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1. ROLL CALL

AGENDA 
Action items are listed in bold. 

2. PUBLIC COMMENT

At this time, members of the public may comment on any item not appearing on the agenda. Under state law, 
matters presented under this item cannot be discussed or acted upon by the Committee at this time. For items 
appearing on the agenda, the public is invited to make comments at the time the item comes up for Committee 
consideration. Any person addressing the Committee will be limited to a maximum of three (3) minutes or the 
Chairman’s discretion. At all times, please state your name for the record. 

3. MINUTES

a. ACTION – Approve the September 28, 2022 Meeting of the ETGSA Land
Subsidence Monitoring Committee Minutes.

4. COMMITTEE MATTERS

a. Review and discussion of ETGSA Draft Land Subsidence Annual Report for 2021/22.
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b. Discussion on subsidence in the ETGSA Land Subsidence Monitoring Area.
c. Recommendations to the ETGSA Board on monitoring activities (Committee may take

action to provide recommendations to the Board).

5. NEXT MEETING

a. TBD. Recommendation may be given.

6. ADJOURMENT
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MINUTES OF THE  
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HELD SEPTEMBER 28, 2022            

At approximately, 2:02 p.m. on September 28, 2022, Chairman De Groot called to order the 
meeting of the Land Subsidence Monitoring Committee of the Eastern Tule Groundwater 
Sustainability Agency Joint Powers Authority (“ETGSA”). 

Members Present: John M. Domondon Bill Mok  
Tom Watson  Bryan Bondy 
Don Tucker  Tom Harder  
David Wierenga 

Members Absent: Johnny Amaral David De Groot 

Others Present: Rogelio Caudillo Dalee Chang 
Eric Limas  Sean Geivet 
Ben Lewis  Stacie Ann Silva 
Matt Brady  Ben Lewis 
Jeevan Muhar 

ROLL CALL           

Chairman De Groot called roll call as follows: 

Committee member Domondon 
Committee member Mok 
Committee member Wierenga 
Committee member Watson 
Committee member Bondy 
Alt. Committee member Tucker 
Vice-Chair Harder 

PUBLIC COMMENT 

Vice-Chair Harder announced the public comment period. No public comment was received. 

MINUTES 

Approve the January 27, 2022 Meeting of the ETGSA Land Subsidence Monitoring 
Committee Minutes 

Agenda Item #3.a
Exhibit A



General Manager Caudillo presented the Committee with the Minutes of the January 27, 2022 of 
the ETGSA Land Subsidence Monitoring Committee Meeting. Attached hereto and incorporated 
by reference as Agenda Item #3a.  

Vice-Chair Harder moved for the approval of the January 27, 2022 ETGSA Land Subsidence 
Monitoring Committee meeting. The motion was seconded by Committee member Domondon, 
and approved by the way of the following roll call vote:  

In Favor: 

Committee member Domondon  
Committee member Mok 
Committee member Wierenga 
Committee member Watson 
Committee member Bondy 
Alt. Committee member Tucker 
Vice-Chair Harder 

Opposed: None 

COMMITTEE MATTERS 

Updates on ETGSA Land Subsidence Management Area monitoring activites 

Alt. Committee member Tucker provided updates on ETGSA Land Subsidence Management 
Area monitoring activities.  

Committee member Domondon provided a comment regarding map location.  

Discussion ensued. 

Committee member mok provided a comment in benchmark depth.  

Discussion ensued.  

Discussion on subsidence in the ETGSA Land Subsidence Monitoring Area 

Vice-Chair Harder presented to the committee a summary of available data for the Land 
Subsidence Monitoring Area.  

Committee member Bondy provided a comment. 

Discussion ensued. 



Sean Geivet provided a comment on ground survey. 

Committee member Mok provided a comment. 

Committee member Wierenga provided a comment.  

Discussion ensued.  

Recommendation to the ETGSA Board on monitoring activities 

Vice-Chair Harder open for discussion regarding any recommendations to the ETGSA Board on 
monitoring activities.  

Committee member Bondy provided a comment. 

Discussion ensued. 

Sean Geivet provided a comment. 

Recommendation from the Committee is to (1) notify landowners in zones D4W, E3W and E4W 
that they will likely be subject to Tier 1 management actions (2) continue to establish all of the 
benchmarks recommend in the LSMP (3) Identify and Prioritize the First Phase of the New 
Monitoring Wells (4) Equip all production wells in the Management Area with in-line flow 
meters (5) Site and construct an extensometer near the Friant-Kern Canal with a total depth of 
2,000 ft.  

NEXT MEETING 

Discussion held regarding the next meeting. Committee members unanimously came to a 
decision that the next meeting is to be determined.   

ADJOURMENT 

Since there was no further business to come before the committee, Chairman De Groot 
adjourned the meeting at approximately 3:09 p.m. 

Respectfully submitted, 

_________________________________ 
Rogelio Caudillo, Secretary to the Board 
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Executive Summary 

This is the second annual report of the Eastern Tule Groundwater Sustainability Agency (ETGSA) 
Land Subsidence Monitoring Committee (LSMC).  The ETGSA is a Groundwater Sustainability 
Agency (GSA) formed in response to the Sustainable Groundwater Management Act of 2014 
(SGMA). This report is being submitted in accordance with the most recent updates of the ETGSA 
Land Subsidence Monitoring Plan (LSMP) and Land Subsidence Management Plan (LSManP). 
The ETGSA LSMP is supplemental to the land subsidence monitoring specified in the revised 
ETGSA groundwater sustainability plan (GSP) and revised Tule Subbasin Coordination 
Agreement that were published in July 2022 to comply with SGMA.  This report addresses data 
collected in the plan area during Water Year 2021/22 which is from October 1, 2021 through 
September 30, 2022 and cumulative land subsidence since January 2020.   

Land Elevation Changes 

Land elevation changes were reported relative to an enhanced Monitored Area (see Figure 4) and 
a more localized Management Area near the Friant-Kern Canal (FKC; see Figure 5).  The 
Management Area extends two miles on either side of the Friant-Kern Canal between the Tule 
River on the north and the ETGSA southern boundary on the south.  Both the Monitored Area and 
Management Areas are defined in the LSMP. 

In general, land subsidence was observed throughout almost all the enhanced Monitored Area and 
all the Management Area between October 2021 and September 2022 (see Figure 12).  Cumulative 
land subsidence from January 2020 to September 2022 exceeds 2.00 ft in some locations within 
the Management Area (see Figure 14).  Water year and cumulative land subsidence by general 
area is summarized as follows: 

Area Zone 

Land Subsidence (feet) 

Water Year 2021/22 
(October 2021 to 
September 2022) 

Cumulative 
January 2020 to 
September 2022 

Management Area 

North Zones A 
through C1 0.24 – 0.48 0.50 – 1.22 

South Zones D 
through F1 0.24 – 0.67 0.70 – 1.74 

Monitored Area 
(Outside 

Management Area) 

West of 
Management Area2 0.00 – 0.86 0.25 – 2.08 

East of 
Management Area2 0.00 – 0.77 0.00 – 1.50 

1See Table 3 for additional detail. 
2See Figures 12 and 14 for additional detail. 
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The highest rates of land subsidence in the area are occurring near Deer Creek within and 
immediately west of the Management Area (see Figure 14).   

Compaction at the United States Geological Survey (USGS) extensometer located adjacent to the 
FKC and approximately one mile north of Deer Creek was 0.20 feet during the water year from 
October 2021 to September 2022 (see Figure 11).  Cumulative compaction at this instrument from 
January 2020 to September 2022 was 0.70 feet.  Based on the analysis of the aquifer compaction 
and groundwater levels at the extensometer, the land subsidence related to this is non-recoverable.  

Groundwater Level Changes 

Groundwater level changes in the Monitored Area are evaluated in the context of a shallow Upper 
Aquifer and a deeper Lower Aquifer.  Available data from Upper Aquifer wells show 
approximately 0 to 40 feet of groundwater level decline from October 2021 through September 
2022 (see Appendix C).  Available data from most of the Lower Aquifer wells show approximately 
5 to 70 feet of groundwater level decline from October 2021 through September 2022 (see 
Appendix D).  The Lower Aquifer groundwater level in the USGS extensometer showed a net 
increase of approximately 7 feet during this time (see Figure 11).  While Lower Aquifer 
groundwater levels show seasonal recovery during the winter months, the overall trend since 2018 
is down. 

Land Subsidence Relative to Management Actions 

Management actions above and beyond those specified in the ETGSA GSP, have been identified 
for the Management Area and are described in the ETGSA Land Subsidence Management Plan.1  
Management actions will be required within any given Management Zone within the Management 
Area in accordance with the following tiered land subsidence action criteria: 

Tier 1 – 0 to 1.49 feet of land subsidence 

Tier 2 – 1.50 to 2.00 feet of land subsidence 

Tier 3 – 2.00 – 2.49 feet of land subsidence 

Tier 4 – 2.50 – 2.99 feet of land subsidence 

The action criterion for each Tier is the range of additional land subsidence that occurs after 
January 2020 based on InSAR data.   

As of September 2022, 43 Management Zones are in Tier 1 and 5 Management Zones are in Tier 2.  
There are 27 zones that show 0.50 to 0.99 feet of cumulative land subsidence, 16 zones that show 

 
 

1 ETGSA Land Subsidence Management Plan, February 2022. 
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between 1.00 and 1.49 feet, and 5 zones that show more than 1.50 foot of cumulative subsidence 
since January 2020. 

Conclusions 

Based on the land elevation and aquifer compaction data collected to date in the ETGSA 
Management area, we have concluded the following: 

• Benchmark and InSAR satellite data indicate that land subsidence throughout the 
Management Area has been active since January 2020. 

• As of September 2022, land subsidence in five Management Zones has exceeded the Tier 2 
management threshold of 1.5 feet.  All of these Management Zones are south of Deer Creek 
and west of the FKC. 

• Rates of land subsidence indicated by the benchmark surveys continue to match well with 
the rates of land subsidence indicated by InSAR at those locations.  These observations 
suggest that InSAR is a reliable indicator of land subsidence in the ETGSA area.  However, 
we will continue to compare the rates observed by both methods to ensure that the 
information obtained is representative. 

• Cumulative compaction of the upper 1,180 feet of aquifer, as measured by the USGS 
22S/27E-30D02 extensometer from October 2021 to September 2022, was approximately 
0.20 feet.  While aquifer rebound can be seen between approximately October 2021 and 
March 2022 (corresponding to seasonal recovery of groundwater levels), the magnitude of 
rebound is less than the magnitude of compression observed between April 2022 and 
October 2022.  The overall aquifer compression trend suggests that the net compaction is 
non-recoverable. 

• As the InSAR data shows greater than 0.70 feet of cumulative land subsidence since 
January 2020 in the vicinity of the USGS extensometer, it is likely that the aquifer 
compaction observed at the extensometer is a subset of the total land subsidence and that 
some aquifer compaction in this area is caused by pumping below 1,180 feet bgs (i.e., 
deeper than the extensometer can measure). 

• The rates of land subsidence in the Management Area during the water year 2021/2022 
have been on the order of 0.25 to 0.80 feet per year. 

• There are five Management Zones currently within Tier 1 that will move into Tier 2 with 
0.1-feet of additional land subsidence (D3W, E1E, F1E, F1W, and F2W; see Table 3).  
Given the recent rates of land subsidence observed in these zones, they have likely moved 
into Tier 2 since September 2022.   
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Recommendations 

High priority short-term recommendations for this 2021/22 Annual Report include: 

• Notify landowners in Zones D4W, E1W, E2W, E3W, and E4W that they are subject to 
Tier 2 management actions. 

• Complete the well inventory in the Tier 2 zones. 
• Equip the discharge lines from all wells in Tier 2 zones deeper than 600 feet with inline 

flow meters per the ETGSA Land Subsidence Management Plan. 
• If the subsidence rates from WY 2021/22 continue into WY 2022/23, an additional 13 

zones may reach Tier 2 by September 2023. Notify landowners in Zones C4W, D1E, D1W, 
D2W, D3W, E1E, E2E, E3E, F1E, F1W, F2W, F3W, and F4W that they may be subject to 
Tier 2 management actions by September 2023. 

Lower priority, short-term recommendations include: 

• Continue establishing all of the benchmarks recommended in the LSMP. 
• For groundwater level monitoring wells that have not been monitored recently, determine 

if these wells can still be included in the monitoring network. 
• Identify and prioritize the next phase of new monitoring wells. 
• Continue with the well inventory in the entire Management Area. 
• The Land Subsidence Management Ad Hoc Committee has previously proposed new 

management actions and Tiers.  Prior to implementation, any new management action 
should be analyzed using the calibrated Tule Subbasin groundwater flow model to assess 
the effectiveness of the newly proposed management actions at minimizing land 
subsidence in the Management Area. 

