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5 Monitoring Network 

5.1 Introduction 

Regulation Requirements: 
§354.34(a) Each Agency shall develop a monitoring network capable of collecting sufficient data to demonstrate short-term, 
seasonal, and long-term trends in groundwater and related surface conditions, and yield representative information about 
groundwater conditions as necessary to evaluate Plan Implementation. 

 
This chapter identifies the monitoring network being developed by the NKGSA .  The purpose of the 
monitoring network is to collect sufficient data to determine short-term, seasonal, and long-term 
trends in groundwater and related surface conditions and document information necessary to support 
the implementation of this Plan, evaluate the effectiveness of this Plan, and support decision making.  
The monitoring network includes six components, as shown below. 
 

 
This chapter describes current and future monitoring programs.  The results of historical monitoring 
efforts can be found in Section 3.2 – Current and Historical Groundwater Conditions.  

Groundwater Levels

•Monitoring of static groundwater levels each Spring and Fall

Groundwater Storage

•Measurement of the annual change in groundwater storage

Water Quality

•Monitoring for water quality degradation that could impact available 
groundwater supplies

Land Subsidence

•Surface land subsidence caused by groundwater extraction

Depletion of Interconnected Surface Water

•Loss of permanent connections between surface water and groundwater

Seawater Intrusion

•Intrusion of seawater into local aquifers. This is not applicable to the North 
Kings GSA
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 Monitoring network objectives 

Regulation Requirements: 
§354.34(b) Each Plan shall include a description of the monitoring network objectives for the basin, including an explanation of 
how the network will be developed and implemented to monitor groundwater and related surface conditions, and the 
interconnection of surface water and groundwater, with sufficient temporal frequency and spatial density to evaluate the affects 
and effectiveness of Plan implementation. The monitoring network objectives shall be implemented to accomplish the following: 

1) Demonstrate progress toward achieving measurable objectives described in the Plan. 
2) Monitor impacts to the beneficial uses or users of groundwater 
3) Monitor changes in groundwater conditions relative to measurable objectives and minimum thresholds. 
4) Quantify annual changes in water budget components. 

The objectives of the various monitoring programs include the following:  
1. Establish a baseline for future monitoring. 
2. Provide warning of potential future problems.  
3. Use data gathered to generate information for water resources evaluation.  
4. Help to quantify annual changes in water budget components. 
5. Develop meaningful long-term trends in groundwater characteristics.  
6. Provide data comparable from place to place in the Plan Area.  
7. Demonstrate progress toward achieving measurable objectives described in the Plan. 
8. Monitor changes in groundwater conditions relative to minimum thresholds. 
9. Monitor impacts to the beneficial uses or users of groundwater. 

 Network Development Process 

§354.34(c) Each monitoring network shall be designed to accomplish the following for each sustainability indicator: 
[§354.34(c)(1) through §354.34(c)(6) are individually listed below] 

 
Sections 5.2 through 5.7 describe existing networks within the GSA’s boundary which track 
groundwater levels, groundwater storage, water quality, land subsidence, and depletion of 
interconnected surface water. For each sustainability indicator, the adequacy of the monitoring 
network is discussed, as well as the quantitative values for minimum thresholds, measurable 
objectives, and interim milestones.  The sections also include a review of each monitoring network 
for monitoring frequency and density, identification of data gaps, plans to fill data gaps, and future 
site selection.  This information will be reviewed and evaluated during each five-year assessment. 
 
Groundwater monitoring has been performed in the NKGSA area for many decades by the Fresno 
Irrigation District (FID) and the communities that pump and supply domestic water.  More recently, 
most of the NKGSA member agencies performed groundwater monitoring as part of the Fresno Area 
Regional Groundwater Management Plan.  These programs will continue and be expanded to comply 
with SGMA monitoring requirements.  Past monitoring has been performed on a local agency level, 
with data sharing between neighboring agencies to better understand groundwater boundary 
conditions such as depth to water and flow.  These partnerships will also be maintained and enhanced 
to provide useful agency and region-wide information. 
 
New monitoring networks will be developed, and existing networks enhanced when necessary, using 
the Data Quality Objective (DQO) process, which follows the U.S. EPA Guidance on Systematic Planning 
Using the Data Quality Objectives Process (EPA, 2006).  The DQO process is also outlined in the DWR’s 
Best Management Practices for Monitoring Networks and Identification of Data Gaps (2016a) and 
Best Management Practices for Monitoring Protocols, Standards and Sites (2016b).  The DQO 
process includes the following:  
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1. State the problem.  

2. Identify the goal.   

3. Identify the inputs.  

4. Define the boundaries of the area/issue being studied. 

5. Develop an analytical approach.  

6. Specify performance or acceptance criteria.  

7. Develop a plan for obtaining data.  

 
The DQO process helps to ensure a robust approach and that data is collected with a specific goal in 
mind. 
 

5.2 Groundwater Levels  

 Description of Monitoring Network 

Regulation Requirements: 
§354.34(c)(1) Chronic Lowering of Groundwater Levels. Demonstrate groundwater occurrence, flow directions, and 
hydraulic gradients between principal aquifers and surface water features by the following methods: 
    A) A sufficient density of monitor wells to collect representative measurements through depth-discrete perforated 
intervals to characterize the groundwater table or potentiometric surface for each principal aquifer. 
    B) Static groundwater elevation measurements shall be collected at least two times per year, to represent seasonal 
low and seasonal high groundwater conditions. 

Kings Basin monitoring networks for each GSA will utilize existing wells that are currently 
monitored for groundwater level including but not limited to CASGEM, KRCD, City, and District 
monitoring wells. The groundwater level monitoring network for each GSA is shown in Figure 5-1. 
Each GSA will discuss their individual monitoring network in their respective GSP. The 
groundwater elevation measurements will be collected every March and October to provide data on 
the seasonal high and seasonal low groundwater conditions, respectively. 
 

Groundwater levels have been monitored in most of the NKGSA area since the 1920s.  In 2005, the 
Fresno Regional Groundwater Management Group was formed and began collaborating on 
groundwater level monitoring and reporting for a region similar in geographic extent to the NKGSA.  
This group shared groundwater level data and has prepared an annual groundwater report since 2006.  
The geographic area covered by this effort will be slightly expanded to include the entire NKGSA 
area.  Each agency will continue to manage its groundwater level monitoring network, and the 
NKGSA may assist with data collection and monitoring.  The data will be compiled into a single 
database to assist with regional evaluations, groundwater contour maps, groundwater flow 
determination, and annual reporting (see Section 7.4 – Data Management System).  Data will also be 
shared with each of the six other GSAs in the Kings Basin to prepare regional groundwater contour 
maps and annual reports. 
 
Most of the NKGSA members have measured groundwater levels on a regular basis.  However, some 
have only performed it annually or on a sporadic basis, and the timing of fall and spring measurements 
has not been consistent.  Each agency will monitor groundwater levels every March and October to 
provide consistency in the measurements.    
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Figure 5-1
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Groundwater levels are measured in various types of wells including:  

• Municipal wells: Most municipal wells are available for monitoring. 

• Dedicated Monitor Wells: Dedicated monitor wells are in the NKGSA, such as next to 
productions wells and at groundwater banks and wastewater treatment plants.  These are the 
most useful monitoring points.  A select group of monitor wells has been added to the network 
and will be monitored semi-ly. 

• Groundwater Bank Recovery Wells: FID owns and operates groundwater recovery wells at 
its banking facilities.  

• Private Wells: Areas outside of the municipal agencies have limited coverage from public 
owned wells.  As a result, FID has consent from numerous landowners, primarily irrigators, 
to monitor water levels in their wells. Access agreements are needed to monitor these wells.  
Sometimes these wells cannot be monitored if the pump is running or there are access issues, 
such as locked gates. 

• Wells in Adjacent GSAs: Groundwater level data from adjoining areas, including other 
agencies to the north, south, and west of the North Kings GSA, will also be collected to help 
provide better interpretation of GSA boundary flow conditions.  (Note: long term agreements still 
need to be prepared to collect/share data with other GSAs.) Groundwater levels to the east of the 
NKGSA would not be useful since the alluvial groundwater basin ends on the eastern border 
of the NKGSA with the adjacent Sierra Nevada. 

 
Within the NKGSA there is an unconfined aquifer, covering the entire NKGSA, and a confined 
aquifer, covering a smaller portion of the western edge of the NKGSA beneath the Corcoran Clay.  
As indicated in Section 3.1- Hydrologic Conceptual Model, there is an enhanced concept of confined 
groundwater conditions over most of the NKGSA (outside of the area underlain by the Corcoran 
Clay).  Groundwater level data from wells in the NKGSA will continue to be collected and evaluated 
to gain a better understanding of whether the confined groundwater conditions east of the Corcoran 
Clay are present.  The NKGSA will develop a program to obtain additional construction information 
on wells in the monitoring network.  This information will be used to evaluate shallow groundwater 
conditions, and as wells are identified that tap the deeper confined to semi-confined water, the data 
will be used to help refine the concept of confined groundwater conditions in the NKGSA.   In time, 
as more well construction information becomes available, separate groundwater-level monitoring 
programs may be needed to monitor the two aquifers. 

 Adequacy of Monitoring Network 

Regulation Requirements: 
§354.34(d) The monitoring network shall be designed to ensure adequate coverage of sustainability indicators. If 
management areas are established, the quantity and density of monitoring sites in those areas shall be sufficient to 
evaluate conditions of the basin setting and sustainable management criteria specific to that area. 

§354.34(e) A Plan may utilize site information and monitoring data from existing sources as part of the monitoring 
network. 

 
The Kings Basin is not establishing management areas, rather the Basin is split into seven GSAs that 
will each have their own GSP. Each GSA has a minimum monitoring density of two wells within each 
36-square-mile township within the GSA.   The monitoring networks include wells that are currently 
being monitored.   GSAs plan to include additional wells to monitor in areas where minimal water 
level information has historically been collected, and for areas of the confined aquifer.   
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Groundwater Levels 
The existing groundwater-level monitoring network has performed adequately for several decades in 
preparing groundwater contour maps and identifying groundwater level trends.  The urban areas 
have dense well networks, and Well Completion Reports are readily available for most municipal 
wells.  In 2005, FID strengthened their network by adding more private wells, matching Well 
Completion Reports to some wells, surveying well locations using a common datum, photographing 
each well, and collecting well attribute information.  The current density of the monitoring network 
is adequate throughout the entire NKGSA (see Section 5.1.5).  However, data on the depth and 
perforated interval is required according to SGMA guidelines but is not known for many wells.   

 Density of Monitoring Sites and Frequency of Measurements 

Regulation Requirements: 
§354.34(f) The Agency shall determine the density of monitoring sites and frequency of measurements required to 
demonstrate short-term, seasonal, and long-term trends based upon the following factors: 
    1) Amount of current and projected groundwater use. 
    2) Aquifer characteristics, including confined or unconfined aquifer conditions, or other physical characteristics 
that affect groundwater flow. 
    3) Impacts to beneficial uses and users of groundwater and land uses and property interests affected by 
groundwater production, and adjacent basins that could affect the ability of that basin to meet the sustainability goal. 
    4) Whether the Agency has adequate long-term existing monitoring results or other technical information to 
demonstrate an understanding of aquifer response. 

Groundwater Levels 
Groundwater levels in the NKGSA area have been monitored since at least the 1920s.  Many wells 
have been continuously monitored for much of that time.  This data has enhanced understanding of 
long-term trends and the ability of the aquifer to respond to droughts and wet periods. 
 
The groundwater levels will be monitored in the spring (March) and fall (October) of each year.  
This differs slightly from historical measurements, but the NKGSA participants have agreed to this 
schedule to provide consistency in the data.  Spring measurements are designed to capture the 
recovery of the groundwater basin after an extended period of minimal agricultural and landscape 
irrigation demand, assuming a normal rainfall. The fall measurement would capture a period after 
peak irrigation and summertime urban demands have ceased, thereby showing the cumulative 
impacts on the groundwater basin before any natural recovery has taken place.   
 
