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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, 

like the Sustainable Groundwater Management Act and recent efforts by county planning departments, have yet to 

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 

headwater watersheds that support salmon populations. Increasingly, groundwater infiltration and recharge projects 

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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Clifford, JD, Trout Unlimited; and David Dralle, Ph.D., U.S. Forest Service, 
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ContextÅDrought emergency 

ÅSWRCB emergency regs

Å2022 Shasta curtailment

ïBy priority date

Å2022 Scott curtailment

ïSurface water July 1

ïGroundwater July 14

ÅContinued pumping 
with water conservation 
agreements





2022 Water Conservation Agreements

Å47 of 50 are Scott groundwater

ÅReduce 2022 pumping from 2020 by 
30% during irrigation season:

ïIrrigation efficiency

ï!ƭŦŀƭŦŀ Ҧ ƎǊŀƛƴ

ïFallow fields/corners

ïReduced cuttings

ÅSelf-reported pumping, some oversight 

Åҗфл ǇŜǊŎŜƴǘ ƻŦ ƎǊƻǳƴŘǿŀǘŜǊ ŀŎǊŜǎ



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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Scott
8/7/2020 

Shasta
8/8/
2020

Shasta
8/14/
2022

Scott
8/14/2022 

All images: Landsat thermal
https://sentinelshare.page.link/e4Zv

https://sentinelshare.page.link/e4Zv


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 ï 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 
ŘƻŜǎƴΩǘ ǎŀǾŜ 

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

LŀǊƎŜ ŘǊƻǇƭŜǘǎΣ ōǳǘ ŘƻƴΩǘ ŎƻƳǇǊƻƳƛǎŜ ǿŀǘŜǊ ŘƛǎǘǊƛōǳǘƛƻƴ ǳƴƛŦƻǊƳƛǘȅ ŀƴŘ ǊǳƴƻŦŦ

No wind losses or 
canopy interception!

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



9ǎǘƛƳŀǘƛƴƎ άŀŎǘǳŀƭ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǘƛƻƴέ όETa)

Field measurements (hard)

Assuming fully-watered field: calculate reference 
evapotranspiration (ET0 or ETrΣ ŀƪŀ άŜǾŀǇƻǊŀǘƛǾŜ ŘŜƳŀƴŘέύ 
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 hǇŜƴ9¢Ωǎ Will Carrara  
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Satellites (mostly Landsat):
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(& greenness)
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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
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Source
Applied irrigation 
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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
Å2022 curtailments

ïShasta: reduction in ETa and Etn, increase in flow

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

ÅIrrigation systems

ïShasta mostly watermastered surface water

ïScott mostly groundwater

ÅWater conservation agreements ineffective at reducing pumping

ïInflated baselines

ïNo metering

ïLittle 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

!ǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ άǎǘǊŜŀƳ ǎȅǎǘŜƳέ ƛƴŎƭǳŘŜǎ 
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

!ǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ άǎǘǊŜŀƳ ǎȅǎǘŜƳέ ƛƴŎƭǳŘŜǎ 
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

!ǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ άǎǘǊŜŀƳ ǎȅǎǘŜƳέ ƛƴŎƭǳŘŜǎ 
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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ά¢ƻ Ǉǳǘ ǘƘŜ ƳŀǘǘŜǊ ŀǎ ǎƛƳǇƭȅ ŀǎ ǇƻǎǎƛōƭŜΣ ǘƘŜ ŀōƻǾŜ ŎŀǘŜƎƻǊƛŜǎ Řƻ ƴƻǘ ŀŎŎƻǊŘ ǿƛǘƘ ǎŎƛŜƴǘƛŦƛŎ 
ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƻŎŎǳǊǊŜƴŎŜ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǿŀǘŜǊ ƻƴ ŀƴŘ ƛƴ ǘƘŜ ŜŀǊǘƘΦέ