Long-term recommendations include: 

• Drill and construct an extensometer near the FKC that extends to 2,000 feet. 
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1.0 Background 

This is the second annual report of the Eastern Tule Groundwater Sustainability Agency (ETGSA) 
Land Subsidence Monitoring Committee (LSMC).  The ETGSA is a Groundwater Sustainability 
Agency (GSA) formed in response to the Sustainable Groundwater Management Act of 2014 
(SGMA). The ETGSA is one of seven GSAs within the Tule Subbasin in the southern San Joaquin 
Valley of California (see Figure 1). The area of the ETGSA covers approximately one-third of the 
eastern part of the Tule Subbasin.  

This report is being submitted in accordance with the most recent updates of the ETGSA Land 
Subsidence Monitoring Plan (LSMP) and Land Subsidence Management Plan (LSManP).  The 
ETGSA LSMP is supplemental to the land subsidence monitoring specified in the revised ETGSA 
groundwater sustainability plan (GSP) and revised Tule Subbasin Coordination Agreement that 
were published in July 2022 to comply with SGMA.  This report addresses data collected in the 
plan area during Water Year 2021/22 which is from October 1, 2021 through September 30, 2022 
and cumulative land subsidence since January 1, 2020.   

1.1 Documented Land Subsidence in the ETGSA 

Evidence of land subsidence in the ETGSA has been observed from benchmark surveys along the 
Friant-Kern Canal (FKC), a GPS established near Porterville in 2007, and InSAR data. Survey 
benchmarks were established along the FKC in 1959 and were periodically surveyed by the Friant 
Water Authority (FWA) between 1959 and 2019, with a survey hiatus from the early-1980s to 
2017. Cumulative land subsidence along the canal between 1959 and 2017, based on benchmark 
surveys, has ranged from approximately 1.7 feet at the FKC/Tule River crossing to approximately 
9 feet in the vicinity of Deer Creek (see Figure 2). Approximately 3.4 feet of land subsidence was 
documented at the Porterville GPS station between 2007 and September 2022 (see Figure 3; see 
also Section 3.1.1). 

Land subsidence in the Tule Subbasin, including the ETGSA, is attributed to lowering of 
groundwater levels from groundwater pumping in areas where the subsurface sediments include 
thick sequences of fine-grained material (silt and clay) (Lofgren and Klausing, 1969). 

1.2 Land Subsidence Monitoring Plan 

The LSMP (TH&Co, 2021) was developed to specifically address land subsidence within the 
ETGSA and adjacent GSAs that have agreed to participate in the LSMP.  The ETGSA LSMP is 
supplemental to the land subsidence monitoring specified in the ETGSA GSP and Tule Subbasin 
Coordination Agreement that were published in January 2020 to comply with SGMA.  The goal 
of the LSMP is to implement groundwater management measures necessary to minimize future 
non-recoverable 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 takes into 
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consideration the Settlement Agreement between the FWA, Arvin-Edison Water Storage District 
(AEWSD), and ETGSA, which releases certain claims against the ETGSA provided the GSA is in 
compliance with its GSP.2  The ETGSA GSP identifies minimum thresholds between 1.3 and 3 
feet of additional subsidence at different locations along the FKC.  The Pixley Irrigation District 
GSA has also entered into a Settlement Agreement with the FWA to coordinate with the ETGSA 
in the development and implementation of this LSMP.  Land subsidence and groundwater levels 
in other neighboring GSAs are currently being monitored in accordance with Attachment 1 of the 
Tule Subbasin Coordination Agreement (Tule Subbasin Monitoring Plan). 

The LSMP includes the following elements to meet the LSMP goal: 

• A land subsidence enhanced monitoring area that includes additional monitoring features 
and monitoring frequency relative to the Tule Subbasin-wide Monitoring Plan (the 
“Monitored Area”) (see Figure 4). 

• An enhanced land subsidence monitoring network within the Monitored Area to collect the 
data necessary to address data gaps and uncertainty and inform basin managers regarding 
the status of land subsidence within the ETGSA with focus along the FKC. 

• A land subsidence data collection program for the Monitored Area that ensures that data 
are collected in sufficient quantities, areal distribution, frequency and accuracy to provide 
meaningful results for evaluating progress with respect to meeting the land subsidence goal 
for the ETGSA. 

• A central, secure monitoring database available to the ETGSA for their use in monitoring 
land subsidence and progress toward arresting land subsidence along the FKC. 

• A land subsidence management area (the “Management Area”) where groundwater 
management actions may be different than those specified in the GSP to address the most 
active land subsidence along the FKC (see Figure 4). 

• Management Zones within the Management Area where land subsidence management 
actions will be implemented (see Figure 5). 

The LSMP is both flexible and iterative, allowing for the addition or subtraction of monitoring 
features, as necessary, and to accommodate changes in monitoring frequency and alternative 
methodologies, as appropriate.  The LSMP is also adaptive, to enable changes in management 
actions to address undesirable results. 

 
 

2 Settlement Agreement Regarding Transitional Overdraft Pumping and Anticipated Subsidence Damages/Repairs to 
the Friant Kern Canal.  Dated January 12, 2021. 
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1.2.1 Area Encompassed by the Land Subsidence Monitoring Plan 

To meet the land subsidence management goals of the LSMP, it will be necessary to implement a 
combination of monitoring and management actions in the vicinity of the canal. The enhanced 
Monitored Area (see Figure 4) presented in the LSMP is the area, based on existing information 
and data, where land subsidence in the ETGSA and the Pixley Irrigation District to the west has 
occurred in the past and where future groundwater level management is considered critical to 
avoiding land subsidence in the future. Throughout much of the recommended Monitored Area, 
the only management action specific to limiting land subsidence at the FKC was an increase in the 
number of monitoring features (e.g., GPS Benchmarks) and frequency of monitoring those 
features. 

A portion of the Monitored Area has been set aside as a Management Area (see Figures 4 and 5) 
where more urgent management actions will be implemented as appropriate to meet the land 
subsidence management goals.  The Management Area has been subdivided into 48 Management 
Zones where management actions specific to that area will be implemented (see Figure 5).  There 
are four, ½-mile east-west zones on each side of the FKC (eight total).  There are six north-south 
zones (A through F).  Thus, there are 48 total Management Zones within the Management Area. 
Management actions specific to these zones will be implemented in accordance with the ETGSA 
Land Subsidence Management Plan.  

It is noted that the Management Area and/or Monitored Area may be expanded in the future to 
portions of other GSAs not currently coordinated in the LSMP.  

1.2.2 Land Subsidence Monitoring Committee 

A Land Subsidence Monitoring Committee (LSMC) was formed as part of the LSMP to 
periodically review data and technical reports collected as part of the plan. The LSMC consists of 
technical experts assigned by the stakeholders. The LSMC reviews data and technical analyses 
collected by ETGSA or their technical representatives and provides technical comments and 
recommendations to the ETGSA.  The LSMC is a standing committee and is subject to open 
meeting requirements of the Ralph M. Brown Act.   

The LSMC consists of seven representative technical experts from the following agencies: 

• ETGSA (two representatives with alternates), 
• FWA (one representative with alternate), 
• Tule Subbasin Technical Advisory Committee (one representative with alternate), 
• Pixley Irrigation District (one representative with alternate), and 
• Eastern Tule White Area Growers, Inc. (two representatives with alternates). 
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Additionally, the ETGSA may consult with other public agencies deemed to have relevant 
expertise or interest such as the California State Department of Water Resources, County of Tulare, 
United States Geological Survey (USGS), or others. The ETGSA may also invite guests to 
participate in meetings of the LSMC to present, explain, or clarify the data and analyses collected 
in accordance with the LSMP. 

The ETGSA will convene timely meeting(s) of the LSMC to review monitoring data and reports 
and evaluate changes to the LSMP. The LSMC will meet at the request of the ETGSA, no less 
than in July and December of each year to: 

• Review and analyze monitoring data and updated model results. 
• Evaluate land surface elevation trends related to interim milestones, minimum thresholds 

and measurable objectives. 
• Review proposed refinements to the LSMP. 
• Provide recommendations to the ETGSA. 

1.3 Annual Report  

Section 7 of the LSMP requires that at the end of each water year, ETGSA’s technical consultant 
will analyze the data generated per the LSMP during the prior year with the results and 
interpretations generated from the analysis documented in an annual report to the ETGSA.   

This 2021/22 Annual Report encompasses Water Year 2021/22 which is from October 1, 2021 
through September 30, 2022 and cumulative land subsidence since January 1, 2020. 

The LSMP specifies the following outline for the annual reports: 

Section 1 – Introduction. This section provides background information on the history of 
land subsidence in the ETGSA, the formation of the LSMC and its responsibilities, and the 
preparation of the Land Subsidence Monitoring Plan and Annual Report. 

Section 2 – Ground-Level Monitoring Program. This section describes the monitoring 
and testing activities performed by ETGSA per the LSMP during the 2021/22 water year. 

Section 3 – Results and Interpretations. This section discusses and interprets the 
monitoring and testing data collected and analyzed during the previous calendar year. It 
also includes an evaluation of land subsidence rates in comparison to the goals of the 
LSMP. 
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Section 4 – Conclusions and Recommendations. This section summarizes the main 
conclusions derived from the monitoring program through the previous water year and 
recommends management actions and/or updates to the LSMP, if any, as warranted by the 
data. 

Section 5 – References. This section lists the publications cited in the report.  
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2.0 Ground-Level Monitoring Program 

There are multiple tools available to monitor land subsidence, including: 

• Benchmarks surveyed with a global positioning system (GPS) or other means 
• Continuous GPS stations (CGPS) 
• InSAR Satellite Surveys 
• Extensometer Data 

In addition, given that the potential for land subsidence is a function of change in groundwater 
levels, monitoring wells are also a critical tool for predicting and preventing land subsidence.  

2.1 Land Subsidence Monitoring Features 

Monitoring of changes in land surface elevation from groundwater withdrawal were conducted 
through GPS surveys at established benchmarks, data collected from a CGPS station, data 
collected from an extensometer, and satellite data. 

2.1.1 Benchmarks 

The land subsidence benchmark network within the ETGSA land subsidence Monitored Area 
consists of a combination of pre-established FWA benchmarks and newly established benchmarks 
for Tule Subbasin SGMA compliance and this ETGSA LSMP.  The FWA has 17 benchmark 
stations within the ETGSA Monitored Area that are available for measuring land surface elevation 
(see Figure 6).  In addition, 39 additional GPS survey stations have been recently established in 
the ETGSA Monitored Area for measuring land elevation changes (see Figure 6 and Appendix A).  
For this Annual Report, benchmark elevations were surveyed in July 2021 and July 2022 using 
GPS and entered into the Tule Subbasin Data Management System (DMS) for review and analysis 
(see Appendix A).  Each survey station consists of a benchmark labeled with the station 
identification. 

In total, there are 69 benchmarks in the ETGSA Monitored Area (see Figure 6 and Appendix A). 
Of these, 54 benchmarks will be measured quarterly while 15 benchmarks will be measured 
annually. 

2.1.2 Continuous GPS Station 

Daily land surface elevation data from the Porterville CGPS Station (Station P056) is available 
from November 2005 to the present through UNAVCO, a university-governed consortium that 
publishes geodesy data.  Data from this station was downloaded from the UNAVCO website 
https://www.unavco.org/instrumentation/networks/status/nota/overview/P056. 

https://www.unavco.org/instrumentation/networks/status/nota/overview/P056
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2.1.3 Extensometer 

The USGS collects data on aquifer system compaction, which causes land subsidence, from one 
existing extensometer located adjacent to the FKC approximately one mile north of Deer Creek 
(22S/27E-30D2; see Figure 7). The USGS extensometer consists of a 2-inch diameter steel pipe 
anchored within a 12-inch diameter well at a depth of 1,180 feet bgs. The extensometer measures 
the mechanical response of the aquifer system to changes in piezometric pressure (changes in 
groundwater levels). The well is perforated from 1,083 to 1,180 to allow for groundwater level 
measurements, which are measured once a day using a pressure transducer. Daily data is presented 
herein from June 2018 to September 2022. The data are accessed via the USGS website 
https://maps.waterdata.usgs.gov/mapper/index.html. 

2.1.4 Satellite Data (InSAR) 

Changes in land surface elevation over time can be observed on a regional scale using satellite 
data.  The data is generated using interferometric synthetic aperture radar (InSAR).  Monthly 
InSAR datasets are published by the California Department of Water Resources (DWR).  Monthly 
InSAR data is presented herein from July 2015 to September 2022.  InSAR data were accessed 
from DWR’s website at https://gis.water.ca.gov/arcgisimg/rest/services/SAR. 