Hopkins and Anderson (2016) provide recommendations for groundwater-level monitor well 
densities.  The densities range from 1 well per 150 square miles to 1 well per 25 square miles based 
on the quantity of groundwater pumped.  A minimum density of 1 well/25 square miles is 
recommended for areas using over 100,000 AF of groundwater per year.  Groundwater use in the 
NKGSA currently exceeds 100,000 AF/year and will likely exceed this value even after groundwater 
usage declines to comply with SGMA.  As a result, a minimum well density of 1 well/25 square 
miles will be used.  Well density is tracked per 36-square mile Township, which results in about 1.5 
wells per Township.  A more practical value of 2 wells/Township is adopted resulting in a minimum 
density of 1 well/18 square miles.  This is a bare minimum density, and the NKGSA will strive to 
maintain a denser network when economically feasible and practical.   
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Figure 5-3 shows the monitoring wells’ density by Township for the NKGSA area and the area just 
outside the NKGSA boundary.  The density ranges from 3 wells to 61 wells per township within the 
NKGSA boundary and 1 well to 81 wells per township outside the NKGSA boundary.  
 
The minimum density of 2 wells/Township shall apply to High Quality Monitoring Points, which are 
defined as wells with reliable access each spring and fall, information on the well depth and 
perforated interval, and sufficient depth to accommodate seasonal fluctuations.  Wells that do not 
meet these guidelines will be maintained in the network, as they can still provide useful information.  
Well construction information on these wells may be obtained in the future, and it is desired to keep 
wells that have a long period of record.  During development of groundwater contours, those wells 
with and without well construction information will be labeled to assist with the analysis.   
 
The monitoring network also includes areas outside of the NKGSA, so the following criteria were 
established: 

• Townships wholly within the NKGSA.  In these Townships, there shall be at least two high 
quality monitoring points. 

• Township partially within the NKGSA.  In these Townships, there shall be at least two high 
quality monitoring points, but the monitoring points only need to be within the Township 
and not necessarily within the NKGSA boundary. 

• Townships wholly outside of the NKGSA.  These areas are monitored to provide better 
information on boundary conditions.  No minimum well density is specified for these areas 
partially because they include wells owned and monitored by other agencies. Data collection 
will be outside of the NKGSA’s control.  However, there is a desire to obtain at least 2 wells 
per Township if feasible.   

 Monitoring Network Information 

The following sections describe the monitoring network, including scientific rationale for the 
selection; consistency with data and reporting standards; corresponding sustainability indicator, 
minimum threshold, measurable objective, and interim milestone; and the locations of the 
monitoring sites. 

 Scientific Rationale for Site Selection 

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(1) Scientific rationale for the monitoring site selection process. 
 

Groundwater Levels 
The scientific rationale for the groundwater level monitoring network includes the following: 
 

• The network meets the minimum density goal of 1 well/18 square miles. 

• The network has performed adequately for several decades in providing information for 
annual reporting, groundwater contour maps, and estimation of storage change. 

• Many existing wells have a significant period of record (i.e. greater than 20 years) and are 
useful for long-term evaluations. 
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The following scientific rational will be used to add new wells: 
 

• Add wells whenever necessary to maintain minimum monitor well density (1 well/18 square 
miles). 

• Avoid wells located near water bodies such as canals, reservoirs, etc. 

• Avoid wells perforated across multiple aquifers. 

• Select dedicated monitor wells over production wells where feasible. 

• Select wells with available construction information (i.e., depth, perforated interval). 

• Avoid domestic wells since they are rarely idle. 

 Consistency with Data and Reporting Standards  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(2) Consistency with data and reporting standards described in Section 352.4.  If a site is not consistent with those 
standards, the Plan shall explain the necessity of the site to the monitoring network, and how any variation from the 
standards will not affect the usefulness of the results obtained. 

 
The data gathered through the monitoring networks is consistent with the standards identified in 
Section 352.4 of the California Code of Regulations related to Groundwater Sustainability Plans.  The 
main topics of Section 352.4 are outlined below, and the full section is included as Appendix 5-A. 

• Data reporting units (e.g., Water volumes shall be reported in acre-feet, etc.) 

• Monitoring site information (e.g., Site identification number, description of site location, etc.) 

• Well attribute reporting (e.g., CASGEM well identification number, casing perforations, etc.) 

• Map standards (e.g., Data layers, shapefiles, geodatabases shall be submitted in accordance 
with the procedures described in Article 4, etc.) 

• Hydrograph requirements (e.g., Hydrographs shall use the same datum and scaling to the 
greatest extent practical, etc.) 

 Quantitative Values 

Regulation Requirements: 
§354.34(g)(3) For each sustainability indicator, the quantitative values for the minimum threshold, measurable objective, 
and interim milestones that will be measured at each monitoring site or representative monitoring sites established 
pursuant to Section 354.36. 

The quantitative values for minimum threshold, measurable objective, and interim milestones will be 
set for each well in the monitoring network. Refer to section 4.2.2.1 Criteria to Define Minimum 
Thresholds in the Sustainable Management Criteria chapter for the table with the criteria set for each 
well. 
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 Monitoring Locations 

Regulation Requirements: 
§354.34(h) The location and type of each monitoring site within the basin displayed on a map, and reported in tabular 
format, including information regarding the monitoring site type, frequency of measurement, and the purposes for 
which the monitoring site is being used. 

 
Figure 5-1 shows the groundwater level indicator wells for the Kings Basin. Seasonal monitoring 
will be compared to interim milestones, measurable objectives, and minimum thresholds established 
for these indicator wells.   Figure 5-2 shows the monitoring site locations for the NKGSA. 
Available well construction information for the indicator wells is included in Table 5-1. Monitoring 
is also performed in areas outside of the NKGSA to help document more accurate boundary 
conditions.  Groundwater is monitored in wells outside the NKGSA boundary by agencies that have 
agreed to share data with NKGSA.   
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Table 5-1 Representative Monitor Wells Construction Information 

 
 

12S19E33P001MX FC160 YES Reverse Rotary 18 28 790 770 5/15/1992 GP 190-760 180

12S19E36J001MX FC091 YES Reverse Rotary 20 34 420 420 2/28/1977 GP 150-420 50

12S20E23D001MX FC295 YES Casing Hammer 16 16 305 221 5/26/1967 OB 150-164; 188-192 NONE

12S20E34K001MX FC092 YES Reverse Rotary 20 34 520 510 3/15/1978 GP 150-510 60

12S21E29K001M FC29K1 -- -- -- -- -- -- -- -- -- --

12S21E34H001M FC34H1 YES -- -- -- -- -- -- -- -- --

12S22E19N001M FC19N1 -- -- -- -- -- -- -- -- -- --

12S22E26L001M FC26L1 -- -- -- -- -- -- -- -- -- --

13S17E25C001MX FD25C1 YES -- -- -- -- -- -- -- -- --

13S17E33M001MX FD32H1 -- -- -- -- -- -- -- -- -- --

13S18E17A001MX FD17A1 -- -- -- -- -- -- -- -- -- --

13S19E11L001MX FC035 YES Reverse Rotary 20 34 640 640 9/21/1980 GP 200-640 50

13S19E29A001MX FD29A1 YES -- -- -- -- -- -- -- -- --

13S20E27C001MX FC069 YES Reverse Rotary 18 30 455 455 4/1/2003 GP 170-455 140

13S20E30B001MX FC074 YES Rotary 20 34 410 410 5/5/1967 GP 160-410 60

13S21E19E001MX FC080 YES Rotary 20 34 500 428 9/23/1970 GP 265-428 80

13S22E07R001MX FD07R1 -- -- -- -- -- -- -- -- -- --

13S22E32A001MX FD32A1 YES -- -- -- -- -- -- -- -- --

13S23E33B001MX FD33B1 YES -- -- -- -- -- -- -- -- --

14S18E32D001MX FD32D1 -- -- -- -- -- -- -- -- -- --

14S19E17C001MX FD17C1 -- -- -- -- -- -- -- -- -- --

14S19E33D001MX FD33D1 -- -- -- -- -- -- -- -- -- --

14S20E10M001MX FC003 YES Reverse Rotary 18 30 530 530 7/19/1998 GP 210-520 180

14S20E22J001MX FC040 YES Rotary 15.5 34 450 450 10/29/1974 GP 150-450 50

14S21E06Q001MX FC077 YES Rotary 20 34 420 420 7/2/1970 GP 140-420 50

14S21E22D001MX FD22D1 -- -- -- -- -- -- -- -- -- --

15S19E02M001MX FD03J1 -- -- -- -- -- -- -- -- -- --

15S19E14M001MX FD14M1 -- -- -- -- -- -- -- -- -- --

15S20E07Q001MX FD07P1 -- -- -- -- -- -- -- -- -- --

15S20E13E001MX FD13E2 -- -- -- -- -- -- -- -- -- --

367113N1200785W001 14S17E14J001M -- -- -- -- -- -- -- -- -- --

367556N1196666W001 13S21E34J002M YES -- -- -- -- -- -- -- -- --

13S18E33M001MX FD32J1 -- -- -- -- -- -- -- -- -- --

13S23E30B001MX FD30B1 -- -- -- -- -- -- -- -- -- --

14S18E09H001MX FD09H1 -- -- -- -- -- -- -- -- -- --

Notes:

--  =  Information currently unkown

GP= Gravel pack well

OB= Open bottom 

Date Drilled
Open Bottom (OB) or 

Gravel Pack (GP)

Perforation Interval 

Depth (feet)
Sanitary Seal Depth (feet)WELL ID

Well Completion 

Report Available
Drilling Method

Casing Size 

(inches)

Well Diameter 

(inches)

Completed 

Depth (feet)

Casing Depth 

(feet)

Local 

Well ID
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 Monitoring Protocols  

Regulation Requirements: 
§352.2 Each Plan shall include monitoring protocols adopted by the Agency for data collection and management, as 
follows: 
 (a) Monitoring protocols shall be developed according to best management practices. 
 (b) The Agency may rely on monitoring protocols included as part of the best management practices developed by 
the Department, or may adopt similar monitoring protocols that will yield comparable data. 
 (c) Monitoring protocols shall be reviewed at least every five years as part of the periodic evaluation of the Plan, and 
modified as necessary.  
§354.34(i) The monitoring protocols developed by each Agency shall include a description of technical standards, data 
collection methods, and other procedures or protocols pursuant to Water Code Section 10727.2(f) for monitoring 
sites or other data collection facilities to ensure that the monitoring network utilizes comparable data and 
methodologies.  

Groundwater level, groundwater quality, and land subsidence monitoring will generally follow the 
protocols identified in the Monitoring Protocols, Standards, and Sites Best Management Practices (DWR, 
December 2016b).  The NKGSA may develop standard monitoring forms in the future if deemed 
necessary.   
 
The following comments and exceptions to the BMP should be noted: 

1. SGMA regulations require that groundwater levels be measured to the nearest 0.1 foot.  The 
BMP suggests measurements to the nearest 0.01 foot; however, this is not practical for many 
measurement methods.  In addition, this level of accuracy would have little value since 
groundwater contours maps typically have 10 or 20-foot intervals, and storage calculations 
are based on groundwater levels rounded to the nearest foot.  The accuracy of groundwater 
level measurements will vary based on the well type and condition.  For instance, if 
significant oil is found in an agricultural well, then readings to the nearest foot are the best 
one can achieve. 

2. If used in a well suspected of contamination or if there are obvious signs of contamination 
(such as oil), well sounding equipment will be decontaminated after use.    

3. Wells will be surveyed to a horizontal accuracy of 0.5 foot and the elevation of the Reference 
Point (RP) of each well will be surveyed to an accuracy of 0.1 foot. 

4. Unique well identifiers will be labeled on all public wells and on private wells if permission is 
granted. 

5. The BMP states that measurements each spring and fall should be taken “preferably within a 
1 to 2-week period.”  This is likely not feasible due to the large number of wells in the 
NKGSA and a 4-week period will be granted for semi-annual monitoring. 

6. If a vacuum or pressure release is observed, then water level measurements will be 
remeasured every 5 minutes until they have stabilized. 

7. In the field, water level measurements will be compared to previous records; if there is a 
significant difference, then the measurement will be verified. 
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 Representative Monitoring  

Regulation Requirements: 
§354.36 Each Agency may designate a subset of monitoring sites as representative of conditions in the basin or an 
area of the basin, as follows: 

 Description of Representative Sites 

Regulation Requirements: 
§354.36(a) Representative monitoring sites may be designated by the Agency as the point at which sustainability 
indicators are monitored, and for which quantitative values for minimum thresholds, measurable objectives, and 
interim milestones are defined. 

 
DWR has referred to representative monitoring as utilizing one well to represent an entire GSA or 
Management Area.   Use of one representative well in the NKGSA is not practical to cover such a 
large area with varying conditions.   Not all wells within the NKGSA are monitored, so a subset of 
wells is used as representative of conditions in the NKGSA.   Groundwater conditions can vary 
substantially across the NKGSA. The NKGSA area has a history of using multiple wells to monitor 
groundwater and will continue to use available water level and water quality data from multiple wells 
to assess groundwater conditions. 

