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4 Sustainable Management Criteria 
Regulation Requirements: 

§354.22 This Subarticle describes criteria by which an Agency defines conditions in its Plan that 
constitute sustainable groundwater management for the basin, including the process by which the 
Agency shall characterize undesirable results, and establish minimum thresholds and measurable 
objectives for each applicable sustainability indicator. 

 
The SGMA defines Sustainable Groundwater Management as “the management and use of groundwater in 
a manner that can be maintained during the planning and implementation horizon without causing undesirable 
results.” The avoidance of undesirable results is integral to the success of the GSP.  Several 
requirements from GSP regulations have been grouped together under the heading of sustainable 
management criteria, including a sustainability goal, undesirable results, minimum thresholds, and 
measurable objectives for various indicators of groundwater conditions. These terms are provided in 
the table below: 
 

Table 4-1 Sustainability Criteria Definitions 

Term Definition 

Sustainability Goal 
A succinct qualitative statement including objectives and desired conditions of 
the groundwater basin, how the basin will get to that desired condition, and why 
the measures planned will lead to success. 

Measurable Objective 
Quantitative goals that reflect the basin’s desired 
groundwater conditions and allow the GSA to achieve the sustainability goal 
within 20 years.  

Minimum Threshold 
The quantitative value that represents the groundwater conditions at a monitoring 
site that, when exceeded individually or in combination with minimum thresholds 
at other monitoring sites, may cause undesirable result(s) in the basin. 

Undesirable Result 
A situation that occurs when conditions related to any of the six sustainability 
indicators become significant and unreasonable.  

Indicators for the sustainable management of groundwater were identified in the SGMA legislation 
based on what is important to the health and general well-being of the public. The  six indicators that 
must be monitored throughout the planning and implementation period of the GSP are shown below: 

 

Figure 4-1 Sustainability Indicators 

This chapter will describe each indicator, explain why they are significant, and define the 
management thresholds. Development of these Sustainable Management Criteria is dependent on 
basin information developed and presented in the hydrogeologic conceptual model, groundwater 
conditions, and water budget chapters of this GSP.   
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4.1 Sustainability Goal 

§354.24 Each Agency shall establish in its Plan a sustainability goal for the basin that culminates 
in the absence of undesirable results within 20 years of the applicable statutory deadline. The Plan 
shall include a description of the sustainability goal, including information from the basin setting 
used to establish the sustainability goal, a discussion of the measures that will be implemented to 
ensure that the basin will be operated within its sustainable yield, and an explanation of how the 
sustainability goal is likely to be achieved within 20 years of Plan implementation and is likely to 
be maintained through the planning and implementation horizon.  

 
The sustainability goal of the Kings Sub-basin and this GSA is to ensure that by 2040 the basin is 
being managed to maintain a reliable water supply for current and future beneficial uses without 
experiencing undesirable results.  This goal will be met by balancing water demand with available 
water supply to stabilize declining groundwater levels without significantly and unreasonably 
impacting water quality, land subsidence, or interconnected surface water.   The goal of the basin is 
to correct and end the long-term trend of a declining water table understanding that water levels will 
fluctuate based on the season, hydrologic cycle, and changing groundwater demands within the basin 
and its proximity. 
  
The conditions with the Kings subbasin and this GSA will be considered sustainable when: 

• The basin is continuously operated within its sustainable yield. 

• The current rate of decline of the groundwater table within the basin monitoring network 
indicator wells has been corrected and the multi-year trend of water elevations in these wells 
has been stabilized. 

• Groundwater management activities prevent undesirable results to groundwater levels, 
groundwater storage, groundwater quality, land subsidence and interconnected surface water.. 

 
The seven GSAs within the Kings Sub-basin have been coordinating for several years on how to 
reach and maintain sustainability.  As described in Chapter 3 - Basin Setting, the Kings Sub-basin 
includes significantly varied geologic conditions, water supplies, and land uses that lead to different 
conditions and obligations within each GSA.  The basin setting describes the trend of declining 
groundwater levels within the basin and this GSA.   The degree of decline varies by location based 
primarily on land use and available surface water supplies.  The basin setting information, including 
historic groundwater conditions, surface supplies, groundwater flows, land use, and other 
information were used to establish the water budget, estimates of overdraft within each GSA, and 
sustainable yield.   The coordination efforts between the GSAs have resulted in an agreement on 
initial quantities for each GSA to correct, identified in Table 4-2.    

Table 4-2 Agreed Initial Responsibility Quantities 

GSA  Initial Responsibility (AF) 

Central/South -7,100 

James 16,700 

Kings River East -11,000 

McMullin -91,100 

North Fork -50,300 

North Kings 20,800 

Total  -122,000 
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These quantities and each GSA’s respective obligation will continue to be monitored and evaluated 
as additional information is gathered.    
 
Each GSA in the Kings Subbasin is responsible for implementing projects and management actions 
required to reach sustainability and meet their initial mitigation requirements for overdraft.   The 
measures to be implemented to ensure the basin will be operated within the sustainable yield are 
described in Section 6 – Projects and Management Actions to Achieve Sustainability.  A similar list 
of measures has also been prepared in the six other GSPs developed for the Kings Sub-basin.  
Collectively, these projects and programs have been identified to ensure the basin reaches 
sustainability by 2040.   The project and program descriptions include technical data and estimates 
of project benefit; the total yield of all the projects will allow the basin to reach sustainability. 
The basin has agreed to a phased approach of increasing mitigation to achieve sustainability.   The 
proposed mitigation schedule is shown in the table below. 
 

Table 4-3 Basin-Wide Overdraft Mitigation Schedule 

Period 
Percent of Overdraft 

Mitigated 
Cumulative Mitigation 

2020-2025 10% 10% 

2025-2030 20% 30% 

2030-2035 30% 60% 

2035-2040 40% 100% 

 
Note that these are minimum goals and progress may be faster than described.  A phased approach 
with gradually increasing progress was selected since time will be necessary to secure funding, plan, 
design and build projects, and finalize water transfer deals.  Furthermore, if recharge or banking 
projects are developed, a wet period will be needed before projects are realized.  Consequently, 
efforts will be consistent throughout the 20-year period, but many benefits will not be seen until the 
latter years.  Each GSA in the basin is planning to implement projects and management actions in 
accordance with the agreed mitigation targets.   The GSAs will continue to meet regularly to review 
data to ensure all GSAs are meeting their milestones and progress is being made toward 
sustainability.   

4.2 Groundwater Levels 

 Undesirable Results 

 Criteria to Define Undesirable Results 

Regulation Requirements: 

§354.26  (a) Each Agency shall describe in its Plan the processes and criteria relied upon to define 
undesirable results applicable to the basin. Undesirable results occur when significant and 
unreasonable effects for any of the sustainability indicators are caused by groundwater conditions 
occurring throughout the basin. 

 
The terms “significant and unreasonable” are not defined by regulations, rather the conditions 
leading to this classification are determined by the GSA, beneficial users, and the basin they are a 
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part of. The process used to develop criteria for determining undesirable results began with 
discussions with stakeholders and landowners.   
 
The GSAs within the Kings Subbasin have defined the Undesirable Result for groundwater levels to 
be significant and unreasonable when either the water level has declined to a depth that a new 
productive well cannot be constructed or when the water level has declined to a depth that water 
quality cannot be treated for beneficial use.   
 
As defined by the subbasin, the undesirable result in much of the subbasin is actually below the 
elevation of the minimum threshold.  The Kings Subbasin has a very large unconfined aquifer with 
existing water levels well above the base of the unconfined aquifer.  As shown in Section 3 Basin 
Setting, recent water levels are several hundred feet above the base of the aquifer in much of the 
basin.  Much of the basin has a significant amount of water available above a level where an 
undesirable result would occur.  Because the aquifer is so significant and of such good quality in 
most of the basin, the requirement to stabilize water levels by 2040 becomes the controlling factor 
for setting target water levels.  The water level elevation at the point of stabilization is the 
measurable objective.  The measurable objective was set based on the historical decline in each 
indicator well within the monitoring network, and an incremental mitigation used to determine the 
future water levels.  A more detailed description of the measurable objective is included in Section 
4.2.3. 
 
