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Dear Rogelio,
As the Friant Kern Canal is critical infrastructure important to all of us in the area, we
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commend the Eastern Tule Groundwater Sustainability Agency (ETGSA) for taking a
proactive approach to mitigating and minimizing future subsldence on the canal through
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development of the Land Subsidence Monitoring and Management Plan (Plan).
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While the Management Zones identified In the Plan extend beyond the ETGSA
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jurisdictional boundaries and overlap portions of the Lower Tule River Irrigation District
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GSA (LTRIDGSA) and Pixley Irrigation District GSA (PIXIDGSA) boundaries, the "Monitored
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Area" under the plan as well as the identified management actions only apply to the

Randail Parreira

ETGSA Areas. This is appropriate/ as the ETGSA does not have jurisdictionat authority over

Director
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lands outside of its own boundaries. However, the LTRIDGSA and PIXIDGSA Groundwater
Sustainability Plans both identify subsidence on the Friant Kern Canal as an undesirable
result that the respective Plans, working through the Tule Subbasin Coordination
Agreement, seek to minimize or avoid. Because most of the potential subsidence
impacting the FKC is forecast to occur in the ETGSA planning area, LTRIDGSA an PIXIDGSA
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agree that it is appropriate for the ETGSA to take the lead in developing a Land Subsidence
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Monitoring and Management Plan that focuses on minimizing impacts to the FKC. The
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Assessor

LTRIDGSA and PIXIDGSA Plans included commitments to coordinating FKC-focused
subsidence monitoring and management through the vehicle of the ETGSA Plan. In that
regard, we look forward to working with you in coordinating the development and
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implementation of the Plan.
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Toward that end, the PIXIDGSA recently entered into a settlement agreement with Friant Water Authority
regarding transitional overdraft pumping and anticipated subsidence damages/repairs to the Friant Kern
Canal. During the negotiations and development of that agreement/the ETGSA was consulted. Asa result

of that consultation, the following language was agreed to and included in the agreement as Section 4.B.;

"PIXLEY GSA also agrees to take commercially reasonable efforts to coordinate and
cooperate with the Eastern Tule Groundwater Sustainability Agency ("ETGSA") in the
preparation of the proposed draft ETGSA Land Subsidence Management Plan, and upon
adoption in the implementation of the Plan, the goal of which is to limit additional
subsidence in the Middle Reach. The Parties agree to have their staff and agents meet
and confer with the ETGSA in order to coordinate regarding the monitoring ofsubsidence
along the FKC and to provide input and recommendations as to additional management
actions that may help reduce or avoid subsidence entirely. PIXLEY GSA agrees to
appoint a representative to serve on the long-term Land Subsidence Monitoring and
Management Committee to be formed by the ETGSA."
Per that language, we request that the ETGSA make the following modifications to the Plan:
• Amend Figure 20 to include areas within the PIXIDGSA in the description of the Monitored Area".
• Amend section 7 of the Plan to acknowledge these provisions of the Settlement Agreement.
• Amend the description of the Land Subsidence Monitoring and Management Committee in
Section 7 of the Plan to Identify and include a representative seat for the P1XIDGSA. Please also
add John Michael Domondon/ jdomondon@ltrid.org and myself, Erie Limas, elimas@ltrid.org, of

the PIXIDGSA to your distribution list for meetings related to the Plan development and
implementation. We look forward to working with the ETGSA on this critical issue.
LTRIDGSA is still in discussions regarding its involvement in the FKC subsidence monitoring and
management effort. It may be appropriate in the future to incorporate changes similar to those requested

by PIXIDGSA as noted above.
Thank you for the opportunity to comment on the ETGSA Plan.

i£ Limas
General Manager
Lower Tule River ID

Pixley ID
CC: David DeGroot, 4Creeks Engineering
Aubrey Mauritson,
SeanGeivet,TBID, PID, SID

July 30, 2021

VIA E-MAIL AND U.S. MAIL
Rogelio Caudillo, Executive Director
Eastern Tule Groundwater Sustainability Agency
881 W Morton Avenue
Porterville, CA 93257
info@easterntulegsa.com
Re:

Comments to Draft Land Subsidence Monitoring and Management Plan

Dear Mr. Caudillo:
The purpose of this letter is to provide the comments of the undersigned to the draft Eastern
Tule Groundwater Sustainability Agency Land Subsidence Monitoring and Management Plan
dated May 2021 (Plan) prepared by Thomas Harder & Company. We appreciate the opportunity
to submit these comments and discuss our issues and concerns with the Eastern Tule Groundwater
Sustainability Agency (ETGSA). As landowners within the “Managed Area” identified in the Plan,
we have considerable investments at stake in the outcome of the Plan and its implementation.
While we wholeheartedly support the goal of arresting further subsidence in this area and
understand the challenges faced by the ETGSA in that regard, we are also mindful of our property
rights as landowners and the need for those to be respected. We hope the ETGSA will receive
these comments as being constructive and aimed at reaching a solution for a subsidence problem
belonging to all landowners within ETGSA, in fact, all landowners within the Tule Subbasin.