2.2 Groundwater Level Monitoring 

Monitoring wells have been identified within the ETGSA Land Subsidence Monitored Area to 
enable the collection of groundwater level data from the Upper Aquifer, Lower, and Santa 
Margarita Aquifers (see Figure 7 and Table 1). The depths of each of these units follow the 
hydrogeological conceptual model of the Tule Subbasin outlined in the hydrogeological 
conceptual model and incorporated into the Tule Subbasin Groundwater Flow Model (TH&Co, 
2020). The Upper Aquifer is generally unconfined to semi-confined. The bottom of the Upper 
Aquifer varies in depth in the Monitored Area from approximately 400 feet bgs in the western 
portion to less than 100 feet bgs in the northeastern. The Lower Aquifer occurs below the Upper 
Aquifer with total depths up to 1,300 feet bgs.  The Santa Margarita Aquifer occurs below the 
Lower Aquifer in the eastern portion of the Tule Subbasin. 

Eight existing monitoring wells have been identified for measuring groundwater levels within the 
Upper Aquifer.  Another 21 existing wells have been identified for monitoring groundwater levels 
in the Lower Aquifer. Two wells have been identified for measuring groundwater levels within 
the Santa Margarita Aquifer.  Two of the wells in the monitoring network include the monitoring 
wells TSMW-6L and TSMW-6SM constructed in 2020 for the Tule Subbasin monitoring network.  
These 31 wells have screen intervals that are representative of their respective aquifers that they 
are being used to monitor.  

https://maps.waterdata.usgs.gov/mapper/index.html
https://gis.water.ca.gov/arcgisimg/rest/services/SAR
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An additional nested monitoring well, TSMW-4, is planned to be constructed in 2023 adjacent to 
Deer Creek in the western portion of the Management Area (see Figure 7). This well will be 
constructed with independent screened intervals in the Upper Aquifer, Lower Aquifer, and Santa 
Margarita Aquifer.  As land subsidence rates are currently highest in the area of this well, 
measurement and monitoring of groundwater levels at this location will be critical to assessing the 
effectiveness of management actions at arresting land subsidence in this area. 
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3.0 Results and Interpretations 

3.1 Land Elevation Changes 

3.1.1 Benchmarks 

Land surface change from July 2021 to July 2022 as measured at benchmarks within the Monitored 
Area and surrounding areas is shown on Figures 8, 9a, and 9b and summarized in Table 2.  In 
general, land subsidence was observed at all benchmarks with available data in the Monitored Area 
during this time.  Subsidence within the northern part of the Monitored Area ranged from 0.06 feet 
at E0056_G_FKC (in the Monitored Area north of Highway 190 adjacent to the Friant-Kern Canal) 
to 0.50 feet at P0037_B_RMS (on the western margin of the Monitored Area in the Pixley 
Irrigation District) (see Figure 9a). In the Management Area north of Deer Creek, the greatest land 
subsidence at an established benchmark was 0.50 feet at E0059_B_FKC.  

Between the Deer Creek and White River (Figure 9b), July 2021 to July 2022 subsidence within 
the Monitored Area ranged from 0.03 feet at E0088_B_RMS (in the Monitored Area just east of 
the southern tip of the Management Area) to 0.45 feet at P0094_B_RMS (in the Monitored area 
west of the Management Area along Deer Creek). In the Management Area south of Deer Creek, 
the greatest land subsidence at an established benchmark was 0.76 feet at E0048_B_RMS. 

Cumulative land subsidence measured at benchmarks from July 2020 to September 2022 in the 
Monitored Area (see Figure 10) ranged from 0.13 feet at E0056_G_FKC (in the Monitored Area 
north of Highway 190 adjacent to the Friant-Kern Canal) to 1.27 feet at E0035_B_RMS (in the 
western Monitored Area adjacent to Deer Creek). In the Management Area, the greatest land 
subsidence at an established benchmark during this period was 1.29 feet at E0048_B_RMS. 

3.1.2 Continuous GPS Station 

Land subsidence measured at the Porterville CGPS Station between October 2021 and September 
2022 was 0.26 feet (see Figure 3).  Cumulative land subsidence at this location from January 2020 
to September 2022 was 0.69 feet. 

3.1.3 Extensometer 

The USGS extensometer located on the FKC north of Deer Creek enables correlations between 
groundwater level and aquifer compaction at this location (see Figure 11).  The blue line on Figure 
11 represents measured daily groundwater levels.  These show seasonal changes in groundwater 
level, representative of the Lower Aquifer, of as much as approximately 100 feet (see February 
2022 to August 2022).  Groundwater levels during the winter of each year since 2019 have not 
fully recovered to their original level.  The orange line on Figure 11 represents aquifer compaction 
at the extensometer location.  The aquifer compaction is representative of the upper 1,180 feet of 
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aquifer as that is the depth of the extensometer.  As can be seen from Figure 11, when groundwater 
levels drop seasonally, it triggers aquifer compaction.  Similarly, when groundwater levels rise, 
there is rebound in the aquifer.  This seasonal rebound, which is typically on the order of 0.05 feet, 
represents elastic aquifer compression as it is recoverable.  However, the compression during 
groundwater level drops has a higher magnitude than the rebound, which has resulted in a net 
compaction since recordings started in July 2018 of 0.80 feet.  This aquifer compression is likely 
inelastic and is not likely recoverable. 

Compaction at the USGS extensometer within the water year from October 2021 to September 
2022 was 0.20 feet.  Cumulative compaction from January 2020 to September 2022 was 0.70 feet.  
It is noted that any additional aquifer compaction occurring below a depth of 1,180 feet at this 
location is not captured by this data and therefore does not represent total land subsidence. 

3.1.4 Satellite Data (InSAR) 

Land subsidence measured by InSAR data provided by the DWR from October 2021 to September 
2022 is shown on Figures 12, 13a, and 13b.  In general, land subsidence rates in the northern part 
of the Management Area (A and B zones) have been lower over this time period than the southern 
part (C, D, E, and F zones).  The highest rates of land subsidence over this time period have been 
in the westernmost portions of Zones D and E where between 0.75 and 1.00 feet of land subsidence 
has been observed (see Figure 13b). 

October 2021 to September 2022 land subsidence outside the Management Area and within the 
Monitored area was 0.00 to 0.86 feet in the western portion on the Monitored Area with the highest 
rates near Deer Creek.  East of the Management Area, land subsidence generally decreased to the 
east and ranged from 0.00 to 0.77 feet.  Areas outside the Monitored Area and within ETGSA 
generally showed no subsidence (e.g. east of the Monitored Area) or 0.00 to 0.25 feet of subsidence 
(north of the Tule River). 

Cumulative subsidence measured by InSAR from January 2020 to September 2022 is shown on 
Figure 14.  In general, land subsidence rates in the northern part of the Management Area (A and 
B zones) have been lower over this time period than the southern part (C, D, E, and F zones).  The 
highest rates of land subsidence over this time period have been in the westernmost portions of 
Zones D and E where between 1.75 and 2.00 feet of land subsidence has been observed. 

January 2020 to September 2022 land subsidence outside the Management Area and within the 
Monitored area was 0.25 to 2.08 feet in the western portion on the Monitored Area with the highest 
rates near Deer Creek.  East of the Management Area, land subsidence generally decreased to the 
east and ranged from 0.00 to 1.50 feet.  Areas outside the Monitored Area and within ETGSA 
generally showed no subsidence (e.g., east of the Monitored Area) or 0.00 to 0.50 feet of 
subsidence (north of the Tule River). 
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3.1.5 Comparison of Land Subsidence Rates from Benchmark and Satellite Data 

(InSAR) 

Comparison of land subsidence rates measured using benchmarks surveys with those measured 
using InSAR provides independent corroboration of the results and the magnitude of potential 
errors in the different methods.  In order to compare results from the two methods, land subsidence 
rates measured at the benchmarks in the Monitored Area between July 2020 and September 2022, 
as available for benchmarks with more than one survey result, were overlain on the complete 
InSAR land subsidence record (June 2015 to September 2022) at the same locations (see Appendix 
B).  As shown, trends in subsidence from the two data sets are generally consistent at each of the 
52 locations except for benchmark location P0036_B_RMS where InSAR data is not available. 
Based on the available dataset within the Monitored Area, 46 locations record more than 0.25 feet 
of subsidence, 42 locations show more than 0.50 feet of subsidence, 39 locations record more than 
0.75 feet of subsidence, 24 locations show more than 1.00 feet of subsidence, and 5 locations show 
more than 1.50 feet of subsidence for the period January 2020 to September 2022.  Within the 
Management Area, 40 locations record more than 0.25 feet of subsidence, 39 locations show more 
than 0.50 feet of subsidence, 36 locations record more than 0.75 feet of subsidence, 21 locations 
show more than 1.00 feet of subsidence, and 5 locations show more than 1.50 feet of subsidence 
for the period January 2020 to September 2022. 

It is noted that the land surface elevation change measured at the Porterville GPS station deviates 
somewhat from InSAR data at the same location (see Figure 3).  The cumulative land surface 
elevation changes measured by the two methods between January 2020 and September 2022 are 
within 0.11 feet of each other.  A recent study that compared InSAR data to continuous GPS data3 
for an overlapping historical period through September 2020 concluded that, on a state-wide basis, 
there is “strong evidence that the InSAR data accurately models change in ground elevation to an 
accuracy tested to be 18 mm [0.06 feet] at 95% confidence.”  While the deviation between InSAR 
and GPS at the Porterville station prior to September 2020 falls within the accuracy of the 
published study, the deviation after September 2020 appears to exceed it.  For the LSMP, these 
deviations will be monitored over time and noted.  Additionally, they highlight the importance of 
using multiple methods to measure subsidence. 

 
 

3 Towill, Inc., 2021.  InSAR Data Accuracy for California Groundwater Basins CGPS Data Comparative Analysis 
January 2015 to October 2020.  Prepared for California Department of Water Resources. Dated April 7, 2021. 
https://data.cnra.ca.gov/dataset/tre-altamira-insar-subsidence  

https://data.cnra.ca.gov/dataset/tre-altamira-insar-subsidence


DRAFT 

ETGSA Land Subsidence 2021/22 Annual Report                                                                               January 2023 

 

16 
 

3.2 Groundwater Level Changes 

3.2.1 Upper Aquifer Groundwater Levels 

Upper aquifer monitoring wells are shown on Figure 7 and hydrographs are shown on Figure 15 
and in Appendix C.  Available data from wells 22S/26E-13R01 and R-11, both of which are known 
to be perforated in the Upper Aquifer, show approximately 8 to 12 feet of groundwater level 
decline, respectively from 2021 through 2022.  Since 2015, the land subsidence rate at these 
locations has been relatively consistent despite recovery of Upper Aquifer groundwater levels 
between approximately 2016 and 2020.  While lowering of Upper Aquifer groundwater levels may 
contribute to land subsidence, these data suggest that other factors, such as groundwater pumping 
from the Lower Aquifer and delayed drainage of aquitards, are also contributing to land subsidence 
in the area. 

3.2.2 Lower Aquifer Groundwater Levels 

Lower Aquifer monitoring wells are shown on Figure 7 and hydrographs are shown in 
Appendix D. Included are two wells in the Santa Margarita Formation.  Available data from 
TSMW 6L and TSMW 6SM show approximately 20 to 95 feet of groundwater level decline from 
2021 through 2022, respectively.  The net groundwater level change in Extensometer 22S/27E-
30D02 increased approximately 7 feet from October 1, 2021 to October 1, 2022 (see Figure 11) as 
groundwater levels did not drop as far in October 2022 as they were in October 2021. 

3.3 Land Subsidence Relative to Management Actions 

Management actions above and beyond those specified in the ETGSA GSP, have been identified 
for the Management Area and are described in the ETGSA Land Subsidence Management Plan.4  
Management actions will be required within any given Management Zone within the Management 
Area in accordance with the following tiered land subsidence action criteria: 

Tier 1 – 0 to 1.49 feet of land subsidence 

Tier 2 – 1.50 to 2.00 feet of land subsidence 

Tier 3 – 2.00 – 2.49 feet of land subsidence 

Tier 4 – 2.50 – 2.99 feet of land subsidence 

 
 

4 ETGSA Land Subsidence Management Plan, February 2022. 
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The action criterion for each Tier is the range of additional land subsidence that occurs after 
January 2020 based on InSAR data.  Management Zones are shown on Figure 5 and summarized 
in Table 3. 