 Use of Groundwater Elevations as Proxy for Other Sustainability Indicators 

Regulation Requirements: 
§354.36(b) Groundwater elevations may be used as a proxy for monitoring other sustainability indicators if the 
Agency demonstrates the following: 
    1) Significant correlation exists between groundwater elevations and the sustainability indicators for which 
groundwater elevation measurements serve as a proxy. 
    2) Measurable objectives established for groundwater elevation shall include a reasonable margin of operational 
flexibility taking into consideration the basin setting to avoid undesirable results for the sustainability indicators for 
which groundwater elevation measurements serve as a proxy. 

The NKGSA does not plan to use groundwater elevations as a proxy for monitoring other 
sustainability indicators.  As noted, groundwater elevations will be used as a critical component of 
groundwater storage estimation, but the elevation monitoring will not replace the storage change 
estimation. 
 
Regulation Requirements: 

 
The NKGSA is not using one representative well for the NKGSA.  See description above regarding 
monitoring well site selection. 
  

§354.36(c) The designation of a representative monitoring site shall be supported by adequate evidence demonstrating 
that the site reflects general conditions in the area.  
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 Assessment and Improvement of Monitoring Network 

 Review and Evaluation of Monitoring Network 

Regulation Requirements: 
§354.38(a) Each Agency shall review the monitoring network and include an evaluation in the Plan and each five-year 
assessment, including a determination of uncertainty and whether there are data gaps that could affect the ability of the 
Plan to achieve the sustainability goal for the basin. 

 
This chapter includes a description of the different types of data gaps, a summary of existing data gaps 
in each monitoring network, and a future plan to fill the data gaps. 

 Identification of Data Gaps 

Regulation Requirements: 
§354.38(b) Each Agency shall identify data gaps wherever the basin does not contain a sufficient number of 
monitoring sites, does not monitor sites at a sufficient frequency, or utilizes monitoring sites that are unreliable, 
including those that do not satisfy minimum standards of the monitoring network adopted by the Agency.. 

 

There are three general types of data gaps to consider for monitoring networks: 

1. Temporal: Insufficient frequency of monitoring.  For instance, data may be available from a 
well only in the fall since it is rarely idle in the spring.  In addition, a privately owned well 
may have sporadic access due to locked security fencing, roaming dogs, change in 
ownership, etc. 

2. Spatial: Insufficient number or density of monitoring sites in a specific area. 
3. Insufficient quality of data:  Data may be available but be of poor or questionable 

accuracy.  Poor data may at times be worse than no data since it could lead to incorrect 
assumptions or biases.  The data may not appear consistent with other data in the area or 
with past readings at the monitoring site.  The monitoring site may not meet all the desired 
criteria to provide reliable data, such as having information on perforation depth, etc.  Past 
experiences have shown that well location information on Well Construction Reports is 
often poor, making it difficult or impossible to match wells with their well logs.   
 

Groundwater Levels 
Temporal Data Gaps: There are currently no temporal data gaps in the network.  If some wells 
(i.e., private wells) are not accessible in both the spring and the fall, then there could be a temporal 
gap.  However, the existing network currently has enough redundancy so that temporal gaps are not 
an issue.  
 
Spatial Data Gaps:  There are currently no spatial gaps in the network.  Figure 5-3 shows that 
monitoring well density far exceeds the minimum goal of 2 wells/Township in most of the 
NKGSA.  The lowest monitoring well densities are found in the northern portion of the NKGSA 
toward Friant and the eastern portion of the NKGSA along Highway 168.  However, these areas 
have shallow bedrock, thin alluvial deposits, and lower groundwater use.   
 
Insufficient Quality of Data:  Currently, most of the wells monitored in unincorporated areas are 
privately owned.  Specific well construction information, including depth and perforated interval, are 
not known for many of the wells.  While these wells do not provide ideal data points, they will 
continue to be used until well attribute data can be collected.  Collecting well attribute information is 
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especially important in the far western portion of the District (and areas west of the NKGSA) where 
there is a confined aquifer.  The NKGSA has applied for grant funding to video log wells where 
construction information is currently unknown.  Additionally, dedicated monitoring wells may be 
installed in the future which will have known construction information.  

 Plans to Fill Data Gaps 

Regulation Requirements: 
§354.38(c) If the monitoring network contains data gaps, the Plan shall include a description of the following: 
    1) The location and reason for data gaps in the monitoring network. 
    2) Local issues and circumstances that limit or prevent monitoring. 
§354.38 (d) Each Agency shall describe steps that will be taken to fill data gaps before the next five-year assessment, 
including the location and purpose of newly added or installed monitoring sites. 

 
Groundwater Levels 
The groundwater-level network has a data quality gap, as well as missing construction information 
for many wells (confined, unconfined, and domestic), primarily in rural areas.  The goal is to have at 
least 2 wells in each township with accurate well construction information.  Separate monitoring 
systems may be needed for the confined and unconfined aquifers.  Based on a review of the well 
driller’s reports, well construction information will be needed for several of the wells in the network.  
These data gaps can be filled using the four alternatives below: 
 

• Collect well completion reports.  Well Completion Reports will provide the needed 
information.  These could be collected from the landowner or DWR; however, several 
challenges exist.  First, landowners may not have the report or may not be willing to provide 
them.  The NKGSA participants have found it very difficult to match up Well Completion 
Reports from DWR with actual wells since so many have been drilled in the area, and 
location maps in the reports are often poor or erroneous. A map of monitoring well density 
within the NKGSA is provided in Figure 5-3.  Fresno County also tracks some well 
construction data in a GIS database as part of their permitting process.  This information 
could be useful for some recently constructed wells. 

• Perform a video inspection of each well to obtain construction information.  A video 
inspection can be performed on desired wells to determine the total depth and perforated 
interval.  The cost of each inspection is about $1,500 (2017), but up to $15,000 may also be 
needed to lift a pump to provide access.  Additional costs would also be incurred for 
administration and outreach to landowners.  Permission would be needed from the well 
owner; however, they may agree since they would obtain a free well assessment. 

• Replace monitoring point with a dedicated monitor well:   Dedicated monitor wells 
could be installed and used in place of private wells.  The construction information would be 
known and there would be no access issues.  Dedicated monitor wells are expensive to 
construct, and their installation will depend on available funding. 

• Replace monitoring point with another private well.  Private wells without construction 
information could be replaced with another private well that has well construction 
information.  This may be simpler and less costly than a video inspection.  However, 
replacing monitor well locations is not always desirable since it is preferred to continue 
measurements in wells that have a long period of record (i.e., long hydrograph).  
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The NKGSA will either collect information on these wells or identify other wells to be used instead 
of by or before 2025. 

 Adjustment to Density of Monitoring Sites and Frequency of Measurements 

Regulation Requirements: 
§354.38(e) Each Agency shall adjust the monitoring frequency and density of monitoring sites to provide an adequate 
level of detail about site-specific surface water and groundwater conditions and to assess the effectiveness of 
management actions under circumstances that include the following: 
    1) Minimum threshold exceedances. 
    2) Highly variable spatial or temporal conditions 
    3) Adverse impacts to beneficial uses and users of groundwater. 
    4) The potential to adversely affect the ability of an adjacent basin to implement its Plan or impede achievement of 
sustainability goals in an adjacent basin. 

 
The frequency and density of the proposed monitoring programs are discussed in previous sections.  
The criteria are considered adequate to provide sufficient monitoring data and to satisfy SGMA 
requirements.  Beginning in 2020, when groundwater conditions are compared to sustainability 
goals, the monitoring network may be modified or enhanced if deemed necessary.   
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5.3 Groundwater Storage  

 Description of Monitoring Network 

Regulation Requirements: 
§354.34(c)(2) Reduction of Groundwater Storage. Provide an estimate of the change in annual groundwater in storage. 

 
Groundwater storage change will be estimated by multiplying local specific yield values by the change 
in measured groundwater levels. 
 
The Fresno Area Regional Groundwater Management Group has estimated groundwater storage 
change in their annual reports since 2006.  Prior to 2006, FID performed groundwater storage change 
estimates for many years.  The general methodology used in those efforts will continue to be used by 
the NKGSA. 
 
Groundwater storage change will be estimated by multiplying local specific yield values by the change 
in groundwater levels.  As part of the Kings Basin Coordination effort and GSP development, specific 
yield values originally identify by FID were reviewed and refined through an extensive literature search 
and prioritization of several data sources (see map in Section 3.1.8.1 – Aquifer Characteristics and 
Properties).  Specific yield values were estimated for each designated area, usually by 36 square mile 
Townships, for depths of 10-50 feet, 50-100 feet, and 100-200 feet below the ground surface. In some 
areas, specific yield data is limited to one value from 10-300 feet. 
 
The process for calculating storage capacity includes the following steps:  

1. Calculate average depth to groundwater for each specific yield area based on spring 
groundwater levels. 

2. Multiply the height of water within each depth zone by the specific yield for that depth zone 
and by the area of that specific yield area within the Plan area.  

3. Sum the total storage capacity for all areas.  
4. Compare storage capacity from one year to the next.  

 
A multi-year average will be evaluated and compared to long-term trends to understand the impact of 
the implementation of the Plan.   
 
Please refer to the subsection on Aquifer Characteristics in Chapter 3: Hydrologic Conceptual Model 
for more information on specific yield values. 
 

 Adequacy of Monitoring Network 

Regulation Requirements: 

 
  

§354.34(d) The monitoring network shall be designed to ensure adequate coverage of sustainability indicators. If 
management areas are established, the quantity and density of monitoring sites in those areas shall be sufficient to 
evaluate conditions of the basin setting and sustainable management criteria specific to that area. 

§354.34(e) A Plan may utilize site information and monitoring data from existing sources as part of the monitoring 
network 
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Groundwater Storage 
Groundwater storage capacity has been calculated for many years using local groundwater levels and 
specific yield values.  This methodology has proved adequate in estimating annual change in 
groundwater storage.  The program has been enhanced with a more robust groundwater level 
network with an adequate density and refined specific yield values.  Groundwater storage 
calculations are largely dependent on the groundwater level network.  Collection of more well 
attribute information in the future will also benefit groundwater storage monitoring. 

 Density of Monitoring Sites and Frequency of Measurements 

Regulation Requirements: 
§354.34(f) The Agency shall determine the density of monitoring sites and frequency of measurements required to 
demonstrate short-term, seasonal, and long-term trends based upon the following factors: 
    1) Amount of current and projected groundwater use. 
    2) Aquifer characteristics, including confined or unconfined aquifer conditions, or other physical characteristics 
that affect groundwater flow. 
    3) Impacts to beneficial uses and users of groundwater and land uses and property interests affected by 
groundwater production, and adjacent basins that could affect the ability of that basin to meet the sustainability goal. 
    4) Whether the Agency has adequate long-term existing monitoring results or other technical information to 
demonstrate an understanding of aquifer response. 

 
Groundwater Storage 
Groundwater storage change will be estimated annually, based on spring groundwater levels.  
Groundwater storage changes will generally be reported for each 36-square mile Township, which is 
based largely on the geographic availability of specific yield data (see Figure 3-17 in Section 3.1-
Hydrogeologic Conceptual Model).   The areas used are considered reasonable since overdraft is 
typically estimated on a regional scale; estimating overdraft on a very small or local scale may 
provide misleading results.  Only wells with reasonable and reliable data will be used to develop 
groundwater contours and estimate storage change. 

 Monitoring Network Information 

The following sections describe the monitoring network, including scientific rationale for the 
selection; consistency with data and reporting standards; corresponding sustainability indicator, 
minimum threshold, measurable objective, and interim milestone; and the locations of the 
monitoring sites. 

 Scientific Rationale for Site Selection 

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 

(1) Scientific rationale for the monitoring site selection process. 

 
Groundwater Storage 
Change in groundwater storage is based on a simple calculation involving the specific yield and 
change in groundwater levels.  The groundwater level monitoring sites are discussed above.  Specific 
yield values were acquired from several publications (see Section 3.1.8.1) and are based on textural 
analysis of numerous Well Completion Reports.  The specific yield values generally cover 36-square 
mile Townships.  While this method is subject to some error, it is considered the most reliable 
method to estimate storage change since it is based largely on measured data.  Storage change can 
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also be estimated with a water balance exercise, but that is subject to significant uncertainty and 
cumulative errors from numerous parameters. 

