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Groundwater Technical Advisory 
Group

Agenda - Final March 12, 2026

How to Watch or Listen to the Napa County Groundwater Technical Advisory Group Meetings

The Napa County Groundwater Technical Advisory Group will continue to meet the 2nd Thursday 
of each month. There will be no regular meeting in January, May, June or October. August 19, 2025 
will be a special-joint meeting of the GTAG & GSA. 

The Groundwater Technical Advisory Group meets at 1195 Third Street, Suite 310, Napa, California 
94559. The meeting room is wheelchair accessible. Assistive listening devices and interpreters are 
available through the clerk of the Groundwater Technical Advisory Group. Requests for disability 
related modifications or accommodations, aids or services may be made to the Clerk of the 
Groundwater Technical Advisory Group's office no less than 72 hours prior to the meeting date by 
contacting (707) 253-4417 or meetingclerk@countyofnapa.org. 

The Groundwater Technical Advisory Group realizes that not all County residents have the same 
ways to stay engaged, so several alternatives are offered. Remote Zoom participation for members of 
the public is provided for convenience only. In the event that the Zoom connection malfunctions for 
any reason, the Groundwater Technical Advisory Group reserves the right to conduct the meeting 
without remote access. 

Please watch or listen to the Groundwater Technical Advisory Group meeting in one of the 
following ways:

1. Attend in-person at the Board of Supervisors Chambers, 1195 Third Street, Napa, Third 
Floor.

2. Watch on Zoom using the attendee link: https://countyofnapa.zoom.us/j/89426085834. Make 
sure the browser is up-to-date.

3. Listen on Zoom by calling 1-669-900-6833 (Meeting ID: 894-2608-5834).

If you are unable to attend the meeting in person and wish to submit a general public comment or 
a comment on a specific agenda item, please do the following:

1. Email your comment to meetingclerk@countyofnapa.org. Emails will not be read aloud but 
will still become part of the public record and shared with the Groundwater Technical 
Advisory Group.

2. Use the Zoom attendee link: https://Countyofnapa.zoom.us/j/89426085834. Make sure the 
browser is up-to-date. When the Chair calls for the item on which you wish to speak, click 
"raise hand". Please limit your remarks to three minutes.

3. Call the Zoom phone number: 1-669-900-6833. (Meeting ID: 894-2608-5834). When the 
Chair calls for the item on which you wish to speak, press *9 to raise hand. Please limit your 
remarks to three minutes. 

**Please note that phone numbers in their entirety will be visible online while speakers are 
speaking**
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For more information, please contact us via telephone at (707) 253-4417 or send an email to 
meetingclerk@countyofnapa.org. 

ANY MEMBER OF THE AUDIENCE DESIRING TO ADDRESS THE COMMITTEE: 

ON A MATTER ON THE AGENDA 
Please proceed to the podium when the matter is called and, after receiving recognition from the 
Chair, give your name and your comments or questions. In order that all interested parties have an 
opportunity to speak, please be brief and limit your comments to the specific subject under 
discussion. Time limitations shall be at the discretion of the Chair or Committee, but is generally 
limited to three minutes. 

ON A MATTER NOT ON THE AGENDA
Public comment is an opportunity for members of the public to speak on items that are not on the 
agenda but are within the subject matter jurisdiction of the Committee. Public comment is limited to 
three minutes per speaker, subject to the discretion of the Chair. Comments should be brief and 
focused, and speakers should be respectful of one another who may have different opinions. Please 
remember this meeting is being recorded and broadcasted live via ZOOM. The County will not 
tolerate profanity, hate speech, abusive language, or threats. Also, while public input is appreciated, 
the Brown Act prohibits the Committee from taking any action on matters raised during public 
comment that are not on the agenda.

1. CALL TO ORDER; ROLL CALL

2. PUBLIC COMMENTS AND RECOMMENDATIONS
(The Committee invites comments and recommendations from the public concerning issues 
relevant to the charge of the Technical Advisory Group. Anyone who wishes to speak to 
the Technical Advisory Group on such a matter, if it is not on the agenda, may do so at this 
time. At the discretion of the Chair, individuals will be limited to a three-minute 
presentation. No action will be taken by the Technical Advisory Group as a result of any 
item presented at this time.)

3. APPROVAL OF MINUTES

A. The Secretary of the committee requests approval of the minutes from the 
December 11, 2025 TAG meeting.

26-399

Draft Minutes December 11, 2025 TAGAttachments:

4. REPORTS AND ANNOUNCEMENTS

5. ADMINISTRATIVE ITEMS
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A. Miguel A. Garcia PhD, Senior Project Manager, Agriculture, Resource 
Conservation District of Napa County, will make a presentation to the 
TAG on a regional soil health and water storage assessment in dry-farmed 
vineyards funded by the California Department of Water Resources to 
better understand and promote dry-farming practices for water 
conservation and climate resilience.

26-401

Dry-Farmed Vineyards PresentationAttachments:

B. Technical Advisory Group (TAG) members will receive a presentation on 
Project 1 of GSP Implementation: Managed Aquifer Recharge, including 
an update on the feasibility study development underway. In addition, the 
TAG will also receive an update on a vineyard replant modeling scenario 
that assesses the potential benefit over a 30-year period associated with 
extending the timeframe for vineyard replants in Napa Valley. The results 
of a preliminary modeling approach to assess recharge opportunities will 
also be presented. This is intended to spur discussion and questions, and 
provide feedback to staff and participants.

26-414

Recharge Feasibility Analysis PresentationAttachments:

C. Dr. Bachand will provide information on the development and 
implementation of the Alexander Valley On-Farm Recharge Initiative. 
Phase 1 of a multi-phase project, led by the Dry Creek Rancheria of Pomo 
Indians, is underway to utilize nearly 3,000 acres of active or fallow 
vineyards for recharge from diverting high flows off the Russian River.

26-404

Alexander Valley On-Farm Recharge Initiative Presentation
Fact Sheet on Alexander Valley On-Farm Recharge Initiative

Attachments:

6. FUTURE AGENDA ITEMS

7. ADJOURNMENT

I HEREBY CERTIFY THAT THE AGENDA FOR THE ABOVE STATED MEETING WAS 
POSTED AT A LOCATION FREELY ACCESSIBLE TO MEMBERS OF THE PUBLIC AT THE 
NAPA COUNTY ADMINISTRATIVE BUILDING, 1195 THIRD STREET, NAPA, CALIFORNIA 
ON MARCH 9, 2026 BY 12:30 PM. A HARDCOPY SIGNED VERSION OF THE CERTIFICATE 
IS ON FILE WITH THE COMMITTEE CLERK AND AVAILABLE FOR PUBLIC INSPECTION.

AIME RAMOS (By e-signature)
Aime Ramos, Committee Clerk
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Napa County
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1195 THIRD STREET
SUITE 310

NAPA, CA 94559
www.napacounty.gov

Main: (707) 253-4580

Groundwater Technical Advisory Group Agenda Date: 3/12/2026 File ID #: 26-399

TO: Technical Advisory Group for the Napa County Groundwater Sustainability Agency

FROM: Brian Bordona - Director of Planning, Building and Environmental Services

REPORT BY: Jamison Crosby, Natural Resources Conservation Manager

SUBJECT: TAG Minutes from December 11, 2025

RECOMMENDATION

The Secretary of the committee requests approval of the minutes from the December 11, 2025 TAG meeting.

ENVIRONMENTAL IMPACT

ENVIRONMENTAL DETERMINATION: The proposed action is not a project as defined by 14 California
Code of Regulations 15378 (State CEQA Guidelines) and therefore CEQA is not applicable.

BACKGROUND AND DISCUSSION

The TAG held its meeting on December 11, 2025.  Minutes were prepared and are ready for the committee’s
approval.
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Draft - Meeting Minutes  

Technical Advisory Group 

 

Julie Chambon   Brian D. Bordona, Director 
Monica Cooper  Chris Apallas, County Counsel 
Albert Filipelli (Chair) Jamison Crosby, Natural Resources Manager 
Miguel Garcia (Vice-Chair) Brendan McGovern, Principal Planner 
Mathias Kondolf Nick Fetherston, Planner II 
 Alexandria Quackenbush, Meeting Clerk 
 Angie Ramirez-Vega, Meeting Clerk   
 Aime Ramos, Meeting Clerk 

 

Thursday, December 11, 2025                1:30 PM Board of Supervisors Chambers 
1195 Third Street, Third Floor 

 
1. CALL TO ORDER / ROLL CALL 

Group Members Present: Chair Albert Filipelli, Matt Kondolf, Miguel Garcia, Julie 
Chambon 
Absent: Monica Cooper 
 

2. PUBLIC COMMENTS AND RECOMMENDATIONS  
(1) Public comment was heard. 

 
3. APPROVAL OF MINUTES 

Motion made by Member Kondolf to approve minutes for the September 11, 2025, meeting 
as presented, seconded by Member Garcia. 

      Vote: Carried 4-0-0 
      Yes: Chambon, Garcia, Filipelli, Kondolf 
      No: N/A 
                                                     

4. REPORTS AND ANNOUNCEMENTS 
Jamison Crosby made the announcements below: 

• The request for qualifications for the Certification Pilot Program was released on 
October 20th and the deadline to submit is December 12th, 2025. 

• Napa County Board of Supervisors/Groundwater Sustainability Agency approved a 
resolution to adopt fees for groundwater users in the Napa Valley Subbasin. 

Brendan McGovern provided an update on the CalSIP Stream Gage Improvement Grant. 
Member Garcia reported that the Napa RCD has been involved with the California 
Sustainable Winegrowing Alliance on a dry farming study. 
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5. ADMINISTRATIVE ITEMS 
 

A. Elect officers (Chair and Vice-Chair) for 2026 for the Technical Advisory Group (TAG). 
Motion made by Chair Filipelli and seconded by Member Chambon to elect Member 
Kondolf as Chair and Miguel Garcia as Vice-Chair. 

 Vote: Carried 4-0-0 
Yes: Chambon, Garcia, Filipelli, Kondolf 

       No: N/A 
 

B. In this item the Technical Advisory Group (TAG) will review the proposed draft 2026 
TAG meeting calendar for discussion and decision. The calendar proposes a schedule of 
meetings and topics for 2026 TAG meetings. 
Motion made by Member Kondolf and seconded by Chair Filipelli to approve the 2026 
TAG meeting calendar, as presented. 
Vote: Carried 4-0-0 

      Yes: Chambon, Garcia, Filipelli, Kondolf 
       No: N/A 

 
C. The TAG will receive an update on the use of satellite and land-based remote sensing 

data for analysis of evapotranspiration and information that can be used to refine 
vineyard water use estimates for Napa Valley Subbasin integrated hydrologic modeling 
purposes. 
Dr. Andrew McElrone, USDA scientist, gave a presentation. 
(1) Public comment was heard. 
Chair Filipelli initiated a discussion. 
No action was taken. 
 

D. Andrew Fisher, Professor at University of Santa Cruz, and Lisa Lurie, Executive Director 
of the Resource Conservation District of Santa Cruz County will make a presentation to 
the TAG on an innovative groundwater sustainability approach being implemented by the 
Pajaro Valley Groundwater Management Agency that incentivizes growers to capture and 
infiltrate surplus stormwater. 
Lisa Lurie, Executive Director of the Resource Conservation District of Santa Cruz 
County and Andrew Fisher, Professor at University of Santa Cruz gave a presentation. 
(3) Public comments were heard. 
Chair Filipelli initiated a discussion. 
No action was taken. 
 

E. Technical Advisory Group (TAG) members will receive a presentation on Project 1 of 
GSP Implementation: Managed Aquifer Recharge, including an update on the feasibility 
study underway. The TAG will also receive an update on current vineyards following in 
Napa Valley. This is intended to spur discussion, questions and provide feedback to staff 
and participants. 
Duncan MacEwan, ERA and Nick Newcomb, LSCE gave a presentation. 
Chair Filipelli initiated a discussion. 
(2) Public comments were heard. 
No action was taken. 
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6. FUTURE AGENDA ITEMS 
      None. 
 

7. ADJOURNMENT 
      Meeting adjourned at 4:35 P.M. 
 
 

 
 

________________________________________________________ 
AIME RAMOS, Meeting Clerk 
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Napa County

Board Agenda Letter

1195 THIRD STREET
SUITE 310

NAPA, CA 94559
www.napacounty.gov

Main: (707) 253-4580

Groundwater Technical Advisory Group Agenda Date: 3/12/2026 File ID #: 26-401

TO: Technical Advisory Group for the Napa County Groundwater Sustainability Agency

FROM: Brian D. Bordona, Director of Planning, Building and Environmental Services

REPORT BY: Jamison Crosby, Natural Resources Conservation Manager

SUBJECT: Presentation on Soil Health and Water Storage Assessment in Dry-Farmed

Vineyards

RECOMMENDATION

Miguel A. Garcia PhD, Senior Project Manager, Agriculture, Resource Conservation District of Napa County,
will make a presentation to the TAG on a regional soil health and water storage assessment in dry-farmed
vineyards funded by the California Department of Water Resources to better understand and promote dry-
farming practices for water conservation and climate resilience.

Procedure
Staff introduces.
Questions and answers with the TAG.
Public comments.

BACKGROUND AND DISCUSSION

Dry farming has long been practiced in California and plays a critical role in supporting agricultural resilience
under conditions of increasing water scarcity and climate variability. This presentation summarizes findings
from a regional soil health and water storage assessment conducted across 15 dry-farmed vineyards in Napa,
Sonoma, and Mendocino Counties. The project seeks to evaluate how soil management practices influence soil
health and the capacity of vineyard soils to store and supply water throughout the growing season without in-
season irrigation.

Soil pits were sampled during the 2025 growing season to assess physical, chemical, and biological indicators
of soil function, including organic matter, aggregate stability, and plant-available water. Various vineyard
management practices were assessed from reduced- or no-till systems with organic inputs to more intensively
tilled operations, allowing comparison of how disturbance and soil stewardship practices affect water storage
and soil resilience.

Results indicate that most fields functioned within or above expected soil health and water-holding ranges
relative to soil texture. Subsoil horizons consistently served as late-season moisture reserves, supporting vines
through the dry season. Overall, the findings demonstrate that well-managed dry-farmed soils can function as
effective natural water reservoirs, reinforcing the role of soil health in agricultural resilience and long-term
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groundwater sustainability.