The minimum threshold was set at an elevation to allow operational flexibility of the anticipated 
water level decline during a 5-year drought.  The actual decline during the historic 2012-2016 
drought was determined and the minimum thresholds were set by adding that distance below the 
measurable objective for each Indicator Well in the network.  A more detailed description is 
provided in Section 4.2.2.   
 
Much of the basin will have a significant aquifer of suitable quality below the levels set as the 
minimum threshold, meaning a productive well of suitable water quality could still be constructed if 
the water level drops below the minimum threshold.  Figure 4-2, below, illustrates this idea that for 
much of the basin, the minimum threshold is actually set at a level above the level of undesirable 
result (where there is no longer adequate water supply of suitable water quality).    
 
Although the undesirable result (as defined) may not occur until water levels are well below the 
minimum threshold, and the basin will use the 5-year milestones and minimum threshold levels as 
trigger for operational change.  Therefore, unless otherwise defined for a portion of a GSA, the 
basin will use the minimum threshold level as the point at which the effects of the groundwater 
decline become significant and unreasonable.    
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Figure 4-2 Groundwater Level - Sustainability Management 

 
The GSAs in the basin recognize that water levels will continue to decline until the overdraft within 
the basin and the impact of pumping from neighboring basins has been corrected.   The GSAs also 
recognize that during this time, the water level may decline below the depth of some wells within the 
basin.  Well construction has varied over the years and wells have been constructed at varying 
depths. The construction depth of all wells in the basin is not known at this time.  Some wells, even 
recently constructed wells, may have been poorly constructed or constructed too shallow for long-
term operation.   SGMA does not require the GSA to maintain current water levels or prevent 
any wells from going dry.   Rather, the GSA is required to stabilize and correct groundwater 
decline.   Until water levels have been stabilized and the basin has reached sustainability, 
the GSA does not view a well going dry as an undesirable result.   

 
Within each GSA there may be exceptions or additional considerations for the groundwater level 
undesirable result described within each GSA’s GSP.   The NKGSA has no exceptions or additions 
to this definition.   

 Causes of Groundwater Conditions That Could Lead to Undesirable Results 

Regulation Requirements: 

§354.26  (b) The description of undesirable results shall include the following: 
   (1) The cause of groundwater conditions occurring throughout the basin that would lead to or 
has led to undesirable results based on information described in the basin setting, and other data 
or models as appropriate.  
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The elevation at which an undesirable result occurs varies throughout the basin and each GSA.  The 
continued decline of water levels below the minimum threshold would be the undesired result.  The 
decline of the water table below minimum threshold levels could be caused by: 

• GSAs not correcting the overdraft at the basin-agreed incremental mitigation rates described 
later in this section. 

• Hydrologic cycle significantly drier than historical average conditions. 

• Extended or worse drought conditions than the historic 2012-16 drought. 

• Neighboring GSAs and basins not correcting boundary flow losses to the Kings Basin and 
its GSAs. 

• Increased demand and pumping beyond what are planned for in the water budget. 
 
As noted above, for much of the basin there will still be a significant amount of suitable water 
supply well below the minimum threshold and above the point at which a productive well of suitable 
water quality could no longer be constructed.     
 
Regulation Requirements: 

§354.26  (b) The description of undesirable results shall include the following: 
   (2) The criteria used to define when and where the effects of the groundwater conditions cause 
undesirable results for each applicable sustainability indicator. The criteria shall be based on a 
quantitative description of the combination of minimum threshold exceedances that cause 
significant and unreasonable effects in the basin.  

 
Water level declining below the minimum threshold in one of the GSA’s indicator wells in the 
monitoring network will be considered significant.   The regulations and DWR BMP for chronic 
lowering of groundwater levels recommend significant and unreasonable being considered when 
some percentage of wells have dropped below minimum thresholds.  However, with the monitoring 
network having indicator wells represent large areas, the exceedance of the minimum threshold at 
just one well location is significant based on how the basin has determined the minimum thresholds 
described later in this section.   The water level decline to this point would potentially be significant 
to the stakeholders in the proximity of this indicator well and warrant further evaluation by the 
NKGSA and potential action.  Therefore, the exceedance of one minimum threshold will trigger 
further action by the NKGSA. 
 
Regulation Requirements: 

§354.26  (b) The description of undesirable results shall include the following: 

 (3) Potential effects on the beneficial uses and users of groundwater, on land uses and  
property interests, and other potential effects that may occur or are occurring from 
undesirable results.  

The primary effect of the chronic lowering of the groundwater table has caused wells to be drilled 
deeper and deeper to maintain productivity.  Without correcting the basin to sustainability and 
stabilizing the water table, the decades-long trend of drilling deeper and deeper wells would continue 
causing increased financial burden on stakeholders.  In some areas of the basin, bedrock is shallow 
and the availability of supply above the bedrock could be diminished such that productive wells 
could not be constructed if water levels are not stabilized above these levels.   In some portions of 
the basin, as water levels decline, the water quality changes significant enough to require additional 
treatment.  Stabilizing the water table will reduce the changing conditions and provide for more 
sustainable long-term conditions within the basin.     
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 Evaluation of Multiple Minimum Thresholds 

Regulation Requirements: 

§354.26  (c) The Agency may need to evaluate multiple minimum thresholds to determine 
whether an undesirable result is occurring in the basin.  The determination that undesirable results 
are occurring may depend upon measurements from multiple monitoring sites, rather than a single 
monitoring site. 

 
The NKGSA, in coordination with the other GSAs in the basin, will utilize multiple wells to 
monitor and manage the NKGSA and basin.   Indicator wells of approximately two per township 
(with more where necessary and available) have been identified, and measurable objectives and 
minimum thresholds will be set at each of these wells.  A detailed description of the NKGSA’s 
monitoring network is included in Chapter 5 of this GSP.   

 Minimum Thresholds 

Regulation Requirements: 

§354.28  (a) Each Agency in its Plan shall establish minimum thresholds that quantify 
groundwater conditions for each applicable sustainability indicator at each monitoring site or 
representative monitoring site established pursuant to Section 354.36.  The numeric value used to 
define minimum thresholds shall represent a point in the basin that, if exceeded, may cause 
undesirable results as described in Section 354.26. 

 
The NKGSA, in coordination with the other GSAs in the basin, has established a monitoring 
network with multiple indicator wells.   A measurable objective and minimum threshold for 
groundwater levels have been determined at each of these indicator wells for the unconfined aquifer.  
The minimum threshold was set at an elevation to allow operational flexibility of the anticipated 
water level decline during a 5-year drought.  The actual decline during the historic 2012-2016 
drought was determined, and the minimum thresholds were set by adding that distance below the 
measurable objective for each indicator well in the network.  A more detailed description is provided 
later in this section.     
 
Regulation Requirements: 

§354.28  (d) An Agency may establish a representative minimum threshold for groundwater 
elevation to serve as the value for multiple sustainability indicators, where the Agency can 
demonstrate that the representative value is a reasonable proxy for multiple individual minimum 
thresholds as supported by adequate evidence.  

 
Groundwater elevation will be used as the indicator for the chronic lowering of groundwater levels.  
The minimum thresholds used for groundwater levels will set the overall groundwater storage 
volume desired to be maintained below the groundwater levels.   Water levels will not be used as 
proxy for the other sustainability indicators.  There are separate discussions on each indicator later in 
this section.   
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 Criteria to Define Minimum Thresholds 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (1) The information and criteria relied upon to establish and justify the minimum thresholds for 
each sustainability indicator. The justification for the minimum threshold shall be supported by 
information provided in the basin setting, and other data or models as appropriate, and qualified 
by uncertainty in the understanding of the basin setting.  

 

 
As shown in Figure 4-2 above, the minimum threshold is the elevation below the measurable 
objective that provides the operational flexibility to allow for periods of increased groundwater 
pumping during dry periods.   As mentioned, the minimum threshold was set at an elevation to 
allow operational flexibility of the anticipated water level decline during a 5-year drought.   The 
actual decline during the historic 2012-2016 drought was determined at each Indicator Well in the 
monitoring network.  The amount of decline during the historic drought was then used to determine 
the minimum threshold by deducting that amount from the elevation set for the measurable 
objective at that indicator well.   At some of the indicator wells, incomplete or inconsistent water 
level readings exist during the drought period.  For those wells, the average rate of decline was 
multiplied by 15 (three times the standard rate of decline for 5 years) to determine the total depth of 
decline for operational flexibility.  
 