 Consistency with Data and Reporting Standards  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(2) Consistency with data and reporting standards described in Section 352.4.  If a site is not consistent with those 
standards, the Plan shall explain the necessity of the site to the monitoring network, and how any variation from the 
standards will not affect the usefulness of the results obtained. 

The data gathered through the monitoring networks is consistent with the standards identified in 
Section 352.4 of the California Code of Regulations related to Groundwater Sustainability Plans.  The 
main topics of Section 352.4 are outlined below, and the full section is included as Appendix 5-A. 

• Data reporting units (e.g., Water volumes shall be reported in acre-feet, etc.) 

• Monitoring site information (e.g., Site identification number, description of site location, etc.) 

• Well attribute reporting (e.g., CASGEM well identification number, casing perforations, etc.) 

• Map standards (e.g., Data layers, shapefiles, geodatabases shall be submitted in accordance 
with the procedures described in Article 4, etc.) 

• Hydrograph requirements (e.g., Hydrographs shall use the same datum and scaling to the 
greatest extent practical, etc.) 

 Quantitative Values 

Regulation Requirements: 
§354.34(g)(3) For each sustainability indicator, the quantitative values for the minimum threshold, measurable objective, 
and interim milestones that will be measured at each monitoring site or representative monitoring sites established 
pursuant to Section 354.36. 

The quantitative values for minimum threshold, measurable objective, and interim milestones will be 
set for each well in the monitoring network. Refer to section 4.2.2.1 Criteria to Define Minimum 
Thresholds in the Sustainable Management Criteria chapter for the table with the criteria set for each 
well. 

 Monitoring Locations 

Regulation Requirements: 
§354.34(h) The location and type of each monitoring site within the basin displayed on a map, and reported in tabular 
format, including information regarding the monitoring site type, frequency of measurement, and the purposes for 
which the monitoring site is being used. 

 
Figure 5-1 shows the groundwater level monitoring site locations for the Kings Basin. Groundwater 
Storage monitoring utilizes the groundwater level monitoring network. 
 
Figure 5-2 shows the monitoring site locations for the NKGSA. Monitoring is also performed in 
areas outside of the NKGSA to help document more accurate boundary conditions.  Groundwater 
is monitored in wells outside the NKGSA boundary by agencies that have agreed to share data with 
NKGSA.  
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Monitoring is also performed in areas outside of the NKGSA to help document more accurate 
boundary conditions.  Groundwater is monitored in wells outside the NKGSA boundary by 
agencies that have agreed to share data with NKGSA.  

 Monitoring Protocols  

Regulation Requirements: 
§352.2 Each Plan shall include monitoring protocols adopted by the Agency for data collection and management, as 
follows: 
 (a) Monitoring protocols shall be developed according to best management practices. 
 (b) The Agency may rely on monitoring protocols included as part of the best management practices developed by 
the Department, or may adopt similar monitoring protocols that will yield comparable data. 
 (c) Monitoring protocols shall be reviewed at least every five years as part of the periodic evaluation of the Plan, and 
modified as necessary.  
§354.34(i) The monitoring protocols developed by each Agency shall include a description of technical standards, data 
collection methods, and other procedures or protocols pursuant to Water Code Section 10727.2(f) for monitoring 
sites or other data collection facilities to ensure that the monitoring network utilizes comparable data and 
methodologies.  

Groundwater level, groundwater quality, and land subsidence monitoring will generally follow the 
protocols identified in the Monitoring Protocols, Standards, and Sites Best Management Practices (DWR, 
December 2016b).  The NKGSA may develop standard monitoring forms in the future if deemed 
necessary.   
 
The following comments and exceptions to the BMP should be noted: 

1. SGMA regulations require that groundwater levels be measured to the nearest 0.1 foot.  The 
BMP suggests measurements to the nearest 0.01 foot; however, this is not practical for many 
measurement methods.  In addition, this level of accuracy would have little value since 
groundwater contours maps typically have 10 or 20-foot intervals, and storage calculations 
are based on groundwater levels rounded to the nearest foot.  The accuracy of groundwater 
level measurements will vary based on the well type and condition.  For instance, if 
significant oil is found in an agricultural well, then readings to the nearest foot are the best 
one can achieve. 

2. If used in a well suspected of contamination or if there are obvious signs of contamination 
(such as oil), well sounding equipment will be decontaminated after use.    

3. Wells will be surveyed to a horizontal accuracy of 0.5 foot, and the elevation of the 
Reference Point (RP) of each well will be surveyed within 0.1 feet. 

4. Unique well identifiers will be labeled on all public wells and on private wells if permission is 
granted. 

5. The BMP states that measurements each spring and fall should be taken “preferably within a 
1 to 2 week period.”  This is likely not feasible due to the large number of wells in the 
NKGSA and a 4-week period will be granted for semi-annual monitoring. 

6. If a vacuum or pressure release is observed, then water level measurements will be 
remeasured every 5 minutes until they have stabilized. 

7. In the field, water level measurements will be compared to previous records; if there is a 
significant difference, then the measurement will be verified. 
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 Representative Monitoring  

Regulation Requirements: 
§354.36 Each Agency may designate a subset of monitoring sites as representative of conditions in the basin or an 
area of the basin, as follows: 

 Description of Representative Sites 

Regulation Requirements: 
§354.36(a) Representative monitoring sites may be designated by the Agency as the point at which sustainability 
indicators are monitored, and for which quantitative values for minimum thresholds, measurable objectives, and 
interim milestones are defined. 

 
DWR has referred to representative monitoring as utilizing one well to represent an entire GSA or 
Management Area.   Use of one representative well in the NKGSA is not practical to cover such a 
large area with varying conditions.   Not all wells within the NKGSA are monitored, so a subset of 
wells is used as representative of conditions in the NKGSA.   Groundwater conditions can vary 
substantially across the NKGSA. The NKGSA area has a history of using multiple wells to monitor 
groundwater and will continue to use available water level and water quality data from multiple wells 
to assess groundwater conditions. 

 Use of Groundwater Elevations as Proxy for other Sustainability Indicators 

Regulation Requirements: 
§354.36(b) Groundwater elevations may be used as a proxy for monitoring other sustainability indicators if the 
Agency demonstrates the following: 
    1) Significant correlation exists between groundwater elevations and the sustainability indicators for which 
groundwater elevation measurements serve as a proxy. 
    2) Measurable objectives established for groundwater elevation shall include a reasonable margin of operational 
flexibility taking into consideration the basin setting to avoid undesirable results for the sustainability indicators for 
which groundwater elevation measurements serve as a proxy. 

 
Regulation Requirements: 

§354.36(c) The designation of a representative monitoring site shall be supported by adequate evidence demonstrating 
that the site reflects general conditions in the area.  

  
As discussed in Section 4.3, groundwater elevations are directly related to groundwater storage and 
will be used as a proxy for the groundwater storage sustainability indicator.  
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 Assessment and Improvement of Monitoring Network 

 Review and Evaluation of Monitoring Network 

Regulation Requirements: 
§354.38(a) Each Agency shall review the monitoring network and include an evaluation in the Plan and each five-year 
assessment, including a determination of uncertainty and whether there are data gaps that could affect the ability of the 
Plan to achieve the sustainability goal for the basin. 

 
This section includes a description of the different types of data gaps, a summary of existing data gaps 
in each monitoring network, and a future plan to fill the data gaps. 

 Identification of Data Gaps 

Regulation Requirements: 
§354.38(b) Each Agency shall identify data gaps wherever the basin does not contain a sufficient number of 
monitoring sites, does not monitor sites at a sufficient frequency, or utilizes monitoring sites that are unreliable, 
including those that do not satisfy minimum standards of the monitoring network adopted by the Agency. 
. 

 

There are three general types of data gaps to consider for monitoring networks: 

1. Temporal: Insufficient frequency of monitoring.  For instance, data may be available from a 
well only in the fall since it is rarely idle in the spring.  In addition, a privately owned well 
may have sporadic access due to locked security fencing, roaming dogs, change in 
ownership, etc. 

2. Spatial: Insufficient number or density of monitoring sites in a specific area. 
3. Insufficient quality of data:  Data may be available but be of poor or questionable 

accuracy.  Poor data may at times be worse than no data since it could lead to incorrect 
assumptions or biases.  The data may not appear consistent with other data in the area or 
with past readings at the monitoring site.  The monitoring site may not meet all the desired 
criteria to provide reliable data, such as having information on perforation depth, etc.  Past 
experiences have shown that well location information on Well Construction Reports is 
often poor, making it difficult or impossible to match wells with their well logs.   

 
Groundwater storage change is dependent on groundwater level readings.  Data gaps related to the 
groundwater level monitoring network are described in Section 5.2. 

 Plans to Fill Data Gaps 

Regulation Requirements: 
§354.38(c) If the monitoring network contains data gaps, the Plan shall include a description of the following: 
    1) The location and reason for data gaps in the monitoring network. 
    2) Local issues and circumstances that limit or prevent monitoring . 
§354.38 (d) Each Agency shall describe steps that will be taken to fill data gaps before the next five-year assessment, 
including the location and purpose of newly added or installed monitoring sites. 

 
There are no identified data gaps in the groundwater storage monitoring networks, other than 
groundwater levels which are discussed under the groundwater level monitoring program. 
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 Adjustment to Density of Monitoring Sites and Frequency of Measurements 

Regulation Requirements: 
§354.38(e) Each Agency shall adjust the monitoring frequency and density of monitoring sites to provide an adequate 
level of detail about site-specific surface water and groundwater conditions and to assess the effectiveness of 
management actions under circumstances that include the following: 
    1) Minimum threshold exceedances. 
    2) Highly variable spatial or temporal conditions 
    3) Adverse impacts to beneficial uses and users of groundwater. 
    4) The potential to adversely affect the ability of an adjacent basin to implement its Plan or impede achievement of 
sustainability goals in an adjacent basin. 

 
The frequency and density of the proposed monitoring programs are discussed in previous sections.  
The criteria are considered adequate to provide sufficient monitoring data and to satisfy SGMA 
requirements.  Beginning in 2020, when groundwater conditions are compared to sustainability 
goals, the monitoring network may be modified or enhanced if deemed necessary.   

5.4 Seawater Intrusion  

Regulation Requirements: 
§354.34(c)(3) Seawater Intrusion. Monitor seawater intrusion using chloride concentrations, or other measurements convertible to 
chloride concentrations, so that the current and projected rate and extent of seawater intrusion for each applicable principal aquifer 
may be calculated. 

 
The NKGSA is approximately 100 miles from the Pacific Ocean, and, therefore, seawater intrusion is 
not feasible.  In addition, there are no saline water lakes in or near the NKGSA.  As a result, seawater 
intrusion is not discussed hereafter in this chapter.  Saline water intrusion from up-coning of deep 
saline groundwater is a potential problem and will be monitored as part of general water quality 
monitoring (see following section). 

5.5 Water Quality 

 Description of Monitoring Network 

Regulation Requirements: 
§354.34(c)(4) Degraded Water Quality. Collect sufficient spatial and temporal data from each applicable principal aquifer to 
determine groundwater quality trends for water quality indicators, as determined by the Agency, to address known water quality 
issues. 

 
Groundwater quality in the NKGSA is generally well suited for irrigation and domestic use, although  
groundwater issues for drinking water exist in localized areas within the NKGSA.  While some of 
these chemical concerns are caused by humans, several are natural occurring.  Groundwater pollution 
characterization and mitigation are typically enforced by local agencies and state level programs. The 
NKGSA will only have authority related to groundwater pumping policies. The NKGSA will review 
and analyze publicly available routine groundwater-monitoring data reported by the community and 
non-community public supply wells to: 1) understand how and if groundwater pumping is 
exacerbating groundwater quality concerns; and 2) understand where to enforce pumping restrictions 
or other mitigation measures should it become necessary. Contaminant plum migration concerns are 
discussed in Sections 2.2.2 and 3.2.5. 
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Groundwater quality concerns within the NKGSA have been identified in this GSP’s Groundwater 
Conditions Chapter (Section 3.2). Groundwater monitoring and reporting by community water 
systems and non-community public supply wells is a requirement of California Code of Regulations 
(CCR) Title 22.  Community and other public supply wells within the NKGSA monitoring network 
area already being routinely monitored for a wide range of contaminants, including the chemicals of 
concern, by the water purveyors under Title 22.  The publicly available groundwater quality data from 
selected representative wells will be obtained annually and evaluated against sustainable management 
criteria.  
 
