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Session Coordinators: Monty Schmitt, The Nature Conservancy; Matt
Clifford, JD, Trout Unlimited; and David Dralle, Ph.D., U.S. Forest Service,
Pacific Southwest Research Station

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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An Overview of Existing Legal and Policy Tools for Regulating Groundwater Withdrawals to Protect Surface Streamflow in
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Groundwater into Streamflow: Principles and Guidelines for Cities and Counties to Develop Well Ordinance to Protect Streamflow
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Evaluating the Hydrologic Effects of
Scott and Shasta River Irrigation Curtailments
Using Remote Sensing and Streamflow Gages

Bronwen Stanford & Eli Asarian Michael Pollock
Nicholas Murphy Riverbend Sciences NOAA Fisheries
The Nature Conservancy ot o




Technical report

completed 9/11/2023
https://www.riverbendsci.com/reportsand-publications

Evaluating the hydrolagic effects of the
2021-2022 Scott and Shasta irrigation curtailments
using remote sensing and streamflow gages
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A Drought emergency
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2022 Water Conservation Agreemen

A 47 of 50 are Scott groundwater

A Reduce 2022 pumping from 2020 by
30% during Irrigation season:

I Irrigation efficiency
i1t FrFtFlF I AN AY
I Fallow fields/corners
I Reduced cuttings
A Selfreported pumping, some oversig
Axdpn LISNDSyd 2F 3N
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Remote sensing tools

(See tutorials at https://www.riverbendsci.com/projects/remegensing)
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https://sentinelshare.page.link/e4Zv

What are:

. Evapotranspiration (ET),
&l Consumptive use,
\ A

& lrrigation efficiency?

How do they affect water budgets?



Diversion

“Consumptive”
use

Tailwater/Effluent

Interflow available for appropriation
' downstream.
Seepage to Regronal

Ground Water

. Flgure adapted from: Cooper R E 2004. Natural FIow Estlmates for Streamsmthe Klamath

ﬁro‘pmm-ﬁ; Ovagon Warer Mm %pa'mwm . T MMPOW»—WQ? Tl . - Basin, Open File Report SW 04 i 001. Oregon Water Resources Department..
t R e RSO EET EE . ’ Vo '8 r © ' http:/mww.oregon.gov/owrd/pubs/docs/reports/sw04-001.pdf
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Unproductive
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Productive

Wind drift and evaporative losses (WDEL)
water that never reachesrop or soil

Canopy interception losses (Ilyater land
on plant foliage anavaporatesincreases
total ET

Soil evaporationwater reaches soil but is
evaporated instead afiptakenby crop root

Crop transpiration water soaks into grouny
IS transpired through leaf stomata, and
grows crops
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Water
Inputs
to the
Irrigation
system

Consumptio

Return flow

Unproductive
(wasted water)
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Runoff. rapidly returned to stream
Deep percolationgroundwater recharge,
slower return to stream

Sink:runoff or infiltration into ocean or
other salty sink
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total ET
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-.+ Converting
flood irrigation
to sprinkler

Runoff rapidly returned to streans -

Deep percolationgroundwater recharﬁe
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The More Yokxposethe More You Lose:
Limiting Center Pivot Irrigation Water Losses
Sarwar and Peters

~520%"?

[More consumptive use Cess mp>
Highpressure MESA X\ | LEPA

iImpact sprinkler - Low energy preC|S|on appllcatlc
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mid-elevation 7
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Move sprinklers as close to the ground as possible

Decrease pressure

Increase nozzle sizes
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~520%7?
[More consumptve use Cess consumptiveu}

Highpressure MESA LEPA
iImpact sprinkler - Low energy preC|S|on appllcatlc
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Hi_||2026. o R : : e Beterset al: 2016
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Field measurements (hard)

Assuming fullywatered field: calculate reference
evapotranspiration (EorET= I { I &SI L2 NJ
from weather data, then multiply by crop coefficient

Remote sensing
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Ensemble
average of 6
models ;.