The establishment of the minimum threshold was based on actual water level readings at each of the 
wells chosen to be indicator wells in the monitoring network.  A hydrograph was generated for each 
well and the historic rate of decline identified for each well individually.  The trendline was 
developed using the recent water level reading from the 1990s to the end of the basin base period 
(2012).   This considers recent base period conditions for the basin which factors in recent land use 
changes, different water year types, and the water use within the basin.  The amount of decline 
during the recent drought (2012-2016) was also determined.   A table listing the minimum threshold 
for each indicator well is included as Table 4-4 and a hydrograph for each indicator well showing 
the minimum threshold is included as Appendix 4-A. In addition to the minimum thresholds, the 
hydrographs include the rate of decline of each specific well and the measurable objective elevation 
based on the incremental rate of mitigation. 
 

§354.28  (c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (1) Chronic Lowering of Groundwater Levels.  The minimum threshold for chronic lowering of 
groundwater levels shall be the groundwater elevation indicating a depletion of supply at a given 
location that may lead to undesirable results. Minimum thresholds for chronic lowering of 
groundwater levels shall be supported by the following: 
    (A) The rate of groundwater elevation decline based on historical trends, water year type, and 
projected water use in the basin.   
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Table 4-4 Minimum Threshold for Representative Monitor Wells 

 
 

221



North Kings Groundwater Sustainability Agency Sustainable Management Criteria 
Groundwater Sustainability Plan 

 

Page 4-10 

 

 

 Relationships Between Minimum Thresholds and Sustainability Indicators 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (2) The relationship between the minimum thresholds for each sustainability indictor, including 
and explanation of how the Agency has determined that basin conditions at each minimum 
threshold will avoid undesirable results for each of the sustainability indicators. 

 
The following provides an explanation of the relationship between the water level minimum 
thresholds and the other sustainability indicators and how the NKGSA determined that the 
minimum thresholds will avoid undesirable results for each indicator:  

• Groundwater Storage.  The minimum thresholds used for groundwater levels will set the 
overall groundwater storage volume desired to be maintained below the minimum threshold 
groundwater levels.   As mentioned in much of the NKGSA and the basin, there will remain 
a very significant amount of groundwater below the minimum threshold elevations.  In areas 
of shallow bedrock, the minimum thresholds were compared to elevations of the top of 
bedrock in effort to restrict decline of the water table below alluvial material.   The SMC 
section on groundwater storage describes this further. 

• Sea Water Intrusion.  This indicator is not applicable to this basin. 

• Groundwater Quality.  Changing groundwater levels can affect groundwater contaminant 
concentrations positively and negatively.  The minimum thresholds were compared with 
known contaminants of concern where data and quality information by elevation was 
available.   Groundwater levels are not used as proxy for groundwater quality conditions.   
NKGSA has set separate groundwater quality sustainable management criteria and will 
monitor water quality condition changes as water levels change and reach sustainability.   

• Land Subsidence.  The NKGSA has not experienced significant subsidence and has limited 
area with soil conditions for land subsidence.  Water levels and primarily pumping from 
beneath clay layers can cause land subsidence.   The majority of pumping in the NKGSA is 
from above or outside of clay layer areas encountering subsidence.   The water level 
minimum thresholds have been established based on historical rates of decline that have not 
caused land subsidence of significance.    

• Interconnected Surface Water.  A very limited area of interconnected surface water occurs 
in the NKGSA.  Minimum thresholds were set based on historical groundwater level 
declines which have not created undesirable results.  Groundwater levels will continue to be 
monitored in the area of any interconnected surface water.    

  

§354.28  (c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (1) Chronic Lowering of Groundwater Levels.  The minimum threshold for chronic lowering of 
groundwater levels shall be the groundwater elevation indicating a depletion of supply at a given 
location that may lead to undesirable results. Minimum thresholds for chronic lowering of 
groundwater levels shall be supported by the following: 
    (B) Potential effects on other sustainability indicators. 
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 Minimum Thresholds in Relation to Adjacent Basins 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (3) How minimum thresholds have been selected to avoid causing undesirable results in adjacent 
basins or affecting the ability of adjacent basins to achieve sustainability goals.  

 
The minimum thresholds established are based on implementation of incremental correction of the 
historic groundwater level decline starting immediately and reaching stabilization by 2040.   This 
approach is believed to be conservative and correct the trend of existing groundwater decline.   The 
NKGSA has significant surface water rights and has experienced minimal impacts compared to 
other basins.   The Kings Basin is primarily negatively impacted by surrounding basin pumping as 
adjacent basins with limited surface water supplies have caused declining groundwater conditions 
that negatively impact the Kings Basin by increasing groundwater flows across basin boundaries.   
As described in Chapter 2, these flows have increased overtime.   Groundwater pumping in the 
confined aquifer in adjacent basins has also impacted the Kings Basin as the confined aquifer is 
primarily fed by the groundwater upgradient in the Kings Basin.    
 
As a basin, the various Kings GSAs have met with their neighboring GSAs outside of the Kings 
Basin to discuss how thresholds have been established and potential impacts.    The NKGSA has 
met with the Madera Basin consultants and administrative staff to understand their estimations.   At 
the time of the preparation of this GSP, criteria from the neighboring basin was not available.    
However, it is understood that minimum threshold elevations along the boundaries will not match 
exactly as the basins and GSAs have likely taken different approaches to establishing thresholds.   
Once the neighboring basin GSP is completed, the NKGSA will evaluate the potential differences 
between thresholds and work to coordinate needed resolutions and clarifications. 

 Impact of Minimum Thresholds on Beneficial Uses and Users 

 
Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (4) How minimum thresholds may affect the interests of beneficial uses and users of 
groundwater or land uses and property interests. 

 
The minimum thresholds have been established based on historic rate of decline, the proposed 
mitigation rate and enough operational flexibility to maintain delivery during a 5-yr drought.  The 
minimum thresholds have been determined based on the plan to correct the existing overdraft with 
an incremental approach intended to result in stabilized groundwater levels by 2040.   Stabilizing the 
groundwater levels will provide more certainty of the long-term availability of groundwater supply 
for all beneficial uses and users. Property values have always been influenced by the presence and 
depth of a useable well.  Minimum thresholds may affect those property values with existing wells 
with depths shallower than the minimum threshold.  The NKGSA recognizes that some shallow 
wells will likely go dry prior to water levels reaching stabilization.   Without SGMA and the 
proposed incremental mitigation by the NKGSA, these wells would have gone dry sooner, requiring 
the landowner to deepen existing wells.  The minimum thresholds have been established to allow for 
continued beneficial use within the NKGSA and provide improved long-term certainty of 
groundwater levels within the NKGSA. 
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An analysis was performed to estimate the number of domestic wells that may go dry at the 
minimum threshold.   Utilizing the minimum threshold depth at each of the water level monitoring 
well sites shown in Table 4-3 (and included in Appendix 4-A, location shown in Figure 5-2), a 
groundwater level contour surface was generated for the entire GSA utilizing GIS software.   From 
this surface, the estimated average depth to groundwater in each Section (one-square mile) was 
obtained which provides an estimate of the depth to groundwater at the minimum threshold.  The 
depth to water at the minimum threshold in each section was compared to the well completion 
report records available from DWR.  DWR’s well completion reports are grouped by section, but 
locations within each section are not known.  It is important to note the inaccuracies of the well 
record data, including inaccurate locations and construction information, no consideration of 
abandoned or inactive wells, and no consideration of well modifications.  For this comparison, all 
domestic wells were selected from the DWR records.  The perforation interval of the well was 
considered if included in the well completion report, otherwise the total depth of the well was 
considered.  For every domestic well in each section in the GSA, the minimum threshold depth was 
compared to ten feet above the bottom of perforation interval (if known) or ten feet above the total 
depth of the well.  Sections that are entirely contained within the boundaries of a community water 
system (City of Fresno, Clovis, etc.) were removed from the comparison, but if only a portion of the 
section was within the water system service area or within the GSA’s exterior boundary, all of the 
wells in the section were included in the analysis since the exact location of the wells in a section is 
not included in the available data.  This likely includes many wells that have been abandoned but was 
considered a conservative approach to this evaluation.   The results of this analysis are shown in 
Figure 4-3 showing the number of wells in each section that may be impacted.   
 