Our comments are both general, as to the overall approach of the Plan, as well as specific
regarding section 4.2 of the Plan and its tiered management action approach. We will begin
comments with our general concerns and then turn to the specific.
1.

The Overall Approach Is Reactive Rather than Proactive.

The heart of the Plan reacts to increasing levels of subsidence through tiered management
actions. While a few of these actions are proactive (e.g., outreach workshops to landowners), most
are restrictive and, frankly, punitive (e.g., pumping restrictions). We understand the connection
between the punitive actions and the goal of arresting land subsidence. However, the initial thrust
of the Plan should be a proactive approach designed to avoid imposition of those punitive actions.
Put simply, the first and best solution is increased surface water supply for landowners within the
Managed Area to lessen their dependence on groundwater.
The ETGSA is in a unique position to take the lead with its member agencies, as well as
the Friant Water Authority, to create water supply programs and opportunities for landowners in
the Managed Area. Additionally, as you know, there are ongoing efforts to employ the oncedormant districts of Ducor Irrigation District and Hope Water District to aid in this objective. The
ETGSA can be a driver of surface water to the Managed Area. We believe that it should be and
that the Plan, and policies developed within the Plan, should reflect this.
The curtailment of pumping, in whatever form, should be a second (or later) and much less
desirable solution. This is because of the economic injury the Plan and the ETGSA will cause to
landowners in the Managed Area who will bear the brunt of the Plan’s punitive actions simply
because of their proximity to the Friant Kern Canal. If, as a groundwater sustainability agency, we
enter the management action tiers called for in the Plan, the Plan has already begun to fail
landowners along the canal. The Plan provides a thoughtful schedule for putting landowners out
of business without first seeking, implementing, and offering solutions to and working with
landowners. The Plan needs to provide solutions before the punitive tiered management actions
begin.
A proactive approach to arresting further subsidence in the Managed Area begins with a
strategy for surface water supplies within that area. This will maintain farming and its economic
output as well as arrest further subsidence. Any first solution should be aimed at those two
objectives. We ask that the ETGSA modify the structure of the Plan to reflect a strategy of bringing
additional surface water supplies to the Managed Area, implementing a strategy of success for all
rather than a strategy of punishment for a few.
2.

The Tiered Managed Area Approach Isolates a Few Landowners to Bear the Burden
for All.

The use of the Managed Area as the sole geographical area to be subject to the punitive
tiered approach causes those landowners to bear the burden of Friant Kern Canal subsidence for

all landowners within the ETGSA. Groundwater pumping outside of the Managed Area, in all
likelihood, contributed, at least in some degree, to the subsidence problem below the Friant
Kern Canal. Any review of satellite imagery only reinforces this presumption. Yet the Plan
requires landowners within the Managed Area to solely solve the problem. Meanwhile,
continued groundwater pumping by landowners outside of the Managed Area may be solely
responsible or yet still trigger the tiered management actions for those inside the Managed
Area. That is unfair and wholly unacceptable without a conclusive showing that groundwater
pumping outside of the Managed Area has no impact whatsoever on targeted subsidence below
the Friant Kern Canal.
Before the ETGSA takes aim at groundwater pumping within the Managed Area, the
Plan should be reviewed by an independent hydrogeologist and other experts to confirm there
should be no expansion of the Managed Area. We understand the need for the ETGSA to timely
adopt the Plan, but this should not be done by unduly and unfairly burdening landowners within the
Managed Area. Timely adoption does not excuse the need for additional data and monitoring to
ensure the Plan is complete and based on solid scientific data.
Indeed, the Plan notes previous studies showing reductions in pumping to the west and
outside the ETGSA boundary will help mitigate land subsidence along the Friant Kern
Canal. (Plan, § 3.0.) What pumping reductions are required to minimize canal subsidence
caused from outside of the ETGSA? The Plan should clarify the effects of groundwater pumping
outside of the ETGSA as not all groundwater sustainability agencies are on the same transitional
glide path for pumping reductions as the ETGSA. We understand these effects are not directly
controllable by the ETGSA. But given the potential draconian impact the Plan may have
on some ETGSA landowners, behavior outside of the ETGSA should be met with much more
than a simple shoulder shrug. That behavior and its effects on ETGSA landowners in the way of
further subsidence below the Friant Kern Canal must be identified in the Plan and excluded
from the ETGSA impacts analysis that will be used to curtail Management Area and ETGSA
pumping. Appropriate actions should also be taken in response to these external actions to
ensure a comprehensive, regional subsidence solution.
In the proposed Plan, Mr. Harder reports that a larger ETGSA area outside of the
Managed Area needs to reduce groundwater pumping because it has a direct correlation to future
subsidence of land in proximity to the Friant Kern Canal. (Plan, § 1.6.3.) The Plan should
comprehensively include all groundwater pumping and landowners contributing to the problem,
not just those the ETGSA believes are mostly responsible based on the ETGSA’s “preliminary
analysis.” (Plan, § 3.2.) That is arbitrary and draws lines without a solidly defensible
justification.

