GROUNDWATER SUSTAINABILITY
AGENCY

Wy&m/o te Creek

MEMORANDUM

To: Wyandotte Creek GSA Board of Directors
From: Larry Walker Associates (LWA)
Date: May 22, 2025

Subject: Evaluation of Sustainable Management Criteria for Land Subsidence

Background:

The Wyandotte Creek Groundwater Sustainability Plan (GSP or Plan) was approved by
the Department of Water Resources (DWR or Department) in July 2023. DWR provided
recommended corrective actions that the Department believes will enhance the GSP.
The Department strongly encouraged the completion of the recommended corrective
actions and suggests incorporating all resulting changes to the GSP in future updates.
Wyandotte Creek GSA received funding through DWR'’s Sustainable Groundwater
Management (SGM) Round 2 Grant Program to address these data gaps and to
complete the GSP Periodic Evaluation required under Water Code § 10728.2 and Plan
Amendments (as applicable).

Significant land subsidence poses a threat to public infrastructure, increases flood risk
in low-lying areas, and can cause permanent reductions in storage in groundwater
aquifers. There are two types of land subsidence: inelastic and elastic. Inelastic
subsidence is permanent, irreversible sinking of the ground surface. Elastic subsidence
is temporary and often seasonal, with the land sinking then rebounding as groundwater
levels rebound. Elastic subsidence on the east side of the Sacramento Valley, including
the Wyandotte Creek Subbasin, has historically not been a concern, with cumulative
subsidence rarely greater than 0.1 feet. The GSP currently does not specify sustainable
management criteria (SMC) for subsidence in the subbasin, opting instead to use the
groundwater level monitoring network and SMCs as a proxy for land subsidence. DWR
provided the following two recommended corrective actions regarding land subsidence:

1. Provide a clear, quantitative definition of when undesirable results for land
subsidence may occur in the Subbasin, as required by the GSP Regulations, to
support the selection of land subsidence minimum thresholds that demonstrate
avoidance of undesirable results.

2. Establish sustainable management criteria for land subsidence for the Subbasin
utilizing a monitoring network that directly measures land elevation change such
as remote sensing data, survey monuments, or global positioning system
stations.


mailto:WyandotteGSA@gmail.com

GSP regulations state that land subsidence minimum thresholds (MTs) shall quantify
the rate and extent of subsidence that leads to undesirable results. The LWA team will
address DWR'’s corrective actions by:

1. Revising the definitions of undesirable results, minimum thresholds (MTs),
measurable objectives (MOs), and interim milestones (IMs) and

2. Assembling subsidence monitoring network that utilizes direct measurements of
land subsidence and historical groundwater elevation data.

Historical and Current Conditions:

Prior to and during GSP development, subsidence monitoring was conducted under two
programs: (1) DWR’s Sacramento Valley Subsidence Network GSP Survey and (2)
satellite-based subsidence monitoring with InSAR. Data collected from these programs
was used to quantify the extent of historical subsidence and is summarized in Table 1.

Table 1. Subsidence in the Wyandotte Creek Subbasin (Wyandotte Creek GSP, Table

2.2).

Subbasin Calculated Annual

Area Date Cumulative Rate of Subsidence Source

(square Range Subsidence (feet) | (feet/year)

miles)
2008-

93 2017 0.038 to -0.015 0.004 to -0.002 Sac valley
2015-

93 2019 0.25 to -0.25 0.063 to -0.063 INSAR

The analysis showed that the Subbasin experienced minimal subsidence historically,
with a maximum value of -0.25 feet of subsidence over five years. Extending the InSAR
data through the end of October 2024 (Attachment A), there is no evidence that
current trends have deviated from those discussed in the GSP. Historical subsidence
through 2024 is likely elastic, or reversible, and within the uncertainty of measurement
methods.

Sustainable Management Criteria:

SMCs for subsidence should be based on historical subsidence trends calculated from
InSAR data. The MT is set to double the historical trend at -0.5 feet of subsidence over
five years (or 2 feet over 20 years), and is meant to represent inelastic, or irreversible,
subsidence solely due to lowering groundwater levels and may lead to undesirable
results. The undesirable results from subsidence due to groundwater pumping are
disruptions to critical infrastructure, development of projects that enhance the viability
of rural areas, communities, and the agricultural economic base of the region.
Undesirable results will occur when the ground surface elevation of at least 12% of RMS
wells (or at least 4 of 31 sites) declines a distance that exceeds the subsidence MT.
InSAR pixels near groundwater level monitoring sites will be used to assess subsidence
trends.