ENVIRONMENTAL IMPACT

ENVIRONMENTAL DETERMINATION: The proposed action is not a project as defined by 14 California
Code of Regulations 15378 (State CEQA Guidelines) and therefore CEQA is not applicable.

SUPPORTING DOCUMENTS

A. Presentation on Soil Health and Water Storage Assessment in Dry-Farmed Vineyards (Dr. Miguel
Garcia, Napa RCD)
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Soil Health and Water Storage 

Assessment in Dry-Farmed Vineyards

Miguel A. García PhD, CCA
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Dry farming offers a management 
strategy that strengthens agricultural 
resilience in the face of increasing water 
scarcity and climate uncertainty.
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map.landiq.com/DryFarming/

Why Dry Farming Matters Now

• Dry farming has a long historical presence in 

California agriculture.

• Many vineyards across the state continue to 

operate successfully without in-season 

irrigation.

• Climate change is increasing temperature 

extremes, drought frequency, and variability in 

water availability across California.

• Growers face increasing uncertainty around 

irrigation water reliability and long-term water 

security.

• Dry farming offers a management approach that 

supports climate adaptation and system 

resilience.

• Reduces dependence on irrigation while 

encouraging deeper rooting and more self-

sufficient vines. 3
13



The Knowledge Gap

• There is limited site-specific data on:

o Soil health in dry-farmed vineyard systems.

o The soil characteristics that influence how water is stored and 

mobilized in dry-farmed vineyards. 

Project Goals

• Better understand how different dry-farming management approaches 

influence soil health.

• Evaluate how soil health affects the soil’s ability to:

o Store and move water efficiently through the soil profile.

• Characterize how soil moisture is:

o Stored during winter.

o Depleted and redistributed through the growing season.

4
14



• 15 dry-farmed vineyards across 

Napa, Sonoma, and Mendocino 

Counties.

• 2 fields per vineyard.

5
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Soil Pit Sampling 

• Soil pit sampling was used to evaluate:

o Soil physical, chemical, and biological properties.

o Soil moisture levels and changes throughout the season. 

• Soil sampling occurred three times during the 2025 growing season:

o Around budbreak

o During veraison

o After harvest

• At each field:

o Three soil pits were excavated.

o Pits extended to a depth of five feet.

o Each pit was sampled in one-foot depth increments.

6
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Soil Management Across Participating Vineyards

•Management spans a wide spectrum from no-till to heavily tilled 

systems.

•Tillage supports weed control, cover crop incorporation, and moisture 

management.

•Reduced- or no-till vineyards:

• Leave prunings and cover crop residues on the soil surface.

• Minimize soil disturbance.

•Compost use differs widely:

• No compost in some vineyards.

• Annual applications of 2 to 3 tons per acre in others.

•This range of practices creates a management gradient that helps 

evaluate how:

• Disturbance intensity and organic inputs influence soil carbon, 

biological activity, soil structure, and water storage

8
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Soil texture

• Soil texture: proportions of sand, silt, and clay in a soil.

• Serves as a foundational characteristic shaping nearly all 

aspects of soil function. 

• Soil texture across the vineyards in this project ranges from 

coarse sandy loam and loamy sand profiles to finer-textured 

loam, sandy clay loam, clay loam, and occasional sandy clay 

layers. 

• Many vineyards show layered profiles, where coarser surface 

soils overlie finer-textured subsoils, or vice versa. 

• These transitions strongly influence both infiltration and 

water storage. 

9
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Soil health indicators

• Organic matter and total carbon: the long-term buildup of plant 

residues. Influence water-holding capacity, biological activity, 

aggregation, and overall fertility. 

• Active carbon (POX-C), soil respiration and potential mineralizable 

nitrogen: show how much carbon is available to fuel microbes and how 

effectively the soil can release nutrients to crops over time. 

• Aggregate stability: reflects whether soil particles form strong, stable 

clumps that resist erosion and improve infiltration.

• Cation exchange capacity (CEC): provides insight into the soil’s ability 

to retain nutrients.

Together, these indicators offer a holistic view of soil function and 

resilience.

10
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Soil health indicators in reference to expected values by soil 

texture or regional averages.

Soil health indicator Below Within Above

Organic Matter (%) 3 17 10

Total Carbon (%) 4 18 8

POX-C (ppm) 5 11 14

CEC (meq/100g) 9 17 4

Aggregate Stability (%) 4 9 17

Soil Respiration (ppm-C/day) 2 6 22

PMN (mg N/kg soil) 8 10 12

Soil Health Patterns and Role of Management

•Most fields scored within or above expected ranges for soil 

health; only a minority scored lower.

• Two key questions:

• Do management practices drive differences in soil 

health?

• Do lower soil health scores limit water movement 

and storage?

•Tillage is a major factor in many lower-scoring fields, but not 

all tilled fields score poorly.

•Frequent disturbance:

• Breaks down soil aggregates.

• Accelerates loss of organic carbon.

• Reduces long-term organic matter stability.

•Weaker aggregate stability often overlaps with more intensive 

disturbance.

•However, compost inputs and high cover crop biomass can 

offset some tillage effects. 11
21



Available water results in reference to expected values by soil texture. 

Soil depth Below Within Above

1 ft 0 8 22

2 ft 0 6 24

3 ft 0 14 16

4 ft 0 14 16

5 ft 0 10 19

Depth 

(ft)

Available 

Water

(in-H2O/in-

soil)

Expected 

Available 

water

(in-H2O/in-soil)

Total 

Available 

Water

(in-H2O)

Field 

Capacity 

(%) 

Moisture 

at Bloom 

(%)

Per. 

Wilting 

Point   

(%) 

Moisture 

after 

harvest  

(%)

1 0.16 0.10-0.13 1.92 17.6 14.0 5.5 4.9

2 0.14 0.07-0.10 1.69 15.5 17.1 4.8 4.7

3 0.14 0.10-0.13 1.73 18.3 21.2 7.3 11.4

4 0.15 0.10-0.13 1.84 20.1 16.6 8.5 11.3

5 0.16 0.10-0.13 1.93 20.9 21.7 8.7 10.5

Total available water 9.11

Water storage

•All fields show plant-available water within or 

above expected ranges based on soil texture.

•Soils are functioning at or above their inherent 

physical potential for water storage.

•Across the five-foot rooting zone, total 

available water is generally sufficient to support 

vines through the dry season.

•Winter rainfall does not always fully recharge 

soils to field capacity.

•Some fields retain residual plant-available 

moisture after harvest, while others approach 

lower extraction limits

12
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Typical Seasonal Pattern in Dry-Farmed Vineyards

•Clear, repeated pattern across sites:

• Upper horizons dry first as canopy demand increases

• Deeper layers retain moisture longer and act as the late-season 

reservoir

End-of-Season Moisture Patterns

•Two general patterns by harvest:

• Some fields approach or fall below the permanent wilting point, 

indicating strong late-season water use and higher stress.

• Other fields retain moisture in deeper layers, providing a late-season 

buffer.

Water Redistribution Within the Profile

•Some sites show slight internal moisture increases at certain depths late in the 

season.

•Occurs even with minimal rainfall.

•Likely due to:

• Passive water movement along moisture gradients.

• Hydraulic redistribution by roots.

• Reduced transpiration near senescence.

•Suggests deep water can move upward and remain available in the root zone.

14
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Regional Dry-Farming Soil Assessment Overview

• The majority of fields function within or above expected 

soil health ranges with stronger biological activity, carbon 

levels, and aggregation linked to organic inputs and 

reduced disturbance.

• Soils often began the season below full saturation, 

highlighting the role of winter rainfall and infiltration.

• Subsoil horizons act as the late-season water reserve.

• Many systems operate near stored water limits by harvest.

• Overall, soils function as effective natural water 

reservoirs, reinforcing the value of dry farming in aligning 

production with natural water cycles.
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Thanks!

Miguel A. García, PhD, CCA

Regenerative Ag Project Manager

Napa Resource Conservation District

miguel@naparcd.org

951-892-6712

naparcd.org soilhub.org

Soil sampling and picture credits:
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Groundwater Technical Advisory Group Agenda Date: 3/12/2026 File ID #: 26-414

TO: Technical Advisory Group for the Napa County Groundwater Sustainability Agency

FROM: Brian D. Bordona, Director of Planning, Building and Environmental Services

REPORT BY: Jamison Crosby, Natural Resources Conservation Manager

SUBJECT: Presentation on Napa Valley Subbasin Recharge Feasibility Analysis

RECOMMENDATION

Technical Advisory Group (TAG) members will receive a presentation on Project 1 of GSP Implementation:
Managed Aquifer Recharge, including an update on the feasibility study development underway. In addition,
the TAG will also receive an update on a vineyard replant modeling scenario that assesses the potential benefit
over a 30-year period associated with extending the timeframe for vineyard replants in Napa Valley. The results
of a preliminary modeling approach to assess recharge opportunities will also be presented. This is intended to
spur discussion and questions, and provide feedback to staff and participants.

Procedure
Staff introduces.
Questions and answers with the TAG.
Public comments.

BACKGROUND AND DISCUSSION

The Napa County Groundwater Sustainability Agency (NCGSA) is implementing the Water Conservation
(WC) and Groundwater Pumping Reduction (GPR) Workplans (March 2024). The WC Workplan identified a
suite of water conservation practices and the GPR Workplan developed an implementation plan to achieve
measurable groundwater pumping reductions and overall water savings in the Napa Valley Subbasin
(Subbasin). GPR implementation includes a voluntary, incentive-driven program for growers and other water
users/industries in the Subbasin to adopt and expand water conservation practices. Mandatory measures are also
included if the voluntary incentive-driven programs are insufficient.

An overview of current vineyard replants and idle land was presented to the TAG in December 2025. Current
wine industry market conditions have prompted shifts in planting and replanting in the Subbasin following the
2024 harvest, which may influence the adoption of an extended vineyard replant program and potential
recharge sites. An analysis was developed to review current winegrape market conditions impacting growers’
decisions and document vineyards that have come out of production in 2025.

Napa Valley Subbasin Groundwater Sustainability Plan (GSP) implementation includes GSP Project #1:
Managed Aquifer Recharge. Preliminary efforts have been implemented to evaluate on-farm practices to
increase infiltration (recharge) and prepare a recharge feasibility study.
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Groundwater Technical Advisory Group Agenda Date: 3/12/2026 File ID #: 26-414

During the March meeting, the TAG will receive additional updates on the status of the preliminary phases of
the Recharge Feasibility Analysis. Components of the recharge feasibility analysis include economic, technical,
and financial investigations. NCGSA and its consultant team have been refining datasets and developing
groundwater model data and inputs to evaluate the four recharge scenarios. Data development includes
additional field-level information on vineyard characteristics, water use, and the age distribution of vineyards
across a 40-year period considering typical replanting practices.

A presentation on modeling results will include (1) an evaluation of replanting management strategies on
groundwater pumping, (2) an evaluation of recharge suitability to better identify locations in the Subbasin
where recharge may optimize the enhancement of low flows, and (3) a description of next steps regarding
recharge scenario modeling and project implementation. NCGSA staff and consultants have continued to
discuss recharge with growers and potential partners to inform the analysis.

ENVIRONMENTAL IMPACT

ENVIRONMENTAL DETERMINATION: The proposed action is not a project as defined by 14 California
Code of Regulations 15378 (State CEQA Guidelines) and therefore CEQA is not applicable.

SUPPORTING DOCUMENTS

A. Presentation on Groundwater Pumping Reduction Workplan Update and Recharge Feasibility Study
(Duncan MacEwan, ERA; and Nick Watterson, LSCE).
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Napa Valley Subbasin
Groundwater Pumping Reduction Workplan 
Update and Recharge Feasibility Study  

Napa County GSA TAG Meeting
March 12, 2026

1 29



Overview
1. GPR Workplan Implementation
2. Recharge Feasibility Study 
3. Next Steps
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GPR Workplan Implementation
Guiding Framework
• Focus on voluntary actions that achieve groundwater benefits 

for the Subbasin
• Assess the costs and benefits of alternative actions and focus on 

those that are most cost-effective
• Leverage existing programs and opportunities to generate value 

from a suite of voluntary actions
• Include adaptive management to adjust the program as data 

and sustainability indicators evolve 
• Mandatory measures if voluntary programs do not achieve 

measurable reductions in groundwater pumping (e.g., 
mandatory metering/reporting)
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GSP PROJECT #1: 
MANAGED AQUIFER RECHARGE
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Recharge Investigation
Study Overview
• Increase groundwater recharge

– Target SGMA benefits (e.g., ISW and GDE)
– Application of  BMPs (e.g., stormwater retention)
– Link to other GPR programs (extending replant, 

certification, other water conservation practices)
• Assessment of recharge opportunities

– Technical (water supply, land use, infrastructure needs)
– Economic (costs, benefits, return on investment, 

comparison to other PMAs)
– Financial (funding mechanism)
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Working Draft TOC
1. Overview
2. Recharge Opportunities

– Recharge Scenarios (Four Scenarios)
3. Technical and Legal

– Water Rights for Recharge
– Existing Water Right Utilization in 

Subbasin
– Obtaining New Water Right
– On-Farm Infrastructure and 

Management Considerations
– GSP and Effects on ISW/GDE and 

Other SMC

– Environmental
4. Economic Feasibility

– Capital and O&MR Costs
– Economic Benefits and Benefit-Cost 

Assessment
5. Financial Feasibility

– Cost Recovery and Funding Strategy
– Recharge Crediting Concept 

6. Summary
7. References
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Recharge Scenarios
Scenario 1 Scenario 2 Scenario 3 Scenario 4

Name Extended Replant Recharge Direct On-Farm Recharge Pumping Reduction Recharge Multibenefit Recharge

Description Increase recharge on idle 
vineyard

On-farm recharge that may 
include Ag-MAR or basins

Use existing pond or 
reservoir for storage to 
reduce pumping

Recharge on lands near 
significant streams

Duration < 5 years Longer Annual Longer/permanent

Capital
Limited to standard 
replanting work, light 
earthwork/berms

Flood-MAR or recharge 
basins Limited Earthwork and infrastructure

Water Right 
Pathway

Temporary underground 
storage

Temporary underground 
storage Existing rights Temporary underground 

storage

Administration GSA or individuals GSA Individuals GSA
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Recharge Feasibility Study
Preliminary Activities: Feasibility Study
• Analysis underway across multiple components, 

including economic, technical, and financial
• Ongoing grower and partner discussions for existing 

activities, feasibility, infrastructure, costs, experience 
and knowledge

• Developing necessary datasets and refining 
modeling and analyses
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Replant Scenario (Methods)
Approach
• Increase period vineyards are idle before 

replanting by 2 years as a demand reduction 
strategy

Determining Vineyard Age
• Current vineyard age determined using the 

Napa County Assessors information (2024)
• Assumed a 30-year replant cycle to determine 

vineyard age

Idled Fields in Model Year 2015 & 2024

Total Vineyard Acreage in Subbasin 1984 though 2024
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Replant Scenario (Pumping 
Reduction)
Results
• Amount of vineyards idled in 

the scenario varies from 200 
to 1,000 acres by year

• The resulting pumping 
reduction ranges from 250 to 
1,250 acre feet

• Percent reduction ranges 
from 2.5 to 10%

Total Subbasin Pumping Reduction (1988-2024) 

Total Subbasin Pumping (1988-2024) 
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Replant Scenario (Streamflow) Simulated Streamflow at Oak Knoll (2015 – 2024)

Simulated Flow Duration Curve at Oak Knoll (2015 – 2024)

1 cfs increase 
in 

low flows 
when 

they occur

~2% increase 
in amount of 
time there is 

flow

Results (Oak Knoll Gage)
• Oak Knoll gage near the southern 

Subbasin boundary is where most 
of the pumping reduction will be 
accrued.