3.

The More Draconian Management Action Tiers Should Be Narrowed.

Although we believe that other factors should and ought to be considered, we understand
the need for measurement of further subsidence to begin in January 2020. And while we would
prefer a beginning point tied to a later date (e.g., adoption of the Plan or completion of the new
Friant Kern Canal), we do appreciate ETGSA’s concern that further subsidence, in some areas,
may have already begun and might affect the ETGSA’s settlement with the Friant Water Authority.
Nevertheless, the need to address continuing subsidence does not in itself provide evidence for the
simplistically uniform increments of the four tiers.
If the ETGSA desires a tiered approach, the trigger for each tier needs to be calibrated to
existing realities. For example, subsidence has already occurred since January 2020, so the
baseline in the Plan is not the existing floor. Additionally, surface water projects, as well as policies
and regulations governing surface water places of use, take time to develop and implement so there
could be further subsidence before the effects of those projects and policies are felt. Finally, drastic
pumping curtailments resulting from hurried tiers will have severe economic impacts on a targeted
subset of ETGSA landowners. In short, the trigger for each tier needs to be more thoughtfully
determined to reflect reality rather than a desire for simple and equal increments of subsidence.
Consequently, Tier 1 should be subsidence between 0 feet and 2.0 feet rather than one foot.
This will allow for both full implementation of the management actions within this tier as well as
the Managed Area to experience the effects of those actions, before the more draconian
management actions in Tiers 2 through 4 are triggered. Tiers 2 and 3, and Tiers 3 and 4 would
then be separated by 0.5 feet each. Given some of the management actions in these three later
tiers, the ETGSA should allow for maximum opportunity for the management actions in Tier 1,
together with additional surface water deliveries and recharge in the Managed Area, to take effect.
4.

More Data is Required Before Commencement of the Management Action Tiers.

It is premature to implement the management action tier approach. The planned well
monitoring network should be created before the management action tiers take effect. The
installation of 60 total upper and lower groundwater monitoring wells is extensive and not
something that can be accomplished quickly. If these wells are to be installed for future data
points, data should be collected using these features to establish a new baseline for measurement.
Also, new well construction practices allow for the same well to monitor both upper and lower
aquifers, minimizing costs and construction time to the ETGSA. The installation of 85
benchmarks would establish a new baseline for land elevations. Currently, there are only 19
benchmarks being used to represent the 96 Management Zones. The consequences resulting from
some of the management actions, particularly in the higher tiers, demand the best and most
complete data that can be gained before implementation of those actions. Otherwise, property
values and rights will likely be diminished and taken based on speculation, if not outright
guesswork. The Plan should call for a thoughtful, stakeholder-engaged process to develop a well
monitoring network and well construction requirements.

5.