The land subsidence in each zone is assessed as an area-weighted average as measured using 
InSAR.  Table 3 shows the average land subsidence in each Management Zone for the partial water 
year January 2020 to September 2020, water year 2020/21, water year 2021/22, and the cumulative 
land subsidence from January 2020 to September 2022.  As shown, Management Zones with the 
highest levels of land subsidence are D4W, E1W, E2W, E3W, and E4W, at 1.61, 1.50, 1.56, 1.66, 
and 1.74 feet and are now in Tier 2.  As of September 2022, 43 Management Zones remain in Tier 
1.  There are 27 zones that show 0.50 to 0.99 feet of cumulative land subsidence, 16 zones that 
show between 1.00 and 1.49 feet, and 5 zones that show more than 1.50 foot of cumulative 
subsidence since January 2020.  If the subsidence rates from WY 2021/22 continue into WY 
2022/23, an additional 13 zones may reach Tier 2 by September 2023. Notify landowners in Zones 
C4W, D1E, D1W, D2W, D3W, E1E, E2E, E3E, F1E, F1W, F2W, F3W, and F4W that they may 
be subject to Tier 2 management actions by September 2023. 
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4.0 Conclusions and Recommendations 

4.1 Conclusions 

4.1.1 Management Area 

Based on the land elevation and aquifer compaction data collected to date in the ETGSA 
Management area, we have concluded the following: 

• Benchmark and InSAR satellite data indicate that land subsidence throughout the 
Management Area has been active since January 2020. 

• As of September 2022, land subsidence in five Management Zones has exceeded the Tier 2 
management threshold of 1.5 feet.  All of these Management Zones are south of Deer Creek 
and west of the FKC. 

• Rates of land subsidence indicated by the benchmark surveys continue to match well with 
the rates of land subsidence indicated by InSAR at those locations.  These observations 
suggest that InSAR is a reliable indicator of land subsidence in the ETGSA area.  However, 
we will continue to compare the rates observed by both methods to ensure that the 
information obtained is representative. 

• Cumulative compaction of the upper 1,180 feet of aquifer, as measured by the USGS 
22S/27E-30D02 extensometer from October 2021 to September 2022, was approximately 
0.20 feet.  While aquifer rebound can be seen between approximately October 2021 and 
March 2022 (corresponding to seasonal recovery of groundwater levels), the magnitude of 
rebound is less than the magnitude of compression observed between April 2022 and 
October 2022.  The overall aquifer compression trend suggests that the net compaction is 
non-recoverable. 

• As the InSAR data shows greater than 0.70 feet of cumulative land subsidence since 
January 2020 in the vicinity of the USGS extensometer, it is likely that the aquifer 
compaction observed at the extensometer is a subset of the total land subsidence and that 
some aquifer compaction in this area is caused by pumping below 1,180 feet bgs (i.e., 
deeper than the extensometer can measure). 

• The rates of land subsidence in the Management Area during the water year 2021/2022 
have been on the order of 0.25 to 0.80 feet per year. 

• There are five Management Zones currently within Tier 1 that will move into Tier 2 with 
0.1-feet of additional land subsidence (D3W, E1E, F1E, F1W, and F2W; see Table 3).  
Given the recent rates of land subsidence observed in these zones, they have likely moved 
into Tier 2 since September 2022.   
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4.1.2 Monitored Area 

Based on the land elevation data collected to date in the ETGSA Monitored area but outside the 
Management Area, we have concluded the following: 

• Benchmark and InSAR satellite data indicate that land subsidence is active in the 
Monitored Area and has been since January 2020 (see Figure 14).   

• The highest rates of land subsidence in the Monitored Area outside the Management Area 
are in the western part where cumulative land subsidence since January 2020 has been on 
the order of 0.25 to 2.08 feet. 

• Land subsidence rates in the eastern part of the Monitored Area are lower than the other 
areas, with cumulative land subsidence on the order of 0.00 to 1.50 feet since January 2020. 

4.1.3 Outside the Monitored Area 

Based on the land elevation data collected to date, the areas within the ETGSA but outside the 
Monitored Area generally show 0.00 to 0.50 feet of cumulative land subsidence from January 2020 
to September 2022.  The one exception is the narrow strip of LTRID that extends into what would 
otherwise be considered the Monitored and Management Areas a few miles south of Highway 190 
(see Figure 14).5   Cumulative land subsidence in this area, since January 2020, is on the order of 
1.00 to 2.00 feet.  Land subsidence rates west of the Monitored Area are generally higher than 
those observed in the Monitored Area.  Data from these areas will continue to be collected and 
reviewed in accordance with the Tule Subbasin Coordination Agreement. 

4.2 Recommendations 

High priority short-term recommendations for this 2021/22 Annual Report include: 

• Notify landowners in Zones D4W, E1W, E2W, E3W, and E4W that they are subject to 
Tier 2 management actions. 

• Complete the well inventory in the Tier 2 zones. 
• Equip the discharge lines from all wells in Tier 2 zones deeper than 600 feet with inline 

flow meters per the ETGSA Land Subsidence Management Plan. 
• If the subsidence rates from WY 2021/22 continue into WY 2022/23, an additional 13 

zones may reach Tier 2 by September 2023. Notify landowners in Zones C4W, D1E, D1W, 
D2W, D3W, E1E, E2E, E3E, F1E, F1W, F2W, F3W, and F4W that they may be subject to 
Tier 2 management actions by September 2023. 

 
 

5 To date, the LTRID has not agreed to coordinate on the ETGSA LSMP. 
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Lower priority, short-term recommendations include: 

• Continue establishing all of the benchmarks recommended in the LSMP. 
• For groundwater level monitoring wells that have not been monitored recently, determine 

if these wells can still be included in the monitoring network. 
• Identify and prioritize the next phase of new monitoring wells. 
• Continue with the well inventory in the entire Management Area. 
• The Land Subsidence Management Ad Hoc Committee has previously proposed new 

management actions and Tiers.  Prior to implementation, any new management action 
should be analyzed using the calibrated Tule Subbasin groundwater flow model to assess 
the effectiveness of the newly proposed management actions at minimizing land 
subsidence in the Management Area. 

Long-term recommendations include: 

• Drill and construct an extensometer near the FKC that extends to 2,000 feet. 
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Figure 11

Notes:

Data from USGS Site 355933119062001, https://maps.waterdata.usgs.gov/mapper/index.html

Extensometer depth 1,180 ft bgs and screened interval 1,083 to 1,180 ft bgs.

Aquifer System Compaction and Groundwater Level Change at USGS Extensometer

at Friant-Kern Canal near Deer Creek (22S/27E-30D02)
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Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the
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Table 1

Aquifer SWN or TRS Common Name Owner
Screen Interval

(ft bgs)

X Coordinate

(State Plane

ft)

Y Coordinate

(State Plane

ft)

22S/26E-25J01 22S/26E-25J01 Private Unknown
1

6,529,609 1,876,738

22S/26E-13R01 22S/26E-13R01 Private 240 - 380 6,529,369 1,886,156

23S/26E-12J01 23S/26E-12J01 Private 233 - 278 6,529,147 1,861,684

N/A
2

R-6 City of Porterville 55 - 144 6,545,757 1,907,098

N/A R-11 City of Porterville 0 - 216 6,531,869 1,909,109

N/A 29615 Private < 152
3

6,529,864 1,905,052

N/A E0117085 Private 140 - 300 6,553,982 1,882,593

N/A 516902 Private 113 - 493 6,554,300 1,881,957

N/A TSMW-4U Tule Subbasin TAC

24S/27E-20 TSMW-6L Tule Subbasin TAC 350 - 600 6,539,199 1,822,265

22S/27E-8B01 AP-2 City of Porterville 270 - 720 6,538,849 1,892,598

23S/26E-09C01 23S/26E-09C01 Private 200 - 390 6,510,578 1,864,849

24S/27E-08L01 24S/27E-08L01 Private 522 - 1,747 6,537,756 1,830,621

24S/27E-32K01 24S/27E-32K01 Private 1,002 - 1,800 6,538,000 1,809,517

23S/26E-23R01 23S/26E-23R01 Private 600 - 1,700 6,523,098 1,849,144

24S/27E-22P01 24S/27E-22P01 Private 503 - 884 6,547,899 1,817,481

23S/27E-03 23S/27E-03 Terra Bella ID 200 - 590 6,550,348 1,867,501

23S/27E-27 23S/27E-27 Private 1,035 - 1,385 6,546,660 1,844,925

24S/26E-01R01 24S/26E-01R01 Private 792 - 1,200 6,529,629 1,834,259

22S/27E-16 22S/27E-16 Private 800 - 1,240 6,544,648 1,891,172

23S/26E-01J01 23S/26E-01J01 Private 1,370 - 1,830 6,529,186 1,866,959

23S/26E-11 23S/26E-11 Private 567 - 1,011 6,520,095 1,859,642

23S/27E-07 23S/27E-07 Private 625 - 1,800 6,531,568 1,859,684

24S/27E-20P01 24S/27E-20P01 Private 648 - 1,824 6,537,355 1,818,728

24S/27E-34 24S/27E-34 Private 600 - 1,750 6,547,077 1,809,466

N/A E0052358 Private 1,364 - 1860 6,532,532 1,828,019

N/A E0155481 Private 1,090 - 1,500 6,553,106 1,821,699

N/A 956181 Private 340 - 700 6,543,582 1,852,748

N/A E005996 Private 520 - 1,000 6,536,939 1,867,000

N/A 783364 Private 246 - 612 6,523,189 1,866,238

N/A TSMW-4L Tule Subbasin TAC

22S/27E-30D02 22S/27E-30D02 Private 1,083 - 1,180 6,530,746 1,880,276

24S/27E-20 TSMW-6SM Tule Subbasin TAC 1,600 - 1,950 6,539,197 1,822,172

N/A TSMW-4SM Tule Subbasin TAC

Notes:
1

Unknown, inferred based on groundwater level signature.
2

N/A = Not available.
3

Total depth of well 152 feet.

Monitoring Wells within the ETGSA Subsidence Monitored Area

Upper

Lower

Santa

Margarita

To be completed 2023

To be completed 2023

To be completed 2023

January 2023
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Table 2

Benchmark

Name
Benchmark Owner Latitude Longitude

2021

Measurement

Date

2022

Measurement

Date

2021 

Elevation

(ft amsl)

2022 

Elevation

(ft amsl)

2021 to 2022

Subsidence

(ft)

E0035_B_RMS Tule Subbasin TAC 35.946759 -119.179535 7/20/2021 8/16/2022 341.44 341.11 0.33

P0036_B_RMS Tule Subbasin TAC 35.971652 -119.205568 7/20/2021 8/16/2022 323.07 322.71 0.36

P0037_B_RMS Tule Subbasin TAC 36.002530 -119.197349 7/20/2021 8/16/2022 324.07 323.57 0.50

E0047_B_RMS Tule Subbasin TAC 36.007967 -119.143592 7/21/2021 8/16/2022 365.73 365.35 0.38

E0048_B_RMS Tule Subbasin TAC 35.963965 -119.143187 7/22/2021 8/16/2022 369.89 369.13 0.76

E0049_B_RMS Tule Subbasin TAC 35.921217 -119.143854 7/21/2021 8/16/2022 402.61 401.95 0.66

E0051_B_FKC FWA 36.065720 -119.107738 7/19/2021 8/30/2022 397.06 396.78 0.27

E0053_B_FKC FWA 35.978021 -119.107469 7/22/2021 8/16/2022 399.32 399.17 0.15

E0056_G_FKC FWA 36.080733 -119.083891 7/19/2021 8/16/2022 406.75 406.69 0.06

E0057_B_FKC FWA 36.065853 -119.101469 7/21/2021 8/16/2022 399.12 398.92 0.20

E0058_B_FKC FWA 36.046115 -119.088891 7/21/2021 8/4/2022 407.68 407.38 0.30

E0059_B_FKC FWA 36.023157 -119.080043 7/21/2021 8/4/2022 417.67 417.17 0.50

E0060_B_FKC FWA 36.022253 -119.104147 7/21/2021 8/16/2022 393.41 393.00 0.41

E0061_B_FKC FWA 36.007748 -119.095966 7/22/2021 8/16/2022 403.54 403.21 0.33

E0062_B_FKC FWA 35.993320 -119.107673 7/22/2021 8/16/2022 403.22 403.07 0.15

E0063_G_FKC FWA 35.978046 -119.106731 7/22/2021 8/16/2022 402.85 402.49 0.36

E0064_B_FKC FWA 35.977592 -119.107239 7/22/2021 8/16/2022 400.61 400.17 0.44

E0065_B_FKC FWA 35.964394 -119.107485 8/12/2021 8/16/2022 400.14 400.06 0.08

E0114_B_FKC FWA 35.964338 -119.110823 No data No data No data No data No data

E0066_B_FKC FWA 35.964278 -119.097250 7/21/2021 8/16/2022 411.62 411.29 0.33

E0067_B_FKC FWA 35.949757 -119.107021 8/12/2021 8/16/2022 407.47 407.29 0.18

E0068_B_FKC FWA 35.942592 -119.128878 7/21/2021 No data 390.67 No data No data

E0069_B_FKC FWA 35.928049 -119.137364 7/21/2021 No data 397.14 No data No data

E0085_B_RMS Tule Subbasin TAC 36.015027 -119.029953 7/26/2021 No data 480.47 No data No data