OPEN=1
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OPEN=T methods

Gridded weather data:
(mostly spatial CIMIS)
I

/

/
v

reference ET
(assumes fully watered crop)



OPEN=T methods

Satellites (mostly Landsat): Gridded weather data:
mostly skin temperature (mostly spatial CIMIS)
(& greenness) /’
\
/
¥ v
% of reference ET reference ET

(including gadilling) (assumes fully watered crop)



OPEN=T methods

Satellites (mostly Landsat): Gridded weather data:
mostly skin temperature (mostly spatial CIMIS)
(& greenness) /’
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% of reference ET reference ET
(including gagdilling) (assumes fully watered crop)
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ET for each

30-meter pixel



OPEN=T methods

Satellites (mostly Landsat): Gridded weather data:  GIS boundaries o
mostly skin temperature (mostly spatial CIMIS)  agricultural fields
(& greenness), /’
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OPEN=T methods

Satellites (mostly Landsat): Gridded weather data:  GIS boundaries o
mostly skin temperature (mostly spatial CIMIS)  agricultural fields
(& greenness), /’ I
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/
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% of reference ET reference ET /
(including gagdilling) (assumes fully watered crop) /’
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4 ) /
ET for each /
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ET for each
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OPEN=T ETa validation: 53 cropland sites

y = 0.92x A
_,= 2 = 0.90 R o 2" : : verage error
£ valf 3 Time period
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Closed flux tower ET (mm per month)
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Volk et al. 2024: https://doi.org/10.1038/s442023-0018%7
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Irrigation
sources:
* Groundwater
Surface water

Water source Water source
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2022
Water
conservation
agreements
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ETn depth 2022 (mm/year)
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Inflated Baselines

Source

Applied irrigation
(in)

vl groundwater model (Foglia et al. 2013)

v2 groundwater modelHoglia et al. 2018)

30.3

22.6




Inflated Baselines

Source Applied irrigation
(in)
. r- -2
vl groundwater model (Foglia et al. 2013) | 30.3:
I
i l
v2 groundwater modelRoglia et al. 2018) 122.6,
I
i l
Water conservation agreements baseline 2020 :44.1:
Water conservation agreements reporting 20; 29.2




Inflated Baselines

Applied irrigation

Source (in)
. r- ==
vl groundwater model (Foglia et al. 2013) | 30.3:
I
i l
v2 groundwater modelKoglia et al. 2018) 122.6! ¢—Too low?

Water conservation agreements baseline 2020 '44.1, «— Too high’

Water conservation agreements reporting 20; 29.2




Conclusions
A 2022 curtailments

I Shasta: reduction in ETa akth, increase Iin flow

I Scott: no ETa reduction, bptecipreducedEtn No flow increase
A Irrigation systems

I Shasta mostlyatermasteredsurface water

I Scott mostly groundwater
A Water conservation agreements ineffective at reducing pumping

I Inflated baselines

I No metering

| Little Independent verification
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Legal tools for Protect
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Matt Clifford, California Director, Trout Unlimited
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Water Code Section 2500
& dzZaSR AY OUKA& OKILIWISNE aac
stream, lake, or other body of water, and tributaries

and contributory sourcedyut does not include an
underground water supply . .

UNLIMITED 57




Water Code Sectiod200

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

UNLIMITED 58




Water Code Section 2500
| & dzZaAaSR AY OUKA& OKI LIWNISNE aalt
stream, lake, or other body of water, and tributaries

and contributory sources, but does not include an
underground water supply . . .

UNLIMITED 59




Water Code Section 2500

| & dzZaAaSR AY OUKA& OKI LIWNISNE aalt
stream, lake, or other body of water, and tributaries

and contributory sources, but does not include an

undergroundwater supplyother than a subterranean
stream flowing through known and definite channels

UNLIMITED 60




Water Code Sectiod200

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

UNLIMITED 61




Water Code Sectiod200

[T]he terms stream, lake or other body of water . . .
refer[s] only to surface waterand to subterranean
streams flowing through known and definite channels.

