,300 AFY over the 50-year projected future Baseline period.   
The Baseline Scenario with SGMA Projects simulates the proposed SGMA projects and management 
actions (Section 5.2) applied to the Baseline Scenario.  No other changes were made except for the 
addition of the SGMA projects to provide a direct comparison of the relative benefits of about 
422,000 AFY of proposed SGMA projects and management actions.  The groundwater budget for the 
Baseline Scenario with SGMA Projects is provided in Table 17.  Comparing the groundwater budget for 
WY2041 to WY2070 (Table 17) with the same period from the Baseline Scenario (Table 16) provides an 
evaluation of groundwater conditions after the SGMA projects and management actions have been fully 
implemented.  As a result, total net aquifer inflows increase about 135,400 AFY due to increased 
managed aquifer recharge and deep percolation.  The total net aquifer outflows decrease about 
231,100 AFY due mostly to decreased groundwater pumping with agricultural demand reduction 
management actions.   
The change in groundwater storage for the Baseline Scenario with SGMA Projects improves by about 
366,500 AFY compared to the Baseline Scenario without SGMA Projects.  This change results in a net 
gain in groundwater in aquifer storage over the WY2041 to WY2070 sustainability period of about 
42,100 AFY.  A comparison of the annual change in groundwater storage over the 50-year hydrologic 
period is presented in Figure 16.  The time series shows that change in groundwater storage has 
stabilized to slightly increasing over the period from WY2041 to WY2070.   
A comparison of the average annual water budget components for the two different Baseline Scenarios 
is presented in Figure 17.  Over the WY2041 to WY2070 period, the average groundwater pumping of 
1,354,000 AFY for the Baseline Scenario with SGMA Projects (which includes agricultural pumping, urban 
pumping and exported water) is over 270,000 AFY less than in the Baseline Scenario.   
7.1.2 2030 Climate Change Water Budgets  
The 2030 Scenarios simulate how the Kern County Subbasin aquifer would respond assuming hydrologic 
conditions representing a potentially drier climate and are based on the DWR Climate Change Guidance 
and Resource Guide (DWR, 2018A and 2018B).  The 2030 DWR climate change factors were applied to 
the Baseline Scenario conditions.  Additional adjustments were made to the imported surface water 
supplies from the SWP, CVP and Kern River, accounting for about an additional 2% decrease from the 
Baseline Conditions.  The 2030 Climate Change Scenarios were run both with and without SGMA 
projects.  Results for climate change budgets are illustrated in Figures 18, 19, and 20.  
The groundwater budget for the 2030 Climate Scenario without SGMA Projects for WY2041 to WY2070 
(Table 18) is compared the same period for the Baseline Scenario without SGMA Projects to assess the 
relative change due to the climate change assumptions.  The results show a net increase in aquifer 
inflows of about 44,700 AFY, however, the aquifer net outflows increase by about 101,200 AFY.  This is 
mostly attributed to the climate shift to earlier rainfall making more surface water available for 
managed aquifer recharge during the winter but less available for irrigation in the summer, resulting in 
higher groundwater pumping.  The net change in groundwater storage is an additional decline of about 
56,600 AFY due to the climate change impacts.   
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The 2030 Climate Scenario with SGMA Projects simulates the proposed SGMA projects and management 
actions (Section 5.2) applied to the 2030 climate change conditions.  No other changes were made to 
this scenario.  The groundwater budget for the 2030 Climate Scenario with SGMA Projects is provided in 
Table 19.  Comparing the groundwater budget for WY2041 to WY2070 (Table 18) between the two 
2030 Climate Scenarios, the total net aquifer inflows increase about 118,700 AFY due to increased 
managed aquifer recharge and deep percolation.  The total net aquifer outflows decrease about 
249,300 AFY due mostly to decreased groundwater pumping with agricultural demand reduction 
management actions.   
The change in groundwater storage for the 2030 Climate Scenario with SGMA Projects improves by 
about 368,000 AFY.  This change results in a net decline in groundwater in aquifer storage over WY2041 
to WY2070 of about 12,900 AFY.  A comparison of the annual change in groundwater storage over the 
50-year hydrologic period is presented in Figure 20.  The time series shows that change in groundwater 
storage has stabilized to slightly increasing over the period from WY2041 to WY2070, but at a level 
below the results for the Baseline Scenario with SGMA Projects.   
A comparison of the average annual water budget components for the two 2030 Climate Scenarios is 
presented in Figure 18.  Over this period, the average groundwater pumping of 1,444,000 AFY for the 
2030 Climate Scenario with SGMA Projects, which includes agricultural pumping, urban pumping and 
exported water, is over 290,000 AFY less than in the 2030 Climate Scenario without SGMA Projects.   
7.1.3 2070 Climate Change Water Budgets 
The 2070 Scenarios simulate how the Kern County Subbasin aquifer would respond assuming hydrologic 
conditions representing a potentially very dry climate and are based on the DWR Climate Change 
Guidance (DWR, 2018A and 2018B).  The 2070 DWR climate change factors were applied to the Baseline 
Scenario Conditions.  Additional adjustments were made to the imported surface water supplies from 
the SWP, CVP and Kern River, and these accounted for an additional 6% decrease from the Baseline 
Conditions.  The 2070 Climate Change Scenarios were run both with and without SGMA Projects.   
The groundwater budget for the 2070 Climate Scenario without SGMA Projects over WY2041 to WY2070 
(Table 20) is compared the same period for the Baseline Scenario without SGMA Projects to assess the 
relative change due to the climate change assumptions.  The results show a net increase in aquifer 
inflows of about 66,100 AFY, however, the net aquifer outflows increase by about 231,600 AFY.  This is 
mostly attributed to an even greater climate shift to earlier rainfall making more surface water available 
for managed aquifer recharge during the winter but less available for irrigation in the summer resulting 
in higher groundwater pumping.  The net change in groundwater storage is an additional decline of 
about 165,500 AFY due to the climate change assumptions.   
The 2070 Climate Scenario with SGMA Projects simulates the proposed SGMA projects and management 
actions (Section 5.2) applied to the 2070 climate change conditions.  No other changes were made to 
this scenario.  The groundwater budget for the 2070 Climate Scenario with SGMA Projects is provided in 
Table 21.  Comparing the groundwater budget for WY2041 to WY2070 (Table 20) between the two 
2070 Climate Scenarios, the total net aquifer inflows increase about 106,300 AFY due to increased 
managed aquifer recharge and deep percolation.  The total net aquifer outflows decrease about 
265,300 AFY due mostly to decreased groundwater pumping due to agricultural demand reduction 
management actions.   
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The change in groundwater storage for 2070 Climate Scenario with SGMA Projects improves by about 
371,600 AFY.  This change results in a net decline of groundwater in aquifer storage over WY2041 to 
WY2070 of about 118,300 AFY.  A comparison of the annual change in groundwater storage over the 
50-year hydrologic period is presented in Figure 20.  The time series shows that change in groundwater 
storage has stabilized to slightly increasing over the period from WY2041 to WY2070, but at a level 
below the results for the Baseline and 2030 Scenarios with SGMA Projects.   
A comparison of the average annual water budget components for the two different 2070 Climate 
Scenarios is presented in Figure 19.  Over this period, the average groundwater pumping of 
1,559,000 AFY for the 2070 Climate Scenario with SGMA Projects, which includes agricultural pumping, 
urban pumping and exported water, is over 307,000 AFY less than in the 2070 Climate Scenario without 
SGMA Projects.   
7.2 Projected Future Sustainability Assessment 

