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Groundwater contributions to instream flows, particularly in the dry season, are essential for the restoration of rivers 

and the recovery of salmonid populations. Historic logging practices, changes in land use, the legacy of fire exclusion, 

and increasing well diversions have all contributed to depleted streamflows. Efforts to manage groundwater resources, 
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address the complex technical and regulatory issues associated with avoiding or mitigating existing cumulative 

impacts and permitting for new wells. Additionally, existing state-wide legislation manages groundwater only in large 

groundwater basins like the Central Valley, neglecting the essential role of hillslope groundwater systems in the small 
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are being proposed, but securing permits for restoration actions and predicting the benefits of actions are not always 

straightforward. This session will address three main challenges and explore solutions regarding groundwater 

modeling of streamflow depletion in diverse (geology, biome, etc.) landscapes; designing and permitting

infiltration and flood recharge projects; and efforts to develop county groundwater well ordinances to protect public 

trust resources.
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Context• Drought emergency 

• SWRCB emergency regs

• 2022 Shasta curtailment

– By priority date

• 2022 Scott curtailment

– Surface water July 1

– Groundwater July 14

• Continued pumping 
with water conservation 
agreements





2022 Water Conservation Agreements

• 47 of 50 are Scott groundwater

• Reduce 2022 pumping from 2020 by 
30% during irrigation season:

– Irrigation efficiency

– Alfalfa → grain

– Fallow fields/corners

– Reduced cuttings

• Self-reported pumping, some oversight 

• ≥90 percent of groundwater acres



Remote Sensing



Remote sensing tools

https://apps.sentinel-hub.com/eo-browser

(See tutorials at https://www.riverbendsci.com/projects/remote-sensing)

https://openetdata.org/
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What are:

Evapotranspiration (ET),  

Consumptive use,

& Irrigation efficiency? 

How do they affect water budgets?



Figure adapted from: Cooper, R. E. 2004. Natural Flow Estimates for Streams in the Klamath 

Basin, Open File Report SW 04 – 001. Oregon Water Resources Department. 

http://www.oregon.gov/owrd/pubs/docs/reports/sw04-001.pdf 
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Converting 
flood irrigation 

to sprinkler 
doesn’t save 

water! 

Neither do 
ditches to 
pipelines!



Peters et al. 2016

MESA
mid-elevation

spray application

LESA
low elevation

spray application

Peters et al. 2016

High-pressure 
impact sprinkler

Hill 2020

No wind losses or 
canopy interception!

The More You Expose, the More You Lose: 
Limiting Center Pivot Irrigation Water Losses

Sarwar and Peters

LEPA
Low energy precision application

More consumptive use Less consumptive use
~5-20%?



LEPA
Low energy precision application

Peters et al. 2016

MESA
mid-elevation

spray application

LESA
low elevation

spray application

Peters et al. 2016

High-pressure 
impact sprinkler

Hill 2020

Move sprinklers as close to the ground as possible 

Decrease pressure

Increase nozzle sizes

Large droplets, but don’t compromise water distribution uniformity and runoff

No wind losses or 
canopy interception!

More consumptive use Less consumptive use
~5-20%?



Estimating “actual evapotranspiration” (ETa)

Field measurements (hard)

Assuming fully-watered field: calculate reference 
evapotranspiration (ET0 or ETr, aka “evaporative demand”) 
from weather data, then multiply by crop coefficient

 

Remote sensing



https://openetdata.org/



Ensemble 
average of 6 

models 

https://openetdata.org/



Time series for Scott/Shasta fields provided by OpenET’s Will Carrara  
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Satellites (mostly Landsat):
mostly skin temperature 
(& greenness)

Gridded weather data: 
(mostly spatial CIMIS)

methods 
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(assumes fully watered crop)

ETa for each 
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ETa validation: 53 cropland sites

Time period
Average error 

(MAE)

Monthly 17%

Growing season
13%

Volk et al. 2024: https://doi.org/10.1038/s44221-023-00181-7
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Irrigation 
sources:

Groundwater
Surface water

Scott Shasta





2022 
Water 

conservation 
agreements



Ranch by size



Ranch by size



Inflated Baselines

Source
Applied irrigation 

(in)

v1 groundwater model (Foglia et al. 2013) 30.3

v2 groundwater model (Foglia et al. 2018) 22.6



Inflated Baselines

Source
Applied irrigation 

(in)

v1 groundwater model (Foglia et al. 2013) 30.3

v2 groundwater model (Foglia et al. 2018) 22.6

Water conservation agreements baseline 2020 44.1

Water conservation agreements reporting 2022 29.2



Inflated Baselines

Source
Applied irrigation 

(in)

v1 groundwater model (Foglia et al. 2013) 30.3

v2 groundwater model (Foglia et al. 2018) 22.6

Water conservation agreements baseline 2020 44.1

Water conservation agreements reporting 2022 29.2

Too low?