UNLIMITED
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An mldergfound river that starts here 2and flows

This MIGHT be a pool, like T've read of in books,
Right under the pasture! And then...well, who knows?

Connected to one of those underground brooks!

UNLIMITED



It 'ﬁl"_g)’),' gO

hl()rlg, down where no one can see,

Right under Seare
Eat under Stare Highway Two-Hundred-and-Three!

R:g‘]r u
gt under the e X
he wagons! Right under the toes

OFf Mrs :
1. Umbroso who's hanging out clothes!

UNLIMITED

It might keep on flowing ... pethaps...who can tell?. ..

Right under the people in Sneeden’s Hotel!

Right under the grass where they're playing croquet:

Then under the mountains and far, far away!

66



This mieht be a rver,

Now mightn't it be,

Fowm uma ¥

Connect ing
McElligot's
Paool

With

Seal

Then maybe some fish might be swimming toward me:

: s 1] .
(If such a thing contd be,

They certainly u onld bel)

UNLIMITED 67
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--Professor JosephL.SaxS @A S¢ 2F GKS [l ga 9aill
Permitting Authority Over Appropriations of Groundwater Classified as
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North Gualala Water Company v. State Water
Resources Control Board 139 Cal.App.4th 1577
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G ¢ KS dzy Rsbfidwbfa gurfatdNstream consists of water in the
soll, sand, and gravel immediately below the bed of the open stream

which supports the surface stream in its natural state or feeds it
directlye

--Wells A. Hutchins, The California Law of
Water Rights (1956)



oThere will always be great
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. o

Hudson v. Dailey, 156 Cal. 617, 627-28
(1909)



Scott

River
Water Code Section 2500.5

(a) As used In this chapter with respect to the Scott
WAGBSNI AY {AadalAéz2dz / 2dzyiées &z
ground water supplies which are interconnected with

the Scott River, but does not include any other

underground water supply.
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Sustainable Groundwater Management Act (SGMA)

Twenty-Year Groundwater Level Trend
Water Years 2001 to 2021

20-Year Groandwater Lreel Craage Trend: 2000 w202

Hhedrobegic Region Summary
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Priority basing high/ medium/ low
Local agencies formed (GSAS)

Charged with developing sustainability
plans (GSPs)

6 things to avoid:




GSPs Must Avoid:

A Chronic lowering of groundwater levels

A Significant and unreasonable reduction of
groundwater storage

A Significant and unreasonable seawater
Intrusion

A Significant and unreasonable degradation of
water quality

A Significant and unreasonable land subsidence

A Significant and unreasonable impacts on
beneficial uses of surface water
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The Public Trust Doctrine

Institutes of Justinian ACentury Rome)
lllinois Central Railroad Co. v. lllindid6 U.S. 387 (1892))

National Audubon Society v. Superior CoB@tCal.3d 219 (1983
(Mono Lake case)



The Public Trust Doctrine

A State holds all navigable waters in trust for the benefit of the people

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

times, ecosystems)

A State decisions affecting navigable waters must consider effects on public

trust uses

A Applies to State Water Board decisions to issue water rights

== S e
e




Non-navigable tributaries




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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Sonoma County Well Ordinance (2023)

Suit by CA Coastkeeper
Scope of Ordinance:

A Wells that affect flow in navigable streams

A Wells that affect flow imon-navigablestreams that are used by species
that migrate from navigable waters

Other countiexg Santa Cruz, Mendocino(?)

Cities
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Matt Clifford, California Director, Trout Unlimited
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Groundwater into Streamflow

Principles and Guidelines for Cities and Counties to Develop Well Ordinan
to Protect Streamflow for Salmon Habitat

Presentation to the

40" Annual Salmonid Restoration Federation Conference
Santa Rosa, CA
March 29, 2024

Monty. Schmitt

Water Program Sr. Project Director
The Nature Conservancy
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Coastal Rivers, Salmon a@doundwater
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© Wells—from California Department
of Water Resources archives, located
in the study area. Total number
shown is 1,868.