The LWA Team is proposing two potential methods to set MO and IM for subsidence.
Option 1 is consistent with neighboring subbasins. Option 1 proposes that MO be set at
one foot over 20 years (e.g., 0.25 feet over a 5-year period) and the IM be set at 0.25
feet over a 5-year period.

Option 2 is consistent with the Northern California Water Association’s (NCWA's) goal to
achieve zero subsidence across the Sacramento Valley. Both the MO and IM are set to



0.1 feet equal to the measurement accuracy of InSAR data.

Tables 2 and 3 present the proposed SMCs for Options 1 and 2, respectively.

Table 2. Option 1 SMCs for Subsidence in the Wyandotte Creek Subbasin.

Table 2. Option 2 SMCs for Subsidence in the Wyandotte Creek Subbasin.

Subsidence

Subsidence

Extent from Rate (feet
SMC 2022 (feet) per 5 years)
IM 2027 -0.25 -0.25
IM 2032 -0.50 -0.25
IM 2037 -0.75 -0.25
MO -1.00 -0.25
MT -2.00 -0.50

Subsidence

Subsidence

Extent from Rate (feet
SMC 2022 (feet) per 5 years)
IM 2027 -0.1 N/A
IM 2032 -0.1 N/A
IM 2037 -0.1 N/A
MO -0.1 N/A
MT -2.00 -0.50

Subsidence Monitoring Network:

The quantitative metric for assessment of subsidence SMCs will use the average value
of InSAR pixels around each RMS well. InSAR data will be downloaded, plotted, and
analyzed annually as part of the GSP Annual Report. Both rates and cumulative extents
of subsidence at each RMS well will be assessed to determine compliance with the MT
described above. Attachment B shows subsidence from October 2023 through October
2024 taken from Water Year 2024 Wyandotte Creek Subbasin GSP Annual Report.

Recommended Action:
LWA recommends the Wyandotte Creek GSA Board:

Select / approve proposed changes to subsidence undesirable results, MO, MT,

Approve the subsidence monitoring network described above (Attachment A).
Approve an amendment to the Wyandotte Creek GSP that details the new
subsidence SMCs and monitoring network.




Attachment A: Map depicting cumulative subsidence remotely sensed via InSAR, locations of
GPS stations, and locations Sacramento Valley Subsidence Monitoring Network benchmarks.
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Attachment A: Subsidence from October 2023 through October 2024 available in the 2024
Wyandotte Creek Subbasin GSP Annual Report.
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GSP Evaluation & Amendments —
Subsidence

Prepared by

The LWA Team in coordination with the Wyandotte Creek GSA
Funding provided by the California Department of Water Resources
May 22, 2025
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Agenda

e Recap GSP Evaluation & Amendment Process

e Subsidence
o Current GSP Sustainable Management Criteria (SMCs)
o DWR’s Recommended Corrective Actions
o GSP Amendments
o Neighboring Subbasins

* Next Steps



What is a GSP Periodic Evaluation?

Required under Water Code
§ 10728.2

GSP Regulations § 356.4
details components of an
Evaluation

Due every 5 years or
whenever the Plan is
amended

Evaluation due January 2027

Final Evaluation complete by
March 2026 (grant funded!)

Water Code § 10728.2.

A groundwater sustainability agency shall periodically evaluate its groundwater sustainability plan,
assess changing conditions in the basin that may warrant modification of the plan or management
objectives, and may adjust components in the plan. An evaluation of the plan shall focus on
determining whether the actions under the plan are meeting the plan’s management objectives
and whether those objectives are meeting the sustainability goal in the basin.

GSP Regulations § 356.4. Periodic Evaluation by Agency.

Each Agency shall evaluate its Plan at least every five years and whenever the Plan is amended,
and provide a written assessment to the Department. The assessment shall describe whether
the Plan implementation, including implementation of projects and management actions, are
meeting the sustainability goal in the basin.

Source: Groundwater Sustainability Plan Implementation: A Guide to Annual Reports, Periodic Evaluations, and Plan
Amendments (DWR, 2023)




What is a Plan Amendment?