Too high?



Conclusions
• 2022 curtailments

– Shasta: reduction in ETa and Etn, increase in flow

– Scott: no ETa reduction, but precip reduced Etn. No flow increase

• Irrigation systems

– Shasta mostly watermastered surface water

– Scott mostly groundwater

• Water conservation agreements ineffective at reducing pumping

– Inflated baselines

– No metering

– Little independent verification



Legal tools for Protecting Surface Flows From 
Groundwater Extraction in California
Matt Clifford, California Director, Trout Unlimited  
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Water Code Section 2500

As used in this chapter, “stream system” includes 
stream, lake, or other body of water, and tributaries 
and contributory sources, but does not include an 
underground water supply . . .
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Water Code Section 1200

[T]he terms stream, lake or other body of water . . . 
refer[s] only to surface water . . .
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Water Code Section 2500

As used in this chapter, “stream system” includes 
stream, lake, or other body of water, and tributaries 
and contributory sources, but does not include an 
underground water supply . . .
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Water Code Section 2500

As used in this chapter, “stream system” includes 
stream, lake, or other body of water, and tributaries 
and contributory sources, but does not include an 
underground water supply other than a subterranean 
stream flowing through known and definite channels.
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Water Code Section 1200

[T]he terms stream, lake or other body of water . . . 
refer[s] only to surface water . . .
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Water Code Section 1200

[T]he terms stream, lake or other body of water . . . 
refer[s] only to surface water, and to subterranean 
streams flowing through known and definite channels.
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“To put the matter as simply as possible, the above categories do not accord with scientific 
understanding of the occurrence and distribution of water on and in the earth.”

-- Professor Joseph L. Sax, Review of the Laws Establishing the SWRCB’s 
Permitting Authority Over Appropriations of Groundwater Classified as 
Subterranean Streams and the SWRCB’s Implementation of Those Laws
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Subterranean Streams: 4-Part Test

(1) a subsurface channel must be present

(2) the channel must have a relatively impermeable bed and banks

(3) the course of the channel must be known or capable of being determined by reasonable inference

(4) groundwater must be flowing in the channel.

North Gualala Water Company v. State Water 

Resources Control Board, 139 Cal.App.4th 1577
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Underflo
w
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“The underflow or subflow of a surface stream consists of water in the 
soil, sand, and gravel immediately below the bed of the open stream, 
which supports the surface stream in its natural state or feeds it 
directly.”

-- Wells A. Hutchins, The California Law of

Water Rights (1956)
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“There will always be great difficulty in fixing a line, 

beyond which the water in the sand and gravels over 

which a stream flows and which supply or behold the 

stream, ceases to be part thereof and becomes what is 

called percolating water.”

     Hudson v. Dailey, 156 Cal. 617, 627-28 

(1909)



73

Water Code Section 2500.5

(a) As used in this chapter with respect to the Scott 
River in Siskiyou County, “stream system” includes 
ground water supplies which are interconnected with 
the Scott River, but does not include any other 
underground water supply.

Scott 
River



Scott River 
Watershed
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Sustainable Groundwater Management Act (SGMA)



SGMA BasinsPriority basins – high/ medium/ low

Local agencies formed (GSAs) 

Charged with developing sustainability 
plans (GSPs) 

6 things to avoid:



SGMA Basins

GSPs Must Avoid:

• Chronic lowering of groundwater levels

• Significant and unreasonable reduction of 
groundwater storage

• Significant and unreasonable seawater 
intrusion

• Significant and unreasonable degradation of 
water quality

• Significant and unreasonable land subsidence

• Significant and unreasonable impacts on 
beneficial uses of surface water



SGMA Basins
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The Public Trust Doctrine
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Institutes of Justinian (4th Century Rome)

Illinois Central Railroad Co. v. Illinois, 146 U.S. 387 (1892))

National Audubon Society v. Superior Court, 33 Cal.3d 219 (1983)

(Mono Lake case)

The Public Trust Doctrine
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• State holds all navigable waters in trust for the benefit of the people

• Protects public trust uses: navigation/commerce/ fishing (and in modern 

times, ecosystems)

• State decisions affecting navigable waters must consider effects on public 

trust uses

• Applies to State Water Board decisions to issue water rights

The Public Trust Doctrine
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Non-navigable tributaries
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Environmental Law Foundation (ELF) 

v. SWRCB 2018 26 Cal.App.5th 844

Public trust doctrine applies to county 
well drilling permits
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Aquifers are tributary to navigable streams
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Sonoma County Well Ordinance (2023)

Suit by CA Coastkeeper

Scope of Ordinance:

• Wells that affect flow in navigable streams

• Wells that affect flow in non-navigable streams that are used by species 
that migrate from navigable waters 

Other counties – Santa Cruz, Mendocino(?)