Selected public supply wells that will form the basis of the representative monitoring wells for 
groundwater quality are shown on Figure 5-4.  The density of groundwater quality representative 
monitoring wells is approximately two wells per township. Locations were selected to be 
representative of large and small communities dependent on groundwater and to spatially cover the 
NKGSA. The representative groundwater quality monitoring network will be evaluated and revised if 
needed in subsequent GSP 5-year revisions.  

 Adequacy of Monitoring Network 

Regulation Requirements: 

 
Groundwater Quality 
Groundwater monitoring and reporting by community water systems and non-community public 
supply wells is a requirement of California Code of Regulations (CCR) Title 22.  Community and 
other public supply wells within the NKGSA are already being routinely monitored for a wide range 
of contaminants, including the chemicals of concern, by the water purveyors under Title 22. Selected 
public supply wells will form the basis of the representative monitoring wells for groundwater 
quality. Locations were selected to be representative of large and small communities dependent on 
groundwater and to adequately spatially cover the NKGSA. 
  

§354.34(d) The monitoring network shall be designed to ensure adequate coverage of sustainability indicators. If 
management areas are established, the quantity and density of monitoring sites in those areas shall be sufficient to 
evaluate conditions of the basin setting and sustainable management criteria specific to that area. 

§354.34(e) A Plan may utilize site information and monitoring data from existing sources as part of the monitoring 
network. 
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 Density of Monitoring Sites and Frequency of Measurements 

Regulation Requirements: 
§354.34(f) The Agency shall determine the density of monitoring sites and frequency of measurements required to 
demonstrate short-term, seasonal, and long-term trends based upon the following factors: 
    1) Amount of current and projected groundwater use. 
    2) Aquifer characteristics, including confined or unconfined aquifer conditions, or other physical characteristics 
that affect groundwater flow. 
    3) Impacts to beneficial uses and users of groundwater and land uses and property interests affected by 
groundwater production, and adjacent basins that could affect the ability of that basin to meet the sustainability goal. 
    4) Whether the Agency has adequate long-term existing monitoring results or other technical information to 
demonstrate an understanding of aquifer response. 

 
Groundwater Quality 
The density of groundwater quality representative monitoring wells is approximately two wells per 
township wholly within the NKGSA. Locations were selected to be representative of large and small 
communities dependent on groundwater, and to spatially cover the adequately represent the 
NKGSA. This is an initial density, and the NKGSA will may maintain a denser network when 
necessary and practical.   

 Monitoring Network Information 

 Scientific Rationale for Site Selection 

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(1) Scientific rationale for the monitoring site selection process. 

 
The density of groundwater-quality representative monitoring wells is approximately two per 
township wholly within the NKGSA. Locations were selected to be representative of large and small 
communities dependent on groundwater and to spatially cover the adequately represent the 
NKGSA. The scientific rationale for the existing water quality monitoring sites is based primarily on 
State monitoring requirements and specific monitoring programs established by regulatory agencies.  
These sites were particularly selected due to their accurate representation of groundwater quality 
throughout the NKGSA.  The selected network will present ongoing data from public water supply 
wells and GAMA data to assist in providing ongoing assessment as to known constituent levels in 
the NKGSA and preventing new concerns.  The NKGSA Board may further study, develop, or 
expand the monitoring well network for the NKGSA, if deemed necessary in the future. 
 
The following scientific rationale will be used to add new wells, should it become necessary: 

• Add wells whenever necessary to maintain minimum groundwater quality monitor well 
density (approximately 2 wells per township wholly within the NKGSA). 

• Avoid wells perforated across multiple aquifers. 

• Preferentially select public wells routinely monitored by water purveyors under Title 22. 

• Select wells with available construction information (i.e., depth, perforated interval). 

 Consistency with Data and Reporting Standards  

Regulation Requirements: 

311



North Kings Groundwater Sustainability Agency Projects and Management Actions  
Groundwater Sustainability Plan 

 

Page 5-17 

 

 

§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(2) Consistency with data and reporting standards described in Section 352.4.  If a site is not consistent with those 
standards, the Plan shall explain the necessity of the site to the monitoring network, and how any variation from the 
standards will not affect the usefulness of the results obtained. 

 
The data gathered through the monitoring networks is consistent with the standards identified in 
Section 352.4 of the California Code of Regulations related to Groundwater Sustainability Plans.  The 
main topics of Section 352.4 are outlined below, and the full section is included as Appendix 5-A. 

• Data reporting units (e.g., Water volumes shall be reported in acre-feet, etc.) 

• Monitoring site information (e.g., Site identification number, description of site location, etc.) 

• Well attribute reporting (e.g., CASGEM well identification number, casing perforations, etc.) 

• Map standards (e.g., Data layers, shapefiles, geodatabases shall be submitted in accordance 
with the procedures described in Article 4, etc.) 

• Hydrograph requirements (e.g., Hydrographs shall use the same datum and scaling to the 
greatest extent practical, etc.) 

 Quantitative Values 

Regulation Requirements: 
§354.34(g)(3) For each sustainability indicator, the quantitative values for the minimum threshold, measurable objective, 
and interim milestones that will be measured at each monitoring site or representative monitoring sites established 
pursuant to Section 354.36. 

 
As previously described in the Chapter 4 Sustainable Management Criteria Section 4.4, wells within the 
existing monitoring network will be annually evaluated in accordance with values set in order to 
protect human health and intended for both the beneficial use and users of groundwater resources 
(i.e. CCR Title 22).  In the case that there are known constituent levels in exceedance of MCL or 
State secondary maximum contaminant (SMCL) values (esthetics such as taste and odor) over recent 
historical recordings, the objective will be for the wells to maintain stable or improving groundwater 
quality trends.  In the case that a constituent is known to be present within the NKGSA and appears 
to have no recent historical pattern or exceedances above the MCL or SMCL, the objective will be 
to maintain water quality standards below the MCL or SMCL threshold.   

 Monitoring Locations 

Regulation Requirements: 
§354.34(h) The location and type of each monitoring site within the basin displayed on a map, and reported in tabular 
format, including information regarding the monitoring site type, frequency of measurement, and the purposes for 
which the monitoring site is being used. 

 
A map of the proposed monitoring sites for water quality is included as Figure 5-4. 
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 Monitoring Protocols  

Regulation Requirements: 
 

§352.2 Each Plan shall include monitoring protocols adopted by the Agency for data collection and management, as 
follows: 
 (a) Monitoring protocols shall be developed according to best management practices. 
 (b) The Agency may rely on monitoring protocols included as part of the best management practices developed by 
the Department, or may adopt similar monitoring protocols that will yield comparable data. 
 (c) Monitoring protocols shall be reviewed at least every five years as part of the periodic evaluation of the Plan, and 
modified as necessary.  
§354.34(i) The monitoring protocols developed by each Agency shall include a description of technical standards, data 
collection methods, and other procedures or protocols pursuant to Water Code Section 10727.2(f) for monitoring 
sites or other data collection facilities to ensure that the monitoring network utilizes comparable data and 
methodologies.  

 
The NKGSA will not be sampling wells at this time. Publicly available groundwater quality 
monitoring data collected by others will be reviewed and evaluated by the NKGSA. As such, 
groundwater quality monitoring protocols are not included in this GSP.  The groundwater quality 
data will be analyzed as it becomes available. The NKGSA will coordinate with the Division of 
Drinking Water and the public water systems on any results that do not appear to be accurate to 
investigate possible causes for unexpected results.  
 
As transient non-community wells within the representative groundwater quality monitoring 
network are only required to be analyzed for nitrates, the NKGSA will coordinate with the owners 
of the transient non-community wells to analyze groundwater samples for the remaining chemicals 
of concern every three years, consistent with the community public supply wells.  Additionally, for 
chemical of concern uranium, monitoring is only triggered when gross alpha (GA) analysis is greater 
than 5.0 pCi/L.  If gross alpha is always less than 5.0 pCi/L, there will be no uranium analytical 
results.  It should be noted that the monitoring frequency for GA for wells in areas where uranium 
impacted groundwater has historically not been an issue can be up to nine years.  As a result, limited 
uranium data will be available for most of the representative monitoring wells.   
 
If for some reason a representative monitoring well is not available to be monitored, a well in the 
same general location and of similar construction will be used. The NKGSA will work with the 
agencies to establish backup locations. To help evaluate changes in concentration levels at 
representative monitoring wells, information such as pumping rates and water level data may be 
obtained from the well owners.   

 Representative Monitoring  

Regulation Requirements: 
§354.36 Each Agency may designate a subset of monitoring sites as representative of conditions in the basin or an 
area of the basin, as follows: 

 
Representative monitoring as it pertains to the NKGSA are described in Section 5.5.7.1.  
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 Description of Representative Sites 

Regulation Requirements: 
§354.36(a) Representative monitoring sites may be designated by the Agency as the point at which sustainability 
indicators are monitored, and for which quantitative values for minimum thresholds, measurable objectives, and 
interim milestones are defined. 

 
DWR has referred to representative monitoring as utilizing one well to represent an entire GSA or 
Management Area.   Use of one representative well in the NKGSA is not practical to cover such a 
large area with varying conditions.   Not all wells within the NKGSA are monitored, so a subset of 
wells is used as representative of conditions in the NKGSA.   Groundwater conditions can vary 
substantially across the NKGSA. The NKGSA area has a history of using multiple wells to monitor 
groundwater and will continue to use available water level and water quality data from multiple wells 
to assess groundwater conditions. 

 Use of Groundwater Elevations as Proxy for other Sustainability Indicators 

Regulation Requirements: 
§354.36(b) Groundwater elevations may be used as a proxy for monitoring other sustainability indicators if the 
Agency demonstrates the following: 
    1) Significant correlation exists between groundwater elevations and the sustainability indicators for which 
groundwater elevation measurements serve as a proxy. 
    2) Measurable objectives established for groundwater elevation shall include a reasonable margin of operational 
flexibility taking into consideration the basin setting to avoid undesirable results for the sustainability indicators for 
which groundwater elevation measurements serve as a proxy. 

 
Water level is not being used as a proxy by the NKGSA. 
 
Regulation Requirements: 

§354.36(c) The designation of a representative monitoring site shall be supported by adequate evidence demonstrating 
that the site reflects general conditions in the area.  

 
The NKGSA is not using a representative well for the NKGSA.   A description of the selection 
method for wells is described previously.   

 Assessment and Improvement of Monitoring Network 

 Review and Evaluation of Monitoring Network 

Regulation Requirements: 
§354.38(a) Each Agency shall review the monitoring network and include an evaluation in the Plan and each five-year 
assessment, including a determination of uncertainty and whether there are data gaps that could affect the ability of the 
Plan to achieve the sustainability goal for the basin. 

 
This chapter includes a description of the different types of data gaps, a summary of existing data gaps 
in each monitoring network, and a future plan to fill the data gaps. 
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 Identification of Data Gaps 

Regulation Requirements: 
§354.38(b) Each Agency shall identify data gaps wherever the basin does not contain a sufficient number of 
monitoring sites, does not monitor sites at a sufficient frequency, or utilizes monitoring sites that are unreliable, 
including those that do not satisfy minimum standards of the monitoring network adopted by the Agency. 
. 

 
There are three general types of data gaps to consider for monitoring networks: 

1. Temporal: Insufficient frequency of monitoring.  For instance, data may be available from a 
well only in the fall since it is rarely idle in the spring.  In addition, a privately owned well 
may have sporadic access due to locked security fencing, roaming dogs, change in 
ownership, etc. 

2. Spatial: Insufficient number or density of monitoring sites in a specific area. 
3. Insufficient quality of data:  Data may be available but be of poor or questionable 

accuracy.  Poor data may at times be worse than no data since it could lead to incorrect 
assumptions or biases.  The data may not appear consistent with other data in the area or 
with past readings at the monitoring site.  The monitoring site may not meet all the desired 
criteria to provide reliable data, such as having information on perforation depth, etc.  Past 
experiences have shown that well location information on Well Construction Reports is 
often poor, making it difficult or impossible to match wells with their well logs.   

 
Groundwater Quality 
As discussed in Section 5.1.4, the Groundwater Quality Monitoring Network is considered adequate 
and has no data gaps.  The existing network provides sufficient monitoring in areas of urban and 
rural domestic use groundwater and agricultural areas.  