E0086_B_RMS Tule Subbasin TAC 35.982697 -119.046424 7/26/2021 No data 447.26 No data No data

E0087_B_RMS Tule Subbasin TAC 35.891593 -119.054074 7/26/2021 No data 530.90 No data No data

E0088_B_RMS Tule Subbasin TAC 35.859012 -119.107779 7/26/2021 No data 457.16 No data No data

P0090_B_RMS Tule Subbasin TAC 35.921016 -119.161702 8/12/2021 8/16/2022 368.39 368.06 0.33

P0093_B_RMS Tule Subbasin TAC 35.921023 -119.179422 8/19/2021 8/16/2022 349.96 349.76 0.20

P0094_B_RMS Tule Subbasin TAC 35.936825 -119.214756 8/19/2021 8/24/2022 310.79 310.34 0.45

E0089_B_LSMA ETGSA 35.949882 -119.121121 No data 8/30/2022 No data 404.45 No data

E0090_B_LSMA ETGSA 35.935379 -119.133460 No data 8/30/2022 No data 404.31 No data

E0091_B_LSMA ETGSA 35.964221 -119.125305 No data No data No data No data No data

E0092_B_LSMA ETGSA 35.949994 -119.144013 No data 8/30/2022 No data 372.48 No data

E0093_B_LSMA ETGSA 35.935268 -119.109074 No data 8/30/2022 No data 416.11 No data

E0094_B_LSMA ETGSA 35.942736 -119.107482 No data 8/30/2022 No data 409.17 No data

E0095_B_LSMA ETGSA 35.949595 -119.089902 No data 8/30/2022 No data 421.12 No data

E0096_B_LSMA ETGSA 35.950024 -119.152902 No data 8/30/2022 No data 363.86 No data

E0097_B_LSMA ETGSA 35.949814 -119.134855 No data 8/19/2022 No data 378.83 No data

E0098_B_LSMA ETGSA 35.993449 -119.125472 No data 8/30/2022 No data 381.42 No data

E0099_B_LSMA ETGSA 35.993207 -119.089254 No data 8/30/2022 No data 413.66 No data

E0100_B_LSMA ETGSA 35.978766 -119.125347 No data 8/24/2022 No data 381.99 No data

E0101_B_LSMA ETGSA 35.978970 -119.116649 No data 8/24/2022 No data 388.12 No data

E0102_B_LSMA ETGSA 36.007968 -119.125503 No data 8/24/2022 No data 383.21 No data

E0103_B_LSMA ETGSA 36.007749 -119.116638 No data 8/24/2022 No data 389.38 No data

E0104_B_LSMA ETGSA 35.935325 -119.143992 No data 8/30/2022 No data 379.59 No data

E0105_B_LSMA ETGSA 36.051229 -119.097278 No data 8/30/2022 No data 412.17 No data

E0106_B_LSMA ETGSA 36.022501 -119.125537 No data 8/30/2022 No data 382.57 No data

E0107_B_LSMA ETGSA 36.022307 -119.089109 No data 8/30/2022 No data 409.12 No data

E0108_B_LSMA ETGSA 36.051111 -119.116205 No data 8/30/2022 No data 389.82 No data

E0109_B_LSMA ETGSA 36.051318 -119.071165 No data 8/30/2022 No data 421.06 No data

E0110_B_LSMA ETGSA 35.935271 -119.116447 No data 8/30/2022 No data 409.47 No data

E0111_B_LSMA ETGSA 35.964213 -119.085094 No data 8/30/2022 No data 424.55 No data

E0112_B_LSMA ETGSA 36.004220 -119.071361 No data 8/30/2022 No data 417.28 No data

E0113_B_LSMA ETGSA 36.036668 -119.079912 No data 8/30/2022 No data 416.26 No data

P0095_B_LSMA ETGSA 35.939497 -119.161718 No data 8/30/2022 No data 360.78 No data

P0096_B_RMS Tule Subbasin TAC 35.996666 -119.179127 No data 8/30/2022 No data 336.53 No data

E0115_B_LSMA ETGSA 35.978820 -119.134400 No data No data No data No data No data

E0116_B_LSMA ETGSA 35.986050 -119.143410 No data No data No data No data No data

E0117_B_LSMA ETGSA 35.987090 -119.179020 No data No data No data No data No data

E0118_B_LSMA ETGSA 35.974080 -119.178860 No data No data No data No data No data

E0119_B_LSMA ETGSA 35.964300 -119.169890 No data No data No data No data No data

E0120_B_LSMA ETGSA 35.964300 -119.152040 No data No data No data No data No data

E0121_B_LSMA ETGSA 35.964260 -119.135310 No data No data No data No data No data

E0122_B_LSMA ETGSA 35.971680 -119.161110 No data No data No data No data No data

E0123_B_LSMA ETGSA 35.978840 -119.152340 No data No data No data No data No data

E0124_B_LSMA ETGSA 35.985900 -119.161120 No data No data No data No data No data

E0125_B_LSMA ETGSA 35.972290 -119.143280 No data No data No data No data No data

E0126_B_LSMA ETGSA 35.978920 -119.170040 No data No data No data No data No data

Notes:

Data from Tule Subbasin Monitoring Network.

Positive subsidence equivalent to uplift.

FWA = Friant Water Authority.

Benchmarks within the ETGSA Subsidence Monitored Area

January 2023
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Table 3

North-South East-West

WY 2019/20*

(*Partial; Jan-20 

to Sep-20)

WY 2020/21

(Oct-20 to

Sep-21)

WY 2021/22

(Oct-21 to

Sep-22)

Cumulative

(Jan-20 to

Sep-22)

A 1 E 0.16 0.19 0.28 0.64 Tier 1

A 2 E 0.16 0.11 0.35 0.62 Tier 1

A 3 E 0.15 0.14 0.25 0.54 Tier 1

A 4 E 0.12 0.14 0.24 0.50 Tier 1

A 1 W 0.17 0.21 0.29 0.67 Tier 1

A 2 W 0.20 0.22 0.30 0.71 Tier 1

A 3 W 0.21 0.25 0.32 0.78 Tier 1

A 4 W 0.23 0.29 0.38 0.89 Tier 1

B 1 E 0.22 0.24 0.37 0.83 Tier 1

B 2 E 0.22 0.27 0.37 0.87 Tier 1

B 3 E 0.24 0.28 0.35 0.87 Tier 1

B 4 E 0.22 0.20 0.27 0.69 Tier 1

B 1 W 0.24 0.25 0.36 0.85 Tier 1

B 2 W 0.22 0.26 0.35 0.83 Tier 1

B 3 W 0.22 0.26 0.35 0.83 Tier 1

B 4 W 0.25 0.33 0.40 0.99 Tier 1

C 1 E 0.28 0.28 0.38 0.94 Tier 1

C 2 E 0.29 0.27 0.33 0.88 Tier 1

C 3 E 0.33 0.28 0.39 1.00 Tier 1

C 4 E 0.34 0.28 0.37 0.98 Tier 1

C 1 W 0.27 0.31 0.41 0.98 Tier 1

C 2 W 0.26 0.32 0.38 0.96 Tier 1

C 3 W 0.27 0.33 0.40 0.99 Tier 1

C 4 W 0.32 0.42 0.48 1.22 Tier 1

D 1 E 0.34 0.39 0.46 1.19 Tier 1

D 2 E 0.34 0.31 0.40 1.06 Tier 1

D 3 E 0.33 0.29 0.35 0.97 Tier 1

D 4 E 0.32 0.29 0.34 0.94 Tier 1

D 1 W 0.35 0.41 0.51 1.27 Tier 1

D 2 W 0.36 0.42 0.57 1.35 Tier 1

D 3 W 0.40 0.48 0.52 1.40 Tier 1

D 4 W 0.44 0.55 0.61 1.61 Tier 2

E 1 E 0.38 0.50 0.54 1.42 Tier 1

E 2 E 0.35 0.44 0.48 1.26 Tier 1

E 3 E 0.32 0.41 0.43 1.16 Tier 1

E 4 E 0.33 0.30 0.28 0.91 Tier 1

E 1 W 0.39 0.53 0.59 1.50 Tier 2

E 2 W 0.40 0.55 0.61 1.56 Tier 2

E 3 W 0.42 0.59 0.65 1.66 Tier 2

E 4 W 0.45 0.62 0.67 1.74 Tier 2

F 1 E 0.33 0.51 0.62 1.46 Tier 1

F 2 E 0.27 0.39 0.34 1.00 Tier 1

F 3 E 0.26 0.36 0.30 0.92 Tier 1

F 4 E 0.24 0.23 0.24 0.70 Tier 1

F 1 W 0.32 0.55 0.57 1.44 Tier 1

F 2 W 0.33 0.54 0.55 1.43 Tier 1

F 3 W 0.34 0.49 0.53 1.36 Tier 1

F 4 W 0.35 0.50 0.53 1.38 Tier 1

Notes:
1

See Figure 5 for Management Zone Locations.
2

3
See the Land Subsidence Management Plan.

Annual and Cumulative Land Subsidence by Management Zone

Land subsidence values based on InSAR data from the first of the month. InSAR data from 

https://gis.water.ca.gov/arcgisimg/rest/services/SAR. Values represent average 

subsidence within each Management Zone based on the available data.

Management Zone
1

Management 

Tier
3

Land Subsidence
2
 (ft)

January 2023
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Appendix A-1

Point File 

Identifier
SiteID GSA

Type of 

Measurement

Installation 

Standard
1

Installed

By
2

Tule 

Subbasin 

TAC

Monitoring 

Network

ETGSA LSMP

Monitoring 

Network

Monitoring 

Frequency
Latitude Longitude

Horizontal 

Datum
Location Description

Established 

Standard
3

Vertical 

Datum

Date First 

Surveyed

35 E0035_B_RMS ETGSA Survey/Benchmark NGS BMP TS TAC Yes Yes Annually 35.946759041 -119.179534706 NAD83 On bridge, east side of Rd 176 NGS/NOAA OPUS NAVD88 27-Jul-20

36 P0036_B_RMS Pixley ID GSA Survey/Benchmark NGS BMP TS TAC Yes Yes Annually 35.971652221 -119.205567924 NAD83 On ditch headwall, east side of Rd 164 NGS/NOAA OPUS NAVD88 27-Jul-20

37 P0037_B_RMS Pixley ID GSA Survey/Benchmark NGS BMP TS TAC Yes Yes Annually 36.002529563 -119.197349077 NAD83 On ditch headwall, west side of Rd 168 NGS/NOAA OPUS NAVD88 27-Jul-20

47 E0047_B_RMS ETGSA Survey/Benchmark NGS BMP TS TAC Yes Yes Annually 36.007966594 -119.143592275 NAD83
Next to Ave 120 and Rd 192 marker, southwest Ave 

120 and Rd 192 intersection
NGS/NOAA OPUS NAVD88 27-Jul-20

48 E0048_B_RMS ETGSA Survey/Benchmark NGS BMP TS TAC Yes Yes Annually 35.963965202 -119.143187260 NAD83 on bridge, west side of rd 192 NGS/NOAA OPUS NAVD88 27-Jul-20

49 E0049_B_RMS ETGSA Survey/Benchmark NGS BMP TS TAC Yes Yes Annually 35.921217002 -119.143853601 NAD83 On bridge, west side of Rd 192 NGS/NOAA OPUS NAVD88 27-Jul-20

51 E0051_B_FKC ETGSA Survey/Benchmark NGS BMP TS TAC Yes Yes Quarterly 36.065719921 -119.107737828 NAD83
Southwest of of Avenue 152 and Road 208 

intersection on canal headwall
NGS/NOAA OPUS NAVD88 27-Jul-20

52 E0053_B_FKC ETGSA Survey/Benchmark NGS BMP TS TAC Yes Yes Quarterly 35.978020730 -119.107468762 NAD85 Northwest side of Rod 208 bridge over Deer Creek NGS/NOAA OPUS NAVD88 27-Jul-20