Cities



Legal tools for Protecting Surface Flows From 
Groundwater Extraction in California
Matt Clifford, California Director, Trout Unlimited  



Presentation to the 

40th Annual Salmonid Restoration Federation Conference

Santa Rosa, CA

March 29, 2024

Monty Schmitt
Water Program Sr. Project Director

The Nature Conservancy

Groundwater into Streamflow
Principles and Guidelines for Cities and Counties to Develop Well Ordinances 

to Protect Streamflow for Salmon Habitat



Coastal Rivers, Salmon and Groundwater
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Coastal Rivers, Salmon and Groundwater

Farrar. 2006. USGS Scientific Investigations Report 2006-5092 



Coastal Rivers, Salmon and Groundwater



Coastal Rivers, Salmon and Groundwater

Is this the new normal? 



Coastal Rivers, Salmon and Groundwater

Sustainable Groundwater Management Act
Priority Basins 



Principles and Guidelines for Well Ordinances



• Element 1: Identify and map the Public Trust Review Area

• Element 2:  Assess baseline streamflow and groundwater 
conditions 

• Element 3: Identify ecologically protective streamflow 
thresholds to assess risk and impacts

• Element 4:  Develop a PTR risk assessment matrix and maps to 
inform appropriate permitting pathways.

• Element 5:  Define permitting thresholds, reporting 
requirements, and mitigation measures.

• Element 6:  Establish monitoring and adaptive management 
measures.

Principles and Guidelines for Well Ordinances



Element 1: Identify and map the Public Trust Resources

a) Navigable waters within the planning area including streams 
which contribute flows to those reaches.

b)   Identify target PTR species and habitats

a) Salmon and steelhead

b) Seasonal wetlands

c) Groundwater dependent ecostems

c)   Map Public Trust Resources

Principles and Guidelines for Well Ordinances



Element 1: Identify and map the Public Trust Resource

Principles and Guidelines for Well Ordinances

Example: Sonoma County 

Aquatic Habitat Value

• Coho and steelhead used 

as indicator species 

• Focused on existing 

summer rearing habitat 

and priority recovery 

habitat for Coho 

• Assessment of specific 

habitat conditions based 

on input fisheries experts. 
Credit Permit Sonoma



Element  2: Assess baseline streamflow and groundwater 
conditions

a) Identify existing streamflow conditions for a range of water-year 
types to provide a baseline for risk and impact analyses.

1. Unimpaired and impaired flows 

2. Natural Flows Database, USGS, DWR or other gaging data

b) Assess risk of streamflow depletion related existing surface water 
rights.

1. Use EWRIMS and other available data to quantify existing 
water rights demand

c) Estimate existing, cumulative streamflow depletion impacts due 
to groundwater pumping.

1. Utilize or develop appropriate modeling tools (e.g.; statistical, 
analytical, numerical) based on risk and need for resolution.

Principles and Guidelines for Well Ordinances



Element  2: Assess baseline streamflow and groundwater 
conditions

 b)  Assess risk of streamflow depletion impacts due to current 
surface water diversions related to existing surface water rights.

Scott Creek - Dry Season Base Flow (June to November) from Natural Flows Database 

(NFD) vs. Estimated cumulative water right diversions demand from EWRIMS database

June July Aug Sep Oct Nov Units

Dry year flows (NFD) 4.9 4.5 3.0 2.8 3.1 8.6 cfs

Moderate year flows (NFD) 11.4 6.8 3.9 3.7 4.7 14.6 cfs

Estimated daily cumulative water right 

demand (max reported or face value)
1.2 1.2 1.2 1.2 1.2 1.2 cfs

Diversion impacts as a percent of 

unimpaired flows in a dry year
25% 27% 41% 45% 39% 14%

Diversion impacts as a percent of 

unimpaired flows in a moderate year
11% 18% 31% 33% 26% 8%

Principles and Guidelines for Well Ordinances



Element  2: Assess baseline streamflow and groundwater conditions

 c)  Estimate existing, cumulative streamflow depletion impacts due to groundwater 
       pumping.

1. Utilize or develop appropriate modeling tools (e.g.; statistical, analytical, 
numerical) based on risk and need for resolution.