Since the first comparison to minimum thresholds included all wells regardless of age, and many of 
those wells have likely been abandoned or failed, a second comparison was performed for wells 
constructed after 1990.   1990 was chosen as a comparison to provide a range of the estimated 
impact to wells that will be up to 50 years old in 2040.   The results of this analysis are shown in 
Figure 4-4.   
 
Since the minimum threshold is the lowest depth that is anticipated, a third comparison was made to 
the measurable objectives using all domestic wells in DWR records.   Utilizing the measurable 
objective provides an estimate of the low end to the range of wells that may be impacted as the 
measurable objective is the groundwater level that will be sustained.   A contour surface was 
generated using GIS software for the entire GSA utilizing the measurable objective depths from 
Figure 4-3 (and identified in the hydrographs in Appendix 4-A).  The results of this analysis using 
all wells in DWR records is shown in Figure 4-5.   
 
A fourth comparison was made using measurable objectives using the same process, but limiting to 
wells constructed after 1990.  The results of this analysis are shown in Figure 4-6.   
 
For each of the four comparisons, the number of domestic wells shallower than the minimum 
threshold or measurable objective were totaled and compared to the total number of domestic well 
records.   As mentioned previously, the total number of domestic wells used in these calculations is 
based on DWR records, and may include abandoned, destroyed, or inactive wells.  Table 4-5 
provides a summary of the results and an estimate of the percentage of wells impacted.   
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 Table 4-5 Estimate of Percentage of Domestic Wells Shallower than Minimum Threshold or Measurable Objective 

 

 Wells Used 
Shallower than Measurable 

Objective 
Shallower than Minimum 

Threshold 

All Wells 12% 32% 

Post 1990 Wells 3% 13% 

 
In summary, the analysis shows that the estimated percentage of domestic wells that may be affected 
at the measurable objective levels is between 3% and 12%, and between 13% and 32% at the 
minimum thresholds.  The percentage of wells impacted is lower than shown when removing wells 
that are already shallower than current groundwater levels.  Utilizing all well data and all wells in a 
section that is only partially outside a community water system is very conservative considering the 
data includes many wells that are no longer active or are nearing the end of their usable life.   For 
these reasons, it is anticipated that the percentage of impacted wells is closer to the lower 
percentages listed.  These percentages may be refined as the GSP is implemented. 
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 Current Standards Relevant to Sustainability Indicator 

Regulation Requirements: 

 
There are no known state, federal, or local standards for establishment of minimum thresholds for 
groundwater levels.   

 Measurement of Minimum Thresholds 

Regulation Requirements: 

 
Groundwater level readings will be made at indicator wells in accordance with water level 
measurement protocols described in Chapter 5 Monitoring Network of this GSP.   

 Measurable Objectives 

 Description of Measurable Objectives 

Regulation Requirements: 

§354.30 (a) Each Agency shall establish measurable objectives, including interim milestones in 
increments of five years, to achieve the sustainability goal for the basin with 20 years of Plan 
implementation and to continue to sustainably manage the groundwater basin over the planning 
and implementation horizon.  
(b) Measurable objectives shall be established for each sustainability indicator, based on 
quantitative values using the same metrics and monitoring sites as are used to define the minimum 
thresholds. 

 
The establishment of the measurable objective was based on actual water level readings at each of 
the wells chosen to be indicator wells in the monitoring network.  The monitoring network is 
described in detail in Section 5 of this GSP.  A hydrograph was generated for each well and the 
historical rate of decline identified for each well individually.  The trendline was developed using the 
recent water level reading from the 1990s to the end of the recent average base period for the basin 
period (through 2012).   Use of this historical data considers recent base period conditions for the 
basin which factors in recent land use changes, different water year types, and the water use within 
the basin.  The rate of decline was projected through 2020 for each well.   The basin-wide agreed 
incremental mitigation rate for correction (shown in Table 4-3) was applied to each well’s 
hydrograph.  The incremental correction provides the calculation of the anticipated water level at 
2040.  A table listing the minimum threshold for each indicator well is included as Table 4-4 and a 
hydrograph for each indicator well showing the measurable objective is included as Appendix 4-A.   
In addition to the measurable objective, the hydrographs include the rate of decline of each specific 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (5) How state, federal, or local standards relate to the relevant sustainability indicator.  If the 
minimum threshold differs from other regulatory standards, the Agency shall explain the nature of 
and basis for the difference.   

§354.28  (b) The description of minimum thresholds shall include the following: 
  (6) How each minimum threshold will be quantitatively measured, consistent with the 
monitoring network requirements described in Subarticle 4. 
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well and the minimum threshold elevation based on the desired operational flexibility to maintain 
during a 5-year drought. 
 
The incremental mitigation for correction was selected based on the understanding that correcting 
decades of overdraft will take many years and implementation is dependent on many factors, 
including development of funding, project development, environmental and permit compliance, 
correction by neighboring GSAs, and basins that impact the Kings Basin. 

 Operational Flexibility 

Regulation Requirements: 

§354.30 (c) Measurable objectives shall provide a reasonable margin of operational flexibility 
under adverse conditions which shall take into consideration components such as historical water 
budgets, seasonal and long-term trends, and periods of drought, and be commensurate with levels 
of uncertainty. 

 
As shown in Figure 4-2, the operational flexibility is the change in groundwater levels between the 
measurable objective and minimum threshold and represents the amount of allowable decline in 
groundwater levels below the measurable objective.   The measurable objective was established using 
the basin base period which represents recent average hydrologic conditions and water uses with 
recent land uses and demands.  As mentioned, the minimum threshold was set at an elevation to 
allow operational flexibility of the anticipated water level decline during a 5-year drought, and was 
based on the recent historic drought of 2012-2016.   

 Representative Monitoring 

Regulation Requirements: 

§354.30 (d) An Agency may establish a representative measurable objective for groundwater 
elevation to serve as the value for multiple sustainability indicators where the Agency can 
demonstrate that the representative value is a reasonable proxy for multiple individual measurable 
objectives as supported by adequate evidence. 

 
The NKGSA is not proposing to use representative Measurable Objectives.    

 Path to Achieve Measurable Objectives 

Regulation Requirements: 
 

§354.30 (e) Each Plan shall describe a reasonable path to achieve the sustainability goal for the 
basin within 20 years of Plan implementation, including a description of interim milestones for 
each relevant sustainability indicator, using the same metric as the measurable objective, in 
increments of five years. The description shall explain how the Plan is likely to maintain 
sustainable groundwater management over the planning and implementation horizon. 

 
The NKGSA and the other GSAs in the basin will implement projects and programs to correct the 
declining groundwater levels and reach sustainability.  The NKGSA projects and programs are 
described in Section 6 of this GSP and implementation discussed in Section 7 of the GSP.   The 
interim milestones for water level correction are unique to each well and are shown on the 
hydrographs in Appendix 4-A.   The measurable objective water levels have been used to determine 
the estimated volume of overdraft correction that is required within this NKGSA and the entire 
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basin.  The NKGSA has identified the schedule for implementation of each project as well as that 
project’s anticipated benefit or yield.   The combined benefit of each project at each milestone 
shows that the NKGSA has identified projects to correct the total overdraft by 2040.   Future 
projects are included in the anticipated reduction in demand and overdraft.    

4.3 Groundwater Storage 

Groundwater storage is directly linked to groundwater levels, and the measurable objective and 
minimum threshold for groundwater levels dictate the amount of groundwater in storage for cyclic 
use once the Subbasin reaches sustainability.   The criteria used to determine water level undesirable 
results, measurable objectives and minimum thresholds dictate groundwater storage items.   As 
described in Section 3.2.3, the estimation of the amount of groundwater storage change is dependent 
on water level elevations changes from multiple wells and the depth of groundwater at the beginning 
and end of the period for which storage change is estimated multiplied by specific yield values in the 
interval in which water level is fluctuating.  The amount of groundwater storage change (or change 
over time) is estimated from these contoured surfaces from the beginning and end of the period in 
question.   Once the subbasin reaches sustainability, the estimated volume of groundwater between 
the measurable objective and the minimum threshold levels provides the operational flexibility.   The 
calculation of these volumes are included in Table 4-6. 
 