 Plans to Fill Data Gaps 

Regulation Requirements: 
§354.38(c) If the monitoring network contains data gaps, the Plan shall include a description of the following: 
    1) The location and reason for data gaps in the monitoring network. 
    2) Local issues and circumstances that limit or prevent monitoring . 
§354.38 (d) Each Agency shall describe steps that will be taken to fill data gaps before the next five-year assessment, 
including the location and purpose of newly added or installed monitoring sites. 

 
There are no identified data gaps in the groundwater quality monitoring network. 

 Adjustment to Density of Monitoring Sites and Frequency of Measurements 

Regulation Requirements: 
§354.38(e) Each Agency shall adjust the monitoring frequency and density of monitoring sites to provide an adequate 
level of detail about site-specific surface water and groundwater conditions and to assess the effectiveness of 
management actions under circumstances that include the following: 
    1) Minimum threshold exceedances. 
    2) Highly variable spatial or temporal conditions 
    3) Adverse impacts to beneficial uses and users of groundwater. 
   4) The Potential to adversely affect the ability of an adjacent basin to implement its plan or impede achievement of 
sustainability goals in an adjacent basin. 

 
The frequency and density of the proposed monitoring programs are discussed in previous sections.  
The criteria are considered adequate to provide sufficient monitoring data and to satisfy SGMA 
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requirements.  Beginning in 2020, when groundwater conditions are compared to sustainability 
goals, the monitoring network may be modified or enhanced if deemed necessary.   
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5.6 Land Subsidence 

 Description of Monitoring Network 

Regulation Requirements: 
 

§354.34(c)(5) Land Subsidence. Identify the rate and extent of land subsidence, which may be measured by extensometers, 
surveying, remote sensing technology, or other appropriate method. 

 
Land subsidence within the NKGSA is minimal.  Most of the subsidence in the San Joaquin Valley 
has happened and is happening west of the NKGSA over the axial trough of the valley, although 
minor subsidence has been documented in the extreme western portion of the NKGSA.  Most 
significant subsidence is underlain by the Corcoran Clay member of the Tulare Formation.  As 
shown on Figure 3-38, the Corcoran Clay only extends into the western portion of the NKGSA by 
a few miles.  
 
While some local agencies in the San Joaquin Valley monitor for land subsidence, the majority rely 
on monitoring performed by regional water agencies or the State and Federal government.  
Measurement and monitoring for land subsidence are performed by a variety of agencies including 
USGS, DWR, USBR, USACE, University NAVSTAR (Navigation Satellite Timing and Ranging) 
Consortium (UNAVCO), and various private contractors.  Interagency efforts between the USGS, 
USBR, the U.S. Coast and Geodetic Survey (now the National Geodetic Survey) and DWR resulted 
in an intensive series of investigations that identified and characterized subsidence in the San 
Joaquin Valley.  NASA also measures subsidence in the Central Valley and has maps on its websites 
that show the subsidence for a defined period.  These programs are described in more detail later in 
this section. 
 
As discussed in Section 3.2.6 – Land Subsidence Conditions, the clay mineralogy outside of the 
Corcoran Clay area is not conducive for land subsidence, which may explain why subsidence has not 
been observed in most of the NKGSA even as groundwater levels approached historical lows in 
2015. 
 
A summary of subsidence monitoring technologies and local/regional subsidence monitoring 
programs is provided below.  From these, the monitoring network will utilize data collected by 
KRCD and use the NASA InSAR data to verify the areas of subsidence.  KRCD has an 
approximately 7-mile grid that monitors new and existing benchmarks for land subsidence.  Figure 
4-7 shows the locations of the benchmarks in their monitoring system.  NASA obtains subsidence 
data by comparing satellite images of Earth’s surface over time.  For the last few years, InSAR 
observations from satellite and aircrafts have been used to produce the subsidence maps.  More 
information can be found on their website: https://www.nasa.gov/jpl/nasa-california-drought-
causing-valley-land-to-sink 
 
KRCD and NASA subsidence maps are provided in Section 3.2.6 – Land Subsidence Conditions 
and show the land subsidence for the NKGSA area.  Following is background information on 
subsidence monitoring technologies and local/regional monitoring programs. 

Subsidence Monitoring Methods and Technology 

Several methods are available for measuring subsidence and are discussed below.  
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Surveying.  In the past, subsidence measurement relied upon conventional land surveying devices 
and later laser and global positioning satellite (GPS) survey equipment. This type of measurement is 
still done today, usually along established highways and water conveyance facilities, such as levees 
and canals.  The relative accuracy of GPS surveying is approximately +/- 1 inch. 
 
Extensometers.  An extensometer is an instrument for measuring the deformation of materials.  
For measuring land subsidence, they are placed inside a borehole.  In the 1950s and 1960s, the 
USGS, DWR and USBR installed several borehole extensometers which allow for continuous 
measurement of subsidence.  Extensometers are costly to install and require frequent maintenance 
and calibration. There are presently no known extensometers within the NKGSA area.  The closest 
known extensometers are near Mendota and along the California Aqueduct southwest of Five 
Points.  Extensometers have a relative accuracy of approximately 1/100th of a foot. 
 
Continuous Global Positioning System.  Subsidence can also be measured using continuous 
global positioning system (CGPS) data.  Various USGS studies obtain CGPS data from the 
University NAVSTAR (Navigation Satellite Timing and Ranging), Consortium (UNAVCO), Plate 
Boundary Observatory (PBO) network of continuously-operating GPS stations. The PBO is the 
geodetic component of UNAVCO, a consortium of research institutions whose focus is measuring 
vertical and horizontal plate boundary deformation across the western United States using high-
precision measurement techniques.   
 
InSAR.  During the last decade, the USGS and other groups have been using data from radar 
emitting satellites in a technique called InSAR (interferometric synthetic aperture radar).  This form 
of remote sensing compares radar images from each pass of an InSAR satellite over a study area to 
determine changes in the elevation of the land surface.  InSAR has a relative accuracy of 
approximately +/- fractions of an inch. 
 
LiDAR. DWR and USBR utilize LiDAR coupled with land elevation surveys to monitor 
subsidence.  LiDAR utilizes a laser device that is flown from an airplane.   

 
Subsidence Monitoring Programs 
 
Continuous Global Positioning System Stations. Three CGPS Stations are located in the vicinity 
of NKGSA area.  The CGPS stations provide daily horizontal and vertical data at these locations, with 
records starting as early as 2004. The CGPS stations also show subsidence or lack thereof at locations 
near the NKGSA area.  The Plate Boundary Observatory (PBO) and the Scripps Orbit and Permanent 
Array Center (SOPAC) upload and process the data from the network of CGPS stations and produce 
graphs depicting the horizontal and vertical change in a point’s location through time.  CGPS are located 
in Mendota, Madera, and Coarsegold with no stations located within the NKGSA Boundary. 
Information on CGPS stations can be found at the following website:  

http://pbo.unavco.org/network/soh_map 
 
DWR Monitoring Network. DWR, along with other agencies, has monitored land subsidence in 
California for decades. DWR has been working with NASA to acquire and process InSAR data to 
measure land subsidence in portions of the Central Valley and other locations in California since 2007.  
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Kings River Conservation District. KRCD has a 7-mile grid that monitors new and existing 
benchmarks for land subsidence. Sixteen benchmarks are monitored for subsidence in the NKGSA 
area. 
 
NASA Monitoring Network. NASA obtains subsidence data by comparing satellite images of 
Earth’s surface over time. For the last few years, InSAR observations from satellite and aircrafts 
have been used to produce the subsidence maps. More information can be found on their website: 
https://www.nasa.gov/jpl/nasa-california-drought-causing-valley-land-to-sink 
 
San Joaquin River Restoration Program. Currently, USBR in conjunction with DWR, USGS, and 
USACE obtain subsidence data twice yearly and publish maps of the results in December and July as 
part of the San Joaquin River Restoration Program (SJRRP).  The subsidence areas shown in these 
maps cover the majority of the NKGSA area.  The USBR as part of the SJRRP has been monitoring 
subsidence along the river and bypass levees as part of the restoration effort. More information can 
be found on their website:  http://www.restoresjr.net/monitoring-data/subsidence-monitoring/ 
 
USGS Monitoring Network. This subsidence monitoring network in the San Joaquin Valley was 
installed in the 1950s and consisted of 31 extensometers to quantify the subsidence occurring in the 
Valley. By the 1980’s, the land subsidence monitoring efforts decreased. Since then, a new 
monitoring network has been developed. The new network includes refurbished extensometers 
from the old network, continuous Global Positioning System (CGPS) stations, and Interferometric 
Synthetic Aperture Radar (InSAR). More information can be found on their website: 
https://ca.water.usgs.gov/land_subsidence/  

 Adequacy of Monitoring Network 

Regulation Requirements: 

 
Land Subsidence 
Land subsidence will be primarily monitored with KRCD’s land subsidence surveying program.  The 
monitoring network includes benchmark surveying at least every 7 miles with records dating back to 
2010.  This is considered adequate, especially since there is minimal subsidence in the NKGSA.  An 
expanded network may be considered if subsidence becomes problematic in the future.  The 
NKGSA will also track land subsidence points just outside of the NKGSA area to see if it is 
encroaching into the area.  NASA INSAR remote sensing data will be used to verify any observed 
subsidence and fill in gaps between the surveyed benchmarks. 
  

§354.34(d) The monitoring network shall be designed to ensure adequate coverage of sustainability indicators. If 
management areas are established, the quantity and density of monitoring sites in those areas shall be sufficient to 
evaluate conditions of the basin setting and sustainable management criteria specific to that area. 

§354.34(e) A Plan may utilize site information and monitoring data from existing sources as part of the monitoring 
network. 
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 Density of Monitoring Sites and Frequency of Measurements 

Regulation Requirements: 
§354.34(f) The Agency shall determine the density of monitoring sites and frequency of measurements required to 
demonstrate short-term, seasonal, and long-term trends based upon the following factors: 
    1) Amount of current and projected groundwater use. 
    2) Aquifer characteristics, including confined or unconfined aquifer conditions, or other physical characteristics 
that affect groundwater flow. 
    3) Impacts to beneficial uses and users of groundwater and land uses and property interests affected by 
groundwater production, and adjacent basins that could affect the ability of that basin to meet the sustainability goal. 
    4) Whether the Agency has adequate long-term existing monitoring results or other technical information to 
demonstrate an understanding of aquifer response. 

 
Land Subsidence 
The subsidence monitoring network has adequate density to determine land subsidence in the 
NKGSA area.  Within the NKGSA, the KRCD land subsidence monitoring program has 16 sites 
for 487 square miles or around 1 site per 32 square miles.  INSAR data will also be used to monitor 
land subsidence in the NKGSA area.  INSAR provides complete coverage of the NKGSA area and 
may be used to fill in the gaps in the KRCD monitoring network. 

 Monitoring Network Information 

The following sections describe the monitoring network, including scientific rationale for the 
selection; consistency with data and reporting standards; corresponding sustainability indicator, 
minimum threshold, measurable objective, and interim milestone; and the locations of the 
monitoring sites. 

 Scientific Rationale for Site Selection 

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(1) Scientific rationale for the monitoring site selection process. 

 
Land Subsidence 
The KRCD land subsidence monitoring program data was established using National Geodetic 
Survey (NGS) control points.  KRCD chose these points due to the details, history, and stability 
rankings of the monuments. The control points were the foundation for monitoring subsidence.  
From the control points, KRCD decided to use a 7-mile grid to monitor subsidence in the Kings 
basin.  This is considered the best method to monitor subsidence since it involves direct 
measurements, as opposed to remote sensing which relies on indirect or inferred measurements. 
 
If additional monitoring locations are added, the following scientific rationale will be used: 

• Add sites to areas of higher subsidence in the NKGSA area. 

• Add sites that can be easily surveyed and tied back to a nearby monument. 

• Add sites where the ground surface is unlikely to be modified by future construction and will 
remain undisturbed. 

• Add sites in areas where the geology and soil types present the greatest potential for 
subsidence. 
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 Consistency with Data and Reporting Standards  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(2) Consistency with data and reporting standards described in Section 352.4.  If a site is not consistent with those 
standards, the Plan shall explain the necessity of the site to the monitoring network, and how any variation from the 
standards will not affect the usefulness of the results obtained. 

 
The data gathered through the monitoring networks is consistent with the standards identified in 
Section 352.4 of the California Code of Regulations related to Groundwater Sustainability Plans.  The 
main topics of Section 352.4 are outlined below, and the full section is included as Appendix 5-A. 