Zipper et al. 2022

Principles and Guidelines for Well Ordinances



Element 3: Identify ecologically protective streamflow thresholds 
to assess risk and impacts.

a) Existing streamflow and habitat analyses, established flow 
requirements.

b) Generalize approaches such as the Richter (2012), North Coast Instream 
Flow Policy, California Environmental Flows Framework (CEFF), etc.

California Environmental Flow Framework. Yarnell et al. 2020

Principles and Guidelines for Well Ordinances

Example: Sonoma County 

• Developed a presumptive standard 

for environmental flow protection 

based on Richter (2012) 

• 0-10% Depletion= High level of 

ecological protection

• 11-20% = Moderate depletion.

• > 21%= High level of 

Streamflow depletion



Element 4:  Develop a PTR risk assessment matrix and maps to 
inform appropriate permitting pathways.

a) Low-risk area – 
1. Areas where streamflows are not already ecologically impaired, 
2. Significant streamflow depletion of new wells is unlikely to impact 

PTR

b) High-risk area – 
a) Where streamflows are approaching  or exceeding unacceptable 

levels of ecological impairment; 
b) Where new wells could have significant streamflow depletion 

impacts
c) There is elevated risk of future impacts due to development 

pressure 
d) The presence of particularly sensitive resources

Principles and Guidelines for Well Ordinances



Element 4:  Develop a PTR risk assessment matrix and maps to 
inform appropriate permitting pathways.

Principles and Guidelines for Well Ordinances

Credit Permit Sonoma

Stream buffers – Moderate Risk Areas

• Stream Depletion Factor (SDF) was used in defining 
stream buffer distances 

• A relative measure of how rapidly streamflow 
depletion occurs in response to new pumping  

• ~100 ft for the Franciscan Complex, ~250 ft for the 
Sonoma Volcanics, and ~750 ft for Wilson Grove 
Formation / alluvial sediments 



Element 5:  Define permitting thresholds, reporting 
requirements, and mitigation measures

a) Define categories of low and high-risk wells

a) Location (risk area, proximity to stream or habitat), size (af/yr).

b) Permitting

a) Ministerial – Low risk location and well.

b) Discretionary – High risk location or well

c) Conservation and mitigation measures

a) Water efficiency requirements, conservation plans for ag and commercial,

b) Net Zero impacts for high risk wells.

d) Replacement Wells

a) Same depth and rate, mitigation measures.

e) Reporting requirements.

a) All discretionary - non de minimis – wells

Principles and Guidelines for Well Ordinances



Element 5:  Define permitting thresholds, reporting 
requirements, and mitigation measures.

Principles and Guidelines for Well Ordinances

Credit Permit Sonoma



Element 6:  Establish monitoring and adaptive management 
measures.

a) Establish groundwater and surface water monitoring programs to 
assess and avoid impacts on PTRs.

b) Develop methods to monitor, and report groundwater extraction 
volumes, rates, and timing.

c) Develop adaptive management measures to mitigate climate change 
impacts.

d) Reassess cumulative streamflow depletion impacts and remap county-
wide risk assessments every five years.

Principles and Guidelines for Well Ordinances



• Well Ordinance Principles and Guidelines Report

• City and county efforts to develop well ordinances

• Sonoma (adaptive management plan)

• Santa Cruz, Siskiyou, San Luis Obispo, others?

• SGMA 

• DWR Interconnected Surface Water Guidance

• State Water Board / DWR

• Update statewide well ordinance guidelines

Next Steps



Questions?

Monty Schmitt
Water Program Sr. Project Director

The Nature Conservancy

Groundwater into Streamflow
Principles and Guidelines for Cities and Counties to Develop Well Ordinances 

to Protect Streamflow for Salmon Habitat
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tasha@sanctuaryforest.org

Wyeth Wunderlich, MS, GIT

Project Geologist, EBA Engineering

wwunderlich@ebagroup.com





Land Acknowledgement 

111

Sanctuary Forest acknowledges and appreciates that the 

Mattole River watershed is situated within the greater Tribal 

Territories of the Indigenous Sinkyu-ne (“Sinkyone”), Mattole, 

Bear River, and Wailaki peoples who have stewarded this 

land for many thousands of years. We pledge to collaborate 

with the native peoples on whose unceded ancestral land we 

live and work while respecting their right to self-determination 

and the sanctity of their cultural lifeways.



Streamflow Enhancement Strategies 

• Changing human use – storage and forbearance, 

community outreach, and collaborative water 

management.

• Groundwater recharge – instream and upslope 

projects with “passive” streamflow benefits.

• Upslope ponds with metered flow to the stream.

• Forest thinning for stewardship and to reduce 

evapotranspiration.