Table 4-6 Estimate of Groundwater in Storage between Measurable Objective and Minimum Threshold 

GSA Volume (Acre-Feet) 

Central Kings 680,000 

James ID 110,000 

Kings River East 620,000 

McMullin Area 570,000 

North Fork Kings 940,000 

North Kings 1,070,000 

South Kings  42,000 

Total for Subbasin 4,032,000 

 
Since the water level measurable objectives are lower than current water levels, the amount of 
groundwater in storage between current water levels and the minimum thresholds is considerably 
more than the estimate of groundwater in storage between the ultimate measurable objectives and 
minimum thresholds, however once the subbasin reaches sustainability, the long-term volume of 
groundwater in storage between the measurable objective and minimum threshold levels is the 
critical storage volume and, as mentioned above, is the groundwater storage operation flexibility..  
  
Storage change in the confined aquifer was not estimated since actual changes are considered small 
to negligible as long as that portion of the aquifer remains fully saturated.  Changes in the 
potentiometric surface only impact the compressibility of the mineral skeleton and pore water, 
which have a very small impact on the total volume of water.  Furthermore, when pumping occurs 
from the confined aquifer, it ultimately impacts the unconfined aquifer by inducing groundwater 
flows into the confined portion of the aquifer through downward seepage through the confining 
layers and wells screened across multiple aquifer zones.   
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 Undesirable Results 

 Criteria to Define Undesirable Results 

Regulation Requirements: 

§354.26  (a) Each Agency shall describe in its Plan the processes and criteria relied upon to define 
undesirable results applicable to the basin. Undesirable results occur when significant and 
unreasonable effects for any of the sustainability indicators are caused by groundwater conditions 
occurring throughout the basin. 

 
The groundwater level minimum threshold elevations across the NKGSA and Subbasin were used 
to estimate the amount of groundwater in storage from the Minimum Thresholds to the Interim 
Milestones and Measurable Objectives.  An undesirable result would occur if the total amount of 
water in storage was less than the estimated amount of groundwater in storage below the minimum 
thresholds.   Since the Subbasin plans to maintain water levels above the minimum threshold and 
only periodically use the storage between the minimum threshold and measurable objective, the total 
amount of groundwater in storage below the minimum threshold was not calculated.  

 Causes of Groundwater Conditions That Could Lead to Undesirable Results 

Regulation Requirements: 

§354.26  (b) The description of undesirable results shall include the following: 
   (1) The cause of groundwater conditions occurring throughout the basin that would lead to or 
has led to undesirable results based on information described in the basin setting, and other data 
or models as appropriate.  

 
Since the amount of groundwater storage change is based on water levels, the causes for undesirable 
results in groundwater storage are the same as causes for undesirable results listed under section 
4.2.1.2 for water levels.  The reasons for chronic lowering of water levels include: 

• GSAs not correcting the overdraft at the basin-agreed incremental mitigation rates described 
later in this section. 

• Hydrologic cycle significantly drier than historic average conditions. 

• Extended or worse drought conditions than the historic 2012-16 drought. 

• Neighboring GSAs and Basins not correcting boundary flow losses to the Kings Basin and 
its GSAs. 

• Increased demand and pumping beyond what are planned for in the water budget 
 
As previously stated, for much of the basin there will still be a significant amount of suitable water 
supply well below the minimum threshold and above the point at which a productive well of suitable 
water quality could no longer be constructed.     
 
Regulation Requirements: 

§354.26  (b) The description of undesirable results shall include the following: 
   (2) The criteria used to define when and where the effects of the groundwater conditions cause 
undesirable results for each applicable sustainability indicator. The criteria shall be based on a 
quantitative description of the combination of minimum threshold exceedances that cause 
significant and unreasonable effects in the basin.  
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The criteria for undesirable results for water levels are also used for groundwater storage as they 
define the minimum threshold elevations below which an undesirable result would occur for storage 
volume. 
Regulation Requirements: 

§354.26  (b) The description of undesirable results shall include the following: 

 (3) Potential effects on the beneficial uses and users of groundwater, on land uses and  
property interests, and other potential effects that may occur or are occurring from 
undesirable results.  

 
The effects of undesirable results for water levels described in Section 4.2.1.2 are the same for 
groundwater storage.   The primary effect of the chronic lowering of the groundwater table has 
caused wells to be drilled deeper and deeper to maintain productivity.   Without correcting the 
subbasin to sustainability and stabilizing the water table, the decades long trend of drilling deeper 
and deeper wells would continue causing increased financial burden on stakeholders.  In some areas 
of the subbasin, bedrock is shallow and the availability of supply above the bedrock could be 
diminished such that productive wells could not be constructed if water levels are not stabilized 
above these levels.   In some portions of the subbasin, as water levels decline, the groundwater 
quality changes could potentially be significant enough to require additional treatment, but ongoing 
evaluation of groundwater quality data is needed to understand these potential changes.  Stabilizing 
the water table should reduce the changing conditions and provide for more sustainable long-term 
conditions within the subbasin.     

 Evaluation of Multiple Minimum Thresholds 

Regulation Requirements: 

§354.26  (c) The Agency may need to evaluate multiple minimum thresholds to determine 
whether an undesirable result is occurring in the basin.  The determination that undesirable results 
are occurring may depend upon measurements from multiple monitoring sites, rather than a single 
monitoring site. 

 
The NKGSA, in coordination with the other GSAs in the subbasin, utilized multiple wells to 
develop groundwater contours and estimate the change in groundwater storage.   A water level 
surface was created from the minimum thresholds, interim milestone and measurable objective 
water level elevations at the monitor wells. The amount of groundwater in storage above the 
minimum thresholds to the measurable objective, as well as to each of the interim milestones, was 
estimated using the process described in Section 3.2.3.    

 Minimum Thresholds 

Regulation Requirements: 

§354.28  (a) Each Agency in its Plan shall establish minimum thresholds that quantify 
groundwater conditions for each applicable sustainability indicator at each monitoring site or 
representative monitoring site established pursuant to Section 354.36.  The numeric value used to 
define minimum thresholds shall represent a point in the basin that, if exceeded, may cause 
undesirable results as described in Section 354.26. 

 
The groundwater storage minimum threshold is based on the groundwater level minimum 
thresholds (described previously) as the basis for the estimation of groundwater in storage above 
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those water levels to the measurable objective and the interim milestones.  Water levels are not used 
as a proxy, but the water levels determine the water level surface that is used to calculate the volume 
in storage between those levels.  Utilizing the process for groundwater storage calculation described 
in Section 3.2.3, the groundwater in storage between the measurable objective and minimum 
threshold was estimated and shown in Table 4-6.   

 
The minimum thresholds used for groundwater levels will set the overall groundwater storage volume 
desired to be maintained.   

 Criteria to Define Minimum Thresholds 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (1) The information and criteria relied upon to establish and justify the minimum thresholds for 
each sustainability indicator. The justification for the minimum threshold shall be supported by 
information provided in the basin setting, and other data or models as appropriate, and qualified 
by uncertainty in the understanding of the basin setting.  

§354.28  (c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (2) Reduction of Groundwater Storage. The minimum threshold for reduction of groundwater 
storage shall be a total volume of groundwater that can be withdrawn from the basin without 
causing conditions that may lead to undesirable results. Minimum thresholds for reduction of 
groundwater storage shall be supported by the sustainable yield of the basin, calculated based on 
historical trends, water year type, and projected water use in the basin. 

 
The criteria for minimum thresholds for water levels are also used for groundwater storage as they 
define the elevations that are used to estimate the volume of groundwater in storage from the water 
level minimum thresholds to the measurable objective and interim milestones.  The criteria for water 
level minimum thresholds are described in Section4.2.2.1.  The minimum threshold for groundwater 
storage is the minimum threshold water surface for water level at all the monitored wells. An 
exceedance for water level may not cause an exceedance for groundwater storage. 