54 E0056_G_FKC ETGSA GPS NGS BMP FWA Yes Yes Quarterly 36.080732987 -119.083890736 NAD83 Existing FWA CP 8 NGS/NOAA OPUS NAVD88 27-Jul-20

55 E0057_B_FKC ETGSA Survey/Benchmark NGS BMP FWA Yes Yes Quarterly 36.065852841 -119.101468937 NAD83 Existing FWA CP8 NGS/NOAA OPUS NAVD88 3-Aug-20

56 E0058_B_FKC ETGSA Survey/Benchmark NGS BMP FWA Yes Yes Quarterly 36.046114622 -119.088890763 NAD83 Existing FWA CP 9 NGS/NOAA OPUS NAVD88 3-Aug-20

57 E0059_B_FKC ETGSA Survey/Benchmark NGS BMP FWA Yes Yes Quarterly 36.023157241 -119.080043306 NAD83 Existing FWA CP 10 NGS/NOAA OPUS NAVD88 3-Aug-20

58 E0060_B_FKC ETGSA Survey/Benchmark NGS BMP FWA Yes Yes Quarterly 36.022252539 -119.104147377 NAD83 Existing FWA CP 11 NGS/NOAA OPUS NAVD88 3-Aug-20

59 E0061_B_FKC ETGSA Survey/Benchmark NGS BMP FWA Yes Yes Quarterly 36.007748289 -119.095966027 NAD83 Existing FWA CP 12 NGS/NOAA OPUS NAVD88 3-Aug-20

60 E0062_B_FKC ETGSA Survey/Benchmark NGS BMP FWA Yes Yes Quarterly 35.993320470 -119.107673094 NAD83 Existing FWA CP 13 NGS/NOAA OPUS NAVD88 10-Aug-20

61 E0063_G_FKC ETGSA GPS NGS BMP FWA Yes Yes Quarterly 35.978046133 -119.106731348 NAD83 Existing FWA GPS 3 NGS/NOAA OPUS NAVD88 27-Jul-20

62 E0064_B_FKC ETGSA Survey/Benchmark NGS BMP FWA Yes Yes Quarterly 35.977591551 -119.107239136 NAD83 Existing FWA CP 14 NGS/NOAA OPUS NAVD88 27-Jul-20

63 E0065_B_FKC ETGSA Survey/Benchmark NGS BMP FWA Yes Yes Quarterly 35.964394300 -119.107485400 NAD83 Existing FWA CP 15 NGS/NOAA OPUS NAVD88 3-Aug-20

63A E0114_B_FKC ETGSA Survey/Benchmark NGS BMP TS TAC Yes Yes Quarterly 35.964338200 -119.110823000 NAD83 NGS/NOAA OPUS NAVD88 3-Aug-20

64 E0066_B_FKC ETGSA Survey/Benchmark NGS BMP FWA Yes Yes Quarterly 35.964277624 -119.097249872 NAD83 Existing FWA CP 16 NGS/NOAA OPUS NAVD88 27-Jul-20

65 E0067_B_FKC ETGSA Survey/Benchmark NGS BMP FWA Yes Yes Quarterly 35.949756835 -119.107021382 NAD83 Existing FWA CP 17 NGS/NOAA OPUS NAVD88 10-Aug-20

66 E0068_B_FKC ETGSA Survey/Benchmark NGS BMP FWA Yes Yes Quarterly 35.942592460 -119.128878463 NAD83 Existing FWA CP 18 NGS/NOAA OPUS NAVD88 10-Aug-20

67 E0069_B_FKC ETGSA Survey/Benchmark NGS BMP FWA Yes Yes Quarterly 35.928049061 -119.137363740 NAD83 Existing FWA CP 19 NGS/NOAA OPUS NAVD88 3-Aug-20

83 E0085_B_RMS ETGSA Survey/Benchmark NGS BMP TS TAC Yes Yes Quarterly 36.015026637 -119.029953221 NAD83 Next to MAIN marker - NE Ave 124 tee into Rd 238 NGS/NOAA OPUS NAVD88 3-Aug-20

84 E0086_B_RMS ETGSA Survey/Benchmark NGS BMP TS TAC Yes Yes Quarterly 35.982697113 -119.046424029 NAD83 On Rd 236 Bridge - NE NGS/NOAA OPUS NAVD88 3-Aug-20

85 E0087_B_RMS ETGSA Survey/Benchmark NGS BMP TS TAC Yes Yes Annually 35.891593243 -119.054073831 NAD83
SW of Rd 232 and Ave 56 intersection - next to rd 232 

marker
NGS/NOAA OPUS NAVD88 27-Jul-20

86 E0088_B_RMS ETGSA Survey/Benchmark NGS BMP TS TAC Yes Yes Annually 35.859012369 -119.107778917 NAD83 On NE end of Rd 208 bridge NGS/NOAA OPUS NAVD88 27-Jul-20

88 P0090_B_RMS Pixley ID GSA Survey/Benchmark NGS BMP TS TAC Yes Yes Annually 35.921016100 -119.161701600 NAD83 NGS/NOAA OPUS NAVD89 12-Aug-21

91 P0093_B_RMS Pixley ID GSA Survey/Benchmark NGS BMP TS TAC Yes Yes Annually 35.921023200 -119.179421700 NAD83 NGS/NOAA OPUS NAVD92 19-Aug-21

92 P0094_B_RMS Pixley ID GSA Survey/Benchmark NGS BMP TS TAC Yes Yes Annually 35.936824800 -119.214756200 NAD83 NGS/NOAA OPUS NAVD93 19-Aug-21

92A E0089_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.949882300 -119.121121000 NAD83 At bridge on Ave 88 crossing FKC NGS/NOAA OPUS NAVD88 30-Aug-22

93 E0090_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.935379000 -119.133460000 NAD83 At bridge on Ave 80 crossing FKC NGS/NOAA OPUS NAVD88 30-Aug-22

94 E0091_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.964221000 -119.125305000 NAD83 Intersections of E Terra Bella Ave and Queen B RD NGS/NOAA OPUS NAVD88 2-Sep-22

95 E0092_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.949994000 -119.144013000 NAD83 NW Corner of intersection of Ave 88 and Rd 192 NGS/NOAA OPUS NAVD88 30-Aug-22

96 E0093_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.935268000 -119.109074000 NAD83 ~500ft West from intersection of Ave 80 and Rd 208 NGS/NOAA OPUS NAVD88 30-Aug-22

97 E0094_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.942736000 -119.107482000 NAD83 NGS/NOAA OPUS NAVD88 30-Aug-22

98 E0095_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.949595000 -119.089902000 NAD83 NGS/NOAA OPUS NAVD88 30-Aug-22

99 E0096_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.950024000 -119.152902000 NAD83
Intersection of unnamed residential road and Ave 88 

between Rd 184 and Rd 192
NGS/NOAA OPUS NAVD88 30-Aug-22

100 E0097_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.949814000 -119.134855000 NAD83 Intersection of Ave 88 and Ave 96 NGS/NOAA OPUS NAVD88 19-Aug-22

Site Information of Benchmarks within the ETGSA Subsidence Monitored Area
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Point File 

Identifier
SiteID GSA

Type of 

Measurement

Installation 

Standard
1

Installed

By
2

Tule 

Subbasin 

TAC

Monitoring 

Network

ETGSA LSMP

Monitoring 

Network

Monitoring 

Frequency
Latitude Longitude

Horizontal 

Datum
Location Description

Established 

Standard
3

Vertical 

Datum

Date First 

Surveyed

Site Information of Benchmarks within the ETGSA Subsidence Monitored Area

101 E0098_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.993449000 -119.125472000 NAD83 NW Corner of intersection of Ave 112 and Rd 200 NGS/NOAA OPUS NAVD88 30-Aug-22

102 E0099_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.993207000 -119.089254000 NAD83 SE Corner of Ave 112 and Rd 216 NGS/NOAA OPUS NAVD88 30-Aug-22

103 E0100_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.978766000 -119.125347000 NAD83
Intersection of unnamed residential road and Ave 104 

between Rd 208 and Rd 192
NGS/NOAA OPUS NAVD88 24-Aug-22

104 E0101_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.978970000 -119.116649000 NAD83 ~0.5miles W of Rd 208 on Ave 104 NGS/NOAA OPUS NAVD88 24-Aug-22

105 E0102_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 36.007968000 -119.125503000 NAD83 NW corner of intersection of Ave 120 and Rd 200 NGS/NOAA OPUS NAVD88 24-Aug-22

106 E0103_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 36.007749000 -119.116638000 NAD83 SW corner of intersection of Ave 120 and Rd 204 NGS/NOAA OPUS NAVD88 24-Aug-22

107 E0104_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.935325000 -119.143992000 NAD83 SW corner of intersection of Ave 80 and Rd 192 NGS/NOAA OPUS NAVD88 30-Aug-22

108 E0105_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 36.051229000 -119.097278000 NAD83 At bridge crossing of Ave 144 and FKC NGS/NOAA OPUS NAVD88 30-Aug-22

109 E0106_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 36.022501000 -119.125537000 NAD83 NW corner of intersection of Ave 128 and Rd 200 NGS/NOAA OPUS NAVD88 30-Aug-22

110 E0107_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 36.022307000 -119.089109000 NAD83 NE corner of intersection of Ave 128 and Rd 216 NGS/NOAA OPUS NAVD88 30-Aug-22

111 E0108_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 36.051111000 -119.116205000 NAD83 Between Rd 200 and Rockford Rd on Ave 144 NGS/NOAA OPUS NAVD88 30-Aug-22

112 E0109_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 36.051318000 -119.071165000 NAD83
NW Corner of intersection of Ave 144 and S 

Westwood St
NGS/NOAA OPUS NAVD88 30-Aug-22

113 E0110_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.935271000 -119.116447000 NAD83 NGS/NOAA OPUS NAVD88 30-Aug-22

114 E0111_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.964213000 -119.085094000 NAD83 NGS/NOAA OPUS NAVD88 30-Aug-22

115 E0112_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 36.004220000 -119.071361000 NAD83 ~0.3 Miles S of intersection of Rd 224 and Ave 120 NGS/NOAA OPUS NAVD88 30-Aug-22

116 E0113_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 36.036668000 -119.079912000 NAD83 SW intersection of Ave 136 and West St NGS/NOAA OPUS NAVD88 30-Aug-22

117 P0095_B_LSMA Pixley - NGS BMP ETGSA No Yes Annually 35.939497000 -119.161718000 NAD83 ~0.2 Miles S of intersection of Ave 84 and Rd 184 NGS/NOAA OPUS NAVD88 30-Aug-22

118 P0096_B_RMS Pixley - NGS BMP TS TAC Yes Yes Annually 35.996666000 -119.179127000 NAD83 ~0.2 Miles N of intersection of Ave 112 and Rd 176 NGS/NOAA OPUS NAVD88 30-Aug-22

119 E0115_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.978820000 -119.134400000 NAD83 0.5 Miles W of RD 192 on Ave 104 NGS/NOAA OPUS NAVD88 1-Nov-22

120 E0116_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.986050000 -119.143410000 NAD83 0.5 Miles N of intersection of Ave 104 and Rd 192 NGS/NOAA OPUS NAVD88 1-Nov-22

121 E0117_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.987090000 -119.179020000 NAD83 ~0.2 Miles S of Ave 110 on Rd 176 NGS/NOAA OPUS NAVD88 14-Nov-22

122 E0118_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.974080000 -119.178860000 NAD83 ~0.2 Miles N of intersection of Ave 112 and Rd 176 NGS/NOAA OPUS NAVD88 16-Nov-22

123 E0119_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.964300000 -119.169890000 NAD83
~0.67 Miles N of Intersection of E Terra Bella Ave and 

Rd 176
NGS/NOAA OPUS NAVD88 14-Nov-22

124 E0120_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.964300000 -119.152040000 NAD83
~0.5 Miles W of intersection of Rd 192 and E Terra 

Bella Ave
NGS/NOAA OPUS NAVD88 1-Nov-22

125 E0121_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.964260000 -119.135310000 NAD83
~0.5 Miles E of Intersection of Rd 192 and E Terra 

Bella Ave
NGS/NOAA OPUS NAVD88 1-Nov-22

126 E0122_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.971680000 -119.161110000 NAD83
0.5 Miles N of intersection of E Terra Bella Ave and Rd 

184
NGS/NOAA OPUS NAVD88 14-Nov-22

127 E0123_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.978840000 -119.152340000 NAD83 Intersection of Ave 188 and Ave 104 NGS/NOAA OPUS NAVD88 1-Nov-22