Water Code § 10728.4 gives
GSAs the authority to amend
their Plan.

Subject to public noticing
requirements.

Not mandatory but
recommended for the
Wyandotte GSP to address
DWR’s corrective actions.

Submit with Periodic Evaluation.

DWR will review amended Plan

within two years from submittal.

Water Code § 10728.4.

A groundwater sustainability agency may adopt or amend a groundwater sustainability plan
after a public hearing, held at least 90 days after providing notice to a city or county within the
area of the proposed Plan or Amendment. The groundwater sustainability agency shall review
and consider comments from any city or county that receives notice pursuant to this section
and shall consult with a city or county that requests consultation within 30 days of receipt of
the notice. Nothing in this section is intended to preclude an agency and a city or county from
otherwise consulting or commenting regarding the adoption or Amendment of a Plan.

GSP Regulations § 353.10. Withdrawal or Amendment of Plan.
An Agency may withdraw a Plan at any time by providing written notice to the Department,
and may amend a Plan at any time pursuant to the requirements of Section 355.10.

GSP Regulations § 356.4. Periodic Evaluation by Agency.

Each Agency shall evaluate its Plan at least every five years and whenever the Plan is amended,
and provide a written assessment to the Department. (see Section 3.1 of this guidance
document for the remainder of 356.4)

Source: Groundwater Sustainability Plan Implementation: A Guide to Annual Reports, Periodic Evaluations, and Plan
Amendments (DWR, 2023)




Periodic Evaluation vs. Plan Amendment

Periodic Evaluation (PE)

o Is implementation meeting
sustainability goals?

o Compare current GW conditions
over the evaluation cycle to SMCs

o Demonstrate that progress over the
evaluation period will achieve the
sustainability goal

o Provide an assessment of the
monitoring network

o Any other topics regarding the GSP
that have changed during the
evaluation period

Plan Amendment (PA)

o Formal revision of the GSP including
updates to SMC definitions

o Must follow public noticing
requirements, be adopted by the
Board, and be submitted to DWR for
review

o Must be accompanied by a PE which
must describe why, what, and how
adjustments were made in the PA

**Sustainable Management Criteria (SMC) is a term used in the GSP regulations
which describe the Plan’s sustainability goal, undesirable results, minimum
thresholds, and measurable objectives.




Sustainable Management Criteria (SMC) Definitions

Undesirable Results - significant and

unreasonable occurrence of conditions that
adversely affect groundwater use in the ,
Subbasin. Undesirable results are defined by the ~
GSA for each Sustainability Indicator. T —

Measurable Objective (MO) - quantifiable goals
for the maintenance or improvement of :
groundwater conditions.

SN | Undesirable
SN | Resuits
\

Interim Milestone (IM) - targets set in 5-year
increments over the implementation period of
the GSP offering a path to sustainability

o _ H Figure ES-5: Illustration of Terms Used for Describing Sustainable Management Criteria
Mi nr: r;‘ um Jh reShOIS (M(;lr)f nu mlf ric va I(;J es fol;l Using the Groundwater Level Sustainability Indicator
each Sl and are used to define when undesirable

results occur




Sustainability Indicators

+
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Land
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Subsidence
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What’s in the GSP?
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DWR’s Corrective Actions

* The GSP Regulations require the minimum threshold for land subsidence to be the
rate and extent of subsidence that substantially interferes with surface land uses and
may lead to undesirable results

e Utilize a monitoring network that directly measures land elevation change such as

remote sensing data, survey monuments, or global positioning system stations (e.g.,
InSAR)
o Interferometric Synthetic Aperture Radar (InSAR) is a satellite-based remote sensing technique

that measures vertical ground surface displacement changes at high degrees of measurement
resolution and spatial detail.