To assess the sustainability of the proposed GSP plans, the C2VSimFG-Kern model future scenario input 
files were modified to incorporate all the proposed SGMA projects and management actions.  
7.2.1 Change in groundwater storage  
Groundwater sustainability for the Kern County Subbasin was assessed using annual changes in 
groundwater storage.  As discussed in Section 7.1, the decline in groundwater storage of the three 
future Baseline scenarios is significantly mitigated by the implementation of the proposed SGMA 
projects and management actions.  An assessment of the projected future groundwater storage change 
for the six projected future scenarios is summarized in Table 22.   
The Change in Groundwater Storage presented in Table 22 provides the net difference in aquifer inflows 
and outflows without consideration of subsurface flow to and from adjacent groundwater basins.  This 
provides a measure of the natural and managed water supply within the groundwater basin without 
being influenced either positively or negatively by the subsurface flow.  For the Kern County Subbasin, 
the net operational flow differs from the change in groundwater storage by about 50,000 to 75,000 AFY 
for the scenarios without SGMA projects, indicating that most of the groundwater storage change is due 
to conditions within the basin.  
The Adjustments to Groundwater (GW) Storage Change are made to account for limitations in either the 
underlying conceptual model of C2VSimFG-Kern or the setup of the projected future scenarios.  The two 
adjustments made to the projected future water budgets include:  

• Adjustment for Excess Basin Outflows is the difference in simulated basin outflow that is 
attributed to addition of SGMA projects in Kern County without comparable SGMA projects 
added to adjacent basins.  Adjustment assumes that this difference is due to limitation of the 
simulation, and that this difference would remain in Kern County Subbasin when SGMA projects 
from adjacent basins are included in the simulation. 

• Adjustment for Excess Kern River Outflow is the increase in simulated groundwater outflows to 
the Kern River relative to Baseline condition that are attributed to SGMA projects and climate 
change.  The model is not optimized for river management.  Because the Kern River is a highly 
managed system, the assumption is that in practice this water would be recovered for beneficial 
use and not allowed to flow from the basin. 
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These adjustments resulted in an overall improvement in the change in groundwater storage for the 
projected future water budgets.  For the scenarios that include the SGMA Projects, the change in 
groundwater storage improves by 43,400 AFY (Baseline), 59,700 AFY (2030 Climate Change), and 
72,300 AFY (2070 Climate Change).  As a result of these adjustments, the adjusted change in 
groundwater storage for the three scenarios with SGMA Projects varied as follows:  

• the Baseline Scenario with SGMA Projects changes from an increase of 42,100 AFY to an 
increase of 85,600 AFY. 

• the 2030 Climate Scenario with SGMA Projects changes from a decline of 12,900 AFY to an 
increase of 46,800 AFY. 

• the 2070 Climate Scenario with SGMA Projects changes from a decline of 118,000 AFY to a 
decline of 46,000 AFY. 