Baker Creek String of Pearls
Groundwater Recharge Ponds

(2.8 million gallons of surface water & up to 7 million gallons of groundwater)

*Project designed and implemented by Sanctuary Forest and Stillwater Sciences. 

EBA Engineering was not involved in the Baker Creek String of Pearls Project.

Cutoff wall

(Approx. 370,000 CF & 936,000 CF)



Building the Subsurface Restrictive Barrier (‘Cutoff Wall’)





What is Site Characterization?

FUNCTION 

IMPLEMENTATION

EXPLORATION

DESIGN

Preliminary Review



What are some methods used to characterize site 
conditions?

Monitoring/Data Collection

• Water balance/hydrologic analysis
• Precipitation (PRISM - daily timestep). 

• Streamflow (USGS/NOAA). 

• Evapotranspiration (CIMIS, RAWS, etc.).

• Topographic survey and analysis
• LiDAR, drone photogrammetry, topographic 

survey

• Groundwater
• Monitoring wells, wetlands, streams, water 

quality, slug tests, etc.).

• Local bedrock geology
• Composition, structural orientations, extents.

• Geophysical surveys
• Seismic, electrical resistivity, downhole, etc.

Published Resources

• Geologic maps, ideally 7.5-
minute (1:24,000) scale 
(USGS, CGS, academic 
studies, etc.).

• Fault/fold map databases 
(USGS, CGS).

• Regional geologic studies 
(academic, industry, etc.).

• NRCS Web Soil Survey.

• Landslide Inventory Database 
(CGS).

• FEMA Flood Maps.

Direct Observation

• Test pits.
• Subsurface strata, continuity, 

samples, and presence/depth of 
groundwater.

• Borings 
• Direct push technology (DPT), 

hollow stem auger.

• Cone penetrometer test (CPT)
• Lithological classification and soil 

behavior.

• Laboratory analysis – soil/rock
• Sieve analysis, permeability, 

Atterberg Limits, Expansion index, 
Strength test, compaction test, etc.



South Fork Lost River 
 Subsurface clay restrictive barriers for Terrace storage

(Estimated 1.1 million gallons & avg streamflow benefit of 6.5 gpm over 122 days June 15- Oct 15)

Test Pits
EBA Engineering

Cutoff walls

South Fork 

Lost River



Conceptual Construction X-Section Details

*Schematic produced by EBA Engineering Senior Engineering Geologist, Bret McIntyre, PG, CEG

Target Ksat =
 +/- 10-6 - 10-7 cm/s
~ 1.0 – 0.1 ft/yr

dH



Key Takeaways
• Project design is an iterative process which should work backwards from 

the intended project function and site constraints.

• Site characterization should incorporate a review of published resources, 
design limitations, collection of monitoring data, and direct observations of 
site conditions and constraints.

• Site assessments and prescriptions will vary per site, with some generic, and others 
unique to the site conditions.

• Surprises = $$$ - Proper site characterization reduces the risks and 
magnitude of encountering unexpected site conditions. 

• Investment - Requires budget allocation to the pre-construction site characterization 
phase.

• Greater chances of successful outcomes!
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With acknowledgement to our many mentors and partners including 
(but not limited to!): 

• Joel Monschke, Stillwater Sciences
• Campbell Thompson, Mattole Salmon Group
• Sam Flanagan, Bureau of Land Management
• Randy Klein, Consulting Hydrologist
• EBA Engineering, Wyeth Wunderlich and Bret McIntyre
• Conor Shea, US Fish & Wildlife Service
• Charnna Gilmore, Scott River Watershed Council
• Dr. Michael Pollock, NOAA Fisheries
• Chris Maser, research scientist
• Implementation subcontractors, community volunteers and 

working group/technical advisory committees, 2010 – present
• California Dept. of Fish & Wildlife (Forbearance Program 

Development)
• Regional & State Water Quality Control Boards (Permitting & Water 

Rights Pathways)



Thank You to Our Funders!

• California Wildlife Conservation Board
• California Department of Water Resources
• California Department of Fish and Wildlife
• California State Water Resources Control Board
• National Fish and Wildlife Foundation
• National Oceanic and Atmospheric 

Administration
• Bella Vista Foundation
• California State Coastal Conservancy
• Bureau of Land Management
• US Fish and Wildlife
• Humboldt Area Foundation
• Department of Water Resources
• Kenny Brothers Foundation

• Fish America Foundation
• Firedoll Foundation
• McLean Foundation
• Patagonia Foundation
• Weeden Foundation
• Cereus Fund
• Anadromous Fund
• Pacific Coast Joint Venture
• Grace Us Foundation
• Resources Legacy Fund
• Scott Evans Foundation
• Sanctuary Forest Donors
• Participating Landowners



Projects and Services
• Environmental

• Wide variety of site remediation, 
monitoring, and reporting.