 Relationships Between Minimum Thresholds and Sustainability Indicators 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (2) The relationship between the minimum thresholds for each sustainability indictor, including 
and explanation of how the Agency has determined that basin conditions at each minimum 
threshold will avoid undesirable results for each of the sustainability indicators. 

 
The minimum thresholds used for groundwater levels will set the overall groundwater storage 
volume desired to be maintained above the measurable objective and the interim milestones at five-
year increments. The exceedance of a single water level minimum threshold does not necessarily 
mean there has been an exceedance of the groundwater storage minimum threshold. As mentioned 
in much of the NKGSA and the Subbasin, there will remain a very significant amount of 

§354.28  (d) An Agency may establish a representative minimum threshold for groundwater 
elevation to serve as the value for multiple sustainability indicators, where the Agency can 
demonstrate that the representative value is a reasonable proxy for multiple individual minimum 
thresholds as supported by adequate evidence.  
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groundwater below the minimum threshold elevations but again, it should be noted that the critical 
storage volume is the volume between the minimum threshold and the measurable objective, i.e. the 
operational flexibility.  

 Minimum Thresholds in Relation to Adjacent Basins 

 
Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (3) How minimum thresholds have been selected to avoid causing undesirable results in adjacent 
basins or affecting the ability of adjacent basins to achieve sustainability goals.  

 
It is understood that the minimum threshold elevations along the boundaries will not match exactly 
as the neighboring basins and as the neighboring basins have likely taken different approaches to 
establishing minimum thresholds.   Once the neighboring basins GSPs are completed, the NKGSA 
will evaluate the potential differences between thresholds and work to coordinate needed resolutions 
and clarifications. 

 Impact of Minimum Thresholds on Beneficial Uses and Users 

 
Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (4) How minimum thresholds may affect the interests of beneficial uses and users of 
groundwater or land uses and property interests. 

 
The minimum threshold for groundwater storage is based on the water level minimum thresholds 
which have been established based on historic rates of decline, the proposed mitigation rate and 
enough operational flexibility to maintain beneficial use in the Subbasin during a five-year drought.  
As described in Section 4.2.2.4, the minimum thresholds have been determined based on the plan to 
correct the existing overdraft with an incremental approach intended to result in stabilized 
groundwater levels by 2040.  The minimum thresholds have been established to allow for continued 
beneficial use within the NKGSA and provide improved long-term certainty of groundwater levels 
within the NKGSA.  

 Current standards relevant to sustainability indicator 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (5) How state, federal, or local standards relate to the relevant sustainability indicator.  If the 
minimum threshold differs from other regulatory standards, the Agency shall explain the nature of 
and basis for the difference.   

There are no known state, federal or local standards for establishment of minimum thresholds for 
groundwater storage.   
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 Measurement of Minimum Thresholds 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (6) How each minimum threshold will be quantitatively measured, consistent with the 
monitoring network requirements described in Subarticle 4. 

 
Groundwater level readings from wells in the monitoring network will be used to generate a water 
level surface contour.  From this water level contour, the calculation of groundwater in storage will 
be made in accordance with the process described in Section 3.2.3.     

 Measurable Objectives 

 Description of Measurable Objectives 

Regulation Requirements: 

§354.30 (a) Each Agency shall establish measurable objectives, including interim milestones in 
increments of five years, to achieve the sustainability goal for the basin with 20 years of Plan 
implementation and to continue to sustainably manage the groundwater basin over the planning 
and implementation horizon.  
(b) Measurable objectives shall be established for each sustainability indicator, based on 
quantitative values using the same metrics and monitoring sites as are used to define the minimum 
thresholds. 

 
The groundwater storage measurable objective is based on the groundwater level measurable 
objective (described previously) as the basis for the calculation of groundwater in storage from the 
measurable objective to the minimum threshold. The groundwater storage minimum threshold is 
based on the groundwater level minimum thresholds (described previously) as the basis for the 
calculation of groundwater in storage above those water levels to the measurable objective and the 
interim milestones. The groundwater in storage between the ultimate measurable objectives and the 
minimum threshold provides the operational flexibility for pumping during dry years.  With current 
groundwater levels above the ultimate measurable objectives, there is currently more water in 
storage than there will be once the Subbasin reaches sustainability at measurable objective levels.  As 
described in Section 4.2, the measurable objective for water levels at each five-year milestone 
(interim milestone) have been identified.  It is also critical to understand that there is still a 
significant amount of groundwater in storage below the minimum threshold as discussed in 
Sections 3 and Section 4.2.  Utilizing the process for groundwater storage change estimation 
described in Section 3.2.3, the groundwater in storage between the measurable objective and at each 
interim milestone, and the minimum threshold was estimated and shown in Table 4-7. 
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Table 4-7 Estimate of Groundwater in Storage between Minimum Threshold and Measurable Objective Milestones 

GSA Volume at 2025 
Milestone to 

Minimum 
Threshold(AF) 

Volume at 2030 
Milestone to Minimum 

Threshold(AF) 

Volume at 2035 
Milestone to Minimum 

Threshold(AF) 

Central Kings  900,000 780,000 700,000 

James ID 150,000 130,000 110,000 

Kings River East 810,000 710,000 640,000 

McMullin Area 790,000 670,000 590,000 

North Fork Kings 1,420,000 1,170,000 1,000,000 

North Kings 1,300,000 1,180,000 1,090,000 

South Kings 51,000 46,000 43,000 

Total for Subbasin 5,421,000 4,686,000 4,173,000 

 
Groundwater contour maps at the interim milestones, measurable objective and minimum threshold 
used to estimate the associated storage volume, as well as the supporting informational tables for the 
storage volume estimations are included in Appendix 4-B.  Hydrographs included in Appendix 4-A 
graphically display the available groundwater level data, historic trendlines, measurable objective, 
interim milestones, operational flexibility, and minimum threshold for each indicator well.  

 Operational Flexibility 

Regulation Requirements: 

§354.30 (c) Measurable objectives shall provide a reasonable margin of operational flexibility 
under adverse conditions which shall take into consideration components such as historical water 
budgets, seasonal and long-term trends, and periods of drought, and be commensurate with levels 
of uncertainty. 

 
The amount of groundwater in storage between the measurable objective and minimum threshold 
provides the operational flexibility.  The groundwater storage Measurable Objectives and Minimum 
Thresholds are estimated using the water level Measurable Objectives and Minimum Thresholds.   

 Representative Monitoring 

Regulation Requirements: 

§354.30 (d) An Agency may establish a representative measurable objective for groundwater 
elevation to serve as the value for multiple sustainability indicators where the Agency can 
demonstrate that the representative value is a reasonable proxy for multiple individual measurable 
objectives as supported by adequate evidence. 

 
The NKGSA is not proposing to use representative Measurable Objectives.    

 Path to Achieve Measurable Objectives 

Regulation Requirements: 

§354.30 (e) Each Plan shall describe a reasonable path to achieve the sustainability goal for the 
basin within 20 years of Plan implementation, including a description of interim milestones for 
each relevant sustainability indicator, using the same metric as the measurable objective, in 
increments of five years. The description shall explain how the Plan is likely to maintain 
sustainable groundwater management over the planning and implementation horizon. 
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The NKGSA and the other GSAs in the basin will implement projects and programs to correct the 
declining groundwater levels and reach sustainability.  The GSA’s projects and programs are 
described in Section 6 of this GSP and implementation discussed in Section 7 of the GSP.   The 
groundwater storage interim milestones are calculated based on the basin wide agreed incremental 
mitigation rate to reach groundwater level measurable objectives.   The NKGSA has identified the 
schedule for implementation of each project and management action (when required) as well as that 
project’s anticipated benefit or yield.   The combined benefit of each project, at each milestone 
shows that the NKGSA has identified projects to correct the total overdraft by 2040.     

4.4 Seawater Intrusion 

Regulation Requirements: 

§354.26  (d) An Agency that is able to demonstrate that undesirable results related to one or more sustainability 
indicators are not present and are not likely to occur in a basin shall not be required to establish criteria for 
undesirable results related to those sustainability indicators. 