-- Professor Joseph L. Sax, wŜǾƛŜǿ ƻŦ ǘƘŜ [ŀǿǎ 9ǎǘŀōƭƛǎƘƛƴƎ ǘƘŜ {²w/.Ωǎ 
Permitting Authority Over Appropriations of Groundwater Classified as 
{ǳōǘŜǊǊŀƴŜŀƴ {ǘǊŜŀƳǎ ŀƴŘ ǘƘŜ {²w/.Ωǎ LƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ¢ƘƻǎŜ [ŀǿǎ
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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



70

Underflo
w
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ά¢ƘŜ ǳƴŘŜǊŦƭƻǿ ƻǊ 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.έ

-- Wells A. Hutchins, The California Law of

Water Rights (1956)
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òThere 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.ó

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

(1909)
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Water Code Section 2500.5

(a)As used in this chapter with respect to the Scott 
wƛǾŜǊ ƛƴ {ƛǎƪƛȅƻǳ /ƻǳƴǘȅΣ άǎǘǊŜŀƳ ǎȅǎǘŜƳέ ƛƴŎƭǳŘŜǎ 
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 ς high/ medium/ low

Local agencies formed (GSAs) 

Charged with developing sustainability 
plans (GSPs) 

6 things to avoid:



SGMA Basins

GSPs Must Avoid:

ÅChronic lowering of groundwater levels

ÅSignificant and unreasonable reduction of 
groundwater storage

ÅSignificant and unreasonable seawater 
intrusion

ÅSignificant and unreasonable degradation of 
water quality

ÅSignificant and unreasonable land subsidence

ÅSignificant 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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ÅState holds all navigable waters in trust  for the benefit of the people

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

times, ecosystems)

ÅState decisions affecting navigable waters must consider effects on public 

trust uses

ÅApplies 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:

Å Wells that affect flow in navigable streams

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

Other counties ς Santa Cruz, Mendocino(?)

Cities



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



Coastal Rivers, Salmon and Groundwater



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



ÅElement 1: Identify and map the Public Trust Review Area

ÅElement 2:  Assess baseline streamflow and groundwater 
conditions 

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

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

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

ÅElement 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

ÅCoho and steelhead used 

as indicator species 

ÅFocused on existing 

summer rearing habitat 

and priority recovery 

habitat for Coho 

ÅAssessment 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 

Å Developed a presumptive standard 

for environmental flow protection 

based on Richter (2012) 

Å 0-10% Depletion= High level of 

ecological protection

Å 11-20% = Moderate depletion.

Å > 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 ς 
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 ς 
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 ς Moderate Risk Areas

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

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

Å ~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 ς Low risk location and well.

b) Discretionary ς 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 ς 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



ÅWell Ordinance Principles and Guidelines Report

ÅCity and county efforts to develop well ordinances

ÅSonoma (adaptive management plan)

ÅSanta Cruz, Siskiyou, San Luis Obispo, others?

ÅSGMA 

ÅDWR Interconnected Surface Water Guidance

ÅState Water Board / DWR

ÅUpdate 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



Incorporating Site Characterization into 
Natural Landscape Engineering and 

Streamflow Enhancement Projects: Case 
Studies from the Upper Mattole Watershed

Tasha McKee 

Water Program Director, Sanctuary Forest

tasha@sanctuaryforest.org

Wyeth Wunderlich, MS, GIT

Project Geologist, EBA Engineering

wwunderlich@ebagroup.com





Land Acknowledgement 
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Sanctuary Forest acknowledges and appreciates that the 

Mattole River watershed is situated within the greater Tribal 

Territories of the Indigenous Sinkyu-ne (ñSinkyoneò), 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 

ÅChanging human use ï storage and forbearance, 

community outreach, and collaborative water 

management.

ÅGroundwater recharge ï instream and upslope 

projects with ñpassiveò streamflow benefits.

ÅUpslope ponds with metered flow to the stream.

ÅForest 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)