• Low flows increase by about 1 cfs
• Period where the stream is not dry 

increases by about 2%
Streamflow benefits are roughly 
commensurate with pumping 
reduction
• Pumping reduction is about 2.2 

acre-feet per day on average or 
1.1 cfs
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Discussion
• Are there any specific questions and feedback on 

the Replant Scenario update presented?
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Recharge Scenarios 
(Objectives & Background)

Objectives
• Leverage model to evaluate recharge favorability with 

respect to low flows
Methods (Capture Fraction Method)
• Numerical method to evaluate spatial and temporal 

relationships between pumping and recharge and 
streamflow and riparian ET (Leake et al., 2008 & 2010)

• Method involves adding pumping or recharge to one cell 
in the model domain and evaluating the response in 
streams

• By iterating through all cells in a subregion, you can map 
the response with respect to location.

Assumptions
• Used Water Year 2017
• Applied 20 AF of water distributed from December 

through March (5 AF per month)
• Consistent with Streamlined Recharge Permit time frame

More
Favorable

Iteratively add 
20 AF of 

recharge
to one cell

(December-
March)

2

3 4

Map volume of 
recharge 

captured by 
stream over 

certain period in 
time
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Recharge Scenarios (Results)
Results
• Recharge near streams tends to 

get captured sooner when flows 
are still high.

• Recharge captured by streams 
during low flows is generally smaller 
(less than 5 AF).

• Other sources of capture (root 
groundwater uptake, drains)

• Some water may also stay in 
groundwater storage and doesn’t 
make it to the stream during the 
year evaluated.

• Likely need to evaluate multiple 
years following recharge to 
evaluate full benefits

• Small volume of water challenging 
to evaluate using a regional model 
(noisy)

High Flows (December-May) Low Flows (June-October)
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Discussion
• Are there any specific questions and feedback on 

the preliminary analysis of Recharge opportunities?
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Next Steps
• Continue Recharge Feasibility Investigation

– Replant
• Augment scenarios to include recharge on idled parcels

– Recharge
• Experiment with methods to minimize noise, improve confidence and evaluate 

additional metrics (groundwater storage and GDEs)
• Investigate site specific hydrogeology and feasibility (e.g., water availability, conveyance)

• Pumping Reduction and Recharge Opportunities
– Continue investigating water availability (underutilized water rights)
– Outreach to growers to evaluate feasibility and pursue partnerships
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Napa County

Board Agenda Letter

1195 THIRD STREET
SUITE 310

NAPA, CA 94559
www.napacounty.gov

Main: (707) 253-4580

Groundwater Technical Advisory Group Agenda Date: 3/12/2026 File ID #: 26-404

TO: Technical Advisory Group for the Napa County Groundwater Sustainability Agency

FROM: Brian D. Bordona, Director of Planning, Building and Environmental Services

REPORT BY: Jamison Crosby, Natural Resources Conservation Manager

SUBJECT: Presentation on Alexander Valley On-Farm Recharge Initiative

RECOMMENDATION

Dr. Bachand will provide information on the development and implementation of the Alexander Valley On-
Farm Recharge Initiative. Phase 1 of a multi-phase project, led by the Dry Creek Rancheria of Pomo Indians, is
underway to utilize nearly 3,000 acres of active or fallow vineyards for recharge from diverting high flows off
the Russian River.

Procedure
Staff introduces.
Questions and answers with the TAG.
Public comments.
BACKGROUND AND DISCUSSION

The Dry Creek Rancheria of Pomo Indians has been leading the development and implementation of the
Alexander Valley On-Farm Recharge Initiative. At full-buildout, the Initiative envisions typical recharge of the
local aquifer with 6,000 - 7,000 acre-feet annually employing approximately 3,000 acres of vineyards and their
associated irrigation infrastructure. Under Phase 1 of this multi-phase project, the 2-year pilot studies are
nearing completion with the goals of informing current and future Initiative operations, and design and
construction of Pilot-At-Scale recharge sites are nearing completion. Dr. Phil Bachand will discuss the regional
water reliability factors driving the concept, the process of implementing the vision, lessons learned from the
pilot studies, monitoring and measurement approaches and technology, stakeholder engagement and leadership,
and key program governance and energy challenges (see Attachment A). More information is provided in the
attached fact sheet (Attachment B).

ENVIRONMENTAL IMPACT

ENVIRONMENTAL DETERMINATION: The proposed action is not a project as defined by 14 California
Code of Regulations 15378 (State CEQA Guidelines) and therefore CEQA is not applicable.

SUPPORTING DOCUMENTS

A. Presentation on Implementation of the Alexander Valley On-Farm Recharge Initiative (Phil and Sandra
Bachand of Bachand Associates)
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Groundwater Technical Advisory Group Agenda Date: 3/12/2026 File ID #: 26-404

B. Fact Sheet: Alexander Valley On-Farm Recharge Initiative
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Considering On-Farm Recharge (OFR) 
to support Water Resources

Philip Bachand, Ph.D.
Bachand & Associates

Davis, CA
Philip@bachandassociates.com

www.bachandassociates.com

530-574-3376
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Motivations and….

Motivations
• Climate Change / Drought 

Resilience
• Risk Management
• Regulatory

Cons
• Costs
• Risks of Outcomes
• Regulatory

49



Conceptual OFR Recharge Model

∆L

∆h

Darcy’s Law

𝑖𝑖 =
∆ℎ
∆𝐿𝐿

𝑄𝑄 = 𝐾𝐾𝐾𝐾𝐾𝐾
K = hydraulic 
conductivity

• Perched groundwater 
mounding

• Some movement to 
deeper aquifer if not 
confined

• Raised groundwater 
level increases stream 
baseflows

• Raised groundwater 
level can reduce 
irrigation demand 
through capillary rise

Background: OFR Conceptual Diagram
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Alexander Valley FloodMAR Process

OFR (Vineyard)
Fields

Russian River

Service Area 
Pipeline Delivery 

to Vineyard 
Piping System

Vadose Zone

Groundwater

Underflow
OFR Pump

Pre-OFR Baseline
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Alexander Valley FloodMAR Process

November through March
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Alexander Valley FloodMAR Process

April through October
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Vision of Diverting Russian 
River Waters at High Flows 
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OFR Initiative 
Overview
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Average Annual Recharge Targets

Pilot-At-Scale Full Buildout Units
Field Operations

14.7 14.7 GPM/Ac
0.1 0.1 AFD

Durations 36.0 36.0 Days
Volume per Acre 2.3 2.3 Ac-Ft/Ac

Alexander Valley Regional Operations
Estimated OFR fields 974 2,969 Acres
Estimated OFR fields simultaneous Operations 436 1,485 Acres
Total Volume 2,278 6,944 Ac-Ft
Maximum Regional Diversion Rate 15.8 54.5 CFS

1. Rate estimated at this time.

Assumed Recharge Rate (1)
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Available days



				Water  Year		Winter Flow Volume Past Jimtown		Potential OFR Diversions				Operational OFR Diversions						Total Available OFR Diversion Days

						Acre-Feet		Acre-Feet		% (1)		Acre-Feet		% (1)		% (2)

				2016		2,739,178		45,974		1.7%		6,000		0.2%		13.1%		109

				2017		5,189,296		60,975		1.2%		6,000		0.1%		9.8%		155

				2018		787,914		21,549		2.7%		6,000		0.8%		27.8%		134

				2019		3,656,796		41,424		1.1%		6,000		0.2%		14.5%		108

				2020		684,660		23,288		3.4%		6,000		0.9%		25.8%		124

				2021		327,439		6,169		1.9%		6,000		1.8%		97.3%		76

				Median		1,763,546		32,356		1.8%		6,000		0.5%		20.1%		117

				1.  Percent of Russian River flows

				2.  Percent of Potential OFR Diversions





SASummary Oct25



				Pilot-At-Scale

						Service Area						SA02				SA09				SA11				SA12				Units

						Design Demand

										Total Service Area Acres		129				534				346				392				acres

										OFR Available Acres		92				525				68				289				acres

										Drip Application Rate		12.0		(5)		15.3				20.2				14.1				gpm/ac

						Pump

										Location(s)		SA-02 Well 1				SA-09 Well 3				SA-11 Well 1				SA-12 Well 1

										Capacity		1,500				2,000				1,500				2,000				GPM

										Casing		18				18				18				18				Inches

										Head		130				130				130				130				ft

										Power		100				125				100				125				HP

						Simultaneous Acres in Operation under OFR

								Minimum

										VFD		50%				50%				50%				50%

										Pumped Flows		750				1000				750				1000				GPM

										Acres Serviced		63				65				37				71				Acres

										% of Operations		68%				12%				55%				25%				%

								Minimum

										VFD		100%				100%				70%				100%

										Pumped Flows		1500				2000				1050				2000				GPM

										Acres Serviced		125				131				52				142				Acres

										% of Operations		136%				25%				77%				49%				%

						Mainline Pipe

										Design Capacity		1500				2000				2000				3000				GPM

										Nominal Pipe Size		16				18				18				24				Inches

										Maximum velocity		2.9				2.9				2.9				2.9				FPS

										Length		1800				2200				2300				4700				ft

						Point of Connections

								Number				2				1				1				4

										Capacity		POC1, POC2				POC3				POC1				POCV1, POCV2, POCV3, POCB1				GPM

				1		Assumes same as River Oaks

				2		Same well is used and pump is switched out at Full Buildout to 2000 gpm

				3		Some lands being fallowed reducing available OFR

				4		POC will be in Expansion Area

				5		Rate Estimated at this time



				Full Buildout

						Service Area						SA02				SA09				SA11				SA12

						Design Demand

										Total Service Area Acres		129				534				346				392				acres

										OFR Available Acres		111				530				207				341				acres

										Drip Application Rate		12.0		(5)		15.3				20.2				14.1				gpm/ac

						Design

								Pumps (Additional)

										Location		NA				SA-09 Well 2				NA				SA-12 Well 2

										Capacity						2,000								1,000				GPM

										Casing						18								12				Inches

										Head						130								130				ft

										Power						120								60				HP

												1,500				4,000				1,500				3,000

						Simultaneous Acres in Operation under OFR

								Minimum

												50%				50%				50%				50%

										Pumped Flows		750				2000				750				1500				GPM

										Acres Serviced		63				131				37		(6)		106				Acres

										% of Operations		57%				25%				18%				31%				%

								Maximum

										VFD		90%				100%				100%				100%

										Pumped Flows		1350				4000				1500				3000				GPM

										Acres Serviced		113				262				74				213				Acres

										% of Operations		102%				49%				36%		(7)		62%				%

								Point of Connections

												Expansion		(4)		POC2				Expansion		(4)		Expansion		(4)

				1		Assumes same as River Oaks

				2		Same well is used and pump is switched out at Full Buildout to 2000 gpm

				3		Some lands being fallowed reducing available OFR

				4		POC will be in Expansion Area

				5		Rate Estimated at this time

				6		Current coperations in play total 68  acres.  This design allows half those acres irrigated aat one time.

				7		Coverage for SA11 is lowe than for the other Service Areas.  Operations to cover the area will require a field under OFR continuously





Reservoir cost



						Project Name		County		Cost 		Expansion
 (Acre-ft)		Cost per Acre-Foot 
($/AF)		Reference

						San Luis Reservoir Expansion (Santa Clara Share)		Santa Clara		$435,000,000		$60,000		$7,250		KQED, 2024

						Soulajule Reservoir Expansion		Marin		$291,000,000		$20,000		$14,550		Point Reyes Light, 2024;  Marin Water, 2025a

						Kent Lake Expansion		Marin		$520,000,000		$20,000		$26,000		Marin Water 2025b





Design Summary Oct25



										Service Area		Summary		Cost Estimate

														Low		High

										SA02		Install 1-1,500 GPM Well, 100HP pumping equipment, 1,800 feet of 12" pipeline, 2 connections, elevated platform for equipment, 1 drip filter, 200 ft line extension from PGE. 		$829,000		$913,000

										SA09		Install 1-2,000 gpm, 1-125 HP pumping equipment, 2,200 feet of pipeline, 1 elevated platforms for equipment, 1 drip filters,1 PGE connections with 1,200 feet of line extension. 		$1,241,000		$1,394,000

										SA11		Install 1, 1,500 gpm well, 100 hp motor/pump, 2,000 feet of pipeline, elevated platform for equipment 1 drip filter, PGE connection with 160 feet of line extension.		$772,000		$876,000

										SA12		Install 1-2,000 gpm well, 1- 125 hp pumping system, 6,600 feet of pipeline, elevated platform for equipment, 1 drip system, pge connection with 300 feet of line extension.		$1,576,000		$1,805,000

										Totals				$4,418,000		$4,988,000





PumpSizingOct25





				Serv. Areas		Pilot-At-Scale														Full Buildout

						OFR Fields Employed under Pilot-At-Scale		Water application by Drip				% Fields under OFR (4)				GPM				OFR Fields		Fields operated synchronously				Water application by Drip 				GPM