§354.28  (c) (3) Seawater Intrusion. The minimum threshold for seawater intrusion shall be defined by a chloride 
concentration isocontour for each principal aquifer where seawater intrusion may lead to undesirable results. 
Minimum thresholds for seawater intrusion shall be supported by the following: 
(A) Maps and cross-sections of the chloride concentration isocontour that defines the minimum threshold and 
measurable objective for each principal aquifer. 
(B) A description of how the seawater intrusion minimum threshold considers the effects of current and projected 
sea levels. 

§354.28  (e) 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 
minimum thresholds related to those sustainability indicators. 

By definition, seawater intrusion occurs when saline water from the ocean infiltrates the 
groundwater system and begins to flow into areas of freshwater due to pressure differentials, in 
many cases caused by groundwater pumping. The Coastal Range lies between the Central Valley and 
the Pacific Ocean.  The Kings Subbasin and NKGSA are over 100 miles from the Sacramento-San 
Joaquin Delta, which would be the only means for seawater to enter the Central Valley.  Due to the 
great distance and the current groundwater elevations, NKGSA and the Kings Subbasin do not need 
to account for seawater intrusion. 

4.5 Groundwater Quality 

As discussed in these previous chapters, groundwater quality in the NKGSA is generally well suited 
for irrigation and domestic use, although groundwater quality 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 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 are already being routinely monitored for a wide range of 
contaminants, including the chemicals of concern, by the water purveyors under Title 22.   
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, however the NKGSA will review and analyze publicly available routine groundwater 
monitoring data reported by the community and non-community public supply wells in order to 
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monitor if groundwater pumping may be exacerbating groundwater quality concerns and where to 
enforce mitigation measures not already being addressed by appropriate State Agencies should it 
become necessary.  The minimum thresholds will be set at the levels protective of human health as 
applicable for the respective chemicals of concern identified and discussed in this GSP’s 
Groundwater Conditions Chapter (Section 3.2).   
 
The following chemicals are groundwater quality concerns in the NKGSA.  Some of these are 
significant concerns while others are minor or geographically limited.  Additional discussion on 
groundwater quality is presented in Section 3.2. 
 
Nitrates  
Nitrate is commonly found in groundwater as a result of application of nitrogen fertilizers in 
irrigated agricultural and landscaped areas, seepage from feedlots/dairies, wastewater and food 
processing waste ponds, winery waste, sewage effluent, and leachate from septic system drain fields.  
The California drinking water Maximum Contaminant Level (MCL) for nitrate as nitrogen (NO3-N) 
is 10 mg/L.  Elevated concentrations are generally in the southwest and southeast portion of the 
NKGSA.  Pockets of larger numbers of septic systems can be found north and east of Clovis and 
both north and southwest of Fresno, contributing to the nitrate loading.  Higher nitrate in wells also 
remains a concern for some very small DAC and SDAC systems outside of the City of Fresno but 
within the NKGSA.   
 
Arsenic 
Arsenic occurs in natural sedimentary deposits throughout the San Joaquin Valley. Arsenic in 
groundwater in the NKGSA is generally found at greater depths where reduced deposits are present. 
Concentrations of arsenic approaching the MCL concentration of 10 µg/L have been found in 
municipal wells in the City of Kerman. 
 
Dibromo-Chloropropane (DBCP) 
DBCP was used as a fumigant to kill nematodes in soil before planting and was widely used in 
California until 1977.  The MCL is 0.2 µg/L.  DBCP was used in vineyards and deciduous orchards 
where sandy soils were present.  In general, within the NKGSA concentrations of DBCP above the 
MCL value have historically been detected northeast, east, south, and southeast of the City of 
Fresno.  Lower concentrations, below the MCL value, have also been detected in the western 
portion of the NKGSA.  Higher DBCP levels are generally found in the shallow aquifer, above 200 
feet.  A 2006 assessment of DBCP trends indicated that the peak concentrations are significantly 
lower than in 1989-91. DBCP concentration levels and the extent of DBCP has decreased over time 
due to the degradation process and dilution due to recharge.   DBCP in wells remains a concern for 
some small DAC and SDAC systems outside of the Fresno Metropolitan area. 
 
1,2,3-Trichloropropane (TCP) 
TCP is used industrially (paint and varnish remover as a cleaning and degreasing agent) and 
chemically (solvent and intermediate for pesticides).  There is no current federal MCL; however, 
California has adopted its own drinking water standard of 5 parts per trillion.  TCP has been 
detected in shallow groundwater in rural areas, along Highway 99, and in City of Fresno and City of 
Clovis public supply wells. 
 
Methyl Tert-Butyl Ether (MTBE) 
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MTBE is a flammable liquid that has been used as an additive for unleaded gasoline since the 1980s 
but is now banned in California.  MTBE is also used in small amounts as a laboratory solvent and 
for some medical applications.  The primary MCL is 13 µg/L for health concerns and 5 µg/L for 
taste and odor concerns.  MTBE is found in numerous areas, but it is typically isolated in areas 
around current and closed gasoline stations and generally presents few impacts to municipal wells. 
 
Uranium 
Uranium occurs naturally in groundwater in parts of the NKGSA. Uranium is derived from Sierra 
Nevada granitic formations and will preferentially adhere to clays. The MCL is 30 µg/L or 20 
picocuries/liter. Uranium has been found in municipal wells in the City of Kerman and in the area 
of Easton. 
 
Perchloroethylene (PCE) and Trichloroethylene (TCE) 
Perchloroethylene (PCE) and Trichloroethylene (TCE) are both volatile organic compound solvents 
used as cleaning agents.  PCE is listed as a potential cancer-causing agent.  TCE is listed as both a 
potential cancer-causing agent and reproductive toxin causing developmental toxicity and male 
reproductive toxicity.  The State MCL for both PCE and TCE is 5 μg/L.  Some municipal wells 
within the City of Fresno and Pinedale County Water District have tested positive for PCE and 
TCE in concentrations above the MCL.   
 
Hexavalent Chromium 
Hexavalent chromium [Cr(VI)] is one of the valence states (+6) of the element chromium.  
Hexavalent chromium can be produced by industrial processes but sometimes is also naturally 
occurring.  Inhalation and ingestion of Cr(VI) is known to cause cancer.  Hexavalent chromium has 
been found in Kerman and at some local groundwater banks. The California Superior court 
invalidated the hexavalent chromium MCL in 2017 over concerns that the State Waterboard failed 
to properly consider the economic feasibility of complying with the MCL.  At this time there is no 
MCL for this chemical and the State Waterboard is seeking to adopt a new MCL.   

 Undesirable Results 

An undesirable result would be the significant and unreasonable reduction in groundwater quality as 
it relates to groundwater pumping and recharge projects such that the groundwater is no longer 
generally suitable for agricultural irrigation and domestic use.  The NKGSA only has authority 
related to groundwater pumping policies, however the NKGSA will review and analyze publicly 
available routine groundwater monitoring data reported by the community and non-community 
public supply wells, as it becomes available, in order to  monitor if groundwater pumping may be 
exacerbating groundwater quality concerns and where to enforce pumping restrictions should it 
become necessary.  Section 5 of this GSP describes the NKGSA monitoring well network.  
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 Criteria to Define Undesirable Results 

Regulation Requirements: 

§354.26 (a) Each Agency shall describe in its Plan the processes and criteria relied upon to define 
undesirable results applicable to the basin. Undesirable results occur when significant and 
unreasonable effects for any of the sustainability indicators are caused by groundwater conditions 
occurring throughout the basin. 

 
With the powers provided to GSAs by SGMA, a GSA can only regulate and manage 
groundwater pumping as part of its effort to change groundwater conditions.  Other existing 
agencies and programs are generally responsible for tracking and remediation of groundwater 
quality.  As described in the Plan Area chapter, these other agencies and programs include Irrigated 
Lands Regulatory Program (ILRP), Central Valley Salinity Alternatives for Long-Term Sustainability 
(CV-SALTS), Fresno County Rural Domestic Well Program (Volunteer basis), Dairy General Order, 
Regional Water Quality Control Board (RWQCB), and Department of Toxic Substances Control 
(DTSC).  