These adjustments indicate areas of improvement for C2VSimFG-Kern.  Future updates to the model will 
address how to better simulate these conditions directly to limit the use of post-simulation adjustments.  
7.2.2 Sustainability Assessment 
As defined by SGMA, the sustainable yield of a basin is the amount of groundwater that can be 
withdrawn annually without causing undesirable results.  Although the SGMA regulations require that a 
single value of sustainable yield must be calculated basinwide, it should be noted that the sustainable 
yield can be changed with implementation of recharge projects, variations in climate, or changes in 
stream flow conditions.  For the projected future scenarios, both the climate and the managed water 
supply operations are significantly affected which would lead to a change in the sustainable yield for the 
basin.   
For the sustainability assessment, the sustainable yield was recalculated using the method described in 
Section 4.2, and the results are presented in Table 23.  Without the SGMA projects and management 
actions, the percentage of the Average Annual Difference to the total groundwater pumping provides 
context to compare the significance of the level of groundwater pumping for the basin.  For the 
scenarios without SGMA projects and management actions, the groundwater pumping exceeds the 
sustainable yield on the order of 25% to 34% (Table 23).  However, with the proposed SGMA projects 
and management actions, the groundwater pumping is less than the sustainable yield of the Subbasin 
for the Baseline and 2030 climate scenarios and is within 3% of the sustainable yield for the 
2070 climate scenario (Table 23).  This assessment indicates that the proposed SGMA projects and 
management actions for the Kern County Subbasin are of sufficient magnitude that, if fully 
implemented, would lead to groundwater sustainability for the Kern County Subbasin after WY2040.   
7.2.3 Minimum Thresholds and Measurable Objectives 
Another requirement of SGMA is for groundwater levels not to cross their minimum thresholds to the 
extent that undesirable results would occur in the basin, and moreover, that proposed SGMA projects 
and management actions would lead to meeting the measurable objectives.  The Kern County Subbasin 
GSAs have defined 186 representative monitoring well (RMW) locations spread across the Kern County 
Subbasin.  A minimum threshold and measurable objective have been assigned each of the 
186 locations, and the hydrographs for all 186 locations are provided in Attachment A.  The RMW 
locations are shown on Figure 21.   
The C2VSimFG-Kern results were used to assess whether the simulated groundwater levels would meet 
the minimum threshold and measurable objective for each monitoring well.  Because C2VSimFG-Kern is 
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not fully calibrated, the results are presented as relative change (which does not require calibration) 
instead of simulated groundwater levels using the superposition method. Future change in groundwater 
level was determined for each of the 186 locations for each of the six projected future simulations.  The 
change was calculated from the simulated March 2015 groundwater levels from the model.  The change 
in groundwater level was then applied to the measured March 2015 groundwater level at the 
monitoring location.  The result was to superimpose the simulated change in groundwater levels from 
the projected future C2VSimFG-Kern scenarios relative to the measured March 2015 groundwater level. 
Figure 22 provides four representative examples of the simulated hydrographs using this method.  
Hydrographs of the simulated groundwater levels relative to the minimum thresholds and measurable 
objectives for all 186 locations were provided to the various GSAs and water districts for inclusion in 
their respective GSPs.  In general, across most areas of the basin, groundwater levels fall near or below 
the minimum thresholds without the SGMA projects but are typically above the minimum threshold for 
the simulations that include the SGMA projects.  
The groundwater hydrographs for some locations, especially along the eastern and western basin 
margins, show an unusual pattern that is likely influenced by issues with the hydrogeological conceptual 
model incorporated into C2VSimFG-Kern for these locations.  The hydrographs for these areas are not 
considered to be representative of actual conditions that would physically occur.  This is a limitation to 
the model. It is recommended that a more rigorous model update be conducted to revise the 
hydrogeological conceptual model to be consistent with that presented in the Kern County Subbasin 
GSPs.  In addition, further calibration of C2VSimFG-Kern is recommended to update aquifer parameters 
in the Kern County Subbasin.  The recommendations for revisions to the hydrogeological conceptual 
model and additional calibration are further discussed in Section 8.5.   

8. VALIDATION OF C2VSIMFG-KERN PERFORMANCE 

The C2VSimFG-Kern performs well within the central part the Kern County Subbasin.  The model does 
not perform as well east of the Friant-Kern Canal or west of the California Aqueduct.  The geologic and 
hydrogeologic conceptual models within the central part of the Kern County Subbasin appear to be 
generally realistic.  The geologic and hydrogeologic conceptual models appear to be very poor in the 
areas where the model does not perform well. 
8.1 C2VSimFG-Kern Validation 

One of the concerns for the modeling is the overall calibration of C2VSimFG-Beta in Kern County.  As 
discussed above, the assumption is that C2VSimFG-Beta was developed using reasonable care in 
developing the geologic framework and developing a consistent regional methodology for determining 
aquifer properties.  An identified weakness of the C2VSimFG-Beta is the quality of data used in 
developing the overall water balance such as the extent of the groundwater banking operations in Kern 
County.  The issues with the water balance are considered the primary contributing factor affecting the 
calibration of the C2VSimFG-Beta; the hydrogeologic conceptualization is reasonably accurate for a 
regional planning analysis. 
To address these concerns, a validation analysis was performed for C2VSimFG-Kern by comparing 
simulations results to field measured groundwater level data collected during the Study Period and 
comparing those to a similar set of residuals from the C2VSimFG-Beta model.  The statistical results of 
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this analysis should be comparable, if not better, for C2VSimFG-Kern compared to the C2VSimFG-Beta 
results.  
The analysis used 42,058 groundwater levels measurements collected from 558 monitoring wells in the 
Kern County Subbasin.  The data were collected by Kern County Water Agency, the Kern Fan Monitoring 
Committee, the DWR Water Data Library, and local agencies.  For each location, the residual was 
calculated as the simulated groundwater level minus the measured groundwater level based on the well 
measurement data.  A brief summary of the statistical measures used to evaluate the calibration results 
(shown on Table 24) is provided below: 

• The residual mean is computed by dividing the sum of the residuals by the number of residual 
data values.  The closer this value is to zero, the better the calibration especially as related to 
the water balance and estimating the change in aquifer storage.  The residual mean of 17.3 feet 
for C2VSimFG-Kern is an improvement of 47% over the 32.6 feet from C2VSimFG-Beta.   

• The absolute residual mean is the arithmetic average for the absolute value of the residual, so it 
provides a measure of the overall error in the model.  The absolute residual mean of 37.4 feet 
for C2VSimFG-Kern is an improvement of 34% over the 56.8 feet from C2VSimFG-Beta.  

• The residual standard deviation evaluates the scatter of the data.  A lower standard deviation 
indicates a closer fit between the simulated and observed data.  The standard deviation is 
45.5 feet for C2VSimFG-Kern, which is an improvement of 16% over the 54.0 feet from 
C2VSimFG-Beta.   

• The Root Mean Square (RMS) Error is the square root of the arithmetic mean of the squares of 
the residuals and provides another measure of the overall error in the model.  The RMS Error is 
50.0 feet for C2VSimFG-Kern, which is an improvement of 32% over the 73.5 feet from 
C2VSimFG-Beta. 

• The correlation coefficient ranges from 0 to 1 and is a measure of the closeness of fit of the data 
to a 1 to 1 correlation.  A correlation of 1 is a perfect correlation.  The correlation coefficient of 
0.76 for C2VSimFG-Kern is an improvement of 47% over the 0.52 from C2VSimFG-Beta.   

• Another statistical measure is the ratio of the standard deviation of the mean error divided by 
the range of observed groundwater elevations.  This ratio shows how the model error relates to 
the overall hydraulic gradient across the model.  The ratio for C2VSimFG-Kern is 0.061 feet, 
which is an improvement of 34% over the 0.092 from C2VSimFG-Beta.  