///<
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Farrar. 2006. USGS Scientific Investigations Report200%




Coastal Rivers, Salmon a@doundwater
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Salmon a@doundwater
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Coastal Rivers, Salmon a@doundwater
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— © SONOMA COUNTY
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Principles and Guidelines for Well Ordinan¢es

A Element 1 Identify and map the Public Trust Review Area

A Element 2 Assess baseline streamflow and groundwater
conditions

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

A Element 4 Develop a PTR risk assessment matrix and maps
Inform appropriate permitting pathways.

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

A Element 6 Establish monitoring and adaptive management
measures.

TheNature (M
C(mservancy 2



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 targetPTR species and habitats
a) Salmon and steelhead
b) Seasnal wetlands
c) Groundwater dependenecostems

c) Map Public Trust Resources

TheNature @
(,( mserva nC)’



Element 1: Identify and map the Public Trust Resource

Example:Sonoma County
Aquatic Habitat Value

A Coho and steelhead used
as indicator species

A Focused on existing
summer rearing habitat

and priority recovery
habitat for Coho

Aquatic Habitat Value
0 Low

i A Assessment ofpecific
= . habitat conditions based
Sk o on input fisheries experts.

Credit Permit Sonoma

TheNature @
(,( mserva nC)’




Element 2: Assess baseline streamflow and groundwater
conditions

a) ldentify existing streamflow conditions for aange of wateryear
typesto provide a baseline for risk and impact analyses.

1. Unimpaired andmpaired 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.

TheNature (M
C(mservancy 2




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 Datal

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

‘,_ June July Aug Sep Oct Nov Units

49 45 30 28 31 86 cfs
11.4 6.8 39 3.7 4.7 146 cfs

Estimated daily cumulative water right 1.2 1.2 cfs

Diversion impacts as a percent of

unimpaired flows in a dry year
The Nature@ Diversion impacts as a percent of 11% 18% 31% 33% 26% 8%
Conservancy unimpaired flows in a moderate year



Principles and Guidelines for Well Ordinances
Element 2: Assess baseline streamflow and groundwater conditions

TheNature
(.()]'I serva l'l(f'\'

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

Qv

pumping.

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

Use in Streamflow Depletion Estimation

for Water Management

Common

Rare

-

Trend

Numerical
Models

jepletion earnning Causal
AAUSE

[ AR —
functions inference

Low

>
High
Compilexity and Resources Required (data needs, time/effort/cost, processes represented) 9

Zipper et al. 2022



Element 3 Identify ecologically protective streamflow thresholds [+

to assess risk and impacts.
a) Existing streamflow and habitat analyses, established flow
requirements.

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

Example: Sonoma County
A Developed @resumptive standard D = Ve 50" e o
for environmental flow protection mo:g'z\:':d
based on Richter (2012) 0 -
A 0-10%Depletion=High level of recasion
ecological protection .
A 11-20% = Moderate depletion. e Sasafiow orysesson
A > 21%= High level of ok | - 3

) Oct Jan Apr
Streamflow depletion

Z]‘&‘th_ulje ;
onservancy W= California Environmentddlow FrameworkYarnell et al. 2020

Discharge




Element 4 Develop a PTR risk assessment matrix and maps to &
Inform appropriate permitting pathways. -

a) Lowrisk areac
1. Areas where streamflows are nalreadyecologically impaired,
2. 9dgnificant streamflow depletion of new wells is unlikely to impact
PTR

b) Highrisk areac

a) Where streamflows are approachingr 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) Thepresence of particularly sensitive resources

TheNature (M
C(mser\-'ancy .
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Principles and Guidelines for Well Ordinan¢: 2E _‘?_g{fe;