128 E0124_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.985900000 -119.161120000 NAD83 ~0.5 N of Ave 104 on Rd 184 NGS/NOAA OPUS NAVD88 1-Nov-22

129 E0125_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.972290000 -119.143280000 NAD83
0.5 Miles north of intersection of E Terra Bella Ave and 

Rd 192
NGS/NOAA OPUS NAVD88 1-Nov-22

130 E0126_B_LSMA ETGSA - NGS BMP ETGSA No Yes Quarterly 35.978920000 -119.170040000 NAD83 Intersection of Rd 180 and Ave 104 NGS/NOAA OPUS NAVD88 14-Nov-22
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Site Information of Benchmarks within the ETGSA Subsidence Monitored Area

Notes:
1

2 TS TAC = Tule Subbasin Technical Advisory Committee, ETGSA = Eastern Tule Groundwater Sustainability Agency, and FWA = Friant Water Authority
3 The standard that the GPS device corrects against is the National Geodetic Survey/National Oceanic and Atmospheric Administration On-Line Positional Users System (NGS/NOAA OPUS). This Established Standard is used to process the GPS data. See: 

https://www.ngs.noaa.gov/OPUS/

The National Geodetic Standard Best Management Practices (NGS BMP) for installation are referenced during installation but not necessarily followed. Based on the discretion of the installation team, the safest and most secure installation 

method is used.
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Identifier
SiteID

RP Elevation
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GS Elevation
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Date

Measured

Established 
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2
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Datum
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Base
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Base

Station7

35 E0035_B_RMS 342.106 342.106 27-Jul-20 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DN7413P545

35 E0035_B_RMS 341.436 341.436 20-Jul-21 NGS/NOAA OPUS NAVD88 DN7422P567 DN7413P545 DK6414P566

35 E0035_B_RMS 341.390 341.390 23-Mar-22 NGS/NOAA OPUS NAVD88 DG7411P067 DK2748SFDM DN5616TJRN

35 E0035_B_RMS 341.106 341.106 16-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7422P567

35 E0035_B_RMS 340.837 340.837 18-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7422P567

36 P0036_B_RMS 323.575 323.575 27-Jul-20 NGS/NOAA OPUS NAVD88 DM6168P572 DM6177P544 DN7413P545

36 P0036_B_RMS 323.074 323.074 20-Jul-21 NGS/NOAA OPUS NAVD88 DM6177P544 DM6186P572 DK6414P566

36 P0036_B_RMS 322.710 322.710 16-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM6186P572

37 P0037_B_RMS 324.560 324.560 22-Jul-20 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DM6186P572

37 P0037_B_RMS 324.074 324.074 20-Jul-21 NGS/NOAA OPUS NAVD88 DM6186P572 DK6414P566 DM6177P544

37 P0037_B_RMS 323.570 323.570 16-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM6186P572

47 E0047_B_RMS 366.190 366.190 27-Jul-20 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DM6177P544 DK6390 DK6411P467 DM6180P558 DN7413P545

47 E0047_B_RMS 365.734 365.734 21-Jul-21 NGS/NOAA OPUS NAVD88 DN7413P545 DM6186P572 DM7566P563

47 E0047_B_RMS 365.420 365.420 22-Mar-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM7566P563

47 E0047_B_RMS 365.354 365.354 16-Aug-22 NGS/NOAA OPUS NAVD88 DM6186P572 DK6414P566 DM6177P544

47 E0047_B_RMS 365.148 365.148 18-Oct-22 NGS/NOAA OPUS NAVD88 DK66414P566 DM6177P544 DM6186P572

48 E0048_B_RMS 370.475 370.475 27-Jul-20 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7422P567

48 E0048_B_RMS 369.890 369.890 22-Jul-21 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DN7413P545

48 E0048_B_RMS 369.810 369.810 23-Mar-22 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DM6177P544 DK6390MUSB DK6411P467 DM6180P558 DH4506P539 

48 E0048_B_RMS 369.134 369.134 16-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7413P545

48 E0048_B_RMS 369.186 369.186 18-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7422P567

49 E0049_B_RMS 403.188 403.188 27-Jul-20 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7422P567

49 E0049_B_RMS 402.611 402.611 21-Jul-21 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7413P545

49 E0049_B_RMS 402.660 402.660 18-May-22 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DM7566P563

49 E0049_B_RMS 401.952 401.952 16-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7422P567

49 E0049_B_RMS 402.011 402.011 18-Oct-22 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DK6414P566

51 E0051_B_FKC 397.321 397.321 27-Jul-20 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DM6177P544 DK6390 DK6411P467 DH4506P539 DN5639P093

51 E0051_B_FKC 397.056 397.056 19-Jul-21 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM6186P572

51 E0051_B_FKC 396.951 396.951 28-Mar-22 NGS/NOAA OPUS NAVD88 DM6186P572 DM6177P544 DK6414P566 

51 E0051_B_FKC 396.785 396.785 30-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM6186P572

51 E0051_B_FKC 396.703 396.703 11-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM6186P572

52 E0053_B_FKC 399.753 399.753 27-Jul-20 NGS/NOAA OPUS NAVD88 DM6186P572 DN7413P545 DM6177P544

52 E0053_B_FKC 399.320 399.320 22-Jul-21 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DN7413P545

52 E0053_B_FKC 399.471 399.471 23-Mar-22 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DM6177P544 DK6390MUSB DK6411P467 DM6180P558 DH4506P539 

52 E0053_B_FKC 399.167 399.167 16-Aug-22 NGS/NOAA OPUS NAVD88 DM6186P572 DM6177P544 DK6414P566

52 E0053_B_FKC 399.239 399.239 11-Oct-22 NGS/NOAA OPUS NAVD88 DM6186 P572 DN7422 P567 DM6177 P544 DK6390 MUSB DK6411 P467 DM6180 P558 DH4506 P539

54 E0056_G_FKC 406.735 406.735 27-Jul-20 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DK6414P566

54 E0056_G_FKC 406.754 406.754 19-Jul-21 NGS/NOAA OPUS NAVD88 DM6177P544 DM6186P572 DK6414P566

54 E0056_G_FKC 406.600 406.600 23-Mar-22 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DM6177P544

54 E0056_G_FKC 406.693 406.693 16-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM6186P572

54 E0056_G_FKC 406.604 406.604 11-Oct-22 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DM6177P544 DK6390MUSB DK6411P467 DM6180P558 DM7566P563

55 E0057_B_FKC 399.287 399.287 3-Aug-20 NGS/NOAA OPUS NAVD88 DM6186P572 DK6414P566 DM6177P544

55 E0057_B_FKC 399.120 399.120 21-Jul-21 NGS/NOAA OPUS NAVD88 DN7413P545 DM6186P572 DK6414P566

55 E0057_B_FKC 399.060 399.060 22-Mar-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM7566P563

55 E0057_B_FKC 398.921 398.921 16-Aug-22 NGS/NOAA OPUS NAVD88 DM6186P572 DM6177P544 DK6414P566

55 E0057_B_FKC 398.871 398.871 11-Oct-22 NGS/NOAA OPUS NAVD88 DM6186P572 DK6414P566 DM6177P544

Survey Results of Benchmarks within the ETGSA Subsidence Monitored Area
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56 E0058_B_FKC 407.791 407.791 3-Aug-20 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DN7422P567

56 E0058_B_FKC 407.680 407.680 21-Jul-21 NGS/NOAA OPUS NAVD88 DK6414P566 DN7422P567 DM6186P572

56 E0058_B_FKC 407.700 407.700 25-Mar-22 NGS/NOAA OPUS NAVD88 DN7422P567 DM6186P572 DK6414P566

56 E0058_B_FKC 407.382 407.382 4-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DK6414P566

56 E0058_B_FKC 407.208 407.208 11-Oct-22 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DM6186P572

57 E0059_B_FKC 418.007 418.007 3-Aug-20 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DK6414P566

57 E0059_B_FKC 417.673 417.673 21-Jul-21 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DM6177P544

57 E0059_B_FKC 417.430 417.430 22-Mar-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DM6186P572 

57 E0059_B_FKC 417.172 417.172 4-Aug-22 NGS/NOAA OPUS NAVD88 DN7422P567 DM6186P572 DM6177P544

57 E0059_B_FKC 417.113 417.113 11-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM6186P572

58 E0060_B_FKC 393.648 393.648 3-Aug-20 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7413P545

58 E0060_B_FKC 393.410 393.410 21-Jul-21 NGS/NOAA OPUS NAVD88 DM6177P544 DM6186P572 DK6414P566

58 E0060_B_FKC 393.543 393.543 22-Mar-22 NGS/NOAA OPUS NAVD88 DN7413P545 DM6177P544 DM7566P563

58 E0060_B_FKC 393.002 393.002 16-Aug-22 NGS/NOAA OPUS NAVD88 DM6186P572 DM6177P544 DK6414P566

58 E0060_B_FKC 392.825 392.825 11-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM6186P572

59 E0061_B_FKC 403.848 403.848 3-Aug-20 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7413P545

59 E0061_B_FKC 403.540 403.540 22-Jul-21 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DM6186P572

59 E0061_B_FKC 403.336 403.336 22-Mar-22 NGS/NOAA OPUS NAVD88 DM6186P572 DM7566P563 DN7413P545 

59 E0061_B_FKC 403.205 403.205 16-Aug-22 NGS/NOAA OPUS NAVD88 DM6186P572 DK6414P566 DM6177P544

59 E0061_B_FKC 402.772 402.772 11-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM6186P572

60 E0062_B_FKC 403.627 403.627 10-Aug-20 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM6177P544

60 E0062_B_FKC 403.220 403.220 22-Jul-21 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM7566P563

60 E0062_B_FKC 403.340 403.340 18-May-22 NGS/NOAA OPUS NAVD88 DM6177P544 DM6186P572 DK6414P566

60 E0062_B_FKC 403.068 403.068 16-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM6177P544

60 E0062_B_FKC 402.976 402.976 18-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM7566P563

61 E0063_G_FKC 403.228 403.228 27-Jul-20 NGS/NOAA OPUS NAVD88 DM6186P572 DM6177P544 DK6414P566

61 E0063_G_FKC 402.850 402.850 22-Jul-21 NGS/NOAA OPUS NAVD88 DM6177P544 DM6186P572 DM7566P563

61 E0063_G_FKC 402.664 402.664 22-Mar-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7413P545 

61 E0063_G_FKC 402.493 402.493 16-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DM6186P572 DK6414P566

61 E0063_G_FKC 402.316 402.316 1-Nov-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DM6186P572

62 E0064_B_FKC 400.787 400.787 27-Jul-20 NGS/NOAA OPUS NAVD88 DM6186P572 DM6177P544 DK6414P566

62 E0064_B_FKC 400.606 400.606 22-Jul-21 NGS/NOAA OPUS NAVD88 DM6186P572 DK6414P566 DM6177P544

62 E0064_B_FKC 400.452 400.452 25-Mar-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DM6186P572 

62 E0064_B_FKC 400.167 400.167 16-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM6177P544

62 E0064_B_FKC 399.806 399.806 11-Oct-22 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DM6177P544 DK6390MUSB DK6411P467 DM6180P558 DH4506P539

63 E0065_B_FKC 400.140 400.140 12-Aug-21 NGS/NOAA OPUS NAVD88 DN7413P545 DM6177P544 DM7566P563

63 E0065_B_FKC 400.062 400.062 16-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DN7422P567 DM6177P544

63 E0065_B_FKC 399.528 399.528 18-Oct-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7422P567

63A E0114_B_FKC 393.743 393.743 3-Aug-20 NGS/NOAA OPUS NAVD88 DN7422P567 DK6414P566 DM6177P544

63A E0114_B_FKC 393.169 393.169 28-Mar-22 NGS/NOAA OPUS NAVD88 DN7422P567 DK6414P566 DN7413P545 

63A E0114_B_FKC 392.671 392.671 18-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7413P545

64 E0066_B_FKC 411.938 411.938 27-Jul-20 NGS/NOAA OPUS NAVD88 DK6414P566 DN7422P567 DM6177P544

64 E0066_B_FKC 411.620 411.620 21-Jul-21 NGS/NOAA OPUS NAVD88 DN7422P567 DM6177P544 DK6414P566

64 E0066_B_FKC 411.403 411.403 22-Mar-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM7566P563 DN7422P567 

64 E0066_B_FKC 411.286 411.286 16-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DK6414P566

64 E0066_B_FKC 411.020 411.020 18-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7422P567
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65 E0067_B_FKC 408.037 408.037 10-Aug-20 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7422P567