Considering these results in context with the overall range of measurements of 616 feet, the residual 
mean of 17.3 feet represents a relative percentage difference of less than 3%.  For the absolute residual 
mean of 37.4 feet, the relative percentage difference is about 6%.  Despite this improvement in model 
performance, the model is not considered fully calibrated.  However, C2VSimFG-Kern is reasonably 
validated for assessing groundwater level changes on the subbasin scale for the purposes of SGMA 
planning. 
8.2 Sensitivity Analysis 

The C2VSimFG-Kern model was not formally calibrated.  Some physical parameters were adjusted to 
improve model performance in specific areas.  A sensitivity analysis was conducted on the adjusted 
model to understand how variations in model parameters affect model results.  Eight physical 
parameter sets were systematically varied, and model results compared to the base model for a 



C2VSimFG-Kern Water Budgets   
Kern County Subbasin SGMA 37 TODD GROUNDWATER 

selected group of groundwater hydrographs.  C2VSimFG-Kern parameter sensitivities evaluated for Kern 
County Subbasin include: 

• Horizontal hydraulic conductivity of aquifer (Kh) 
• Vertical hydraulic conductivity of aquifer (Kv) 
• Vertical hydraulic conductivity of Corcoran Clay aquitard (Kcorc) 
• Streambed conductance of Kern River (Cstm) 
• Specific storage of aquifer (Ss) 
• Specific yield of aquifer (Sy) 
• Soil hydraulic conductivity in root zone (Ksoil) 
• Soil pore size distribution index in root zone (λ) 

The Root Mean Squared Error between observed and simulated values was calculated for the original 
parameter set and after varying each parameter set upward and downward by a set factor.  Results are 
presented in Figure 23.  This sensitivity analysis shows that the hydrologic parameter values in the 
C2VSimFG-Kern model are generally within an acceptable range.  A full model calibration would likely 
improve model performance. 
8.3 Peer Review Process 

Todd Groundwater worked with Woodard and Curran (W&C) throughout the model development 
process as W&C conducted an on-going peer review of model input files.  W&C staff have developed 
several IWFM-based models and worked with DWR to develop C2VSimFG-Beta.  Their reviews helped 
ensure that the model update used best practices when incorporating new data.  The peer review 
process was documented in a series of meeting summaries to the KGA and KRGSA.  The updated 
C2VSimFG-Kern input files for the Kern County Subbasin were shared with DWR for incorporation into 
future C2VSim public releases. 
The more general assumptions in C2VSimFG-Beta were replaced with local data and knowledge that are 
regionally or locally significant for WY1995 to WY2015.  This update employed a phased approach with 
regular peer reviews.  

1) Phase 1 revisions address components of Regional Significance that require significant changes 
to the overall model input file structure.  These include: 
a) Surface water delivery volumes, application areas and use by water district, 
b) Groundwater banking recharge, recovery and application of recovered water,  
c) Evapotranspiration rates and irrigation demand based on ITRC METRIC data (ITRC 2017), 
d) Urban population and per capita demand, including addition of an urban zone for 

Metropolitan Bakersfield, and 
e) Addition of groundwater extraction wells for groundwater banking projects.  

2) Interim Review  
a) The Woodard & Curran Peer Review Team  
b) Kern County Subbasin water districts and purveyor’s local data review 
c) Stakeholder input 

3) Phase 2 revisions address components of Local Significance that generally require modifications 
of input data and parameters within the existing C2VSim model input file structure. These 
include: 
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a) Local water sources and demands of significance to individual Districts/GSAs, 
b) District pumping for in-district delivery via surface water canals where significant, 
c) District recharge operations utilizing canals, stream channels, and basins, 
d) Wastewater disposal and land application, and 
e) Review and limited adjustment of model parameters. 

4) Interim Review by same reviewers listed in item 2 
5) Phase 3 revisions include addressing comments and incorporating new data from the Interim 

Reviews 
6) Interim Review by same reviewers listed in item 2 
7) Tabulate model-derived water budgets for Peer-Review and GSP Use 

In each update phase, historical and current water budgets for zones representing water agency service 
areas were produced with the revised C2VSimFG-Kern model incorporating corrected local data. These 
water budgets were shared with participating agencies for review, to ensure that C2VSimFG-Kern 
correctly represented local water balances.  Where necessary, participating agencies provided additional 
data which was incorporated into C2VSimFG-Kern.  
8.4 Internal Review Process 

Todd Groundwater and Hydrolytics LLC worked collaboratively on this model revision, water budget 
development and the projected future scenarios.  Throughout this work, efforts were applied to 
improve data management to develop a systematic process for generating model input files.  Using this 
approach, internal review could be conducted with each firm reviewing the contributions from the 
other.  The goal was to accurately represent the data provided by the Kern County agencies in the 
model. 
Due to schedule constraints, a thorough internal review of the projected future model scenarios was not 
completed prior to the submission of the Public Review Draft of the model results in August 30, 2019.  A 
thorough review of all input for the projected future scenarios was conducted in September and 
October 2019.  During this review, several issues were identified and corrected.  As a result, the results 
in this report vary from those provided in the August 2019 Public Review Draft.  Although the numbers 
changed, the overall conclusions from the C2VSimFG-Kern simulations remained essentially the same.   
8.5 Recommendations for Future Improvements to C2VSimFG-Kern 

The C2VSimFG-Kern performs well in the Kern County Subbasin, producing simulated water budget 
components that generally match historical values compiled by local agencies.  C2VSimFG-Kern 
simulated groundwater levels provide a reasonable approximation of observed groundwater levels in 
the central part of the Kern County Subbasin.  The model is well suited for estimating the impacts of 
management actions on the Subbasin groundwater storage and is also well suited as a planning tool in 
meeting compliance of SGMA. 
During the model update, several outstanding issues were identified that should be addressed in future 
updates to C2VSimFG-Kern.  The following actions and model improvements are recommended: 

• Improve streamflow simulations of the Kern River and Poso Creek.  Flows in the Kern River 
channel, including local stream-groundwater interactions, are not well replicated and surface 
water diversions are not dynamically simulated.  Some rejected recharge occurs in the Kern Fan 
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area in very wet years, with significant outflow of groundwater to the Kern River especially in 
the Kern Fan banking area (i.e., rejected recharge).  This has been an ongoing issue and needs to 
be addressed for the projected future water budgets so that banking recharge volumes can be 
better matched in the model.  It is recommended that future revisions to C2VSimFG-Kern 
further evaluate issues in simulating streamflow and seepage in the Kern River and Poso Creek 
(see Section 8.5).  This may include incorporating more advanced streamflow simulation 
features that are available in IWFM but that have not been previously utilized in developing 
C2VSim models by DWR.  Changing the stream simulation feature may require development of a 
local Kern County Subbasin model.   