The Management Action Tiers.
We now turn to our comments specific to each proposed management action tier.
Tier 1
Plan Provision

Development of additional land
subsidence benchmarks and
groundwater monitoring wells within
the Managed Area

Restrict well depths on any new well
permits issued in the Managed Area to
600’ but replacement of existing wells
deeper than 600’ is allowed
Development of conservation
easements

Using “Transitional Pumping Penalty
Fees” to invest in groundwater
sustainability opportunities/projects
in the area

Comment
The benchmarks are unknown. There should be
more specificity.
Any new benchmarks and monitoring wells should
be geared toward distinguishing between
landowners who minimize groundwater pumping to
prevent subsidence and those who are not. A more
focused and targeted approach is required once a
Management Zone falls within the tiered approach
(beginning with Tier 1) to avoid punishing
landowners who are not contributing to the
triggering of subsidence.
“Replacement well” should be defined and the
allowed depth specified (i.e., if existing well is
drilled to depth of 1,800’ then replacement well
should be allowed to be drilled to depth of 1,800’
or lower depending on the circumstances).
This is the only action designed to compensate
landowners in the Managed Area for bearing the
burden of subsidence around the Friant Kern Canal.
But the method for determining purchase price for
easement is unknown. The methodology should be
determined now, particularly so that landowners
can be assured of the certainty of that methodology
if their lands reach Tier 4.
There is no assurance that these fees will be used to
squarely address subsidence problems in this “hot
spot.”
There should be a commitment of all transitional
fees from landowners within each zone for projects
benefiting that zone (and located within the zone).
There should also be a commitment of a portion of
fees from lands outside of Management Zones to
projects within Management Zones and/or set aside
to pay for conservation easements if landowners
end up without ability to pump groundwater.

Projects and opportunities would be
evaluated and recommended by an
ETGSA committee to review
and allocate transitional fee funds
Outreach workshops for landowners
within the Managed Area

Limit pumping from ASR or
groundwater banking/recharge
projects to the volume of water
recharged minus an established leave
behind.
Pumping only allowed from the
aquifer where water is recharged.

There should be representation on the committee by
landowners (at least one from each north/south
zone) and at least three from "White Area" lands.
Meetings of the committee should be subject to the
Brown Act.
This is too general. There should be clarification of
the purpose and items discussed, as well as
frequency (e.g., at least twice a year).
Landowners should be given prior notice of annual
monitoring and projects prior to being brought to
ETGSA Board.
The Plan should assure that 90% of recharged water
can be used through in-ground water transfers to
parcels within the Managed Area and pumped out
at any location or depth.
Similarly, groundwater credits already owned in a
landowner’s account should be allowed for use
without restriction.

Pumping of recharged water would
be limited to 90%
Tier 2
Limitation of groundwater pumping
to upper 600’ below land surface

Deeper well depths may be allowed if
data can be produced to show that
pumping from those depths does not
induce land subsidence
Reallocation of transitional pumping
from affected Management Zones to
Tier 1 Management Zones or areas

The Plan acknowledges that, while the greatest
impact on land subsidence mitigation was achieved
by limiting groundwater pumping to the upper 600’
below land surface, limits on pumping depth will
need to be further evaluated. (Plan, § 1.7.) Why is
this limitation rendering many wells immediately
inoperable being adopted without that further
evaluation?
In-ground transfers and recharged water should not
be subject to this limitation. Otherwise, it
disincentivizes recharge of surface water in Tier 1
or earlier because that water might be lost, which is
when it would be most beneficial.
The required “data” is vague leaving landowners
without knowledge of what actually must be
proven, even if possible. This should be
determined now or at least provide guidelines
rather than leave the matter open.
Again, the required analysis is vague leaving
landowners without knowledge of what actually
must be proven, even if possible. This should be

outside the Managed Area must be
supported by analysis showing the
reallocation is not predicted to move
a different Management Zone into a
higher tier or otherwise create an
undesirable result

determined now or at least provide guidelines
rather than leave the matter open.
Alternatively, remove the requirement of an
analysis. Leave it to the landowner to decide
reallocation of transitional pumping and accept the
consequences.
The Plan should also confirm whether reallocation
of transitional pumping is between management
areas within the two-mile zones or if it is referring
to reallocating outside of the two-mile zones.
Tier 3

Re-evaluation of subbasin
contributions to land subsidence

Limitation that groundwater credits
can be pumped in the affected
Management Zone only if analyses
and data are provided to demonstrate
that it will not result in additional
land subsidence

This is very broad and open-ended. The Plan
should provide standards, guidelines, or a process.
If the point of this is to see whether subsidence is
being influenced by pumping outside of the
Managed Area, this should be determined before
adoption of the Plan. It makes little sense to really
study this at Tier 3 given the draconian impacts to
landowners within the Managed Area by the time
Tier 3 is reached.
Once again, the required analysis and data is vague
leaving landowners without knowledge of what
actually must be proven, even if possible. This
should be determined now or at least provide
guidelines rather than leave the matter open.
It is also unclear as to whether in-ground transfers
of recharged surface water are possible. This also
disincentivizes recharge of surface water in lower
tiers because that water might be lost.
Tier 4

No pumping of groundwater allowed
in the Management Zone

This is too broad if applied to pumping recharged
surface water or sustainable yield.
It also disincentivizes recharge of surface water in
lower tiers because that water might be lost.