						Acres		GPM/Ac		Notes		Min		Max		Min		Max		Acres		%		acres		GPM (3)		Notes				CFS		New Fields		Fields in play

				1		0										0		0		132		50%		66		16.5		2		1,089		2.4		132.0		66		33				0.00								2178.6368421053

				2		92		16.5		2,3		50%		100%		759		1,518		111		50%		55		16.5		2		912		2.0		18.5		9.25						92.00

				3		0										0		0		324		50%		162		16.5		2		2,674		6.0		324.0		162						0.00

				4		0										0		0		397		50%		198		16.5		2		3,272		7.3		396.5		198.25						0.00

				5		0										0		0		371		50%		185		16.5		2		3,058		6.8		370.5		185.25						0.00

				7		0										0		0		160		50%		80		16.5		2		1,320		2.9		160.0		80						0.00

				8		0										0		0		122		50%		61		16.5		2		1,003		2.2		121.5		60.75						0.00

				9		525		16.5		1		12%		25%		1,040		2,166		530		50%		265		16.5		1		4,370		9.8		4.5		2.25						131.25

				10		0										0		0		277		50%		139		16.5		2		2,286		5.1		277.0		138.5						0.00

				11		68		20.2		1		50%		100%		686		1,371		207		50%		104		20.2		1		2,087		4.7		139.0		69.5						68.00

				12		289		14.1		1		25%		50%		1,020		2,040		341		50%		170		14.1		1		2,403		5.4		51.5		25.75						144.50

				Total		974								GPM:		3,505		7,096		2,969				1485		16.6				24,474												435.75

														CFS:		8		16												55

				1.  Estimated from Satellite-determined  vineyard density																												54.6

				2.  Estimated from 75% value from Pilot-At-Scale partner determinations

				3.  Satellite determination not accurate due to varying emitter distribution and capacity																																																								Estimated Drip Irrigation Rates for Landowners in Pilot Program

				4.  Operations were developed in collaboration with vineyard managers based on feasibility and scaling to Full Buildout																																																								Service Area		2						9		11		12						Unit

				5.  Targetin, a maximum of 50% of the fields are receiving diverted flows simultaneously																												Farm 		Water application across acre (gpm)																										Partner		Bellaconna (1)						River Oaks		River Ranch		ViMark (1)

																																Bellacana		10.1																										Field 		1		2		Avg.		1		1		1		2		Avg.  

																																River Oaks		15.3																										Spacing along Row		8		6				5		6		8		5				ft

																																River Ranch		20.2																										Spacing between rows		9		12				10		6		9		8				ft

						974										7.8		15.8														ViMark		14.1																										Vine area		72		72				48		36		72		40				sq ft

																																Median		14.7																										Vines per Acre		605		605				917		1210		605		1089				#

																																75th quartile		16.5																										Irrigation rate per vine		1.0		1.0				1.0		1.0		1.0		1.0				gph

																																Maximum		20.2																										Irrigation rate per acre		605		605		605		917		1,210		605		1,089		847		gph

																																																														10.1		10.1		10		15.3		20.2		10.1		18.2		14		gpm

																																		14.9																										1.  Typical field selected to estimate typical drip irrigation rates for partnering landowners



																																																																																						Pilot-At-Scale		Full Buildout		Units

																																				Service Area		Minimum Design Specifications (1)										Max Design (2)								Pump Selection																								Field Operations

																																						Design Goals		Selected Pump(s)				Operations				Design		Selected		Operations				Spec 1		Spec 2 																								Assumed Recharge Rate (1)				14.7		14.7		GPM/Ac

																																																																																						0.1		0.1		AFD

																																																																																		Durations				36.0		36.0		Days										2.3333333333

																																																																																		Volume per Acre				2.3		2.3		Ac-Ft/Ac

								131.25																														GPM		GPM		VFD setting		GPM		CFS		GPM		GPM		GPM		CFS		1,000		2,000																						Alexander Valley Regional Operations

																																						GPM		GPM		VFD setting		GPM		CFS		GPM		GPM		GPM		CFS		1,000		2,000																								Estimated OFR fields				974		2,969		Acres

																																				1		0						0		0.00		1,089		1,000		1,000		2.2		1																										Estimated OFR fields simultaneous Operations				436		1,485		Acres

																																				2		759		2,000		75%		1500		4.46		912		2,000		912		2.0				1																								Total Volume				2,278		6,944		Ac-Ft

																																				3		0						0		0.00		2,674		2,000		2,000		4.5				1																								Maximum Regional Diversion Rate				15.8		54.5		CFS

																																				4		0		500		50%		250		1.11		3,272		4,000		3,272		7.3				2																						1.				Rate estimated at this time.

																																				5		0						0		0.00		3,058		3,000		3,000		6.7		1		1

																																				7		0						0		0.00		1,320		1,000		1,000		2.2		1

																																				8		0						0		0.00		1,003		1,000		1,000		2.2		1																								Available Schedule

																																				9		1,040		2,000		52%		1040		4.46		4,370		4,000		4,000		8.9				2																						OFR Start and Stop Dates

																																				10		0						0		0.00		2,286		2,000		2,000		4.5				1																										First date		1-Nov

																																				11		686		1,000		69%		690		2.23		2,087		2,000		2,000		4.5				1																										Last date		1-Apr

																																				12		1,020		2,000		51%		1020		4.46		2,403		3,000		2,403		5.4		1		1																										Duration		152						Results		Median		75th quartile		Units

																																				Total		3,505		7,500				4500		16.71		24,474		25,000		22,587		50.3		5		10																						Allowances												Rate/acre		14.7		16.5		gpm

																																				1. Minimum design is based on the Service Area planned operations.																																														Correction for Annual Variance and holidays				70%								0.065		0.073		AF/d

																																				2. Maximum design is based on plans for Full Buildout																																												Total Recharge Days						106.4								0.780		0.875		in/d

																																																																																OFR Operations per Field												Recharge days		36		36		days

																																				7.808871904																																												Maximum percent time 						34%						Recharge volume per acre		2.34		2.63		feet

																																																																																Total Availabe Recharge Days  per field						36						Full Buildout Acres		2,969		2,969		acres

																																																																																												Typical Alex. Valley Recharge		6,944		7,796		AF/Y





































































Pressure Losses Oct25

												C		0.0001		0.001		0.001

												n		1.5		1.5		2

												1500		5.8094750193		58.0947501931

												2000		8.94427191		89.4427191



												Sprinkler Type		Drip (3)						Impact (3)						Units				Winter		$   0.40		$/KWH

												Pressure		Low		High		Avg		Low		High		Avg

												Design Pump Operations		1000.0		2000.0		1500.0		3000.0		6000.0		4500.0		GPM

												Shallow Diversion Well

												GW Depth (Winter)		20.0		30.0		25.0		20.0		30.0		25.0		Ft

												GW Pump Depression(4)		2.2		3.1		2.7		3.9		5.5		4.7		ft

												Column Friction		5.0		8.0		6.5		5.0		8.0		6.5		ft		7		UC referfence

												Drip Filter System

												Pressurized Screen Fitler (5, 6)		6.9		11.5		9.2		6.9		11.5		9.2		Ft

												Points of Connection

												Pipe Losses under proper design		5.0		10.0		7.5		5.0		10.0		7.5		Ft

												Regional static losses		10.0		30.0		20.0		10.0		30.0		20.0		Ft

												Vineyard Water Delivery System

												Sprinkler Operations (1)		20.0		20.0		20.0		35.0		35.0		35.0		psi

														46.2		46.2		46.2		80.9		80.9		80.9		Ft

												Sand Filter (5)		8.0		8.0		8.0		4.0		4.0		4.0		Ft

												Static delivery losses to vineyards from source		2.0		6.0		2.0		2.0		6.0		6.0		Ft

												Total

												Head Loss		105.3		152.8		127.1		137.7		185.9		163.8		Ft		145.4

		92.4												45.6		66.2		55.9		59.6		80.5		70.0		psi

												1.  Rainbird impact sprinklers operation between 25 - 50 feet depending set spacing and nozzle sizes to achieve approriate application rate																								1.3071540357		1.2162445144		1.2887967383

												2. Additional filtration is assumed as needed to protect drip systems

												3.  Low = low operations pressure and low static head.  High = high operations pressure and high static head

												4.  Based on 95% analysis

												5. Based on cleaning recommendations for sand filter from https://www.irrigation.org/IA/FileUploads/IA/Resources/TechnicalPapers/2012/MakingTheRightFilterDecisionsForLandscapeIrrigation.pdf

												6 uc cooperative extension

												7   Shallow pumps. Assume meets C = 0.0001 and n=1,5 for well designed pump system











														0.76502078		0.8222030917		0.7978724031		1.3071540357		1.2162445144		1.2533332348



												Sprinkler Type		Drip (3)						Impact (3)						Units				Sprinkler Type		Drip (3)						Impact (3)						Units

												Pressure		Low		High		Avg		Low		High		Avg								Low		High		Avg		Low		High		Avg

												Design Pump Operations		1,000		2,000		1,500		3,000		6,000		4,500		GPM				Head Loss		105		153		127		138		186		164		FT

												Recharge Volume Per Acre		2.50		2.50		2.50		2.50		2.50		2.50		Ac-Ft/AC				Water KWH		108		156		130		141		190		167		KWH/AF

												Flow Calculations Per Acre																		Water Costs (1)		$74		$107		$89		$96		$130		$115		$/AF

												Assumed Flow Rate Per Acre in Operation		14.7		20.2		16.5		50		60		55		GPM/Ac				1. Assumes winter energy rate of $0.40 per KWH.  Based on PG&E ag schedule, Sonoma County.

														21,168		29,088		23,760		72,000		86,400		79,200		GPD/Ac

														0.065		0.089		0.073		0.221		0.265		0.243		Ac-FT/d/AC

												Head Loss		105		153		127		138		186		164		Ft

												Periods of Pump Operations

												Days of Operation		38.5		28.0		34.3		11.3		9.4		10.3

												Hours of Operation		924		672		823		272		226		247

												Energy Results

												"Water" Power

												Water HP		0.39		0.78		0.53		1.74		2.82		2.27		HW/Ac

												Water KW		0.29		0.58		0.39		1.30		2.10		1.70		KW/Ac

												Water KWH		108		156		130		141		190		167		KWH/AF

												Required Power (2) and Assocated Costs

												Pump Efficiency		65%						65%						%

												Engine Efficiency		90%						90%						%

												Total Efficiency		59%						59%						%

												Required HP		0.67		1.33		0.91		2.97		4.81		3.89		HW/Ac

												Required KW		0.50		0.99		0.67		2.22		3.59		2.90		KW/Ac

												Required KWH		184		267		222		241		325		286		KWH/AF

												Water Costs (1)		$74		$107		$89		$96		$130		$115		$/AF

												1. Assumes winter energy rate of $0.40 per KWH.  Basd on agricultural schedule in Sonoma County.																						1.3071540357		1.2162445144		1.2887967383

												2.  Assumes pumps discussed are typically characterized as large (> 100 HP)



																								129%







																14.7004385965

																16.5048245614

																20.1666666667

																		TYPICAL ENERGY

																				Drip		Impact

																		Headloss (Ft)

																		Low		105.3		137.7

																		High		152.8		185.9

																		Avg		127.1		163.8

																		Energy (KWH/AF)

																		Low		184		241

																		High		$267		325

																		Avg		$222		286

																		Annual $/AF

																		Low		$74		$96

																		High		$107		$130

																		Avg		$89		$115





Energy Summaries Oct25

				Annual Energy Demands

				Description						Irrigation						OFR				Units				References

																Pilot		Full Buildout

				Vineyards in Project Area						5,383						974		2,969		acres

				Project Area Irrigation Requirements and Duration

						Annual Water Application				9						24		24		in/y

										0.75						2.0		2.0		ft/y										693000.0

										4,037						1,962		5,979		AF/Y

				Water Application per Acre

						Water application rate per acre				14.7						14.7		14.7		gpm/acre

										118						118		118		CFH/ac				24.1666619018

										0.0027						0.0027		0.0027		ft/hr

										0.0325						0.0325		0.0325		in/hr

						Application time per year																								high costs		747404.366525934

										277						744		744		hrs/yr										low costs		597923.493220747

										12						31		31		d/y

				Theoretical Power ("Water" Power)

						Valley Wide  Pumping Rate				79,130						14,318		43,644		GPM				97.4203125

						Typical Pumping Losses				157						157		157		ft

						Water HP (WHP) (2)				3,137						568		1,730		WHP

						Water KW				2,339						423		1,290		WKW

				Power Demand						Electric		Propane (4)		Diesel		Electric		Electric

						Efficiencies																																								Acres in the Project Area

								Pump Eff (20 - 25 HP; >100 HP) (1)		20 - 25 HP						> 100 HP		> 100 HP						Irrigation Pump System Testing | Oklahoma State University (okstate.edu)																						Annual		8

										59%		59%		59%		65%		65%														Fuel prices														Orchards		7

								Motor Efficiency		90%		23%		35%		90%		90%						pub3241gdieselandnaturalgasdualfuel.pdf (lsuagcenter.com)								Electric				Propane		Diesel								Vineyards		5,138

								Total Efficiency		53%		14%		21%		59%		59%						Irrigation Pumping Plants and Energy Use | UGA Cooperative Extension						June 2024		0.4500		$/KW		2.5300		4.5000								Vineyard Replants		230

						Required/Delivered Power and Energy																																								Total		5,383

								Required HP		5,908		23,119		15,192		970		2,958		HP

								Required KW		4,406		17,240		11,329		724		2,206		KW

								Required KWH		1,220,669		4,776,531		3,138,863		538,326		1,640,955		KWH

						Fossil Fuel Gallons Required

								Energy Density		NA		91,600		139,000		NA		NA		BTU/gallon				pub3241gdieselandnaturalgasdualfuel.pdf (lsuagcenter.com)

										NA		27		41		NA		NA		KWH/gallon				Convert BTU To kWh: Simple BTU To Killowatt-Hour Conversion + Chart (learnmetrics.com)

								Gallons required		NA		177,921		77,049		NA		NA		gallons				https://ycharts.com/indicators/california_no_2_diesel_retail_prices

				Estimating Power Costs

						Costs of Fuel (June 2024)

								Electric		$0.45						$0.40		$0.40		$/KW

								Fossil Fuel (3)				$2.53		$4.50						$/gal				$2.53/gal - California Propane Prices (May 2024) (consultenergy.org)						Energy Use and Cost Per Acre Foot of Water Pumped In Irrigation Systems

						Power Costs																		https://www.eia.gov/dnav/pet/pet_pri_gnd_dcus_sca_w.htm								20 - 25 HP (Small) (2)						150 HP (Large) (2)

										$549,301		$450,139		$346,720		$215,330		$656,382		$												Electric		Propane		Diesel		Electric

										$136		$111		$86		$110		$110		$/AF										$/AF (1)		$136		$111		$86		$110

						Power Use																								gal/AF		NA		44		19		0

										NA		44		19						fuel gal/AF										KWH/AF		302		1,183		777		274

										302		1,183		777		274		274		KWH/AF										Notes

				1		Small pump (Good, 20 - 25 HP)  ~59% and large pump (good, 100 HP ~65%																								1. Based on prices available June 2024

				2		Theoritecal power to pump water																								2. Efficiencies from differnent land grant universities cooperative extension pubs.

