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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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Effects of Short-Term Flow Reductions on Juvenile O. mykiss: An Experiment at the Sierra Nevada Aquatic Research Lab
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Interconnected Surface Water

A. Gaining stream

Flow direction

nSurface water that i s hydrologicall
point by a continuous saturated zone to the underlying
aqui fereéebo

-Title 23 CA Code of Regulations
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Streamflow Depletion

A Groundwater pumping results in streamflow depletion
(reduction in flow and water level) of interconnected
surface waters

EXPLANATION

A Streamflow depletion occurs due to groundwater === Rinemfion wihenl prmping

pumping, regardless of pumping volume or rate — Streamflow with pumping

Streamflow, in cubic feet per second
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Streamflow Depletion
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Where are we working?
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With respect to well ordinance revisionsé
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Sonoma County

Public trust resource impact analysis requires i

A Mapping habitat value
A Mapping existing and potential streamflow
depletion impacts
A Development of a well-permitting framework
based upon the best available science,
informing policy

5t Halena

. Sebastopel

Working with partners on adaptive management
plants to improve the protection of public trust
resources

Public Trust Review Area A
B Medium Risk - PTRA Stream Buffers
B Hgh Risk - PTRA Subwatersheds

[ Flow Reguiated 0 5 10 20
— — s

"l]“"-l\.atlll‘C@ OEI & Permit Sonoma, 2023

INSErvancy



Sonoma County

Top 10 counties statewide
wells installed since 3/28/22

Sonoma County

8" most irrigation wells installed
2"d most domestic wells installed
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Siskiyou County

Scott River Streamflow
A Mid-summer to fall streamflow mainly depends on USGS Gage 1151 9500
baseflow from the valley aquifer 100000 g 1 : T : — T
b Pre-WY1977 | Post-WY 1977
¢ -« >

A In the 1970s, late-summer streamflow decreased by [
~50% 10000 ¢

A Likely driving factors -
A Switch from surface water to groundwater irrigation
A Additional cutting of alfalfa
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and more counties!

TheNature @
(_AJnsen'anLt}' Y



TheNature
Umsen"anq'

Statewide 7 Sustainable Groundwater Management Act (SGMA) Implementation

Sustainability

Avoid Six Undesirable Results
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Lowering Reduction of Seawater
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Water Quality Subsider. » Interconnected
Streams
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SUSTAINABLE GROUNDWATER
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Depletions of Interconnected
Surface Water
AN INTRODUCTION
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Quantifying Streamflow Depletion from Groundwater pumping: A practical Review of past and Emerging Approaches
for Water Management

Streamfl ow depleti on cannot

Zipper et al. 2022
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Analytical Models

Statistical Models

Modeling Streamflow Depletion

Numerical Models

Maan luby-Sapt Streamfiow Depleation
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Modeling Streamflow Depletion

-

Glover model
Hunt model Groundwater

i models
Analytical (MODFLOW, ...)

Common

Approaches

Trend
analysis

Correlation Integrated
analysis hydrologic models
(HydroGeoSphere,

Statistical ParFlow, ...)

Approaches

Use in Streamflow Depletion Estimation
for Water Management

Analytical Machine
depletion learning Causal
Y functions inference

—
Low Complexity and Resources Required (data needs, time/effort/cost, processes represented) Hign

Rare
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Analytical
Approaches

Statistical

Approaches
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Wells 2018-23
Type

e DOMESTIC

@® INDUSTRIAL

© IRRIGATION

O PUBLIC
Ground Water Basins
Basin
PAJARO VALLEY
SANTA CRUZ MID-COUNTY
SANTA MARGARITA

Why a ounified modeling 2

Fill in the gaps!

Analytical Numerical
Approaches Models
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Unified Modeling Approach to Streamflow Depletion

Goal: Develop a suite of modeling approaches to evaluate streamflow depletion caused by
groundwater pumping

Case Studies: Sonoma County & Scott Valley, CA

Analytical Modeling Numerical Modeling
A Develop analytical depletion function (ADF) A Explore methodologies to apply numerical
models for both geographies modeling estimates of streamflow depletion
A Estimate regional-scale cumulative streamflow to a well permitting framework
depletion due to existing groundwater pumping A Exchange of site-specific hydrogeologic data
A Modeling comparison studies to evaluate to inform analytical model development

analytical vs. numerical modeling use cases
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ADF Model Workflow
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(@) stream Proximity Criteria: (D) Depletion Apportionment Equation: (C) Anaiyticar Modet:
Adjacent + Expanding Web Squared Glover & Balmer (1954)
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ADF Model Workflow