• Improve the geologic and hydrogeologic conceptual model of the Kern County portion of the 
Central Valley.  A hydrogeologic conceptual model is a framework for understanding where 
groundwater exists, where it flows, and how groundwater interacts with surface water bodies 
and the land surface.  A geologic conceptual model provides a framework for understanding the 
geologic features that control groundwater movement.  Quantitative analysis of Kern County 
Subbasin groundwater flow is severely hampered by the lack of detailed geologic and 
hydrogeologic conceptual models of the areas outside the central alluvial basin.  Geologic and 
hydrogeologic conceptual models will provide a foundation for the quantitative analysis of the 
groundwater flow system, and the framework for modeling the system.  Key steps are: 

o Develop detailed geologic and hydrogeologic conceptual models of the Kern County 
Subbasin.  

o Differentiate the four Principal Aquifers that have been identified in the Kern County 
Subbasin based on definitions from local management area GSPs.  

o Identify the locations and characteristics of natural features that affect groundwater 
recharge and movement (faults, ridges, clays).  

o Understand water occurrence and movement in areas outside the central Kern County 
Subbasin.  

o Develop water quality maps (natural constituents and anthropogenic constituents). 
o Modify the Kern County Subbasin model to conform to the updated conceptual models. 

• Simulation of deep percolation and small watersheds.  Unreasonably high deep percolation 
(return flows) of the applied water in some areas has led to unreasonably elevated pumping 
rates to compensate.  One problem is high root zone hydraulic parameter values in certain areas 
that were identified and corrected to better reflect local soil conditions.  Because the excess 
pumping was returning to groundwater, the change has little effect on the basin change in 
storage, but the pumping and deep percolation are now more in line with local estimates.  Root 
zone hydraulic parameters should be redeveloped throughout the subbasin to assure model 
values are representative of actual values.   

• Root Zone Parameters, Areas of overly high root zone hydraulic parameters led to high volumes 
of deep percolation that required additional groundwater pumping to meet the overall water 
demand for irrigation.  A review found areas of overlying high soil hydraulic conductivity and 
other soil parameters produced percolation rate that were too high.  These areas were manually 
adjusted to be more in line with observed conditions.  A more rigorous development of root 
zone parameters should be considered in the future as this issue demonstrates that it is a 
sensitive parameter.   
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• Investigate development of a stand-alone Kern County Subbasin model.  The C2VSim model 
provided by DWR and updated with local data is adequate for GSP preparation. However, this 
model may not meet all of the groundwater modeling needs of Kern County Subbasin 
stakeholders.  In addition, running a full Central Valley simulation model imposes longer model 
run times and reduces model flexibility.  Stakeholders should undertake a comprehensive study 
to develop a list of their integrated (groundwater and surface water) modeling needs, and then 
decide whether further improving C2VSimFG-Kern or developing a new integrated hydrologic 
model is the best way to address the Subbasin modeling needs. This decision should be made 
before the end of 2020 to allow sufficient time to develop a new model or improve C2VSimFG-
Kern in time for use in development of the 2025 GSP. 

• Adjust the finite element grid to honor water management boundaries.  The C2VSimFG-Kern 
model grid is a randomly generated grid that does not conform to any local features other than 
natural surface water channels.  This limits the spatial accuracy of model inputs and the 
precision and flexibility of water budget outputs.  Adjusting the grid to match district and agency 
boundaries, historical delivery areas, water management units within districts, and geologic and 
hydrologic features would greatly enhance model capabilities. 

• Quantify boundary flows.  Significant uncertainty exists regarding the rates and timing of 
groundwater flows into the Kern County Subbasin from surrounding watersheds, and 
groundwater flows from the Kern County Subbasin to Kings and Tulare counties to the north.  
Reliable estimates of boundary flows will improve model performance in boundary areas. 

• Kern County Subbasin Boundary.  The GSAs in the basin should consider when DWR updates 
the Bulletin 118 in 2020 to investigate the “actual” Kern County Subbasin and to remove those 
peripheral lands where aquifer connectivity does not exist.   

• Utilize more complex water management features of IWFM.  The Kern Update process 
modified information within the existing C2VSimFG-Beta model structure to improve model 
performance within the Kern County Subbasin.  The IWFM application has several features that 
could be further utilized to improve model performance.  

o Adjust the agricultural crops to better match the Kern County crop mix (for example, 
create separate crop categories for carrots, young and mature almonds, young and 
mature pistachios, etc.).  

o Implement multi-cropping with semiannual or quarterly land use. 
o Some C2VSim data are organized by DWR subregions, which represent heterogeneous 

areas with homogeneous data.  Developing Kern County Subbasin subregions and 
organizing model input data by these subregions may provide a better representation of 
local hydrologic conditions. 

• Calibrate the improved model for the Kern County Subbasin.  DWR did not fully calibrate the 
Kern County portion of the C2VSim model, owing to both poor historical input data and a lack of 
calibration data sets.  The Kern Update process significantly improved the historical data in the 
model, developed some calibration data sets, and included limited adjustment of model 
parameters.  The updated model performs adequately in the central part of the Kern County 
Subbasin and poorly in areas outside the central part of the basin.  Once the above 
improvements are completed, the Kern County portion of the resulting model should be fully 
calibrated to ensure that it performs well throughout the Kern County Subbasin. 
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9. CONCLUSIONS 

This brief summary provides an overview of the findings and conclusions of the modeling results for the 
Kern County Subbasin using C2VSimFG-Kern. 
9.1 Findings of the C2VSimFG-Kern Application and Results 