65 E0067_B_FKC 407.470 407.470 12-Aug-21 NGS/NOAA OPUS NAVD88 DM6186P572 DK6414P566 DM6177P544

65 E0067_B_FKC 407.289 407.289 23-Mar-22 NGS/NOAA OPUS NAVD88 AF9693COSO DG7411P067 DK2748SFDM

65 E0067_B_FKC 407.287 407.287 16-Aug-22 NGS/NOAA OPUS NAVD88 DN7422P567 DM6177P544 DK6414P566

65 E0067_B_FKC 407.139 407.139 18-Oct-22 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DK6414P566

66 E0068_B_FKC 391.210 391.210 10-Aug-20 NGS/NOAA OPUS NAVD88 DN7422P567 DM6177P544 DK6414P566

66 E0068_B_FKC 390.665 390.665 21-Jul-21 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DK6414P566

66 E0068_B_FKC NOT FOUND NOT FOUND 2022-NM NGS/NOAA OPUS NAVD88

66 E0068_B_FKC GONE GONE NGS/NOAA OPUS NAVD88

67 E0069_B_FKC 397.400 397.400 3-Aug-20 NGS/NOAA OPUS NAVD88 DN7422P567 DM6177P544 DK6414P566

67 E0069_B_FKC 397.142 397.142 21-Jul-21 NGS/NOAA OPUS NAVD88 DN7422P567 DM6177P544 DK6414P566

67 E0069_B_FKC 396.741 396.741 23-Mar-22 NGS/NOAA OPUS NAVD88 DN7422P567 DK6414P566 DM6177P544

67 E0069_B_FKC GONE GONE NGS/NOAA OPUS NAVD88

83 E0085_B_RMS 480.567 480.567 3-Aug-20 NGS/NOAA OPUS NAVD88 DN7422P567 DM6186P572 DK6414P566

83 E0085_B_RMS 480.470 480.470 26-Jul-21 NGS/NOAA OPUS NAVD88 AF9693COSO DH3885P283 DN5639P093

83 E0085_B_RMS 480.374 480.374 2-Sep-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM6177P544

84 E0086_B_RMS 447.657 447.657 3-Aug-20 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DN7422P567

84 E0086_B_RMS 447.260 447.260 26-Jul-21 NGS/NOAA OPUS NAVD88 DH3885P283 AF9693COSO DH9027P282

84 E0086_B_RMS 447.064 447.064 2-Sep-22 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DM6177P544

85 E0087_B_RMS 531.065 531.065 27-Jul-20 NGS/NOAA OPUS NAVD88 DN7422P567 DK6414P566 DM6177P544

85 E0087_B_RMS 530.900 530.900 26-Jul-21 NGS/NOAA OPUS NAVD88 DH9027P282 DH3885P283 AF9693COSO

85 E0087_B_RMS 530.796 530.796 23-Mar-22 NGS/NOAA OPUS NAVD88 DH3622P576 DK2748SFDM AF9693COSO 

85 E0087_B_RMS 530.617 530.617 8-Sep-22 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DK6414P566

85 E0087_B_RMS 530.610 530.610 14-Nov-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7413P545

86 E0088_B_RMS 457.473 457.473 27-Jul-20 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DK6414P566

86 E0088_B_RMS 457.160 457.160 26-Jul-21 NGS/NOAA OPUS NAVD88 DK7589P280 DK6411P467 DH9027P282

86 E0088_B_RMS 457.483 457.483 23-Mar-22 NGS/NOAA OPUS NAVD88 DG7411P067 DH3622P576 AF9693COSO 

86 E0088_B_RMS 457.133 457.133 2-Sep-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7422P567

86 E0088_B_RMS 457.034 457.034 1-Nov-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7422P567

88 P0090_B_RMS 368.390 368.390 12-Aug-21 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7413P545

88 P0090_B_RMS 368.064 368.064 16-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7413P545

91 P0093_B_RMS 349.960 349.960 19-Aug-21 NGS/NOAA OPUS NAVD88 DM7566P563 DN7413P545 DM6186P572

91 P0093_B_RMS 349.760 349.760 16-Aug-22 NGS/NOAA OPUS NAVD88 DN7422P567 DK6414P566 DM7566P563

92 P0094_B_RMS 310.790 310.790 19-Aug-21 NGS/NOAA OPUS NAVD88 DM6177P544 DM6186P572 DK6414P566

92 P0094_B_RMS 310.341 310.341 24-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7422P567

92A E0089_B_LSMA 404.446 404.446 30-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DM7566P563

92A E0089_B_LSMA 404.278 404.278 1-Nov-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7413P545

93 E0090_B_LSMA 404.311 404.311 30-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM7566P563

93 E0090_B_LSMA 404.318 404.318 14-Nov-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7422P567

94 E0091_B_LSMA 378.323 378.323 2-Sep-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7422P567

94 E0091_B_LSMA 378.235 378.235 18-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DN7413P545 DM6177P544

95 E0092_B_LSMA 372.484 372.484 30-Aug-22 NGS/NOAA OPUS NAVD88 DN7422P567 DM6177P544 DN7422P567

95 E0092_B_LSMA 372.224 372.224 18-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DN7422P567 DM6177P544

96 E0093_B_LSMA 416.112 416.112 30-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DM7566P563 DK6414P566

96 E0093_B_LSMA 415.879 415.879 1-Nov-22 NGS/NOAA OPUS NAVD88 DN7422P567 DK6414P566 DN7413P545

97 E0094_B_LSMA 409.173 409.173 30-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7422P567
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97 E0094_B_LSMA 409.022 409.022 1-Nov-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7422P567

98 E0095_B_LSMA 421.119 421.119 30-Aug-22 NGS/NOAA OPUS NAVD88 DN7422P567 DM6177P544 DK6414P566

98 E0095_B_LSMA 420.719 420.719 1-Nov-22 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DM6177P544 DK6390MUSB DK6411P467 DM6180P558 DM7566P563

99 E0096_B_LSMA 363.858 363.858 30-Aug-22 NGS/NOAA OPUS NAVD88 DN7413P545 DN7422P567 DM6177P544

99 E0096_B_LSMA 363.520 363.520 18-Oct-22 NGS/NOAA OPUS NAVD88 DM7566P563 DM6177P544 DK6414P566

100 E0097_B_LSMA 378.829 378.829 19-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7422P567

100 E0097_B_LSMA 378.740 378.740 18-Oct-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7422P567

101 E0098_B_LSMA 381.424 381.424 30-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DM6186P572 DM7566P563

101 E0098_B_LSMA 381.440 381.440 25-Oct-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DM6186P572

102 E0099_B_LSMA 413.665 413.665 30-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7422P567

102 E0099_B_LSMA 413.511 413.511 25-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM6177P544

103 E0100_B_LSMA 381.995 381.995 24-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DN7413P545

103 E0100_B_LSMA 381.841 381.841 1-Nov-22 NGS/NOAA OPUS NAVD88 DK6414P566 DN7413P545 DM6186P572

104 E0101_B_LSMA 388.123 388.123 24-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM6177P544

104 E0101_B_LSMA 388.084 388.084 1-Nov-22 NGS/NOAA OPUS NAVD88 DM6186P572 DM6177P544 DK6414P566

105 E0102_B_LSMA 383.209 383.209 24-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM7566P563

105 E0102_B_LSMA 382.831 382.831 25-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM6177P544

106 E0103_B_LSMA 389.383 389.383 24-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DM6186P572 DK6414P566

106 E0103_B_LSMA 389.000 389.000 25-Oct-22 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DM6177P544 DK6390MUSB DK6411P467 DM6180P558 DN7413P545

107 E0104_B_LSMA 379.590 379.590 30-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM7566P563

107 E0104_B_LSMA 379.491 379.491 18-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DN7413P545 DN7422P567

108 E0105_B_LSMA 412.172 412.172 30-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM6177P544

108 E0105_B_LSMA 412.083 412.083 25-Oct-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DM6186P572

109 E0106_B_LSMA 382.569 382.569 30-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DN7413P545 DM6177P544

109 E0106_B_LSMA 381.959 381.959 25-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM7566P563 DN7413P545

110 E0107_B_LSMA 409.121 409.121 30-Aug-22 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DK6414P566

110 E0107_B_LSMA 409.186 409.186 25-Oct-22 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DK6414P566

111 E0108_B_LSMA 389.816 389.816 30-Aug-22 NGS/NOAA OPUS NAVD88 DM6186P572 DK6414P566 DM6177P544

111 E0108_B_LSMA 389.692 389.692 25-Oct-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM6186P572

112 E0109_B_LSMA 421.056 421.056 30-Aug-22 NGS/NOAA OPUS NAVD88 DM6186P572 DM6177P544 DK6414P566

112 E0109_B_LSMA 421.073 421.073 25-Oct-22 NGS/NOAA OPUS NAVD88 DN7413P545 DM6177P544 DN7422P567

113 E0110_B_LSMA 409.469 409.469 30-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM7566P563

113 E0110_B_LSMA 409.665 409.665 18-Oct-22 NGS/NOAA OPUS NAVD88 DM7566P563 DN7422P567 DK6414P566

114 E0111_B_LSMA 424.551 424.551 30-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DN7422P567 DM6177P544

114 E0111_B_LSMA 424.380 424.380 25-Oct-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DN7422P567

115 E0112_B_LSMA 417.280 417.280 30-Aug-22 NGS/NOAA OPUS NAVD88 DM6177P544 DN7422P567 DN7422P567

115 E0112_B_LSMA 417.162 417.162 25-Oct-22 NGS/NOAA OPUS NAVD88 DM6177P544 DM6186P572 DN7413P545

116 E0113_B_LSMA 416.257 416.257 30-Aug-22 NGS/NOAA OPUS NAVD88 DN7422P567 DM6177P544 DM6186P572

116 E0113_B_LSMA 416.145 416.145 25-Oct-22 NGS/NOAA OPUS NAVD88 DM6177P544 DN7413P545 DM6186P572

117 P0095_B_LSMA 360.778 360.778 30-Aug-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM7566P563

118 P0096_B_RMS 336.529 336.529 30-Aug-22 NGS/NOAA OPUS NAVD88 DM6186P572 DM6177P544 DK6414P566

119 E0115_B_LSMA 372.621 372.621 1-Nov-22 NGS/NOAA OPUS NAVD88 DM6177P544 DM6186P572 DM7566P563

120 E0116_B_LSMA 365.220 365.220 1-Nov-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM6177P544

121 E0117_B_LSMA 338.340 338.340 14-Nov-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM6186P572

122 E0118_B_LSMA 341.325 341.325 16-Nov-22 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DM6177P544 DK6390MUSB DK6411P467 DM6180P558 DH4506P539

123 E0119_B_LSMA 349.902 349.902 14-Nov-22 NGS/NOAA OPUS NAVD88 DM6186P572 DN7422P567 DM6177P544 DK6390MUSB DK6411P467 DM6180P558 DH4506P539
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Point File 

Identifier
SiteID

RP Elevation

(ft amsl)

GS Elevation

(ft amsl)

Date

Measured

Established 

Standard
2

Vertical 

Datum

Base

Station1
3

Base

Station2

Base

Station3

Base

Station4

Base

Station5

Base

Station6

Base

Station7

Survey Results of Benchmarks within the ETGSA Subsidence Monitored Area

124 E0120_B_LSMA 360.965 360.965 1-Nov-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DN7413P545

125 E0121_B_LSMA 370.197 370.197 1-Nov-22 NGS/NOAA OPUS NAVD88 DN7422P567 DM6177P545 DM7566P563

126 E0122_B_LSMA 355.053 355.053 14-Nov-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6186P572 DM6177P544

127 E0123_B_LSMA 357.162 357.162 1-Nov-22 NGS/NOAA OPUS NAVD88 DM6186P572 DM6177P544 DM7566P563

128 E0124_B_LSMA 349.495 349.495 1-Nov-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM6186P572

129 E0125_B_LSMA 366.955 366.955 1-Nov-22 NGS/NOAA OPUS NAVD88 DM6177P544 DK6414P566 DM6186P572

130 E0126_B_LSMA 345.190 345.190 14-Nov-22 NGS/NOAA OPUS NAVD88 DK6414P566 DM6177P544 DM6186P572

Notes:
1

2

The standard that the GPS device corrects against is the National Geodetic Survey/National Oceanic and Atmospheric Administration On-Line Positional Users System (NGS/NOAA OPUS). This 

Established Standard is used to process the GPS data. See: https://www.ngs.noaa.gov/OPUS/

The Base Stations are Continuously Operating Reference Stations (CORS) and are the nearest reference stations, used by OPUS, to the position being occupied. The CORS stations are connected to 

a network that continuously sends positional corrections to GPS users.
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Appendix C 
Groundwater Level Hydrographs – Upper Aquifer 
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