BE'N

Stream network
ASource: NHDplusv?2

Hydrogeologic data needs Transmissivity a
A Source: Zell and Sanford 2020
A From CONUSscale MODFLOWmModels
BN Elevation (m)
H

1232"W 1230w 1228'W 122 6°W 122487
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ADF Model Workflow

383N

AParcel centroids
AAny parcel with estimated GW use > 0 ssom

AParcel dataset: Sonoma County

AAnnual water use by parcel: Sonoma s
County
Water use (m3/d)
ADisaggregated annual estimates to e
monthly rates based on % of total in R
eachmonth from OEI sched:!
ASpl it into O0Ag#Aigduluser al 6

BON

123 2°W 1220w 1228w 1226'W 122.4'W
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ADF Model Workflow

Mark West Creek
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ADF Model Workflow

Mark West Mill Creek
38.62°N 4
38.56°N -
38.54°N - 38.60°N -
38.52°N 1
38.58°N A
38.50°N 4
38.56°N A
38.48°N 1
38.54°N 1
38.46°N -
122.70°W 122.65°W 122.60°W 122.55"W 122.95°W 122.90°W 122.8¢
Streamflow depletion in each stream [m3/d] Sector Streamflow depletion in each stream [m3/d] Sector
100200300400 + Non-Agricultural 50 10015020025 + Non-Agricultul

The\. . W i
w&}eﬁa‘}}& < t = 7200 days (September, year 20) KU HEAL, Zipper Lab Group



Modeling Comparison Considerations

<
- °
L]
Model Agreement _ . ® $
A estimates of streamflow depletion, . o ™ o
A timing, location and magnitude of streamflow depletion ° . e ,°
simulated LICT
L ° ¥
. . . . °
A estimates of streamflow depletion impact to environmental 150 ° S “
ﬂOWS within a well permitting framework . “ ® ® ‘.
A do different models arrive at the same conclusion, when applied as a well permitting decision-support tool? ° .. ° b L
2
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A data requirements 100 k] o
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A computational requirements ° ° 9 0
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Next steps i Future research

Model Comparison Studies
- Sonoma County
- Siskiyou County (Scott Valley to start)

Decision-support tool development

- Guidance for the unified modeling of streamflow
depletion through the lens of a well permitting
framework
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The Source of Water Derived from Wellsd Essential Factors Controlling the Response of an Aquifer to Development

All water discharged from wells
|l s bal anced by a | oss

Charles V. Theis, 1941
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Sonoma County

A Well ordinance revisions driving a need for technical
modeling capacity, at the county scale 1

A Estimates of existing cumulative streamflow depletion
A Estimates of acute, point-source streamflow depletion
potential from proposed wells
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Siskiyou County

A Range of development stages for existing numerical models

A Need for modeling tools of with varying resolution, complexity and COST

0 Alfalfa 0 Mixed Pasture
Camrots Native Pasture
0 Greenhouse “Onons and Garlic
Field W Polatoes
B Grain and Hay B Strawberries
N Grasses Vineyards
S Truck Crops Wheat Mg by Speoer Cole. June 1, 2021

"l‘l*’-l\'atum@ Cole, 2021
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Statewide 1 Sustainable Groundwater Management Act (SGMA) Implementation

A Unclear how the regulatory benchmark of SGMA (2015) conditions will shape ISW management
under SGMA

A Developing ISW guidance presents an opportunity to work with state agencies to develop
consistent modeling approaches

Surface Water Depletion Minimum Threshold
SGMA GSP SGMA
Henchmark ubsmssior Sustainata ity
Owle Date Dute
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3 T
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_’ S w
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T A —
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ADF Model Workflow

Water Use

Aol rmba fkqgl ~"Kad®eMdokfi griogriolti U
AAgricultural = Seasonal patternexpected

A Agriculture, School/Golf, Winery/Vines
ANon-agricultural = Yearround use expected

A Commercial, Residential, MultiFamily

Misaggregated annualestimates to monthly

rates based on % of total in eachmonth from OEI
schedule
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ADF Model Workflow Example well: APN 028-110-007

BN
~ 4°N 4 \

Example OAgricultural Well in Mark West = |
Creek - i

j4 0N+
Apportionment reflects adjacent 5 o
+ expanding criteria :
Astart of time Gadjacent streams only 2, 40N : .
AVlore streams affected with time 5 r S e (5 s
ﬁlefere_nt seasonal depletionamplitudes £ .| _ | Dk Aanadionet -
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e i 6"N4

g‘ 38 547N
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Streamflow Depletion

Water that is Groundwater Depletion

pumped from a Pumping reduces
well comes from groundwater storage.
two sources: This can be quantified by
measuring changes in
groundwater levels.