6.

The Timeline for Plan Adoption Is Too Short.

As a final matter, we understand that approval of the Plan might be brought to the ETGSA
Board of Directors as early as September. We object to that. A September approval following the

first receipt of comments in late July is too quick for meaningful responses by ETGSA to
comments or revisions to the draft Plan. The draft Plan also identifies the need for additional data.
That data should be gathered now before adoption of the Plan. This is not a document with little
impact on landowners. At Tier 3, and certainly at Tier 4, the Plan effects a taking of land as the
land becomes of little use if there is no groundwater supply (for undistricted lands). A September
adoption evidences a “ready, fire, aim” approach to a critical issue with potentially dire
consequences for landowners and their community. We therefore ask that a more prudent timeline
be established for receipt of comments, review and responses to those comments by the ETGSA,
and further discussion with stakeholders whose property rights might eventually be taken from
them.
Thank you for the opportunity to provide these comments. We appreciate the significance
of the considerations and decisions the ETGSA must undertake, and we look forward to working
further with you.

[Signature page follows]

FARMLAND RESERVE, INC.,
a Utah nonprofit corporation
AgRESERVES, Inc., a Utah corporation,
dba South Valley Farms
By: ________________________________
Name: Spencer Birch
Title: General Manager

From:
To:
Subject:
Date:

Scott Malley
info@easterntulegsa.com
Eastern Tule GSA"s message from Scott
Friday, July 30, 2021 4:26:42 PM

Site: Eastern Tule GSA (https://www.easterntulegsa.com/contact-us/)
Name: Scott Malley
Email: smalley@malleyfarms.com
Messages: In response to ETGSA\'s request for public comment I would like to reiterate my observation and
comment as stated at the public hearing on July 20, 2021
I oppose the tiered plan as presented. As was acknowledged at that meeting, the hydrology of the GSA ground
water is such that the flow is generally from east to west. Therefore all aquifer water users both upstream and
somewhat downstream of the Friant canal would be pulling from the source of supply in question with regard to the
canals subsidence. Therefore the tiered water rights system being considered will punitively damage a small subset
of users near the canal for which all water users share the burden to cure.
Without unrefutable evidence proving that an individual user or group of users is the cause of subsidence, all users
should share equally in any restrictions set into place.
Thank you,
Scott Malley
Malley Farms, Inc.
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Mr. Douglas DeFlitch, COO
Friant Water Authority
854 N. Harvard Ave.
Lindsay, CA 93247
RE:

Review of the DRAFT Eastern Tule Groundwater Sustainability Agency Land
Subsidence Monitoring and Management Plan

Dear Mr. DeFlitch,
Per the request of the Friant Water Authority (FWA), GSI Environmental Inc. (GSI) has
reviewed the DRAFT Eastern Tule Groundwater Sustainability Agency Land Subsidence
Monitoring and Management Plan (LSMP, version 2, May 2021) regarding whether the
land subsidence concerns along the Friant-Kern Canal (FKC) were appropriately
addressed. The LSMP was prepared by Thomas Harder and Company (THC) for the
Eastern Tule Groundwater Sustainability Agency (ETGSA) to specifically address the
land subsidence within the ETGSA. The LSMP is separate from, and in addition to, the
land subsidence monitoring specified in the Tule Subbasin Monitoring Plan (TSMP)
developed by the seven Tule Subbasin Groundwater Sustainability Agencies, including
ETGSA.
This review comment letter includes two sections. Section 1 summarizes the major
monitoring and management elements described in the LSMP. Section 2 presents our
review comments.

1.

SUMMARY OF LSMP

The goal of the LSMP is to minimize future nonrecoverable land subsidence along the
FKC in the SGMA transition period from 2020 – 2040 and to arrest nonrecoverable land
subsidence along the FKC after 2040. The LSMP was developed based on historical
land subsidence data and future land subsidence predicted by the Tule Subbasin
Groundwater Flow Model (GFM) developed by THC in 2019.
The LSMP includes the following major elements:
•

Land Subsidence Enhanced Monitored Area (EMA) – An EMA was defined
based on the land subsidence from 2015 to 2018 observed by Interferometric
Synthetic Aperture Radar (InSAR). The EMA is shown in Figure 1 which is
adopted from Figure 19 in the LSMP. Additional monitoring features and
monitoring frequency relative to the TSMP were proposed.