• Environmental Site Assessments (ESAs), 
permitting, CEQA, and regulatory 
support.

• Hydrogeologic and Geologic Services
• Water availability analyses, well siting, 

groundwater modeling and geotechnical 
services. 

• Civil
• Water infrastructure, (supply, treatment, 

design), restoration, civil improvements, 
and construction management services.

• Survey

Wyeth Wunderlich, GIT, MS, 

Project Geologist, EBA Engineering

wwunderlich@ebagroup.com

For Questions, Project, 
and Partnership Inquiries:

David Noren,

Vice President, EBA Engineering

dnoren@ebagroup.com



Questions?

Tasha McKee 

Water Program Director, Sanctuary Forest

tasha@sanctuaryforest.org

Wyeth Wunderlich, MS, GIT

Project Geologist, EBA Engineering

wwunderlich@ebagroup.com
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Streamflow Depletion…
• Diminishes habitat for coho salmon in Central Coastal ESU & other aquatic species
• Severity scales with human use of water and climate  
• Hydrologic processes in upland/bedrock tributary watersheds differ from lowland/alluvial rivers & streams
• Dry season streamflow is inflow from groundwater and may be lost to groundwater
• Groundwater pumping reduces inflows to streams and increases losses from streams 
• Long term average streamflow depletion is “equivalent” to long term groundwater use  
• “Equivalent” with much spatial/temporal variation in hydrogeologic processes that control streamflow
• Reducing groundwater use likely benefits streamflow; it is uncertain when, where and by how much
• County/State governments have enacted policies to manage groundwater and begin to address SD 
• Numerical models are the state of the art for managing groundwater
• Models of interaction between surface water and groundwater require extra effort
• Obtaining data to calibrate and validate models is difficult and critical 
• Significant time and effort required to validate & quantify streamflow benefits of groundwater management



Overview
• Methods for estimating streamflow depletion
• Existing County-level policies and procedures
• Typical groundwater analysis for County permits
• Strengths, weaknesses and insights



Quantifying Streamflow 
Depletion 

Site specific intensive field 
measurement techniques



Quantifying Streamflow Depletion 

• Single well empirical well functions



Quantifying Streamflow Depletion



Quantifying Streamflow Depletion 
 Spatially distributed analytical models



Quantifying Streamflow 
Depletion 
• Physically based spatially 

distributed Numerical models 
• Numerical models + AI/ML



Disclaimer



County of Sonoma
• General Plan water resources element

• ~2004-Policy RC-3h
• ~2017-Policy WR-2e 

• Expanded & formalized
• SGMA basins
• Critical coho salmon watersheds

• Applicability 
• Depends on location
• Discretionary permits-subdivisions, use 

permits, building permits, septic systems
• Ministerial permits when a groundwater 

performance standard applies
• Does not apply to most agricultural use 

• Consistency with GSP’s 2021
• Revised Well Ordinance adopted 2023 

specifically to address potential SD





Groundwater Report
• Qualifications and scope 

specified
• Local project “impact area” 
• Hydrogeologic conditions
• Water balance 

• Compare recharge to use 
• Future build-out scenario

• Additional impacts considered
• Interconnected surface water 
• Aquatic habitat
• Water quality



Criteria for Approval
Established by Gen. Plan Policy Specified in P&P 8-1-14

1. Groundwater quality and quantity are adequate and will not be 
adversely impacted by the cumulative amount of development and uses 
allowed in the area

2. The proposed use will not cause or exacerbate an overdraft condition in 
a groundwater basin or subbasin

3. The proposal [will] not result in groundwater overdraft, land subsidence 
or saltwater intrusion.

4. Groundwater use must not result in critical reduction in flow in directly 
connected surface waters or adverse impacts to groundwater 
dependent ecosystems



Priority Watersheds 
for Coho Salmon

• Recovery Plan 2012
• County of Sonoma 

2017
• Green Valley, 

Atascadero & Dutch 
Bill Creeks

• Mark West Creek
• Mill Creek

• Numerical hydrologic 
models



March 2016

www.oe-i.com/news www.coastrangewater.org/projects





County of Napa
• Water Availability Analysis (WAA) guidelines adopted May 2015
• Driven by California Environmental Quality Act (CEQA) analysis of 

discretionary permits
• “Would the project substantially deplete groundwater supplies or 

interfere substantially with groundwater recharge such that there 
would be a net deficit in aquifer volume or a lowering of the local 
groundwater table level?” 