• Data reporting units (e.g., elevations shall be reported in feet relative to established datum) 

• Monitoring site information (e.g., Site identification number, description of site location, etc.) 

• Map standards (e.g., Data layers, shapefiles, geodatabases shall be submitted in accordance 
with the procedures described in Article 4, etc.) 

 Quantitative Values 

Regulation Requirements: 
§354.34(g)(3) For each sustainability indicator, the quantitative values for the minimum threshold, measurable objective, 
and interim milestones that will be measured at each monitoring site or representative monitoring sites established 
pursuant to Section 354.36. 

 
The quantitative values for minimum threshold, measurable objective, and interim milestones will be 
set for the NKGSA. Refer to section 4.5.3.4 Path to Achieve Measurable Objectives in the 
Sustainable Management Criteria chapter for the table with the criteria set for the NKGSA. 

 Monitoring Locations 

Regulation Requirements: 
§354.34(h) The location and type of each monitoring site within the basin displayed on a map, and reported in tabular 
format, including information regarding the monitoring site type, frequency of measurement, and the purposes for 
which the monitoring site is being used. 

 
Figure 4-7 shows land subsidence monitoring locations for the NKGSA.  Monitoring is also 
performed in areas outside of the NKGSA to help document more accurate boundary conditions.  
Land subsidence is also monitored up to five miles outside of the border to track possible 
encroachment of subsidence into the NKGSA. 
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 Monitoring Protocols  

Regulation Requirements: 
§352.2 Each Plan shall include monitoring protocols adopted by the Agency for data collection and management, as 
follows: 
 (a) Monitoring protocols shall be developed according to best management practices. 
 (b) The Agency may rely on monitoring protocols included as part of the best management practices developed by 
the Department, or may adopt similar monitoring protocols that will yield comparable data. 
 (c) Monitoring protocols shall be reviewed at least every five years as part of the periodic evaluation of the Plan, and 
modified as necessary.  
§354.34(i) The monitoring protocols developed by each Agency shall include a description of technical standards, data 
collection methods, and other procedures or protocols pursuant to Water Code Section 10727.2(f) for monitoring 
sites or other data collection facilities to ensure that the monitoring network utilizes comparable data and 
methodologies.  

 
Groundwater level and land subsidence monitoring will generally follow the protocols identified in 
the Monitoring Protocols, Standards, and Sites Best Management Practices (DWR, December 2016b).  Land 
subsidence is monitored by the various agencies using established methodologies and technologies 
as listed above in section 5.6.1.  Therefore, the NKGSA will not be actively engaged in monitoring 
for subsidence but will rather collect and evaluate land subsidence data from the existing agency 
programs. The NKGSA may develop standard monitoring forms or include additional data 
categories pertinent to land subsidence data collection in the future if deemed necessary.   

 Representative Monitoring  

Regulation Requirements: 
§354.36 Each Agency may designate a subset of monitoring sites as representative of conditions in the basin or an 
area of the basin, as follows: 

 Description of Representative Sites 

Regulation Requirements: 
§354.36(a) Representative monitoring sites may be designated by the Agency as the point at which sustainability 
indicators are monitored, and for which quantitative values for minimum thresholds, measurable objectives, and 
interim milestones are defined. 

 
DWR has referred to representative monitoring as utilizing one well to represent an entire GSA or 
Management Area.   Use of one representative well in the NKGSA is not practical to cover such a 
large area with varying conditions.   Not all wells within the NKGSA are monitored, so a subset of 
wells is used as representative of conditions in the NKGSA.   Groundwater conditions can vary 
substantially across the NKGSA. The NKGSA area has a history of using multiple wells to monitor 
groundwater and will continue to use available water level and water quality data from multiple wells 
to assess groundwater conditions. 
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 Use of Groundwater Elevations as Proxy for other Sustainability Indicators 

Regulation Requirements: 
§354.36(b) Groundwater elevations may be used as a proxy for monitoring other sustainability indicators if the 
Agency demonstrates the following: 
    1) Significant correlation exists between groundwater elevations and the sustainability indicators for which 
groundwater elevation measurements serve as a proxy. 
    2) Measurable objectives established for groundwater elevation shall include a reasonable margin of operational 
flexibility taking into consideration the basin setting to avoid undesirable results for the sustainability indicators for 
which groundwater elevation measurements serve as a proxy. 

 
Regulation Requirements: 

§354.36(c) The designation of a representative monitoring site shall be supported by adequate evidence demonstrating 
that the site reflects general conditions in the area.  

 
Due to a lack of clear correlation, groundwater elevations will not be used as a proxy for monitoring 
land subsidence.  

 Assessment and Improvement of Monitoring Network 

 Review and Evaluation of Monitoring Network 

Regulation Requirements: 
§354.38(a) Each Agency shall review the monitoring network and include an evaluation in the Plan and each five-year 
assessment, including a determination of uncertainty and whether there are data gaps that could affect the ability of the 
Plan to achieve the sustainability goal for the basin. 

 
This chapter includes a description of the different types of data gaps, a summary of existing data gaps 
in each monitoring network, and a future plan to fill the data gaps. 

 Identification of Data Gaps 

Regulation Requirements: 
§354.38(b) Each Agency shall identify data gaps wherever the basin does not contain a sufficient number of 
monitoring sites, does not monitor sites at a sufficient frequency, or utilizes monitoring sites that are unreliable, 
including those that do not satisfy minimum standards of the monitoring network adopted by the Agency. 
. 

 
There are three general types of data gaps to consider for monitoring networks: 

1. Temporal: Insufficient frequency of monitoring.  For instance, data may be available from a 
well only in the fall since it is rarely idle in the spring.  In addition, a privately owned well 
may have sporadic access due to locked security fencing, roaming dogs, change in 
ownership, etc. 

2. Spatial: Insufficient number or density of monitoring sites in a specific area. 
3. Insufficient quality of data:  Data may be available but be of poor or questionable 

accuracy.  Poor data may at times be worse than no data since it could lead to incorrect 
assumptions or biases.  The data may not appear consistent with other data in the area or 
with past readings at the monitoring site.  The monitoring site may not meet all the desired 
criteria to provide reliable data, such as having information on perforation depth, etc.  Past 
experiences have shown that well location information on Well Construction Reports is 
often poor, making it difficult or impossible to match wells with their well logs.   
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Land Subsidence 
No data gaps were identified in the subsidence monitoring network.  

 Plans to Fill Data Gaps 

Regulation Requirements: 
§354.38(c) If the monitoring network contains data gaps, the Plan shall include a description of the following: 
    1) The location and reason for data gaps in the monitoring network. 
    2) Local issues and circumstances that limit or prevent monitoring . 
§354.38 (d) Each Agency shall describe steps that will be taken to fill data gaps before the next five-year assessment, 
including the location and purpose of newly added or installed monitoring sites. 

 
There are no identified data gaps in the land subsidence monitoring network. 

 Adjustment to Density of Monitoring Sites and Frequency of Measurements 

Regulation Requirements: 
§354.38(e) Each Agency shall adjust the monitoring frequency and density of monitoring sites to provide an adequate 
level of detail about site-specific surface water and groundwater conditions and to assess the effectiveness of 
management actions under circumstances that include the following: 
    1) Minimum threshold exceedances. 
    2) Highly variable spatial or temporal conditions 
    3) Adverse impacts to beneficial uses and users of groundwater. 
    4) The potential to adversely affect the ability of an adjacent basin to implement its Plan or impede achievement of 
sustainability goals in an adjacent basin. 

 
The frequency and density of the proposed monitoring programs are discussed in previous sections.  
The criteria are considered adequate to provide sufficient monitoring data and to satisfy SGMA 
requirements.  Beginning in 2020, when groundwater conditions are compared to sustainability 
goals, the monitoring network may be modified or enhanced if deemed necessary.   

5.7 Depletion of Interconnected Surface Water  

 Description of Monitoring Network 

Regulation Requirements: 
 

§354.34(c)(6) Depletions of Interconnected Surface Water.  Monitor surface water and groundwater, where interconnected 
surface water conditions exist, to characterize the spatial and temporal exchanges between surface water and groundwater, and to 
calibrate and apply the tools and methods necessary to calculate depletions of surface water caused by groundwater extractions.  
The monitoring network shall be able to characterize the following: 

A. Flow conditions including surface water discharge, surface water head, and baseflow contribution. 
B. Identifying the approximate date and location where ephemeral or intermittent flowing streams and rivers cease to flow, 

if applicable. 
C. Temporal change in conditions due to variations in stream discharge and regional groundwater extraction. 
D. Other factors that may be necessary to identify adverse impacts on beneficial uses of the surface water. 

 
Regulation Requirements: 

§354.34(j) An Agency that has demonstrated that undesirable results related to one or more sustainability indicators 
are not present and are not likely to occur in a basin, as described in Section 354.26, shall not be required to establish 
a monitoring network related to those sustainability indicators.  
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Interconnected surface water has been defined in the California Code of Regulations Title 23, 
Division 2, Chapter 1.5, Subchapter 2 as surface water that is hydraulically connected at any point by 
a continuous saturated zone to the underlying aquifer and the overlying surface water is not 
completely depleted.  Within the NKGSA, interconnected surface water is a potential concern in the 
areas adjacent to the Kings River. Regional reports (USGS 2009 and USGS 1985) appear to show 
that surface water is not interconnected along the San Joaquin River in the NKGSA. Existing river 
management programs maintain minimum flows in both rivers year-round in the NKGSA, so 
depletion of interconnected surface waters, if present, is not likely to occur in the Kings River or San 
Joaquin River. Additional discussion on the status of interconnected surface water is discussed in 
Section 3.2 (Current and Historical Groundwater Conditions) and Section 4.6 (Sustainable 
Management Criteria - Interconnected Surface Water and Groundwater).  
 
Regardless of the determined interconnected status of the Kings River and the San Joaquin River, 
the significance of the San Joaquin River and the Kings River to riparian water rights holders and 
other stakeholders is understood. The rivers, and nearby groundwater levels, will continue to be 
monitored so the status of any interconnection is better understood. The NKGSA has established a 
groundwater level monitoring network (Figure 5-1) with monitoring points near both the San 
Joaquin River and the Kings River.  NKGSA will continue to review data from San Joaquin River 
Restoration Program near-river groundwater monitoring wells (Figure 5-2) and publicly available 
flow data for both rivers.  

 Adequacy of monitoring network  

Regulation Requirements: 
§354.34(d) The monitoring network shall be designed to ensure adequate coverage of sustainability indicators. If management 
areas are established, the quantity and density of monitoring sites in those areas shall be sufficient to evaluate conditions of the 
basin setting and sustainable management criteria specific to that area. 
 
§354.34(e) A Plan may utilize site information and monitoring data from existing sources as part of the monitoring network. 
 

 
Depletion of Interconnected Surface Water 
As discussed above in this Section, under Groundwater Levels, the NKGSA has established a 
groundwater level monitoring network with an adequate density throughout the NKGSA, including 
near the rivers, and will be collecting data on the depth and perforated interval of wells where it is 
unknown, as is required according to SGMA guidelines. Additionally, the NKGSA will continue to 
review data from San Joaquin River Restoration Program near-river groundwater monitoring wells 
as it becomes available.  

 Density of monitoring sites and frequency of measurements 

Regulation Requirements: 
§354.34(f) The Agency shall determine the density of monitoring sites and frequency of measurements required to demonstrate 
short-term, seasonal, and long-term trends based upon the following factors: 

1) Amount of current and projected groundwater use. 
2) Aquifer characteristics, including confined or unconfined aquifer conditions, or other physical characteristics that affect 

groundwater flow. 
3) Impacts to beneficial uses and users of groundwater and land uses and property interests affected by groundwater 

production, and adjacent basins that could affect the ability of that basin to meet the sustainability goal. 
4) Whether the Agency has adequate long-term existing monitoring results or other technical information to demonstrate 

an understanding of aquifer response. 
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Depletion of Interconnected Surface Water 
Groundwater level data adjacent to rivers can help to show whether the surface and groundwater are 
hydraulically connected, and whether the flow between the two is increasing or decreasing.  As 
discussed above in this Section, under Groundwater Levels, the NKGSA has established a 
groundwater level monitoring network with an adequate density throughout the NKGSA, including 
near the rivers, and will be collecting data on the depth and perforated interval of wells where it is 
unknown, as is required according to SGMA guidelines. The groundwater levels in these wells will 
be monitored in the spring (March) and fall (October) of each year. Additionally, the NKGSA will 
continue to review data from San Joaquin River Restoration Program near-river groundwater 
monitoring wells as it becomes available.  The San Joaquin River Restoration Program near-river 
groundwater monitoring wells have historically been sampled multiple times per year.  