•

Land Subsidence Managed Area (MA) and Management Subzones (MSs) – An
MA was defined based on the 2015-2018 InSAR data and GFM predictions. The
MA was separated into 96 MSs for individual management. Figure 2, adopted
from Figure 20 in the LSMP, shows the MA and MSs.

•

Land Subsidence Monitoring within EMA (illustrated in Figure 3, which is adopted
from Figure 30 in the LSMP)
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•

o

85 GPS station locations were proposed in addition the 19 GPS stations
proposed in the TSMP and 8 existing FWA benchmarks. Data will be
recorded continuously and will be downloaded quarterly.

o

The LSMP includes two extensometers proposed as parts of the FKC /
Tule River Water Bank and the FKC / Deer Creek Water Bank projects, in
addition to the existing extensometer near Deer Creek.

o

InSAR subsidence data will be obtained and analyzed for six separate
periods in the first year. Frequency of InSAR for subsequent years will be
re-evaluated each year.

Groundwater Level Monitoring within EMA
o

35 Upper Aquifer monitoring well locations were proposed in addition the
7 existing Upper Aquifer wells. Transducers will be installed to record
water level continuously and the data will be downloaded quarterly.
Figure 4, adopted from Figure 31 in the LSMP, shows the locations of the
Upper Aquifer monitoring wells.

o

25 Lower Aquifer monitoring well locations were proposed in addition the
22 existing Lower Aquifer wells. Transducers will be installed to record
water level continuously and the data will be downloaded quarterly.
Figure 5, adopted from Figure 33 in the LSMP, shows the locations of the
Lower Aquifer monitoring wells.

•

Based on existing data the groundwater elevations in the Upper Aquifer must be
maintained above approximately 300 ft above mean sea level (amsl) to be
protective of land subsidence. Groundwater elevations in the Lower Aquifer must
be maintained above approximately 125 ft amsl.

•

Based on the GFM simulation results, limiting groundwater pumping to the upper
600 feet below land surface would achieve the greatest positive impact on land
subsidence mitigation.

•

The GFM predicted as much as four feet of additional land subsidence beneath
the FKC between 2020 and 2040 (Figure 6, adopted from Figures 17 and 18 in
the LSMP). The greatest land subsidence was predicted to occur between Deer
Creek and White River. Between 2040 and 2050, the rate of land subsidence is
predicted to decrease as groundwater levels stabilize throughout the ETGSA.
Less than 0.5 feet (average of 0.05 ft/yr) of land subsidence is predicted in the
vicinity of the FKC after 2040.

•

A central, secure monitoring database would be available to the ETGSA.

•

A Land Subsidence Monitoring and Management Committee (LSMC) will be
formed. The LSMC will meet at the request of the ETGSA a minimum of one time
per year.

•

In the beginning of each calendar year, ETGSA’s technical consultant will
analyze the data generated per the LSMP during the prior calendar year.
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2.

REVIEW COMMENTS

Our comments on the LSMP are set forth below:
•

The EMA should extend to the northern boundary of the ETGSA area.
The spatial extent of the EMA was primarily defined based on the spatial distribution
of the observed subsidence from 2015-2018. Land subsidence is caused by
groundwater extraction in areas with the presence of highly compressible sediments.
As groundwater extraction changes over time, the spatial distribution of land
subsidence changes in response, as illustrated in Figure 7 which shows the change
in the spatial distributions of historical land subsidence from 1926-1970 and from
2015-2016. Figure 8 (adopted from Figure 5 in the LSMP) shows that a high percent
of fine-grained sediments are present near the northern boundary of the ETGSA
area. Figure 9 (adopted from Figure 2 in the LSMP) indicated that the measured
subsidence at the FKC near the northern boundary of the ETGSA has been more
than 6 ft from 1959 to 2017. Although the subsidence observed from 2015-2018 is
relatively small near the northern boundary of the ETGSA area, future groundwater
extraction would potentially induce land subsidence in that region. The EMA should
be extended to include this area.