Element 4 Develop a PTR risk assessment matrix and maps to ’: ' /,,g{ %

e

=
L)
- .-I
<
- 3

iInform appropriate permitting pathways. i

~

-

A
- m

High SFD

i Low SFD Medium SFD
(>20%)

[ (0 - 10%) (10 - 20%)

Low Habitat Value Low Risk Area Low Risk Area Low Risk Area

Nat mcluded in PTRA Not included in PTRA Not ncluded in PTRA
|
| Moderate Habitat Value Low Risk Area Maoderate Risk Area High Risk Area
i Not included in PTRA Sweam buffers Subwatershed
High Habitat Value Moderate Risk Area High Risk Area High Risk Area
Stream buffers Sub-watershed Sub-watershed
Very High Habitat Value High Risk Area High Risk Area High Risk Area
Sub-watershad Sub-watershed Sub-watershed

Sream buffersc Moderate Risk Areas

A Stream Depletion Factor (SDF) was used in defini
stream buffer distances

\ A Arelative measure of how rapidly streamflow
b P . e:_ N depletion occurs in response to new pumping
(5 Fiov Reguiated ¥ t t H
- 2 OMOMER 100 ft for the Franciscan Complex, ~250 ft for the

Sonoma Volcanics, and ~750 ft for Wilson Grove
Formation / alluvial sediments

TheNature @
Conservanc Y




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

a) Define categories of low and highsk wells
a) Location (risk area, proximity to stream or habitaiye 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

TheNature (M
(,( mserva ncy




Principles and Guidelines for Well Ordinan :\ j_

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

Permit Screening Flow Chart
(Working Proposal)

Within Public Trust Review N Ministerial Permit
Area? _— Level 1 Water
, Conservation and Monttoring Requirements
Ministerial Well CIass? | |

Replacement = Low water Water Board = Existing Use or Zero = Public Water

Well use parcel Regulated Net Increase Well

for low water (New well) : (New or Replacement {CEQA complete)

use parcel Well)

Additional ( '

Well [ Conservation Requirements Apply ]

(Replacement

‘\7 - rzmains)

Discretionary Public Trust Review
(subject to conditions of approval)

TheNature @
Conservancy 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 count
wide risk assessments every five years.

TheNature (M
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Next Steps

A Well Ordinance Principles and Guidelines Report
A City and county efforts to develop well ordinances

A Sonoma (adaptive management plan)

A Santa Cruz, Siskiyou, San Luis Obispo, others?
A SGMA

A DWR Interconnected Surface Water Guidan
A State Water Board / DWR

TheNature @
(,( mserva nC)’
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Groundwater into Streamflow e AR, 3

Principles and Guidelines for Cities and Counties to Develop Well Ordinances
to Protect Streamflow for Salmon Habitat

~ Questions?
i o ko D :‘,.;.'; | -

Monty Schmitt

~ Water Program Sr. Project Director



Incorporating Site Characterization into
Natural Landscape Engineering and
Streamflow Enhancement Projects: Case
Studies from the Upper Mattole Watershed

Wyeth Wunderlich, MS, GIT Tasha McKee
Project Geologist, EBA Engineering Water Program Director, Sanctuary Forest
wwunderlich@ebagroup.com tasha@sanctuaryforest.org
EBAJ {3 F.
-- anctuary rorest
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Land Acknowledgement

Sanctuary Forest acknowledges and appreciates that the

Mattole River watershed is situated within the greater Tribal

Territories of the Indigenous Sinkyu-ne ( ASi nkyoneo),
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

A Changing human use i storage and forbearance,
community outreach, and collaborative water
management.

A Groundwater recharge i instream and upslope
projects with fApassiveo streatl

A Upslope ponds with metered flow to the stream.

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

Cutoff wall

*Project designed and implemented by Sanctuary Forest and Stillwater Sciences.
EBA Engineering was not involved in the Baker Creek String of Pearls Project.