The subbasin-wide update of C2VSimFG-Kern incorporated data from many local agencies. Each 
participating agency provided data for their jurisdiction for use in improving the model.  This included 
managed water supply data (e.g., surface water deliveries, land use, irrigation demand, return flows, 
and groundwater banking), stream and groundwater monitoring data, geologic data, and other relevant 
data.  This information was compiled and used to improve C2VSimFG-Kern performance in the Kern 
County Subbasin.  
The historical water budget analysis indicates that the Kern County Subbasin was in a state of overdraft 
equivalent to the long-term decline in groundwater storage from WY1995 to WY2014 of 277,144 AFY.  
Projected Future simulations indicate that the proposed SGMA projects and management actions in the 
Kern County GSPs are sufficient for the Kern County Subbasin to achieve sustainability under Baseline 
and 2030 Climate Change conditions.   
C2VSimFG-Kern was used to evaluate the change in groundwater in storage for projected future 
conditions using a baseline condition that projects current water supply, water demand and land use 
over a 50-year period based on historical hydrology.  The baseline was adapted following DWR climate 
change guidance to develop 2030 and 2070 climate change simulations.  The proposed SGMA projects 
and management actions were compiled from all of the Kern County Subbasin GSAs and management 
areas.  The total projects total about 421,000 AFY after implementation.  This assessment indicates that 
the proposed SGMA projects and management actions for the Kern County Subbasin are of sufficient 
magnitude that, if fully implemented, would lead to groundwater sustainability for the Kern County 
Subbasin after WY2040.   
The historical C2VSimFG-Kern performs well in the Kern County Subbasin, producing simulated water 
budget components and groundwater levels that generally match historical values compiled by local 
agencies.  C2VSimFG-Kern simulated groundwater levels provide a reasonable statistical approximation 
of observed groundwater levels in the Kern County Subbasin that show significant improvement relative 
to C2VSimFG-Beta.  Therefore, C2VSimFG-Kern is well suited as a planning tool to estimate the impacts 
of the proposed SGMA projects and management actions on groundwater conditions in the Kern County 
Subbasin. 
The C2VSimFG-Kern model development and the water budget analysis were designed to fulfill the GSP 
requirement for a coordinated subbasin-wide water budget analysis, while also providing information 
required to fulfill other GSP requirements.  The C2VSimFG-Kern was provided to DWR so the Kern 
County Subbasin revisions can be incorporated into their master version of the C2VSim model.  
9.2 C2VSimFG-Kern Compliance with Coordination Agreement Requirements 

Subbasin GSAs coordinated on the development and application of the C2VSimFG-Kern to ensure that 
the model was incorporating comparable data sets and the best available information; as such, the 
model meets numerous technical requirements for Subbasin-wide coordination, including for 
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Coordination Agreements in §357.4.  As demonstrated throughout this memorandum, the C2VSimFG-
Kern model documents the use of “the same data and methodologies” for water budget development.  
Specifically, groundwater extraction data were coordinated through the use of ET METRIC data for all 
irrigated lands over the entire Subbasin to estimate private irrigation pumping.  Monthly metered data 
from District, municipal, and banking pumping were incorporated as available.  Surface water supply 
data were provided in similar units and formats using consistent templates for data collection and 
management in the model.  Total water use and change in groundwater in storage were developed 
through consistent methodologies as applied in the C2VSimFG-Kern model.  Calibration targets also 
incorporated consistent data sets for groundwater elevation data throughout the Subbasin as compiled 
in the DWR Water Data Library, KCWA water level database, and supplemented with local data, as 
needed.  This memorandum documents coordination efforts in subsequent sections that demonstrates 
compliance with GSP requirements in §354.18, §357.4, and other portions of the regulations.  
9.3 Limitations and Uncertainty of C2VSimFG-Kern 

The C2VSimFG-Kern performs well in the Kern County Subbasin, producing simulated water budget 
components that generally match historical values compiled by local agencies.  C2VSimFG-Kern 
simulated groundwater levels provide a reasonable approximation of observed groundwater levels in 
the central part of the Kern County Subbasin.  The model is well suited to estimating the impacts of 
management actions on subbasin groundwater storage. 
The C2VSimFG-Kern update was limited in scope, and some model components do not perform well.  
These components do not reduce model capabilities with respect to GSP development but limit the 
usefulness of the model for other types of studies.  Flows in the Kern River channel, including local 
stream-groundwater interactions, are not well replicated and surface water diversions are not 
dynamically simulated.  The Kern County Subbasin portion of the C2VSimFG-Kern is not calibrated, and 
although the land surface water budget components are generally accurate, groundwater conditions 
and stream flows are poorly simulated in much of the Subbasin.  Some rejected recharge occurs in the 
Kern Fan area in very wet years, but this is not significant as it is a very small volume. 
The C2VSimFG-Kern is a reliable and defensible tool to support planning future groundwater conditions 
and estimating the potential hydrological impacts of future climate conditions and management actions 
at the subbasin level.  It is currently the best available quantitative tool for assessing projected future 
groundwater conditions under SGMA.  DWR recommends updating and refining models used in GSPs to 
incorporate new data including that in annual GSP updates.  Refining Kern County Subbasin hydrologic 
modelling tools to replicate district-level historical conditions will provide a reliable means of assessing 
future effects of management actions at the district level for future GSP development.  
9.4 Applicability of C2VSimFG-Kern Simulation Results 

Based on the model validation, C2VSimFG-Kern provides a useful planning tool to evaluate potential 
future trends in groundwater in the Kern County Subbasin.  The model validation demonstrated the 
capability of C2VSimFG-Kern to reasonably simulate the groundwater elevations and trends during the 
period from WY1995 through WY2015 based on the comparison to measured data.   
The ability to reasonably simulate historical conditions provides confidence that C2VSimFG-Kern can be 
used to simulate potential future conditions.  The model has the capability to simulate the most 
beneficial application of water projects that would provide the long-term benefit to the area.  For the 
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future case scenarios, the general practice is to evaluate model results with respect to long-term trends.  
Therefore, as a planning tool, it is most beneficial to run the model in relation to a base case and to 
evaluate the relative difference between the model scenario and the base case.  The base case would 
assume a selected set of climatic, hydrologic and pumping conditions.  Commonly, the calibration base 
period is assumed to repeat; however, any number of variations can be constructed.  
It is important to note that in some cases the model results may vary from those measured in individual 
wells due to the geologic complexity of the Kern County Subbasin.  However, the model is capable of 
evaluating the impacts of changes in pumping and water use practices in the Kern County Subbasin that 
are useful for SMGA planning purposes.  
The conclusions and recommendations presented herein are professional opinions based on the 
C2VSimFG-Kern revisions and simulations as described herein.  The findings and professional opinions 
presented in this letter are presented within the limits prescribed by the client contract, in accordance 
with generally accepted professional engineering, geologic and modeling practices, to support 
development of GSPs within the Kern County Subbasin.  There is no other warranty, either expressed or 
implied, regarding the conclusions, recommendations, and opinions presented in this report. 
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C2VSimFG-Kern Water Budgets   
Kern County Subbasin SGMA  TODD GROUNDWATER 

TABLES 



Water 
Year

Arvin-Edison 
WSD

Belridge 
WSD

Berrenda 
Mesa WSD

Buena Vista 
WSD Cawelo WD

Kern River 
Canal Co.