				3		Assume diesel is slightly less (50 cents) for red dye as opposed to highway, including delivery charges

				4		Liquid Propane Gas (LPG)



				QAQC Check (hide)

										161		161		161		161		161		WKWH/AF

										2,339		2,339		2,339		423		423		WKW

																														Annual Energy Use in Alexander Valley (June 2024 prices)

																														Category		Vineyard Irrigation						OFR Enrollment

																																						Pilot-At-Scale		Full Buildout

																														Acres		5,383						974		2,969

																														AF/Year		4,037						1,962		5,979

																														Power Use		Electric		Propane		Diesel		Electric

																														KWH/Year		1,220,669		4,776,531		3,138,863		538,326		1,640,955				3.0482546201

																														$/Yr		$549,301		$450,139		$346,720		$215,330		$656,382				3.0482546201

																														Annual Energy Costs Per Acre

																														$/AF		$136		$111		$86		$110		$110



																																						$2.50		$2.50

																																1.1949400219		1.4581757701		1.8931168446





																																		300













































































https://extension.uga.edu/publications/detail.html?number=B837https://www.lsuagcenter.com/~/media/system/4/8/3/1/48319f3575e740e854e7691eae9ac279/pub3241gdieselandnaturalgasdualfuel.pdfhttps://learnmetrics.com/btu-to-kwh/https://www.consultenergy.org/propane/ca/https://extension.okstate.edu/fact-sheets/irrigation-pump-system-testing.htmlhttps://www.lsuagcenter.com/~/media/system/4/8/3/1/48319f3575e740e854e7691eae9ac279/pub3241gdieselandnaturalgasdualfuel.pdf

SA02





				Pilot-At-Scale

						Service Area						SA02				SA04				SA09				SA11				SA12				Units

						Design Demand

										Total Service Area Acres		129				793				534				346				392				acres

										OFR Available Acres		92				30		(3)		525				68				289				acres

										Drip Application Rate		12.0		(5)		15.3		(1)		15.3				20.2				14.1				gpm/ac

						Pump

										Location(s)		SA-02 Well 1				SA-04 Well 1		(2)		SA-09 Well 3				SA-11 Well 1				SA-12 Well 1

										Capacity		1,500				500		(2)		2,000				1,500				2,000				GPM

										Casing		18				24				18				18				18				Inches

										Head		130				140				130				130				130				ft

										Power		100				30				125				100				125				HP

						Simultaneous Acres in Operation under OFR

								Minimum

										VFD		50%				50%				50%				50%				50%

										Pumped Flows		750				250				1000				750				1000				GPM

										Acres Serviced		63				16				65				37				71				Acres

										% of Operations		68%				55%				12%				55%				25%				%

								Minimum

										VFD		100%				100%				100%				70%				100%

										Pumped Flows		1500				500				2000				1050				2000				GPM

										Acres Serviced		125				33				131				52				142				Acres

										% of Operations		136%				109%				25%				77%				49%				%

						Mainline Pipe

										Design Capacity		1500				4000				2000				2000				3000				GPM

										Nominal Pipe Size		16				24				18				18				24				Inches

										Maximum velocity		2.9				3.2				2.9				2.9				2.9				FPS

										Length		1800				tbd				2200				2300				4700				ft

						Point of Connections

								Number				2				1				1				1				4

										Capacity		POC1, POC2				POC1				POC3				POC1				POCV1, POCV2, POCV3, POCB1				GPM

				1		Assumes same as River Oaks

				2		Same well is used and pump is switched out at Full Buildout to 2000 gpm

				3		Some lands being fallowed reducing available OFR

				4		POC will be in Expansion Area

				5		Rate Estimated at this time



				Full Buildout

						Service Area						SA02				SA04				SA09				SA11				SA12

						Design Demand

										Total Service Area Acres		129				793				534				346				392				acres

										OFR Available Acres		111				397				530				207				341				acres

										Drip Application Rate		12.0		(5)		15.3		(1)		15.3				20.2				14.1				gpm/ac

						Design

								Pumps (Additional)

										Location		NA				SA-04 Well 1		(2)		SA-09 Well 2				NA				SA-12 Well 2

										Capacity						4,000		(2)		2,000								1,000				GPM

										Casing						24				18								12				Inches

										Head						140				130								130				ft

										Power						240				120								60				HP

												1,500				4,000				4,000				1,500				3,000

						Simultaneous Acres in Operation under OFR

								Minimum

												50%				50%				50%				50%				50%

										Pumped Flows		750				2000				2000				750				1500				GPM

										Acres Serviced		63				131				131				37		(6)		106				Acres

										% of Operations		57%				33%				25%				18%				31%				%

								Maximum

										VFD		90%				100%				100%				100%				100%

										Pumped Flows		1350				4000				4000				1500				3000				GPM

										Acres Serviced		113				262				262				74				213				Acres

										% of Operations		102%				66%				49%				36%		(7)		62%				%

								Point of Connections

												Expansion		(4)		Expansion		(4)		POC2				Expansion		(4)		Expansion		(4)

				1		Assumes same as River Oaks

				2		Same well is used and pump is switched out at Full Buildout to 2000 gpm

				3		Some lands being fallowed reducing available OFR

				4		POC will be in Expansion Area

				5		Rate Estimated at this time

				6		Current coperations in play total 68  acres.  This design allows half those acres irrigated aat one time.

				7		Coverage for SA11 is lowe than for the other Service Areas.  Operations to cover the area will require a field under OFR continuously





Operations



								Diversion Requirements

								OFR Period				Nov 1 - Apr. 1

								Hours per Day				24

								Diversion Schedule (4)

								Pilot (CFS)				Full Buildout (CFS)														Flow at Jimtown		Pilot-At-Scale		Full Buildout				Flow at Jimtown		OFR Diversion

								Jimtown Q		Diversion		Jimtown Q		Diversion

								<216		0		<216		0												100		0		0				100		0

								216 to 233		River Flow - 216		216 to 271		River Flow - 216												216		0		0				216		0

		19 or lower				36		>233		17		>271		55												233		17		17

								Russian River Flow Thresholds (1, 2)																		271		17		55				233		17

								Station No.		Location along Russian River		Threshold CFS (1, 2)														500		17		55				500		17

								11463500		Geyserville		216

								11143682		Jimtown		212

								11464000		Healdsburg		195

								11467002		Guerneville		300

								Diversions at Temperature Thresholds, deg F.  (3)

								Dew Point				Temperatures

								Minimum		Maximum

								24		34		34

								20		23		35

										19		36

								1. Diversion do not occur if Russian R. flow at locations is below thresholds

								2.  Flows exceed Biological Minimum Flow of 150 CFS plus 15 CFS buffer

								3. Cease diversions if frost is expected to occur based on standard method

								4.  Represents total diversions at given time.  

								5.  Diversions from Russian River coordinated in time and volume with vineyard receipt



OFR Diversion Schedule



Pilot-At-Scale	

100	216	233	271	500	0	0	17	17	17	Full Buildout	

100	216	233	271	500	0	0	17	55	55	Jimtown Flows (11143682) (CFS)





OFR Diversions (CFS)











Soils By Service Area

		Sum of Sum of Geodetic_acre

				A		B		C		D		X		Grand Total

		2		29		21						43		93

		3		41		247		304				42		634

		4		1		108		549				128		786

		5		78		205		321		5		79		688

		6		8		125		108		11		10		262

		7				38		242				38		318

		8				1		2				14		17

		9		86		98		292				57		533

		10				20		614						634

		11		91				236				19		346

		12		3		38		150				98		289

		Grand Total		337		901		2,818		16		528		4,600





				Hydrologic Soils Group

		Service Area		A		B		C		D		X*		Grand Total

		2		29		21						43		93										50

		3		41		247		304				42		634										592

		4		1		108		549				128		786										658

		5		78		205		321		5		79		688										604

		6		8		125		108		11		10		262										241

		7				38		242				38		318										280

		8				1		2				14		17										3

		9		86		98		292				57		533										476

		10				20		614						634										634

		11		91				236				19		346										327

		12		3		38		150				98		289										191

		Grand Total		337		901		2,818		16		528		4,600										4,056

		* Not identified





AgAcreEstWithDrip







		Service Area				Pilot-At-Scale				Expansion						At Full Build Out

		No.		Acres		Vineyard		Acres		Available OFR Acreage		% OFR Eligible Fields Utililized		Utilized OFR Acreage		Acres		% of Service Area

		1		264						264		50%		132		132		50%

		2		129		Primary Partner		92		37		50%		19		111		86%

		3		648						648		50%		324		324		50%

		4		793						793		50%		397		397		50%

		5		741						741		50%		371		371		50%

		7		320						320		50%		160		160		50%

		8		243						243		50%		122		122		50%

		9		534		Primary Partner		525		9		50%		5		530		99%

		10		554						554		50%		277		277		50%

		11		346		Primary Partner		68		278		50%		139		207		60%

		12		392		Primary/Secondary Partner		289		103		50%		52		341		87%

		Total		4,964				974		363		6		1,995		2,969		60%

		Notes

		1		Vineyard acres in Alexander Valley Project Area with identified as suitable soils based on slope and infiltration rates

		2		Estimate longterm participation assumes lower progressive participation with organizations jointing later.



														.





PumpSizing





				Serv. Areas		Pilot-At-Scale														Full Buildout

						OFR Fields Employed under Pilot-At-Scale		Water application by Drip				% Fields under OFR (4)				GPM				OFR Fields		Fields operated synchronously				Water application by Drip 				GPM

						Acres		GPM/Ac		Notes		Min		Max		Min		Max		Acres		%		acres		GPM (3)		Notes				CFS		New Fields		Fields in play

				1		0										0		0		132		50%		66		16.5		2		1,089		2.4		132.0		66		33				0.00								2178.6368421053

				2		92		16.5		2,3		50%		100%		759		1,518		111		50%		55		16.5		2		912		2.0		18.5		9.25						92.00

				3		0										0		0		324		50%		162		16.5		2		2,674		6.0		324.0		162						0.00

				4		0		16.5		2		50%		75%		0		0		397		50%		198		16.5		2		3,272		7.3		396.5		198.25						0.00

				5		0										0		0		371		50%		185		16.5		2		3,058		6.8		370.5		185.25						0.00

				7		0										0		0		160		50%		80		16.5		2		1,320		2.9		160.0		80						0.00

				8		0										0		0		122		50%		61		16.5		2		1,003		2.2		121.5		60.75						0.00

				9		525		16.5		1		12%		25%		1,040		2,166		530		50%		265		16.5		1		4,370		9.8		4.5		2.25						131.25

				10		0										0		0		277		50%		139		16.5		2		2,286		5.1		277.0		138.5						0.00

				11		68		20.2		1		50%		100%		686		1,371		207		50%		104		20.2		1		2,087		4.7		139.0		69.5						68.00

				12		289		14.1		1		25%		50%		1,020		2,040		341		50%		170		14.1		1		2,403		5.4		51.5		25.75						144.50

				Total		974								GPM:		3,505		7,096		2,969				1485		16.6				24,474												435.75

														CFS:		8		16												55

				1.  Estimated from Satellite-determined  vineyard density																												54.6

				2.  Estimated from 75% value from Pilot-At-Scale partner determinations









				3.  Satellite determination not accurate due to varying emitter distribution and capacity																																																								Estimated Drip Irrigation Rates for Landowners in Pilot Program

				4.  Operations were developed in collaboration with vineyard managers based on feasibility and scaling to Full Buildout																																																								Service Area		SA02						SA09		SA11		SA12						Unit

																																																												Field 		1		2		Avg.		1		1		1		2		Avg.  