• Example of a substantial problem: “the production rate of pre-existing 
nearby wells would drop to a level which would not support existing 
land uses or planned uses for which permits have been granted”

• Qualifications not specified; scope is specified 





WAA Applicability
Groundwater Sub-areas 
• Groundwater Deficient Area
• Groundwater Study Area
• Napa Valley Floor/Napa Valley Groundwater 

Subbasin (SGMA)
• “Hillside” areas-Napa River watershed
• Outside Napa River watershed
Projects requiring a County permit
• New vineyards and some replanting projects
• Wineries
• Some residential projects
Governor’s Drought Emergency Executive 
Order N-7-22



WAA Elements
Tier 1-Water Use Criteria
• Use of 0.3 ac-ft/ac/yr or less allowed in some areas
• For site-specific allowances > 0.3 ac-ft/ac/yr: water 

balance analysis
• Compare recharge to use
• Parcel v. “impact area”
Tier 2-Well & Spring Interference
• Wells < 500 ft and Springs < 1,500 ft require analysis
• Drawdown analysis for affected wells; threshold is 10 

to 15 ft
Tier 3-Groundwater/Surface Water Interaction
• Wells < 1,500 ft from streams require analysis
• Evaluate connectivity to streams
• Criteria for wells with potential connectivity



Criteria for Impact on Surface Waters
Pumping Rate 
< 10 gpm

Pumping Rate 
10 to 30 gpm

Pumping Rate 
> 30 gpm



County of Lake
• General Plan water resources element
• Well permit requirements address 

public health standards for well 
construction

• ~25 years of County-led management 
planning and studies of the Big Valley 
Groundwater Subbasin + long-term 
groundwater monitoring

• SGMA GSP Report completed for Big 
Valley Subbasin 2021

• Drought emergency-Governor’s Exec. 
Order N-7-22

• .  Lake Co. GWMP, 2006



County of Lake
• Big Valley Band of Pomo Indians + other tribal groups have 

long been concerned about the health of the Clear Lake 
Hitch (chi), a minnow species endemic to Clear Lake and 
its tributaries

• BVB Pomo have been conducting habitat and hydrologic 
monitoring studies of the chi population     
www.bvrancheria.com/epa

• Clear Lake hitch was designated as a threatened species 
under the California Endangered Species Act in 2014.  

• Governor Newsom has recently directed the State Water 
Board to evaluate minimum instream flows, work with 
water users and Tribes (Pomo), and consider emergency 
regulations to protect this unique fish. 

• Federal, State & Tribal agencies are collecting data on the 
chi population and environmental conditions affecting 
habitat in Clear Lake and its tributaries

• SWRCB Division of Water Rights Order 2024-0003- 
Information Order and Reporting Requirements in the 
Matter of Water Use in the Clear Lake Watershed

• SWRCB is leading a comprehensive hydrogeologic analysis 
to evaluate conditions and potential effects on chi habitat



Project-Scale Water 
Balance Analyses 
• ~200 projects in past 20 years
• Key components
• Well Completion Reports
• Conceptual hydrogeologic model
• Recharge estimate-Soil Water 

Balance model 
• Estimates of groundwater use
• Ratio of use to recharge









SWB for Estimating Groundwater Recharge

 Recharge  =  Sources – Sinks
   
  (precip + inflow) – 
 (interception + outflow + ET)  
  – ∆ soil moisture

Calculated for each grid cell on daily time step





Estimated 
Groundwater Use



Groundwater Recharge & Ratio of Use to Recharge



Strengths & Weaknesses of Project-scale Assessment
Strengths
• Water balance method-long-standing, accepted, comprehensible
• Practical use of available data
• Defensible quantitative estimates of use and recharge
• Basis for limits on some groundwater uses 
• Hydrogeologic perspective from numerous project-scale studies 
Weaknesses
• Recharge estimate (SWB) does not account for aquifer capability 
• Groundwater flow processes are not quantitatively analyzed
• Complexity of aquifer material not well represented
• Potential effect on streamflow is qualitative and indirect
• Larger-scale, longer-term hydrogeologic processes not represented



Insights-Regional Hydrogeology 

Tertiary Sonoma Volcanics
Mesozoic fractured 
metasedimentary Qal

Units = meters

Tss/h



Insights-Approaches to Mitigation

Accumulated wisdom
• Project scale case studies
• County-scale Soil Water Balance models
• Numerical models 
Approach to Sonoma County Well Ordinance update 2023-
Jeremy Kobor’s presentation this afternoon