Henry Miller 
WD

Kern Delta 
WD

Kern-Tulare 
WD Lost Hills WD

North Kern 
WSD

Rosedale Rio 
Brave WSD

Semi-tropic 
WSD

Shafter-
Wasco ID

So. San 
Joaquin 

MUD
Wheeler Ridge - 
Maricopa WSD Olcese WD TOTAL

Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft
1986 144,722 106,293 90,909 162,444 78,084 14,994 43,242 183,471 27,131 103,268 198,865 0 74,487 149,252 112,888 177,348 1,493 1,668,891
1987 127,333 106,293 90,909 142,274 89,117 12,113 43,242 137,458 27,131 123,981 112,432 0 53,753 172,161 76,193 161,949 1,493 1,477,832
1988 114,321 106,293 90,909 141,152 77,106 4,203 43,242 135,078 27,131 111,872 81,580 0 47,071 164,192 71,243 154,030 1,417 1,370,840
1989 114,591 106,293 90,909 150,341 85,190 11,096 43,242 140,360 27,131 122,044 61,797 0 50,495 190,990 94,729 178,129 1,480 1,468,817
1990 70,816 106,293 90,909 124,845 67,867 14,757 43,242 114,531 27,131 88,963 51,926 0 34,381 49,992 73,000 170,693 1,480 1,130,826
1991 40,698 106,293 90,909 100,517 50,621 10,416 43,242 117,287 27,131 9,553 28,931 0 40,595 7,926 11,683 31,030 1,480 718,312
1992 52,839 106,293 90,909 108,874 54,406 9,909 43,242 118,190 27,131 52,853 34,291 0 45,851 94,467 65,310 96,514 1,480 1,002,559
1993 137,479 93,344 85,549 151,653 75,490 11,596 43,973 174,003 26,034 77,793 181,920 5,040 72,120 226,462 108,767 137,221 1,425 1,609,869
1994 171,856 110,017 93,092 125,084 62,968 13,862 53,471 132,865 28,017 87,636 117,580 2,362 47,111 110,951 83,680 151,368 1,685 1,393,606
1995 134,559 110,993 78,521 189,797 73,155 6,600 29,047 159,595 27,333 85,963 174,020 5,591 62,105 235,347 108,778 153,783 1,425 1,636,611
1996 166,288 112,412 115,132 184,597 90,229 11,591 39,539 179,052 28,749 145,349 202,199 5,722 72,231 313,420 128,865 189,454 1,987 1,986,816
1997 185,820 143,146 97,233 197,871 88,202 11,134 50,584 179,388 29,998 122,140 191,871 4,563 67,407 313,717 124,456 188,455 1,778 1,997,763
1998 120,808 79,387 85,885 152,455 69,758 4,959 30,260 124,464 24,422 80,845 153,662 4,756 53,064 240,072 89,373 148,174 849 1,463,194
1999 152,909 101,786 93,199 142,271 86,667 10,085 53,858 141,626 28,093 108,563 146,395 4,679 57,625 307,686 110,686 166,018 1,248 1,713,394
2000 158,008 111,057 87,200 135,689 87,894 12,833 44,302 152,338 29,948 119,828 133,872 3,920 61,358 315,833 119,597 179,278 1,382 1,754,337
2001 158,432 91,642 65,734 76,718 70,873 10,048 31,379 113,044 30,109 68,302 74,725 0 48,772 70,879 98,104 136,390 1,588 1,146,739
2002 158,197 107,617 63,705 78,735 75,042 9,058 31,724 116,181 25,443 67,574 62,006 0 55,121 165,448 103,849 133,652 1,702 1,255,054
2003 139,412 103,724 64,267 96,601 75,749 8,371 33,941 161,162 24,120 62,007 106,436 1,000 55,511 265,110 106,779 120,733 2,041 1,426,964
2004 155,531 118,543 68,902 86,119 78,558 9,383 39,101 138,664 25,541 67,607 99,610 1,739 58,351 174,605 106,537 138,771 1,637 1,369,199
2005 136,887 105,523 69,372 125,522 78,101 6,037 39,248 169,747 21,445 60,844 207,612 2,784 58,711 294,595 109,716 127,846 1,939 1,615,929
2006 140,411 115,146 84,869 149,851 96,249 5,317 46,538 172,882 22,525 73,422 199,626 0 68,468 332,115 120,106 150,416 2,048 1,779,988
2007 158,526 118,036 102,971 91,196 70,811 4,574 48,482 112,341 23,348 83,116 89,195 552 37,391 146,826 75,642 164,924 1,496 1,329,426
2008 157,604 114,525 86,217 70,032 62,437 4,380 18,156 145,633 22,788 74,554 86,051 0 47,623 29,675 87,776 168,211 1,700 1,177,361
2009 145,184 113,385 86,439 73,530 67,340 4,340 12,129 126,039 21,803 83,740 84,727 0 44,265 30,808 116,967 159,502 1,781 1,171,979
2010 132,462 117,589 88,556 102,109 76,351 3,604 29,694 166,787 19,272 88,191 171,744 1,543 65,238 168,870 120,394 159,162 1,756 1,513,322
2011 130,306 121,808 87,344 121,329 88,617 4,617 39,642 192,069 20,213 92,149 173,305 4,466 74,413 337,724 124,678 156,216 1,530 1,770,425
2012 148,146 130,559 87,953 96,407 89,745 3,988 41,553 195,763 21,682 91,720 81,584 1,329 35,369 227,901 81,602 168,753 1,783 1,505,837
2013 159,887 138,131 93,311 33,558 49,978 3,585 18,533 94,682 22,252 93,322 23,343 0 26,194 81,279 58,923 170,033 1,966 1,068,977
2014 144,605 123,390 82,731 410 41,223 2,645 2,246 70,367 14,067 82,546 11,290 0 8,303 5,748 14,249 152,372 1,238 757,429
2015 114,350 117,357 81,535 134 38,195 2,663 0 68,228 10,274 80,631 9,901 0 0 12,226 3,020 145,842 1,462 685,817