																																Primary Partner Service Area		Water application across acre (gpm)																										Spacing along Row		8		6				5		6		8		5				ft

																																SA02		10.1																										Spacing between rows		9		12				10		6		9		8				ft

						974										7.8		15.8														SA09		15.3																										Vine area		72		72				48		36		72		40				sq ft

																																SA11		20.2																										Vines per Acre		605		605				917		1210		605		1089				#

																																SA12		14.1																										Irrigation rate per vine		1.0		1.0				1.0		1.0		1.0		1.0				gph

																																Median		14.7																										Irrigation rate per acre		605		605		605		917		1,210		605		1,089		847		gph

																																75th quartile		16.5																												10.1		10.1		10		15.3		20.2		10.1		18.2		14		gpm

																																Maximum		20.2																										1.  Typical field selected to estimate typical drip irrigation rates for partnering landowners



																																		14.9









																																																																																						Pilot		Full Build Out		Units

																																				Service Area		Minimum Design Specifications (1)										Max Design (2)								Pump Selection																								Field Operations

																																						Design Goals		Selected Pump(s)				Operations				Design		Selected		Operations				Spec 1		Spec 2 																								Assumed Recharge Rate (1)				14.7		14.7		GPM/Ac

																																																																																						0.1		0.1		AFD

																																																																																		Durations				31.0		31.0		Days										2.3333333333

																																																																																		Volume per Acre				2.0		2.0		Ac-Ft/Ac

								131.25																														GPM		GPM		VFD setting		GPM		CFS		GPM		GPM		GPM		CFS		1,000		2,000																						Alexander Valley Regional Operations

																																						GPM		GPM		VFD setting		GPM		CFS		GPM		GPM		GPM		CFS		1,000		2,000																								Estimated OFR fields				974		2,969		Acres

																																				1		0						0		0.00		1,089		1,000		1,000		2.2		1																										Estimated OFR fields simultaneous Operations				436		1,485		Acres

																																				2		759		2,000		75%		1500		4.46		912		2,000		912		2.0				1																								Total Volume				1,962		5,979		Ac-Ft

																																				3		0						0		0.00		2,674		2,000		2,000		4.5				1																								Maximum Regional Diversion Rate				15.8		54.5		CFS

																																				4		0		500		50%		250		1.11		3,272		4,000		3,272		7.3				2

																																				5		0						0		0.00		3,058		3,000		3,000		6.7		1		1

																																				7		0						0		0.00		1,320		1,000		1,000		2.2		1

																																				8		0						0		0.00		1,003		1,000		1,000		2.2		1																								Available Schedule

																																				9		1,040		2,000		52%		1040		4.46		4,370		4,000		4,000		8.9				2																						OFR Start and Stop Dates

																																				10		0						0		0.00		2,286		2,000		2,000		4.5				1																										First date		1-Nov

																																				11		686		1,000		69%		690		2.23		2,087		2,000		2,000		4.5				1																										Last date		1-Apr

																																				12		1,020		2,000		51%		1020		4.46		2,403		3,000		2,403		5.4		1		1																										Duration		152						Results		Median		75th quartile		Units

																																				Total		3,505		7,500				4500		16.71		24,474		25,000		22,587		50.3		5		10																						Allowances												Rate/acre		14.7		16.5		gpm

																																				1. Minimum design is based on the Service Area planned operations.																																														Correction for Annual Variance and holidays				60%								0.065		0.073		AF/d

																																				2. Maximum design is based on plans for Full Buildout																																												Total Recharge Days						91.2								0.780		0.875		in/d

																																																																																OFR Operations per Field												Recharge days		31		31		days

																																				7.808871904																																												Maximum percent time 						34%						Recharge volume per acre		2.01		2.26		feet

																																																																																Total Availabe Recharge Days  per field						31						Full Buildout Acres		2,969		2,969		acres

																																																																																												Typical Alex. Valley Recharge		5,979		6,713		AF/Y





































































PumpDesign



				Service Area		Pilot-At-Scale										Full Buildout

						Target Flows				Pump 1						Max Target Flows		Pump 1						Pump 2				Max Design Flow

						Min		Max		Design Capacity		VFD Settings						Design Capacity		Note		VFD Setting		Design Capacity		VFD Setting

						GPM		GPM		GPM		Min		Max		GPM		GPM						GPM		Max		GPM

				2		759		1,518		1,500		51%		100%		912		1,500				61%		NA				1,500

				9		1,040		2,166		2,000		52%		100%		4,370		2,000				100%		2000		100%		4,000

				11		686		1,371		1,500		46%		91%		2,087		2,000				100%		NA				2,000

				12		1,020		2,040		2,000		51%		102%		2,403		2,000				100%		NA				2,000

				Notes

				1.  4000 gpm pump replaces temporary 500 gpm pump





Pipe Design Info

																				Piping						Velocity (FPS) for pump flow rates										Headloss (ft) for pump flow rates												hf (polynomial fit)														Re										(e/d/3.7)^1.11  + 6.9/Re										f (darcy friction factor

						Nominal		ID						Area						Nominal		ID		Cost		GPM										500		1000		2000		3000		4000				500		1000		2000				3000		GPM				500		1000		2000		3000		4000		500		1000		2000		3000		4000		500		1000		2000		3000		4000

								inches		ft		sch		sq ft						Inches		Inches		$/Ft		500		1000		2000		3000		4000		GPM		GPM		GPM		GPM		GPM				GPM		GPM		GPM				GPM						GPM		GPM		GPM				GPM		GPM		GPM		GPM				GPM		GPM		GPM		GPM				GPM

						10		9.53		0.794		PIP CL 125 DR 32.4		0.50						10		9.5		$30		2.2		4.5		9.0		13.5		18.0		2.1		7.7		29.4		66.1		114.4				0.5383		4.1301		20.4743		49.0326		89.8050						88,119		176,238		352,477		528,715		704,954		1.42E-04		1.03E-04		8.36E-05		7.71E-05		7.38E-05		0.0209		0.0194		0.0186		0.0182		0.0181

						12		11.44		0.953		PIP CL 125 DR 32.5		0.71		$35				12		11.4		$35		1.6		3.1		6.2		9.4		12.5		0.8		3.0		11.3		25.4		44.0				0.0493		1.5691		9.0203		22.3535		41.5687						105,780		211,560		423,120		634,680		846,240		1.18E-04		8.49E-05		6.86E-05		6.32E-05		6.04E-05		0.0200		0.0186		0.0178		0.0175		0.0173

						15		14.3		1.192		PIP CL 125 DR 32.6		1.12		$42				15		14.3		$42		1.0		2.0		4.0		6.0		8.0		0.2		0.9		3.5		7.9		13.7				-0.1379		0.3266		3.0625		8.2077		15.7622						132,225		264,450		528,900		793,350		1,057,800		9.30E-05		6.69E-05		5.39E-05		4.95E-05		4.73E-05		0.0190		0.0177		0.0169		0.0167		0.0165

						18		17.48		1.457		PIP CL 125 DR 32.7		1.67		$50				18		17.5		$50		0.7		1.3		2.7		4.0		5.3		0.1		0.3		1.2		2.8		4.8				-0.1589		-0.0481		0.9830		3.0931		6.2824						161,629		323,258		646,516		969,774		1,293,031		7.54E-05		5.40E-05		4.33E-05		3.98E-05		3.80E-05		0.0182		0.0169		0.0162		0.0159		0.0158

						21		20.61		1.718		PIP CL 125 DR 32.8		2.32		$75				21		20.6		$75		0.5		1.0		1.9		2.9		3.8		0.0		0.1		0.5		1.2		2.0				-0.1416		-0.1435		0.2713		1.2446		2.7762						190,570		381,141		762,282		1,143,423		1,524,564		6.34E-05		4.53E-05		3.63E-05		3.32E-05		3.17E-05		0.0175		0.0164		0.0157		0.0154		0.0153

						24		23.19		1.933		PIP CL 125 DR 32.9		2.93		$85				24		23.2		$85		0.4		0.8		1.5		2.3		3.0		0.0		0.1		0.3		0.6		1.1				-0.1234		-0.1597		0.0290		0.5660		1.4514						214,426		428,853		857,706		1,286,559		1,715,412		5.60E-05		4.00E-05		3.19E-05		2.92E-05		2.79E-05		0.0171		0.0160		0.0153		0.0150		0.0149

						27		26.12		2.177		PIP CL 125 DR 32.10		3.72		$125				27		26.1		$125		0.3		0.6		1.2		1.8		2.4		0.0		0.0		0.2		0.3		0.6				-0.1045		-0.1549		-0.0935		0.1845		0.6789						241,519		483,037		966,075		1,449,112		1,932,150		4.95E-05		3.52E-05		2.81E-05		2.57E-05		2.45E-05		0.0166		0.0156		0.0149		0.0146		0.0145

		Nominal		ID						Area																1.11		2.23		4.45		6.68		8.91		1.11		2.23		4.45		6.68		8.91		CFS

				inches		ft		sch		sq ft		Cost/ft																																																																																						A		0.053148

		12		11.889		0.991		40		0.77		$98				https://www.usplastic.com/catalog/item.aspx?itemid=23979&catid=727&clickid=popcorn																																																																																		B		-0.227648

		14		13.073		1.089		40		0.93		$140																																																																																						C		-0.068126

		16		14.94		1.245		40		1.22		$221

		18		16.809		1.401		40		1.54		$257																												1000		12		12		1.56														0.7929																500		1000		2000		3000		4000						Dia		gpm		f		modeled "f"

		20		18.743		1.562		40		1.92		$279																												1000		14		14		1.00														0.2469																GPM		GPM		GPM				GPM						10		500		0.0208589609		0.0206046306

		24		22.544		1.879		40		2.77		$413																												1000		16		16		0.67														0.0865														10		0.0209		0.0194		0.0186		0.0182		0.0181						12		500		0.0199847002		0.0197669383

												Darcy Weisbach Equation Calculations CONSTANTS																												1000		18		18		0.48														0.0366														12		0.0200		0.0186		0.0178		0.0175		0.0173						15		500		0.0189898973		0.0187878924

												L		1000		ft				length																				1000		20		20		0.38														0.0198														15		0.0190		0.0177		0.0169		0.0167		0.0165						18		500		0.0181573517		0.0180240605

												g		32.2		ft/s2				gravity																				1000		24		24		0.30														0.0106														18		0.0182		0.0169		0.0162		0.0159		0.0158						21		500		0.017514927		0.0174025286

												v		0.00001406		ft2/s																								2000		12		12		3.12														2.9554														21		0.0175		0.0164		0.0157		0.0154		0.0153						24		500		0.0170758191		0.0168814841

										(Max drop)		k		0.00049						at 50 deg F from calculator						https://www.omnicalculator.com/physics/water-viscosity														2000		14		14		2.00														0.9210														24		0.0171		0.0160		0.0153		0.0150		0.0149						10		1000		0.0194227626		0.0196542656

												k		0.00049 - 0.0000230						absolute roughness coef (ft) (surface roughness)																				2000		16		16		1.34														0.3229																														12		1000		0.0186227054		0.0188552108

																																								2000		18		18		0.96														0.1368																														15		1000		0.017711195		0.0179213223

												acutal pVC sch 40 ID:  								https://www.pvcfittingsonline.com/resource-center/pvc-pipe-dimensions-18-through-24/																				2000		20		20		0.76														0.0740																														18		1000		0.0169474024		0.0171927213

																																								2000		24		24		0.60														0.0398																														21		1000		0.0163574241		0.0165998568

																																								3000		12		12		6.24														11.3014																														24		1000		0.0159538557		0.0161028449

																																								3000		14		14		3.99														3.5233																														10		2000		0.0185622998		0.018747735

																																								3000		16		16		2.67														1.2357																														12		2000		0.0178034049		0.0179855357

																																								3000		18		18		1.92														0.5235																														15		2000		0.0169382288		0.0170947218

				Design flows				Pipe Size (1)		Velocity (FPS)				Headloss (ft) per 1000 ft				Costs																						3000		20		20		1.52														0.2832																														18		2000		0.0162127931		0.0163997267

				Min		Max		inches		Min		Max		Min		Max		$/ft																						3000		24		24		1.20														0.1524																														21		2000		0.0156521462		0.0158342073

		1		500		1000		12		2.2		4.5		2.1		7.7		$30																						4000		12		12		12.48														44.0355																														24		2000		0.0152684909		0.0153601195

		2		1000		2000		16		2.0		4.0		0.9		3.5		$42																						4000		14		14		7.99														13.7301																														10		3000		0.018245189		0.0182369575

		3		1000		3000		20		1.0		2.9		0.1		1.2		$75																																																																								12		3000		0.0175007179		0.0174955242

		4		2000		4000		24		1.5		3.0		0.3		1.1		$85																						4000		16		16		5.35														4.8160																														15		3000		0.0166517973		0.0166289803

				1.  Nominal Diameter in inches																																				4000		18		18		3.85														2.0406																														18		3000		0.0159398344		0.0159529201

																																								4000		20		20		3.04														1.1038																														21		3000		0.0153895006		0.0154028082

																																								4000		24		24		2.39														0.5940																														24		3000		0.0150128523		0.0149416368

				final one put in master plan																																																																																						10		4000		0.0180797208		0.0178830171

																																																																																										12		4000		0.0173425989		0.0171559734

				Design flows (GPM)				Pipe Size (1)		Velocity (FPS)				Headloss (ft) per 1000 ft				Costs				f																																																																				15		4000		0.0165019636		0.0163062472

				Min		Max		inches		Min		Max		Min		Max		$/ft				MIN		MAX																																																																		18		4000		0.0157968704		0.015643308

		1		440		890		10		2.0		4.0		1.6		6.2		$30				0.0207848558		0.0198109218																																																																		21		4000		0.0152517965		0.0151038726

		2		640		1440		12		2.0		4.5		1.3		6.1		$35				0.019437285		0.0183925847																																																																		24		4000		0.0148787226		0.0146516515

		3		1000		2250		15		2.0		4.5		0.9		4.5		$42				0.0179213223		0.0169581008

		4		1500		3740		18		2.0		5.0		0.7		4.2		$50				0.0167243098		0.0157150978

		5		2080		5200		21		2.0		5.0		0.6		3.4		$75				0.0157919555		0.0148363063

		6		2630		6580		24		2.0		5.0		0.5		2.8		$85				0.0150762261		0.0141631557

				1.  Nominal Diameter in inches

				tomS numberS

				Design flows				Pipe Size (1)		Velocity (FPS)				Headloss (ft) per 1000 ft				Costs

				Min		Max		inches		Min		Max		Min		Max		$/ft

		1		450		1050		10		2.0		5.0		1.4		7.2		$30

		2		650		1250		12		2.0		5.0		1.1		5.9		$35

		3		1000		2500		15		2.0		5.0		0.8		4.5		$50

		4		1500		3750		18		2.0		5.0		0.7		3.6		$85

		5		2100		5200		21		2.0		5.0		0.5		3.0		$85

		6		2650		6550		24		2.0		5.0		0.5		2.6		$125

				1.  Nominal Diameter in inches
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Energy Summaries

				Annual Energy Demands

				Description						Irrigation						OFR				Units				References

																Pilot		Full Buildout

				Vineyards in Project Area						5,383						974		2,969		acres

				Project Area Irrigation Requirements and Duration

						Annual Water Application				9						24		24		in/y

										0.75						2.0		2.0		ft/y										693000.0

										4,037						1,962		5,979		AF/Y

				Water Application per Acre

						Water application rate per acre				14.7						14.7		14.7		gpm/acre

										118						118		118		CFH/ac				24.1666619018

										0.0027						0.0027		0.0027		ft/hr

										0.0325						0.0325		0.0325		in/hr

						Application time per year																								high costs		747404.366525934

										277						744		744		hrs/yr										low costs		597923.493220747

										12						31		31		d/y

				Theoretical Power ("Water" Power)