 Monitoring Network Information 

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 

 

 Scientific Rationale for Site Selection 

Regulation Requirements: 
§354.34(g)(1) Scientific rationale for the monitoring site selection process. 

 
Depletion of Interconnected Surface Water 
Interconnected surface water is a potential concern in the areas adjacent to the Kings River.  Surface 
water is not interconnected along the San Joaquin River in the NKGSA. River management 
programs maintain minimum flows in the rivers year-round in the NKGSA so depletion of 
interconnected surface waters, if present, is not likely to occur in the Kings River or San Joaquin 
River. Regardless of the determined interconnected status of these Rivers, the significance of the San 
Joaquin River and the Kings River to riparian water rights holders and other stakeholders is 
understood. The NKGSA has established a groundwater level monitoring network discussed in this 
Section with monitoring points near both the San Joaquin River and the Kings River.  Additionally, 
the NKGSA will continue to review data from San Joaquin River Restoration Program near-river 
groundwater monitoring wells.  
 
The scientific rationale discussed above in this Section for Groundwater Levels will be used to add 
new wells, should it become necessary.  

 Consistency with Data and Reporting Standards  

Regulation Requirements: 
§354.34(g)(2) Consistency with data and reporting standards described in Section 352.4.  If a site is not consistent with those 
standards, the Plan shall explain the necessity of the site to the monitoring network, and how any variation from the standards will 
not affect the usefulness of the results obtained. 

 
The data gathered through the monitoring networks is consistent with the standards identified in 
Section 352.4 of the California Code of Regulations related to Groundwater Sustainability Plans.  
The main topics of Section 352.4 are outlined below, and the full section is included as Appendix 
5-A. 

• Data reporting units (e.g., water volumes shall be reported in acre-feet, etc.) 
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• Monitoring site information (e.g., site identification number, description of site location, etc.) 

• Well attribute reporting (e.g., CASGEM well identification number, casing perforations, etc.) 

• Map standards (e.g., data layers, shapefiles, geodatabases shall be submitted in accordance 
with the procedures described in Article 4, etc.) 

• Hydrograph requirements (e.g., hydrographs shall use the same datum and scaling to the 
greatest extent practical, etc.) 

• Groundwater and surface water models (e.g., the model shall include publicly available 
supporting documentation, etc.) 

 Quantitative Values  

Regulation Requirements: 
§354.34(g)(3) For each sustainability indicator, the quantitative values for the minimum threshold, measurable objective, and 
interim milestones that will be measured at each monitoring site or representative monitoring sites established pursuant to Section 
354.36. 

 
These USBR monitoring wells and the groundwater elevation data that is collected on an annual 
basis as discussed in, Chapter 3 Basin Settings 3.2.7 and Chapter 4 Sustainable Management Criteria of the 
GSP will continue to be reviewed and evaluated by the NKGSA.  The NKGSA has established a 
groundwater level monitoring network (Figure 5-1) with monitoring points near both the San 
Joaquin River and the Kings River.  The rivers, and nearby groundwater levels, will continue to be 
monitored so the status of any interconnection is better understood.  

 Monitoring locations 

Regulation Requirements: 
§354.34(h) The location and type of each monitoring site within the basin displayed on a map, and reported in tabular format, 
including information regarding the monitoring site type, frequency of measurement, and the purposes for which the monitoring 
site is being used. 

 
The NKGSA has established a groundwater level monitoring network (Figure 5-1) with monitoring 
points near both the San Joaquin River and the Kings River.  NKGSA will continue to review data 
from San Joaquin River Restoration Program near-river groundwater monitoring wells (Figure 5-2) 
and publicly available flow data for both rivers.  

 Monitoring Protocols  

Regulation Requirements: 
 

§352.2 Each Plan shall include monitoring protocols adopted by the Agency for data collection and management, as 
follows: 
 (a) Monitoring protocols shall be developed according to best management practices. 
 (b) The Agency may rely on monitoring protocols included as part of the best management practices developed by 
the Department, or may adopt similar monitoring protocols that will yield comparable data. 
 (c) Monitoring protocols shall be reviewed at least every five years as part of the periodic evaluation of the Plan, and 
modified as necessary.  

§354.34(i) The monitoring protocols developed by each Agency shall include a description of technical standards, data collection 
methods, and other procedures or protocols pursuant to Water Code Section 10727.2(f) for monitoring sites or other data 
collection facilities to ensure that the monitoring network utilizes comparable data and methodologies.  
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Groundwater level, groundwater quality, and land subsidence monitoring will generally follow the 
protocols identified in the Monitoring Protocols, Standards, and Sites Best Management Practices (DWR, 
December 2016b).  The NKGSA may develop standard monitoring forms in the future if deemed 
necessary.   
 
The following comments and exceptions to the BMP should be noted: 

1. SGMA regulations require that groundwater levels be measured to the nearest 0.1 foot.  The 
BMP suggests measurements to the nearest 0.01 foot; however, this is not practical for many 
measurement methods.  In addition, this level of accuracy would have little value since 
groundwater contours maps typically have 10 or 20-foot intervals, and storage calculations 
are based on groundwater levels rounded to the nearest foot.  The accuracy of groundwater 
level measurements will vary based on the well type and condition.  For instance, if 
significant oil is found in an agricultural well, then readings to the nearest foot are the best 
one can achieve. 

2. If used in a well suspected of contamination or if there are obvious signs of contamination 
(such as oil), well sounding equipment will be decontaminated after use.    

3. Wells will be surveyed to a horizontal accuracy of 0.5 foot. 
4. Unique well identifiers will be labeled on all public wells and on private wells if permission is 

granted. 
5. The BMP states that measurements each spring and fall should be taken “preferably within a 

1 to 2 week period.”  This is likely not feasible due to the large number of wells in the 
NKGSA and a 4-week period will be granted for semi-annual monitoring. 

6. If a vacuum or pressure release is observed, then water level measurements will be 
remeasured every 5 minutes until they have stabilized. 

7. In the field, water level measurements will be compared to previous records; if there is a 
significant difference, then the measurement will be verified. 

8. For water quality monitoring, field parameters for pH, electrical conductivity, and temperature 
will be collected only when required for the particular parameter being monitored. 
Determining if a well has been purged adequately may be ascertained by calculating a run time 
before sampling. 

 Representative Monitoring  

Regulation Requirements: 
§354.36 Each Agency may designate a subset of monitoring sites as representative of conditions in the basin or an area of the 
basin, as follows: 

 Description of Representative Sites  

Regulation Requirements: 
§354.36(a) Representative monitoring sites may be designated by the Agency as the point at which sustainability indicators are 
monitored, and for which quantitative values for minimum thresholds, measurable objectives, and interim milestones are defined. 

 
DWR has referred to representative monitoring as utilizing one well to represent an entire GSA or 
Management Area.   Use of one representative well in the NKGSA is not practical to cover such a 
large area with varying conditions.   Not all wells within the NKGSA are monitored, so a subset of 
wells is used as representative of conditions in the NKGSA.   Groundwater conditions can vary 
substantially across the NKGSA. The NKGSA area has a history of using multiple wells to monitor 
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groundwater and will continue to use available water level and water quality data from multiple wells 
to assess groundwater conditions. 

 Use of Groundwater Elevations as Proxy for Other Sustainability Indicators  

Regulation Requirements: 
 

§354.36(b) Groundwater elevations may be used as a proxy for monitoring other sustainability indicators if the Agency 
demonstrates the following: 

1) Significant correlation exists between groundwater elevations and the sustainability indicators for which groundwater 
elevation measurements serve as a proxy. 

2) Measurable objectives established for groundwater elevation shall include a reasonable margin of operational flexibility 
taking into consideration the basin setting to avoid undesirable results for the sustainability indicators for which 
groundwater elevation measurements serve as a proxy. 

 
NKGSA does not plan to use groundwater elevations as a proxy for monitoring other sustainability 
indicators.  As noted, groundwater elevations will be used as a critical component of groundwater 
storage estimation, but the elevation monitoring will not replace the storage change estimation. 

 Assessment and Improvement of Monitoring Network  

 Review and evaluation of monitoring network 

Regulation Requirements: 
 

§354.38(a) Each Agency shall review the monitoring network and include an evaluation in the Plan and each five-year assessment, 
including a determination of uncertainty and whether there are data gaps that could affect the ability of the Plan to achieve the 
sustainability goal for the basin. 

 
This chapter includes a description of the different types of data gaps, a summary of existing data gaps 
in each monitoring network, and a future plan to fill the data gaps. 

 Identification of data gaps  

Regulation Requirements: 
 

§354.38(b) Each Agency shall identify data gaps wherever the basin does not contain a sufficient number of monitoring sites, does 
not monitor sites at a sufficient frequency, or utilizes monitoring sites that are unreliable, including those that do not satisfy 
minimum standards of the monitoring network adopted by the Agency. 

 
There are three general types of data gaps to consider for monitoring networks: 

4. Temporal: Insufficient frequency of monitoring.  For instance, data may be available from a 
well only in the fall since it is rarely idle in the spring.  In addition, a privately owned well 
may have sporadic access due to locked security fencing, roaming dogs, change in 
ownership, etc. 

5. Spatial: Insufficient number or density of monitoring sites in a specific area. 
6. Insufficient quality of data:  Data may be available but be of poor or questionable 

accuracy.  Poor data may at times be worse than no data since it could lead to incorrect 
assumptions or biases.  The data may not appear consistent with other data in the area or 
with past readings at the monitoring site.  The monitoring site may not meet all the desired 
criteria to provide reliable data, such as having information on perforation depth, etc.  Past 
experiences have shown that well location information on Well Construction Reports is 
often poor, making it difficult or impossible to match wells with their well logs.    
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Depletion of Interconnected Surface Water 
the NKGSA has established a groundwater level monitoring network with an adequate density 
throughout the NKGSA, including near the rivers. Additionally, the NKGSA will continue to review 
data from San Joaquin River Restoration Program near-river groundwater monitoring wells as it 
becomes available. The data gap discussions presented under Groundwater Levels also applies to 
Depletion of Interconnected Surface Water.  

 Plans to fill data gaps  

Regulation Requirements: 
 

§354.38(c) If the monitoring network contains data gaps, the Plan shall include a description of the following: 
1) The location and reason for data gaps in the monitoring network. 
2) Local issues and circumstances that limit or prevent monitoring. 

(d) Each Agency shall describe steps that will be taken to fill data gaps before the next five-year assessment, including the location 
and purpose of newly added or installed monitoring sites. 

 
There are no identified data gaps in the depletion of interconnected surface water monitoring 
network. 

 Adjustment to Density of Monitoring Sites and Frequency of Measurements 

Regulation Requirements: 
 

§354.38(e) Each Agency shall adjust the monitoring frequency and density of monitoring sites to provide an adequate level of 
detail about site-specific surface water and groundwater conditions and to assess the effectiveness of management actions under 
circumstances that include the following: 

1) Minimum threshold exceedances. 
2) Highly variable spatial or temporal conditions. 
3) Adverse impacts to beneficial uses and users of groundwater. 
4) The potential to adversely affect the ability of an adjacent basin to implement its Plan or impede achievement of 

sustainability goals in an adjacent basin. 

 
The frequency and density of the proposed monitoring programs are discussed in previous sections.  
The criteria are considered adequate to provide sufficient monitoring data and to satisfy SGMA 
requirements.  Beginning in 2020, when groundwater conditions are compared to sustainability 
goals, the monitoring network may be modified or enhanced if deemed necessary.   

5.8 Reporting Monitoring Data to the Department  

Regulation Requirements: 
 

§354.40 Monitoring data shall be stored in the data management system developed pursuant to Section 352.6. A copy of the 
monitoring data shall be included in the Annual Report and submitted electronically on forms provided by the Department. 

 
Monitoring programs are coordinated within the Kings Subbasin.  Well location, construction, and 
level data are shared amongst the different GSAs.  In addition, the monitoring programs described 
in this Chapter were reviewed by the other GSAs, and they are generally consistent throughout the 
Basin.  Similarly, data reported to DWR will be collected and reported in a consistent format.  A 
detailed description of the Data Management System and the information that will be reported is 
included in Sections 7.4 and Section 7.5. 
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