GSP Amendments

Recommended Plan Amendments:

0 Update Land Subsidence Sustainable Management

Criteria (Section 3.7)

0 Update Monitoring Network (Section 4.5)

Date: 12/3/2021 00:00
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Option 1 - SMC Amendments
(consistent with neighboring subbasins)

Monitoring Network — Use select InSAR
pixels near groundwater level monitoring
sites (~31 sites / pixels); ground-truth with
available GPS subsidence station(s)

Undesirable results — occur when at least
12% (4 out of 31) of InSAR pixels exceed
their MT over a five-year period that is
irreversible and is caused by lowering of
groundwater elevations

Interim Milestones (IM) — 0.25 feet over a
5-year period

Measurable Objective (MO) — One foot
over 20 years (e.g., 0.25 feet over a 5-year
period)

Minimum Threshold (MT) — Two feet over
20 years (e.g., 0.5 feet over a 5-year
period)

Subsidence, Feet

-0.25 + X
-0.75 + X

-1.25
-1.75 +

-2.25 ; i ; i

- Historical Subsidence ¥ 5-YearInterim Milestones

== Measurable Objective esssMinimum Threshold

0.25
0 TN e,

0.5 + X

-1 *
-1.5 +

-2

1/1/2022 12/31/2026 12/30/2031 12/28/2036 12/27/2041




Subsidence — Neighboring Subbasins

Description of Significant and

Minimum Threshold -

Butte

Unreasonable Conditions

Groundwater extraction that causes
significant and unreasonable reduction in the
viability of the use of critical infrastructure
over the planning and implementation
horizon of this GSP.

Measurable Objective

0.25 feet over a 5-year period

Metric

0.5 feet over a 5-year period

Undesirable Results

25% of monitoring locations fall
below minimum
threshold

Interim Milestone
Since the Subbasin does not
currently have any monuments
with statistically significant
inelastic land subsidence,
interim milestones are not
needed.

Sutter

An undesirable result for land subsidence
would be a result due to groundwater
extraction that causes a significant reduction
in the viability of the use of infrastructure for
water distribution and flood control,
including impacts to laterals from differential
settlement that reduces the ability to deliver
surface water supplies or inadequate
freeboard on levee systems in wet years
impacting conveyance of flood waters.

0.25 feet of subsidence per 5-

year period at each site (0.05

feet over 1 year or 1 foot over
20 years)

0.5 feet over a 5-year period
at each of the monitoring
locations in the Sutter
Subbasin

Undesirable results are considered
to occur when at least 25% of
representative subsidence
monitoring sites (6 out of 22 sites)
exceed the minimum threshold for
subsidence over the 5-year
monitoring period.

INSAR data published by DWR via
the SGMA Data Viewer will be
assessed annually.

The same as MO

North Yuba

Aresult due to groundwater extraction that
causes a significant and unreasonable
reduction in the viability of the use of
infrastructure over the planning and
implementation horizon of this GSP.

0.25 feet of subsidence per 5-
year period at each site (0.05
feet over 1 years; 1 foot over 20
years)

0.5 feet over a 5-year period
at each of the monitoring
locations in the Yuba
Subbasins

At least 50% of representative
subsidence monitoring sites (3 of 6
sites in the North Yuba Subbasin; 3

of 6 sites in the South Yuba
Subbasin) exceed the minimum
threshold for subsidence.

0.25 feet per 5-year period




Option 2 - SMC Amendments (consistent with
Sacramento Valley goal of 0 subsidence)

* Monitoring Network — Use select InSAR

pixels near groundwater level monitoring — Historical Subsidence % 5-Year Interim Milestones
sites (~31 sites / pixels); ground'trUth witl -—=Measurable Objective e=sMinimum Threshold
available GPS subsidence station(s) 0.5
* Undesirable results — occur when at least 0 e\ A . » » 0
12% (4 out of 31) of INSAR pixels exceed g -025 +
their MT over a five-year period that is £ 05 1
irreversible and is caused by lowering of ¢ -075 +
groundwater elevations § 1 1
* Interim Milestones (IM) — 0.1 feet g 27
n -15 +
(accuracy of InSAR data) 10e |
* Measurable Objective (MO) — 0.1 feet -2
.. -2.25 : : ! !
* Minimum Threshold (MT) - Two feet over 1/1/2022 12/31/2026 12/30/2031 12/28/2036 12/27/2041

20 years (e.g., 0.5 feet over a 5-year
period)

**InSAR vertical accuracy is 20 millimeters (or 0.07 feet) at 95% percent confidence (DWR, 2024)



Next Steps

Board select and approve proposed GSP amendments for subsidence

Next Board presentation will be on water quality
Discussion on GW level and stream depletion scheduled late-summer / fall
Draft GSP Evaluation and Plan Amendments complete by October / November 2025



Discussion
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