						Valley Wide  Pumping Rate				79,130						14,318		43,644		GPM				97.4203125

						Typical Pumping Losses				157						157		157		ft

						Water HP (WHP) (2)				3,137						568		1,730		WHP

						Water KW				2,339						423		1,290		WKW

				Power Demand						Electric		Propane (4)		Diesel		Electric		Electric

						Efficiencies																																								Acres in the Project Area

								Pump Eff (20 - 25 HP; >100 HP) (1)		20 - 25 HP						> 100 HP		> 100 HP						Irrigation Pump System Testing | Oklahoma State University (okstate.edu)																						Annual		8

										59%		59%		59%		65%		65%														Fuel prices														Orchards		7

								Motor Efficiency		90%		23%		35%		90%		90%						pub3241gdieselandnaturalgasdualfuel.pdf (lsuagcenter.com)								Electric				Propane		Diesel								Vineyards		5,138

								Total Efficiency		53%		14%		21%		59%		59%						Irrigation Pumping Plants and Energy Use | UGA Cooperative Extension						June 2024		0.4500		$/KW		2.5300		4.5000								Vineyard Replants		230

						Required/Delivered Power and Energy																																								Total		5,383

								Required HP		5,908		23,119		15,192		970		2,958		HP

								Required KW		4,406		17,240		11,329		724		2,206		KW

								Required KWH		1,220,669		4,776,531		3,138,863		538,326		1,640,955		KWH

						Fossil Fuel Gallons Required

								Energy Density		NA		91,600		139,000		NA		NA		BTU/gallon				pub3241gdieselandnaturalgasdualfuel.pdf (lsuagcenter.com)

										NA		27		41		NA		NA		KWH/gallon				Convert BTU To kWh: Simple BTU To Killowatt-Hour Conversion + Chart (learnmetrics.com)

								Gallons required		NA		177,921		77,049		NA		NA		gallons				https://ycharts.com/indicators/california_no_2_diesel_retail_prices

				Estimating Power Costs

						Costs of Fuel (June 2024)

								Electric		$0.45						$0.40		$0.40		$/KW

								Fossil Fuel (3)				$2.53		$4.50						$/gal				$2.53/gal - California Propane Prices (May 2024) (consultenergy.org)						Energy Use and Cost Per Acre Foot of Water Pumped In Irrigation Systems

						Power Costs																		https://www.eia.gov/dnav/pet/pet_pri_gnd_dcus_sca_w.htm								20 - 25 HP (Small) (2)						150 HP (Large) (2)

										$549,301		$450,139		$346,720		$215,330		$656,382		$												Electric		Propane		Diesel		Electric

										$136		$111		$86		$110		$110		$/AF										$/AF (1)		$136		$111		$86		$110

						Power Use																								gal/AF		NA		44		19		0

										NA		44		19						fuel gal/AF										KWH/AF		302		1,183		777		274

										302		1,183		777		274		274		KWH/AF										Notes

				1		Small pump (Good, 20 - 25 HP)  ~59% and large pump (good, 100 HP ~65%																								1. Based on prices available June 2024

				2		Theoritecal power to pump water																								2. Efficiencies from differnent land grant universities cooperative extension pubs.

				3		Assume diesel is slightly less (50 cents) for red dye as opposed to highway, including delivery charges

				4		Liquid Propane Gas (LPG)



				QAQC Check (hide)

										161		161		161		161		161		WKWH/AF

										2,339		2,339		2,339		423		423		WKW

																														Annual Energy Use in Alexander Valley (June 2024 prices)

																														Category		Vineyard Irrigation						OFR Enrollment

																																						Pilot		Full Buildout

																														Acres		5,383						0		2,969

																														AF/Year		4,037						1,962		5,979

																														Power Use		Electric		Propane		Diesel		Electric

																														KWH/Year		1,220,669		4,776,531		3,138,863		538,326		1,640,955				3.0482546201

																														$/Yr		$549,301		$450,139		$346,720		$215,330		$656,382				3.0482546201

																														Annual Energy Costs Per Acre

																														$/AF		$136		$111		$86		$110		$110



																																						$2.50		$2.50

																																1.1949400219		1.4581757701		1.8931168446





																																		300













































































https://extension.uga.edu/publications/detail.html?number=B837https://www.lsuagcenter.com/~/media/system/4/8/3/1/48319f3575e740e854e7691eae9ac279/pub3241gdieselandnaturalgasdualfuel.pdfhttps://learnmetrics.com/btu-to-kwh/https://www.consultenergy.org/propane/ca/https://extension.okstate.edu/fact-sheets/irrigation-pump-system-testing.htmlhttps://www.lsuagcenter.com/~/media/system/4/8/3/1/48319f3575e740e854e7691eae9ac279/pub3241gdieselandnaturalgasdualfuel.pdf

AV Spatial Calcs v5 2024-03-24 

		Service Areas		Hydrologic Group - Dominant Condition		Sum of Geodetic_acre

		2		A		29

		2		B		21

		2		C

		2		D

		2		X		43

		3		A		41

		3		B		247

		3		C		304

		3		D

		3		X		42

		4		A		1

		4		B		108

		4		C		549

		4		D

		4		X		128

		5		A		78

		5		B		205

		5		C		321

		5		D		5

		5		X		79

		6		A		8

		6		B		125

		6		C		108

		6		D		11

		6		X		10

		7		A

		7		B		38

		7		C		242

		7		D

		7		X		38

		8		A

		8		B		1

		8		C		2

		8		D

		8		X		14

		9		A		86

		9		B		98

		9		C		292

		9		D

		9		X		57

		10		A

		10		B		20

		10		C		614

		10		D

		10		X

		11		A		91

		11		B

		11		C		236

		11		D

		11		X		19

		12		A		3

		12		B		38

		12		C		150

		12		D

		12		X		98

		13		A		0

		13		B

		13		C

		13		D

		13		X		0





Pressure Losses

												C		0.0001		0.001		0.001										ft/gpm

												n		1.5		1.5		2

												1500		5.8094750193		58.0947501931

												2000		8.94427191		89.4427191



												Sprinkler Type		Drip (3)						Impact (3)						Units						Winter		$   0.40		$/KWH

												Pressure		Low		High		Avg		Low		High		Avg

												Design Pump Operations		1000.0		2000.0		1500.0		3000.0		6000.0		4500.0		GPM

												Shallow Diversion Well

												GW Depth (Winter)		20.0		30.0		25.0		20.0		30.0		25.0		Ft

												GW Pump Depression(4)		2.2		3.1		2.7		3.9		5.5		4.7		ft

												Column Friction		5.0		8.0		6.5		5.0		8.0		6.5		ft				7		UC referfence

												Drip Filter System

												Pressurized Screen Fitler		6.9		11.5		9.2		6.9		11.5		9.2		Ft		5, 6

												Points of Connection

												Pipe Losses under proper design		5.0		10.0		7.5		5.0		10.0		7.5		Ft

												Regional static losses		10.0		40.0		25.0		10.0		40.0		25.0		Ft

												Vineyard Water Delivery System

												Sprinkler Operations (1)		29.5		29.5		29.5		35.0		35.0		35.0		psi

														68.1		68.1		68.1		80.9		80.9		80.9		Ft

												Sand Filter		6.9		11.5		9.2		6.9		11.5		9.2		Ft		5



												Static delivery losses to vineyards from source		2.0		6.0		4.0		2.0		6.0		4.0		Ft		8

												Total

												Head Loss		155.7		217.8		186.8		175.6		238.4		207.0		Ft				196.9

		92.4												67.4		94.3		80.8		76.0		103.2		89.6		psi

												1.  Rainbird impact sprinklers operation between 25 - 50 feet depending set spacing and nozzle sizes to achieve approriate application rate

												2. Additional filtration is assumed as needed to protect drip systems

												3.  Low = low operations pressure and low static head.  High = high operations pressure and high static head

												4.  Based on 95% analysis

												5. Based on cleaning recommendations for sand filter from https://www.irrigation.org/IA/FileUploads/IA/Resources/TechnicalPapers/2012/MakingTheRightFilterDecisionsForLandscapeIrrigation.pdf

												6 uc cooperative extension

												7   Shallow pumps. Assuem meet C = 0.0001 and n=1,5 for well designed pump system

												8		assume fields are pretty level











														0.8866415875		0.9135777851		0.9021535377		1.12785145		1.0945975442		1.1084587692



												Sprinkler Type		Drip (3)						Impact (3)						Units						Sprinkler Type		Drip (3)						Impact (3)						Units

												Pressure		Low		High		Avg		Low		High		Avg										Low		High		Avg		Low		High		Avg

												Design Pump Operations		1,000		2,000		1,500		3,000		6,000		4,500		GPM						Head Loss		156		218		187		176		238		207		FT

												Recharge Volume Per Acre		2.50		2.50		2.50		2.50		2.50		2.50		Ac-Ft/AC						Water KWH		159		223		191		180		244		212		KWH/AF

												Flow Calculations Per Acre																				Water Costs (1)		$109		$152		$131		$123		$167		$145		$/AF

												Assumed Flow Rate Per Acre in Operation		14.7		20.2		16.5		50		60		55		GPM/Ac						1. Assumes winter energy rate of $0.40 per KWH.  Based on PG&E ag schedule, Sonoma County.

														21,168		29,088		23,760		72,000		86,400		79,200		GPD/Ac

														0.065		0.089		0.073		0.221		0.265		0.243		Ac-FT/d/AC

												Head Loss		156		218		187		176		238		207		Ft

												Periods of Pump Operations

												Days of Operation		38.5		28.0		34.3		11.3		9.4		10.3

												Hours of Operation		924		672		823		272		226		247

												Energy Results

												"Water" Power

												Water HP		0.58		1.11		0.78		2.22		3.61		2.88		HW/Ac

												Water KW		0.43		0.83		0.58		1.65		2.69		2.14		KW/Ac

												Water KWH		159		223		191		180		244		212		KWH/AF

												Required Power (2) and Assocated Costs

												Pump Efficiency		65%						65%						%

												Engine Efficiency		90%						90%						%

												Total Efficiency		59%						59%						%

												Required HP		0.99		1.90		1.33		3.79		6.18		4.91		HW/Ac

												Required KW		0.74		1.42		0.99		2.83		4.60		3.66		KW/Ac

												Required KWH		272		381		326		307		417		362		KWH/AF

												Water Costs (1)		$109		$152		$131		$123		$167		$145		$/AF

												1. Assumes winter energy rate of $0.40 per KWH.  Basd on agricultural schedule in Sonoma County.

												2.  Assumes pumps discussed are typically characterized as large (> 100 HP)



																								111%







																14.7004385965

																16.5048245614

																20.1666666667

																		TYPICAL ENERGY

																				Drip		Impact

																		Headloss (Ft)

																		Low		155.7		175.6

																		High		217.8		238.4

																		Avg		186.8		207.0

																		Energy (KWH/AF)

																		Low		272		307

																		High		$381		417

																		Avg		$326		362

																		Annual $/AF

																		Low		$109		$123

																		High		$152		$167

																		Avg		$131		$145





Pressure loss notes

										cleaning sand filters trigger

										low		high

										3		5				uc extesion		operations

								Sand filters		6.9217481782		11.5362469636

								screen filters for drip		3		5				uc extension, pressurized screen filter

										6.9217481782		11.5362469636

												Industry Standard Reference

												For detailed derivations and typical values of CC and nn, the most authoritative source is:

												Driscoll, F.G. (1986). Groundwater and Wells. 2nd Edition. Johnson Screens.

												This book provides:

												Typical CC values: 0.0001 to 0.001 ft/gpm²

												Typical nn values: 1.5 to 2.5

												It is widely used in hydrogeology and engineering for well performance analysis.
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Comparing Upstream and Downstream Flows under the OFR Initiative
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Notes:  
1. Moisture probe: “M”, 8x.  Lysimeter: “L”, 4x. 

Monitoring Wells, “MW”, 6x
2. Treatments:  Recharge – 2X, Control – 2x
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Frost Protection 
Sprinklers
Labor limited time

Not in sync with continuous high flow 
diversions

Higher Maintenance Likely

Frost Protection Sprinklers water rights 
problem and many have been removed or 
not maintained

Higher energy cost per volume pumped
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Drip and Micro-
Irrigation Sprinklers
Sensitive to filtering

24/7 operations opportunities

More Limited Maintenance Expected

In sync with 24/7 high flow diversions

Filtration needs

Lower energy cost per volume pumped
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Defining 
Service Areas

• Service Areas are laid out 
in a clockwise direction in 
Alexander Valley

• Designed to minimize 
crossing (e.g., streams, 
railroads, roads) and 
leverage landowner 
systems

• Each Service Area will 
have Russian River OFR 
supply pump station

• Service Areas are 
represented by Phase 1 
and 2.  Phase 3 are not in 
consideration at this 
time.

Early Adoption
Later Adoption
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Pilot-At-
Scale 

Coverage
(~ 970 

acress)
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Pilot-At-
Scale 
Infrastructure
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Tasks and Considerations
Tasks
• Contractual

• Agreements

• Engineering and Env
• Permitting – 

• Local, State, Federal
• Approaches and Strategies

• Water rights
• CEQA / Environmental
• Design and Engineering

• Construction
• Social and Legal

• Governance
• Financial

• Outreach

Considerations
• Vision and Expectations
• Holistic

• Beneficial Uses (Stakeholders)
• Environmental and Permitting Considerations
• Vs. Silo
• Water Rights (Abundance v Scarcity)

• Partners / Stakeholders
• Agencies
• Landowners
• Tribes
• Others….

• Energy and Water Connectivity
• Funding Constraints / Restrictions
• Governance – e.g., 

• Mission
• Scope and Responsibilities
• Equity
• Financials
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Phase 1 Initiative Deliverables

“Concrete”
• Pilot at Scale

• Infrastructure
• Permits
• CEQA
• Temporary Water Rights
• Agreements
• Design
• Diversion Operations Strategy

• Pilot Studies
• Refinement of operations and design
• Strategies
• Proof-of-Concept
• Expectations
• Regulatory refinement

Policy, Planning, ….
• Master Plan

• Fact Sheet
• White Paper

• Project Completion Report
• Challenges

• Water Availability Analysis 
• Abundance/Scarcity paradigm

Questions and Thoughts
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FACT SHEET:  
ALEXANDER VALLEY ON-FARM 
RECHARGE INITIATIVE, MASTER PLAN HIGHLIGHTS 
WITH POTENTIAL APPLICATIONS THROUGHOUT SONOMA COUNTY AND  
THE WINE COUNTRY 

P.A.M. Bachand, Bachand & Associates, Davis, CA 95618 

HIGHLIGHTS 

• The Alexander Valley On-Farm Recharge (OFR) Initiative’s 
Pilot Phase envisions recharging across 3,000 acres of 
active and fallow vineyards with an annual 6,000 - 7,000 
acre-foot (AF) capacity, exceeding vineyard irrigation 
demands by an estimated 50%. 