•

It is unclear how Lower Aquifer groundwater head would be maintained above
125 ft amsl and whether it is adequate.
It is unclear whether maintaining the potentiometric head in the Lower Aquifer above
125 ft amsl means the groundwater head cannot drop below this level at all times, or
the groundwater head needs to be above this level at all times. Figure 10 shows the
subsidence data at an existing extensometer near the Deer Creek and the water
level data in the vicinity from June 2018 through July 2021. The location of the
extensometer is shown in Figure 3. Figure 10 shows that, although the groundwater
head rebounded back to approximately 125 ft amsl in early 2020, the subsidence
was not recovered to the 2019 level. In early 2021, the groundwater head
rebounded to approximately 110 ft amsl, but the land elevation was significantly
lower than the previous years. Based on data extrapolation, even if the groundwater
head were to rebound to 125 ft amsl in 2021, subsidence would still not recover to
the 2020 level. Therefore, groundwater head rebounding to 125 ft temporarily is
insufficient to prevent further subsidence. This behavior, as illustrated in Figure 9b,
is consistent with typical soil compression curve considered in geotechnical
engineering as conceptual shown in Figure 11. The curve represents the
compaction and rebound characteristics of sediments in response to loading,
unloading, and reloading before and after a pre-consolidation pressure is reached.
The subsidence progression and nonrecovery subsidence behavior can be explained
and modeling by geotechnical principles.
Lower Aquifer groundwater head has been significantly below 125 ft amsl at the end
of summers historically. The head has dropped to -22.17 ft amsl on July 24, 2021.
The head on July 31, 2021 was at -20.91 ft amsl. It is unclear how the groundwater
head above 125 ft amsl at all times can be achieved. In addition, keeping the
groundwater head above 125 ft amsl at all times would be protective of subsidence
only if the resulting effective stress in all fine-grained units would not exceed the preconsolidation pressure of the sediments and would not cause further compression
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beyond the pre-consolidation pressure. This condition needs further verification.
Water level acceptance criteria should be appropriately developed to prevent further
overstressing of the compressible units.
•

Setting maximum well depth at 600 ft needs further review.
The 600 ft maximum well depth limitation was based on the maximum subsidence
predicted by GFM simulations. The accuracy and reliability of the model has not
been established as discussed further below. In addition to contributing to regional
subsidence, groundwater extraction at a well induces local drawdown and
subsidence cone centered at the well, causing vertical and horizontal curvatures
along linear infrastructure, such as a canal, if it is present nearby. Figure 12 shows
an example of local subsidence cone centered at an extraction well based on InSAR
data. Furthermore, shallower pumping would induce greater horizontal and vertical
curvatures. The hydraulic rationale for limiting this well depth and the induced
curvatures need to be further investigated before setting a 600 ft maximum well
depth limitation.

•

Water extraction near the FKC should be managed properly.
Although the GFM simulation results indicated that the induced subsidence
increases as groundwater extraction is closer to the FKC, there is no control on how
close a pumping well to the FKC and how high the maximum pumping rate should
require specific subsidence evaluation before groundwater extraction is allowed. In
addition, as discussed above, groundwater extraction close to the FKC would induce
vertical and horizontal curvature along the FKC. Therefore, groundwater extraction
near the FKC must be controlled. For reference, public policy in Taiwan has
prohibited groundwater pumping within one mile of the high-speed rail alignment,
where subsidence was observed, or was suspected to be likely to occur. This has
been generally effective in reducing or eliminating most significant subsidence.
While not the purpose of the LSMP, a near-term goal of the ETGSA in coordination
with FWA and Reclamation may be to seek appropriate control on wells in the vicinity
of the FKC.

•

The LSMC should meet in mid-summer every year and more than once a year
until there is sufficient evidence that land subsidence has stabilized.
Subsidence primarily occurs during the summer from March/April through
September/October each year as shown in Figure 10. Since subsidence is mostly
irreversible as discussed above, meeting in mid-summer each year would allow the
LSMC to review the subsidence data collected during the first half of the subsidence
period in that year, to evaluate the severity of anticipated subsidence issue for the
second half of the subsidence period, and to take appropriate actions promptly to
mitigate the risk. For example, the extensometer data near Deer Creek collected in
May/June 2021 (Figure 10) has already shown that the ground surface has already
subsided below the lowest level in 2020. Approximately 0.15 ft of additional
subsidence has occurred subsequently without intervention. An additional meeting
in the first quarter of each year would allow the LSMC to review the subsidence
induced in the previous summer and the amount of subsidence recovery observed
before the upcoming subsidence period.
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•

FWA must have timely access to the LSMP database.
According to the LSMP, the monitoring database will be available to ETGSA. As a
member of the LSMC, the FWA should be concurrently provided with access to the
monitoring database. Subsidence evaluation of such data and necessary mitigation
recommendations and actions must be taken promptly by the LSMC and ETGSA
since subsidence is irreversible.