Data for Numerical Modeling

• Accurate Well Completion Reports
• Groundwater elevation monitoring
• Stream gages rated for discharge
• Aquifer pumping tests to sample aquifer hydraulic parameters



Small-scale groundwater recharge opportunities 

for streamflow augmentation, 

Little Mill Creek, Navarro River watershed

Christopher J. Woltemade, PhD

Prunuske Chatham, Inc.

christopher@pcz.com



Little Mill Creek 
Landowners 

Karen Jamgochian
Ellen Cox
Mike Jensen
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Outline:
➢ Watershed introduction:  Navarro River and Mill Creek

➢ Groundwater recharge landscape assessments

➢ Projects selected for concept designs

➢ Pond release & incised channel repair project

➢ Questions and discussion 



Watersheds:
Navarro River (315 mi2)

Mill Creek (12.1 mi2)



Mill Creek Watershed: 12.1 mi2     Little Mill Creek: 1.6 mi2

Little Mill 

Creek



Context:  Hydrologic challenges to salmonid recovery in California



Hydrologic monitoring data (TU)



Little Mill Creek 
Groundwater Recharge 

Field Assessments

➢8 property parcels
➢465 acres



Landscape
Potential Project 

Sites

Forest 6

Rangeland 2

Residential 8

Road 24

Stream / Riparian 21

Vineyard 3

TOTAL 64

Potential Groundwater 
Recharge Projects



Highest Priority Sites
Selected for 

Conceptual Design

Rangeland 
restoration

Residential roof runoff
Road runoff to 

engineered infiltration 
basin 

Forest thinning

Gully and headcut repair 
/ pond release



Recommended Treatment Runoff Area Treated 

Potential groundwater 
recharge by precipitation 

year (acre-feet)

Average Dry
Very 
Dry

Residential runoff 
to tanks, raingarden

0.3 ac 0.3 0.2 0.1

Infiltration basin 
for road, upland runoff

0.1 ac road; 
7.5 ac watershed

1.6 1.1 0.9

Rangeland soil health 
and infiltration trenches

10.2 ac 11.4 6.4 0.9

Forest thinning 4.7 ac 1.2 1.2 0.0

Strategic pond release, 
repair incised channels

420 ft stream;
24.6 ac watershed

0.2* 0.2* 0.2*

Hydrologic Benefits Summary



Dry Season Streamflow Increases

Implementing groundwater recharge 

projects:

Average years:  0.03 – 0.04 cfs

Dry years:   0.01 – 0.03 cfs

Very dry years: 0.01 – 0.02 cfs

These small increases can be 
ecologically significant

Cumulative Benefits



Restoration design



Project location  

Pond

Incised tributary



Strategic release for flow augmentation

Spike rush 

Leakage (2.1 AF) (Multiple cycles?) 

Retained volume 2.1 AF 

(Reserve for use) 0.3 AF

Available volume 1.8 AF 

Cumulative Evaporation (AF) 

April 0.1

May 0.2

June 0.4

July 0.6

August 0.8

September 1.0

Pond total volume = 4.2 AF

Release @ 0.1 cfs (45 GPM) for 9 days



Channel Restoration Design

PondIncised tributary



Tributary Geomorphology:  Lack of floodplain, 

steep hillslopes (30-75%), steep long profile (11%)



Headcuts and incision - up to 14 feet



Headcuts and incision - up to 14 feet



Incised channel lowers local water table



Groundwater seeps maintain flow well into dry season



Common inset benches



Restore profile for infiltration and groundwater retention

Downstream Reach

Upstream Reach



Restore profile for infiltration and groundwater retention



Log Sill Grade Control



Plan view: Log sills, rock grade control, infiltration zones

Infiltration and 
groundwater storage 



Plan view

Infiltration and 
groundwater storage 



Hydrologic benefits summary

Raise tributary channel profile ~4 ft over 420 foot length 
→ Groundwater retention:  8,316 cubic feet (0.2 AF) 



Potential to raise water table in adjacent hillslopes

Hahm et al., WRR, 2019.



Hydrologic Benefits Summary

Retain additional groundwater within ~25 ac adjacent hillslopes
Baseflow contribution later into the spring/summer 



Conclusions and Discussion

➢ Groundwater recharge projects have potential to contribute 
to flow augmentation goals

➢ Diversity of potential project types across varied landscapes 
- even in steep, challenging terrain

➢ Watershed-scale cumulative restoration treatments needed

➢ Monitoring to evaluate impacts!



Small-scale groundwater recharge opportunities 

for streamflow augmentation, 

Little Mill Creek, Navarro River watershed

Christopher J. Woltemade, PhD

Prunuske Chatham, Inc.

christopher@pcz.com

Thank you!
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