• The Initiative will “sip” diversion water during high flows 
in fall and winter months using shallow wells along the 
Russian River and distribute diversions to vineyard 
partners to apply to their fields as recharge.   

• The Initiative will help stabilize regional water resources 
and support the local community through current and 
future challenges (e.g., changing climate, threatened and 
endangered salmonid species, Potter Valley 
decommissioning, contracting wine sales).  

• 2025 WY and 2026 WY pilot studies are being conducted 
to refine OFR designs and operations. The 2025 WY pilot 
studies found that OFR did not degrade groundwater 
quality in the shallow aquifer below. 

• Phase 1 construction will be completed Spring 2026 and 
will serve 1,000 vineyard acres and have an annual 
recharge capacity of 2,300 AF. 

ALEXANDER VALLEY OFR INITIATIVE VISION 

 

Figure 1.  Planned Service Areas (SAs) under the Initiative.  Shallow 
pumps within each SA adjacent to the Russian River will divert 
during high flow periods and distribute flows onto vineyards.  

 
1 Wells will be just outside the county-recognized Riparian Zoning Corridor to help comply with county permitting and setback requirements. 

The Alexander Valley On-Farm Recharge Initiative (OFR 
Initiative) plans to employ 3,000 acres of active or fallow 
vineyards for OFR using Russian River diversions during high 
flow periods.  The Initiative will draw high flows using a string 
of shallow wells along the Russian River1 (Figure 1).  Receiving 
vineyards will utilize existing irrigation systems to apply 
diverted water onto their fields for recharge. Recharged 
water will benefit subsurface hydrology (e.g., increase 
subsurface moisture, replenish groundwater, raise perched 
groundwater levels) which will, in turn, benefit fisheries, 
farmers, and other groundwater users (Figure 2).   

A. Model of baseline hydrologic conditions 

 
B. Water applied through vineyard frost and irrigation systems 

using high flow underflow diversions 

 
C. Increased groundwater levels will increase subsurface flows 

to the river and to deeper groundwater 

 

Figure 2. OFR Conceptual Model 

The design average annual recharge of 6,000 AF is expected 
to raise groundwater levels, increasing later season 
subsurface flows back into the river to benefit salmonids and 
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improving background surface and subsurface hydrologic 
conditions for vineyards (Figure 2).  Recharged water will 
offset all irrigation demands by participating vineyards and 
provide additional water to benefit wildlife and other users. 

 
Figure 3.  Phased Implementation of the OFR Initiative 

The Initiative will be implemented in phases (Figure 3).  The 
Pilot Phase includes 1) 2025 water year (WY) pilot studies 
with multiple landowners to iron out technical, logistical and 
financial questions associated with OFR implementation at 
vineyards and 2) a 2026 WY Pilot-At-Scale program to refine 
operations and design related to implementation across 
Alexander Valley at scale (Figure 3).     

The Initiative is the first at-scale implementation of OFR in 
California’s wine country and one of the first for California. 
The Initiative seeks to reduce the growing uncertainty and 
risks associated with water supply reliability and, in turn, 
benefit all those who depend upon regional water resources. 

FACTORS CHALLENGING WATER RELIABILITY  

Alexander Valley and the broader Sonoma County are facing 
widespread sustainability challenges associated with water.  

CHANGING CLIMATE.  Increasing temperature (Figure 4) and 
evaporative water losses, along with more frequent and 
severe droughts and floods, are stressing water resources 
throughout California, including in Sonoma County.  In 2022, 
water rights along the Russian River were curtailed, in part to 
protect endangered and threatened salmonid populations.  
Under California’s Sustainable Groundwater Management Act 
(SGMA), three Sonoma County basins were designated as 
medium priority basins and are currently implementing 

Groundwater Sustainability Plans (GSPs) with the goal of 
achieving  groundwater sustainability (Figure 5). 

 
Figure 4.  Projected California’s average temperature change with a 
changing climate for lower and higher emissions 

 
Figure 5.  Sonoma County GSAs in relation to Alexander Valley 

POTTER VALLEY.  PG&E’s decommissioning of the Potter 
Valley Project will decrease delivery of Eel River water to the 
Russian River.  The Potter Valley Project has historically 
provided approximately 60,000 AF annually to the Russian 
River; this water has been used throughout the year but is 
most important during the irrigation period when Russian 
River flows are low.  Upcoming plans to operate the New Eel-
Russian Facility (NERF) under a Run-Of-The River model will 
limit Eel River diversions to high flow periods.  Thus, transfers 
are unlikely when flow is low and demand is high along the 
Russian River, such as during the summertime irrigation 
period.   

Increased water storage along the Russian River will be 
necessary to maximize the value of high flow diversions from 
the NERF.  Raising Coyote Dam (Lake Mendocino) to almost 
double its storage capacity has been considered though 
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comparable projects suggest construction costs of up to $600 
million, translating to approximately $7,000 to $26,000 per AF 
of storage based local studies proposing similar actions.   

PUTTING APPROPRIATIVE WATER RIGHTS AT RISK.    
Appropriative water rights are based on Use it or Lose it.  If 
Russian River water becomes chronically unavailable for use 
by water right holders, those rights could potentially be 
forfeited due to disuse.   

BROADER ECONOMIC CHALLEGES.  Broader economic 
challenges are putting pressure on the wine industry within 
Alexander Valley and throughout Sonoma County.  These 
broader challenges include increased fire frequency and 
scale, and drops in wine demand.  Recent regional wildfires 
(e.g., 2017 Tubbs fire, 2019 Kincade Fires, 2020 LNU Lightning 
Complex), have burned over 150,000 acres in Sonoma County 
and destroyed over 6,000 structures.  These events have 
affected Sonoma County’s resilience; specific to wine 
industry, the fires damaged vineyards, decreased grape 
harvest and caused challenges for wine makers related to 
smoke taint.  

Decline in wine demand has exasperated economic 
challenges for growers in the region.  Vineyard owners are 
planning decadal fallowing of winegrape acres as they 
struggle with declining demand.  The scale of fallowing is 
uncertain though an expectation of a 10% floor is realistic.  

TARGETED SPECIFICATIONS AND STRATEGY AT 
FULL-BUILDOUT 

Partnering vineyards receiving diverted flows will use micro 
irrigation system to apply the water across vineyard lands at a 
rate of approximately 1 in/day for recharge.  Soils data and 
the 2025 WY pilot studies have demonstrated that the 
region’s soils should accommodate water application at the 
design rates (i.e., 1 in/day). 

At Full Buildout, the system will divert up to 55 cubic feet per 
second (CFS) from the Russian River during high flow periods. 
We assume OFR will be implemented across 60% of the 5,000 
acres of suitable vineyard lands for about 30 days on each 
field.   

The Initiative expects to define high flow conditions as 
instream discharges exceeding 210 CFS at the Jimtown USGS 
gauge (as well as meeting other downstream thresholds to 
protect senior water rights users).  These conditions 
commonly begin with the rainy season and extend into April.  
Data from the last decade suggest these flow conditions 
commonly exceed 100 days a year except during the driest 
years, such as 2021 and 2022 (Table 1).  OFR will divert less 
than 1% of typical winter volumes.  Under this design, OFR 
diversions represent “sipping” and not “gulping” from the 
high flows.  The targeted annual recharge of 6,000 AF will 
exceed the region’s estimated irrigation demand of 4,000 AF 
by 50%. 

Table 1.  Potential days of OFR diversions based on historic data 
and a flow threshold of 210 CFS at the Jimtown gauge during the 
first half of the water year (Oct-Mar). Blue columns show water 
volumes. 

 

PILOT STUDIES: REFINING OFR 

The Initiative implemented OFR Pilot Studies across three 
partner sites with varying soil characteristics during the 2025 
WY; Pilot Studies will be repeated and expanded during the 
2026 WY Pilot-At-Scale.  

A.  Design at one of three pilot sites. 

 
B.  OFR utilizing frost protection sprinklers. 

 
C. Time-Lapse ERT showing changes in soil moisture in 
response to recharge water.  

 
  

Figure 6. OFR pilot at one of 3 sites.  Applied 28” of water from late 
February into early April.  Time lapse ERT data showed moisture 
effects from OFR applications through depth.  

Winter Flow 
Volume Past 

Jimtown
Acre-Feet Acre-Feet (1)% Acre-Feet (1)% (2)%

2016 686,424 12,212 1.8% 6,000 0.9% 49.1% 112
2017 1,302,107 17,271 1.3% 6,000 0.5% 34.7% 159
2018 199,441 11,287 5.7% 6,000 3.0% 53.2% 123
2019 924,100 12,088 1.3% 6,000 0.6% 49.6% 112
2020 171,290 13,148 7.7% 6,000 3.5% 45.6% 126
2021 82,278 6,482 7.9% 6,000 7.3% 92.6% 69
2022 210,125 9,072 4.3% 6,000 2.9% 66.1% 93
2023 849,221 11,134 1.3% 6,000 0.7% 53.9% 105
2024 794,822 12,316 1.5% 6,000 0.8% 48.7% 136
2025 926,465 14,429 1.6% 6,000 0.6% 41.6% 133

Median 740,623 12,150 1.7% 6,000 0.8% 49.4% 118

Water 
Year

Potential OFR 
Diversions

Operational OFR Diversions Available 
OFR 

Diversion 
Days

1. Percent of Russian River Flows
2. Percent of Potential OFR Diversions
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During the 2025 WY Pilot Studies, pilot sites were monitored 
and studied for hydrologic, water quality and agronomic 
responses to OFR (Figure 6A), as well as associated costs and 
benefits.  Each pilot site applied 28” of water through their 
frost protection systems (Figure 6B).  In-field instrumentation 
was installed to track hydrologic and soil conditions such as 
soil moisture, groundwater levels and porewater and 
groundwater quality (Figure 6A). To improve spatial 
understanding of groundwater responses to OFR, time-lapse 
Electrical Resistance Tomography (ERT) was used to 
continuously monitor groundwater levels along transects 
(Figure 6A, Figure 6C).  Monitoring wells were installed to 
enable studying upstream, within field, and downstream 
effects to help characterize groundwater responses. The wells 
were instrumented with pressure transducers (15-min data), 
which enabled modeling groundwater responses in space and 
time.   

Findings from the 2025 WY Pilot Studies will be shared in 
January 2026.  Public workshops will occur during fall 2026 to 
share findings from the completed Pilot Phase (Figure 3).  

PILOT-AT-SCALE: CONCEPT DEMONSTRATION 

The OFR Initiative has identified 11 Service Areas (SAs) to 
implement OFR at Full Buildout.  The Pilot-At-Scale phase will 
install the necessary diversion facilities (e.g., shallow well, 
filtration, piping) in four of those SAs and connect to vineyard 
irrigation infrastructure (Figure 1, marked with stars). Figure 7 
shows the infrastructure layout and design for SA02.  

Figure 7.  Draft infrastructure design for Service Area 02. The figure 
shows well locations, pipeline alignment and points of connections 
(POCs) to private partners irrigation system. 

The first four SA installations will serve as a test case to 
define, and later streamline, required permitting, regulations 
and processing. Simplification of these regulatory processes 
will be required for the widespread, cost-effective adoption of 
this approach as a significant and realistic solution to 
California’s water challenges.   

The Pilot-At-Scale will service 1,000 acres and recharge over 
2,000 AF annually, requiring maximum diversions of 17 CFS 

from the Russian River (Table 2). Pumping costs are 
anticipated at approximately $110 per AF.  

SOCIAL AND LEGAL CHALLENGES 

Several social and legal challenges are being concurrently 
addressed, in part, during the Pilot Phase (Figure 3): e.g., 
governance, energy, water rights, financials.  For this type of  
public/private partnership solution to be viable, these social 
and legal issues require solutions.  Water resources are a 
critical challenge for Alexander Valley and Sonoma County 
more broadly; efforts to develop cost-effective solutions 
should be prioritized by stakeholders and governing agencies. 

Table 2. Targeted operational outcomes for Pilot-At-Scale and for 
Full Buildout. 

Pilot-At-Scale Full Buildout Units
Field Operations

14.7 14.7 GPM/Ac
0.1 0.1 AFD

Durations 36.0 36.0 Days
Volume per Acre 2.3 2.3 Ac-Ft/Ac

Alexander Valley Regional Operations
Estimated OFR fields 974 2,969 Acres
Estimated OFR fields simultaneous Operations 436 1,485 Acres
Total Volume 2,278 6,944 Ac-Ft
Maximum Regional Diversion Rate 15.8 54.5 CFS

1. Rate estimated at this time.

Assumed Recharge Rate (1)

 
The potential solution of increasing storage space in regional 
dams is estimated at $7,000 - $26,000 per AF of storage.  
Perhaps more importantly, the timeline for that kind of 
solution offers no respite for the current communities facing 
declining revenue streams and a more uncertain future.  

OFR offers a holistic and more cost-effective solution that, at 
a minimum, can offer a bridge solution and, at the maximum, 
a potential replacement to surface reservoir expansion.  
Understanding the full potential of OFR is a critical goal of 
OFR Initiative.  

PARTNERS 

 

TO LEARN MORE 

Alexander Valley On-Farm Recharge Initiative, Master Plan 
Vision. Available from Dry Creek Rancheria and Bachand and 
Associates. 

Dry Creek Rancheria Band of Pomo Indians:  Lacie 
McWhorter, Dry Creek Rancheria Public Works Department  
Lacie.McWhorter@riverrockcasino.com  

Bachand and Associates:  Philip Bachand, Ph.D.  
philip@bachandassociates.com.  
www.bachandassociates.com  

POINT OF CONNECTION 1 

12” MAINLINE DOWN VINEYARD ROW 

ALTERNATE MAINLINE DOWN ROAD 

POINT OF 
CONNECTION 2 

EX GREEN WELL 

OHE EXTENSION 

OHE 

12” MAINLINE 
ON SUPPORTS 
WELDED TO 
BRIDGE 
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