Groundwater Pumping

A (b)

o

'E What streamflow

g would have been in

&5 absence of
groundwater pumping

Time

Streamflow Depletioﬁ
Pumping captures groundwater that would
have flown into the stream and/or induces
infiltration from the stream into the aquifer.
This cannot be directly measured and
is challenging to estimate.
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Climate change and increasing water use associated with socio-economic
growth have exacerbated the water crisis in many parts of the world. Many
regional studies rely on Earth System Models that, however, do not fully

exploit streamflow observations. Here we offer an observation-based
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Leading to lower low flows

1 T T T
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Ln(Annual mean daily flow (cms))

Reynolds, Lindsay V., Patrick B. Shafroth, and N. LeRoy
Poff. "Modeled intermittency risk for small streams in the
Upper Colorado River Basin under climate change."
Journal of Hydrology 523 (2015): 768-780.
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Leading to lower low flows and summer flows
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Leading to lower low flows and summer flows and more intermittency
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Reductions in streamflow threaten habitat for aquatic organisms and lead to decreasing populations or species loss

Probability

1.00
0.75
0.50
0.25

= 000

Rainbow trout

Rogers, Jennifer B., et al. "The impact of climate change induced alterations of streamflow and stream temperature
on the distribution of riparian species." PLoS One 15.11 (2020): e0242682.



What 6s causing streamflow declines?

Climate change

Groundwater pumping
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de Graaf, Inge EM, et al. "Environmeyial flow limits to global groundwater pumping." Nature 574.7776 (2019): 90-94.
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and surface water|disconnected |

de Graaf, Inge EM, et al. "Environmental flow limits to global groundwater pumping.” Nature 574.7776 (2019): 90-94.
Barlow, Paul M., and Stanley A. Leake. Streamflow depletion by wells--Understanding and managing the effects of groundwater pumping on streamflow. No. 1376. US Geological Survey, 2012.



These impacts particularly show up in low flows
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OQutline

1. What happens to water as it transits the unsaturated zone before it reaches the water table?
2. How do these plant-water interactions affect runoff in streams?
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Plants access water from deeper as the dry season progresses
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ET by layer [mm]

pretty much the same pattern, regardl ess
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Drainage continues into the summer
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Outline

1. What happens to water as it transits the unsaturated zone before it reaches the water table?
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Outline

1. What happens to water as it transits the unsaturated zone before it reaches the water table?
2. How do these plant-water interactions affect runoff in streams?
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Where did Sierra snow go this spring? Not
into California rivers and water supplies

by Paul Rogers, Mercury News
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What was special about 20217

It was a year following a multi-
year drought period
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What does this teach us about how plants affect runoff at different places?
The deficit in the unsaturated zone affects streamflow, particularly in years following dry years.
These deficits are generated by plant water use.

Deficit behavior is different depending on local site behavior.
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Low flows in streams

streamflow
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Outline

1. What happens to water as it transits the unsaturated zone before it reaches the water table?
2. How do these plant-water interactions affect runoff in streams?

Bigger deficits mean less streamflow

Where did Sierra snow go this spring? Not
into California rivers and water supplies

Deficit behavior determines whether
low flows are coupled to
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Final takeaways

Groundwater is stream water
When water is withdrawn from groundwater, supply to streams is reduced
Anything we do at the surface has to filter through the unsaturated zone before it impacts groundwater

Different landscapes have different responses due to their geological and ecological structure (e.g.,
different deficit behavior and low flow behavior)

The unsaturated zone plays an important role in determining how landscapes respond to different
conditions



Questions?

Transpiration

Baseflow

streamflow

With drip
No drip

Time since start of
dry season



Depletion fro

smg Stordgnscha

e




DN2dzy Rgl 1 SNXQa AYLI O
especially in headwater catchments

A Cannot directly observe groundwater

A Wells are point sources on hillslopes and expensive

A Time lags between water withdrawals and impacts to streamflow

A Individual basins can be mixed lithology

A Complicated subsurface dynamics

A Headwater catchments differ from lowland systems with large
aquifers
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Rain and groundwater are particularly important in Coastal
California
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Groundwater drives streamflow In summer
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Groundwater drives streamflow In summer
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Groundwater drives streamflow In summer
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