TABLE 1 - Summary of data input for surface water diversion to agriculture by water district applied to C2VSimFG-Kern Historical Simulation

C2VSimFG-Kern Water Budgets
Kern County Subbasin SGMA TODD GROUNDWATER



Water 
Year

Kern River to 
Beardsley 

Canal 

Kern River to 
Carrier Canal 

at Rocky 
Point 

Kern River to 
Carrier Canal 
at Calloway 

Weir 

Kern River to 
CVC at 

Turnout #4 
Kern River to 
River Canal 

Kern River to 
Rio Vista at 
River Walk 

Kern River to 
Rosedale 
Channel 

Kern River to 
North Lake 

Kern River to 
Pioneer 

Canal 

Kern River to 
Berrenda 

Mesa WSD 

Kern River to 
Pioneer 
Project 

Kern River to 
Kern Water 

Bank 

Kern River to 
Kern Water 
Bank Canal

Kern River to 
2800 Acre 

Facility 

Kern River to 
Buena Vista 

WSD BSA 

Kern River to 
Aqueduct at 

Intertie TOTAL
Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft Acre-ft

1986 291,715 199,035 238,877 181,392 0 0 65,684 0 63,232 0 0 0 0 97,866 86,736 0 1,224,537
1987 190,539 76,888 179,876 58,811 0 0 19,893 0 756 0 0 0 0 21,592 86,736 0 635,091
1988 111,679 25,813 163,938 21,851 0 0 345 0 0 0 0 0 0 0 86,736 0 410,362
1989 98,796 28,696 168,926 23,291 0 0 0 0 0 0 0 0 0 0 86,736 0 406,445
1990 77,389 5,373 128,753 6,577 0 0 0 0 0 0 0 0 0 0 86,736 0 304,828
1991 69,736 180,189 56,331 13,944 0 0 5,869 0 0 0 0 0 0 0 86,736 0 412,805
1992 71,521 194,315 690 11,008 0 0 3,598 0 0 0 0 0 0 0 86,736 0 367,868
1993 213,099 241,104 43,555 59,099 50,897 0 54,936 0 27,803 0 0 0 0 64,852 64,488 0 819,833
1994 187,380 213,631 18,103 26,829 67 0 0 0 0 9,882 0 0 0 28,046 38,745 0 522,683
1995 256,234 248,113 65,360 144,230 136,516 0 91,721 0 40,366 23,822 45,284 0 0 60,476 103,429 11,850 1,227,401
1996 315,988 255,792 105,845 108,405 119,999 0 78,824 0 14,286 17,382 55,074 0 0 24,037 92,768 0 1,188,400
1997 288,746 280,471 123,771 130,336 123,333 0 62,841 0 23,271 14,977 45,600 0 0 27,212 134,320 52,848 1,307,726
1998 312,857 244,337 143,422 131,398 23,346 0 95,706 0 51,802 18,483 69,637 0 0 95,160 115,019 188,048 1,489,215
1999 214,847 180,856 71,974 46,274 58,082 0 33,938 0 839 6,915 21,343 0 0 17,891 77,220 0 730,179
2000 175,718 169,844 38,793 31,596 38,147 0 20,213 0 0 1,396 15,929 0 0 30,660 47,882 0 570,178
2001 130,052 188,404 23,762 14,050 4,631 0 3,177 0 2,179 0 0 0 0 0 32,686 0 398,941
2002 91,980 203,010 4,149 23,609 7,878 0 581 0 199 431 871 0 0 0 29,404 0 362,112
2003 164,112 206,448 15,893 14,088 31,451 0 12,306 0 0 1,045 0 0 0 0 38,307 0 483,650
2004 153,148 198,769 29,338 18,247 2,301 589 1,503 165 0 2,545 2,005 0 0 0 39,412 0 448,022
2005 236,776 228,885 73,215 62,146 60,019 0 141,022 1,442 1,942 39,702 102,111 21,548 23,125 77,127 72,865 0 1,141,925
2006 257,590 247,806 53,872 122,931 33,872 3,942 87,318 1,442 9,962 24,636 116,108 25,165 34,358 42,587 97,955 0 1,159,544
2007 135,525 189,169 1,049 10,483 7,752 2,746 0 0 0 13,099 17,809 7,507 0 4,568 47,914 0 437,621
2008 137,813 229,304 53,824 22,700 0 544 0 0 0 0 0 0 0 0 34,549 0 478,734
2009 139,246 238,103 31,342 28,635 115 712 109 0 0 0 0 0 0 0 18,418 0 456,680
2010 196,135 241,876 70,315 68,944 60,087 820 10,816 776 1,775 1,165 0 0 0 13,748 66,441 0 732,898
2011 298,003 266,684 75,784 160,243 90,048 1,752 101,209 787 20,479 26,223 121,857 23,951 47,187 84,876 98,416 0 1,417,499
2012 148,513 241,953 20,495 55,303 409 1,001 10,998 0 0 7,594 20,162 582 0 7,871 45,173 0 560,054
2013 45,141 153,474 706 25,758 0 247 0 0 0 3,529 0 0 0 155 0 0 229,010
2014 26,041 122,044 0 8,356 0 283 0 0 0 0 0 0 0 0 0 0 156,724
2015 16,883 104,841 0 0 0 195 0 0 0 0 0 0 0 0 0 0 121,919

TABLE 2 - Summary of data input for surface water diversion from Kern River at different diversion and turnouts applied to C2VSimFG-Kern Historical Simulation

C2VSimFG-Kern Water Budgets
Kern County Subbasin SGMA TODD GROUNDWATER