•

Accuracy and reliability of the GFM have not been established.
Figure 13 (adopted from Figure 9 in the LSMP) shows comparisons of the
hydrographs predicted by the GFM with the observed water level data. The
simulated water levels do not adequately match the observed water level, especially
in the area where the FKC has subsided the most. The water level mismatch error is
frequently as high as 100 ft, which is comparable to the level of water level
fluctuations over time. The water level fluctuation characteristics were not captured
in the hydrographs simulated by the GFM. The hydrograph plots in Figure 13 might
give readers a misimpression of a good match because of the water level plotting
scale. The approximately 100 ft of water level fluctuations were plotted within a
range of 500 ft, making the mismatch errors appear to be small when they are not.
Figure 14 shows the GFM predicted subsidence at the FWA benchmark stations
from 2020 through 2040. It also shows the locations of the FWA benchmark stations
and an existing USGS extensometer between benchmark stations D and E.
According to the GFM prediction, the subsidence at the extensometer location is
approximately 0.405 ft (average of 0.49 ft and 0.32 ft at stations D and E,
respectively) from 2020 through 2025 (5 years). The subsidence measured by this
extensometer from mid 2018 through mid 2021 (3 years) has been 0.54 ft (Figure
10), which is higher than the GFM predicted 5-year subsidence of 0.405 ft. The
observed subsidence from April 2021 through July 2021 has been approximately
0.27 ft over 4 months. Therefore, the GFM underpredicted the subsidence at this
location.

•

Schedule of implementing the proposed land subsidence and groundwater
monitoring plan is unclear.
Although the proposed land subsidence and groundwater monitoring networks cover
the EMA extensively and data will be collected frequently, it is unclear when the
proposed network will be implemented. Having the monitoring data as early as
possible is crucial since subsidence is progressing faster than the GFM prediction.

•

Status of the two proposed extensometers is unclear.
The two proposed extensometers are associated with the monitoring proposed as a
component of the FKC / Tule River Water Bank and FKC / Deer Creek Water Bank
projects. It is unclear whether these Water Bank projects have committed to
installing these extensometers, what the expected installation schedule is if the
extensometer will be constructed, and whether alternatives will be considered if they
will not be constructed.

•

Tracking Groundwater extraction well inventory and pumping rates should be
part of the LSMP.
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The LSMP does not address the need to track the inventory of groundwater
extraction wells and the pumping rates, especially groundwater extraction wells
within a mile from the FKC. Since land subsidence is caused by groundwater
extraction, it is crucial to have reliable records of the locations, screen intervals, and
pumping rates of groundwater extraction wells to assess the potential land
subsidence induced by the wells.

If you have any questions regarding this letter, please contact Dr. Mok at 510-316-8445
or by email at cmmok@gsienv.com.
Best regards,

Chin Man W. Mok, PhD, PE, GE, D.WRE, D.GE
Principal Engineer and Vice President
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Figure 1. Land Subsidence Enhanced Monitored Area (adopted from Figure 19 in the
LSMP)
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Figure 2. Land Subsidence Managed Area and Management Subzones (adopted from
Figure 20 in the LSMP)
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Figure 3. Land subsidence monitoring network (adopted from Figure 30 in the LSMP)
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Figure 4. Upper Aquifer groundwater monitoring network (adopted from Figure 31 in the
LSMP)
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Figure 5. Lower Aquifer groundwater monitoring network (adopted from Figure 33 in the
LSMP)
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(a) Predicted subsidence in the Tule Subbasin from 2020 through 2040

(b) Model-predicted subsidence along the FKC from 2020 through 2040
Figure 6. Subsidence from 2020 through 2040 predicted by the GFM
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Land subsidence from 1926 to 1970 (from USGS)

Land subsidence from 2015 to 2016 (from NASA)
Figure 7. Historical land subsidence changes
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Figure 8. Distribution of fine-grained sediments (adopted from Figure 5 in the LSMP)
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Figure 9. Land subsidence along the Friant-Kern Canal from 1959-2017 (adopted from
Figure 2 in the LSMP)
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USGS Extensometer and Well Head Data
at Friant-Kern Canal near Deer Creek (22S/27E-30D02)
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USGS Extensometer and Well Head Data
at Friant-Kern Canal near Deer Creek (22S/27E-30D02)
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Overburden stress – pore pressure
Figure 11. Typical Soil Compression Curve
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Figure 12. Observed subsidence near a well
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Figure 13. GFM calibration hydrographs
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Figure 14. Comparison of GFM predicted and observed subsidence