 
While there are several existing groundwater monitoring programs, they do not monitor all 
contaminants of concern within the NKGSA and may not provide depth-specific water quality data. 
For example, ILRP and CV-Salts are mostly focused on nitrate and salinity trends in groundwater.  
Water quality of private domestic wells is largely unknown as testing of the wells is not required and 
the Fresno County Rural Domestic Well Program is voluntary and relies on well owners to have 
some knowledge of preexisting groundwater quality issues to opt in.  Due to these limitations, the 
data from these programs will not be relied upon to set sustainable management criteria at this time.   
 
Groundwater monitoring and reporting by community water systems is a requirement of California 
Title 22 Code of Regulations.  Monitoring and reporting schedule requirements can vary based on 
the service population size, geographic area and population type (i.e. transient vs. non-transient).  
Under California Domestic Water Quality and Monitoring Regulations, community water systems 
must distribute, to each customer, an annual water quality report on the water purveyed.  This 
consumer confidence rule requires public water suppliers that serve the same customers throughout 
the year (community water systems) to provide consumer confidence reports to their customers.  
These reports are also known as annual water quality reports or drinking water quality reports.  
These reports are generally publicly available from the water suppliers or through an online data 
base such as the State Safe Drinking Water Information System 
(https://sdwis.waterboards.ca.gov/PDWW/) or the “My Water Quality” portal of the California 
Water Quality Monitoring Council (https://mywaterquality.ca.gov/index.html).   Generally 
speaking, California Domestic Water Quality and Monitoring Regulations do not require all 
chemicals and contaminants to be tested at public supply wells, rather the intent is to test for 
chemicals and contaminants that are known or likely to occur in the area. Therefore, not all 
chemicals of concern will be tested in every well and the monitoring frequency for individual 
chemicals can vary from once every 3 to 6 years to once every 3 to 12 months depending on well 
history and well location relative to known groundwater impacts. Groundwater monitoring results 
from the community and non-community wells within the NKGSA monitoring network will be 
reviewed annually and the analytical results for the chemicals of concern specific to the individual 
well locations will be compared against the respective MCL values for the chemicals of concern. The 
State MCL values for the chemicals of concern that have been identified in the Section 3.2 will be 

242

https://sdwis.waterboards.ca.gov/PDWW/


North Kings Groundwater Sustainability Agency Sustainable Management Criteria 
Groundwater Sustainability Plan 

 

Page 4-31 

 

 

relied upon heavily as the criteria for defining undesirable results.  Chemical of concern within the 
NKGSA along with their respective MCL values are listed below in Table 4-8. 
 
Undesirable results determinations will be based on the aggregated effect of: 1) the degradation of 
water quality to excess of MCLs (i.e. California potable water standards) where concentrations of 
chemicals of concern have a recent history of being below MCLs; and 2) a statistically significant 
increase in groundwater degradation where concentrations of chemicals of concern have a recent 
history of being above MCLs.  The occurrence of an undesirable result will be defined as 15% of the 
representative monitoring wells having reached either of these two criteria for two consecutive years 
at the same wells.  For the purposes of this GSP statistical significance is defined as a result not 
likely to occur from random fluctuations (seasonal or otherwise) or by chance but instead can likely 
be attributed to a specific cause (i.e., groundwater pumping). 

Table 4-8 Chemicals of Concern and California MCLs 

 

 Causes of Groundwater Conditions That Could Lead to Undesirable Results 

Regulation Requirements: 

§354.26 (b) The description of undesirable results shall include the following: 
   (1) The cause of groundwater conditions occurring throughout the basin that would lead to or 
has led to undesirable results based on information described in the basin setting, and other data 
or models as appropriate.  

 
There are several potential causes of groundwater quality degradation that could lead to undesirable 
results.  These include, but not limited to: 
 

• The accumulated effects of fertilizer nutrient application and other farming practices leading 
to accumulation of chemicals of concern in groundwater, such as nitrates; 

• DBCP, EDB, and TCE are legacy contaminants and thus no future degradation from them 
is foreseen, rather efforts include managing current contamination plumes; 

Chemical of Concern California Primary MCL *

(mg/L unless otherwise shown)

Nitrate as N 10

Arsenic 0.010

Dibromo-Chloropropane (DBCP) 0.0002

1,2,3-Trichloropropane (TCP) 5X10-6

Methyl Tert-Butyl Ether (MTBE) 0.013

Uranium 20 (pCi/L)

Tetrachloroethylene (PCE) 0.005

Trichloroethylene (TCE) 0.005

Hexavalent Chromium 0.02 mg/L**

* = As of June 2019, unless otherwise noted

** = California Superior Court invalidated the Hexavalent Chromium MCL of 0.01 mg/l in May 2017.  

The State Waterboard is in the process of adopting a new MCL. The USGS Health Based Screening 

Level (HBSL) of 0.02 mg/L or 20 ug/L is shown here
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• One-time releases from sources of chemical contamination such as from fuel storage tanks 
or cleaning solvent tanks leading to petroleum hydrocarbon, MTBE, or solvent contaminant 
plumes;  

• The accumulated effects of regulated and unregulated waste discharge streams from 
wastewater treatment facilities, septic systems, industry, food processors, feed lots, and 
dairies;  

• Declining groundwater levels can cause pumped groundwater to have higher concentrations 
of some naturally occurring chemicals which may be either health concerns or aesthetic 
concerns, such as arsenic or uranium; and  

• Groundwater pumping mobilizing groundwater contaminant plumes. 
 
Regulation Requirements: 

§354.26  (b) The description of undesirable results shall include the following: 
   (2) The criteria used to define when and where the effects of the groundwater conditions cause 
undesirable results for each applicable sustainability indicator. The criteria shall be based on a 
quantitative description of the combination of minimum threshold exceedances that cause 
significant and unreasonable effects in the basin.   

 
The State MCL values for the chemicals of concern that have been identified in Section 3.2 will be 
relied upon primarily as the criteria for defining undesirable results.  Groundwater quality data from 
selected public supply wells within the NKGSA will be reviewed annually and compared against 
MCLs or historic groundwater quality data. 
 
Undesirable results determinations will be based on the aggregated effect of: 1) the degradation of 
water quality to excess of MCLs (i.e. California potable water standards) where concentrations of 
chemicals of concern have a recent history of being below MCLs; and 2) a significant increase in 
groundwater degradation where concentrations of chemicals of concern have a recent history of 
being  above MCLs.  The occurrence of an undesirable result will be defined as 15% of the 
representative monitoring wells having reached either of these two criteria for two consecutive years. 
 
Regulation Requirements: 

§354.26 (b) The description of undesirable results shall include the following: 

(3) Potential effects on the beneficial uses and users of groundwater, on land uses and 
property interests, and other potential effects that may occur or are occurring from 
undesirable results. 

 
Irrigation water quality is a critical factor in crop production and can be complicated as not all crops 
have the same sensitivity to water quality.  Groundwater with high Total Dissolved Solid (TDS) or 
EC concentrations or general mineral concentrations can cause issues for plants and soil health, 
leading to crop yield impacts. High salinity content in irrigation water can detract from the amount 
of water and nutrient uptake in plant roots and leads to a crusty top layer in soil that makes 
sprouting difficult.  Water quality within the NKGSA is generally such that groundwater degradation 
leading to impacts to crop is not considered a likely scenario. 
  
Groundwater quality degradation has potential effects to urban area and rural residential drinking 
water quality. Within the NKGSA there are 10 urban agencies operating hundreds of community 
groundwater wells.  Under California law, agencies that provide drinking water are required to 
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routinely sample groundwater from their wells and compare the results to potable water standards 
(MCL), as appropriate for the individual chemicals.  These results are reported by the water 
purveyors in Consumer Confidence Reports and are publicly available. Degraded groundwater 
quality can make drinking water treatment more difficult and expensive.   
 
Residential structures not located within the service areas of the 10 NKGSA urban agencies will 
typically have private domestic groundwater wells.  Such wells are not monitored routinely and 
groundwater quality from those wells is unknown unless the landowner has initiated testing and 
shared the data.  Degraded water quality could potentially lead to rural residential use of 
groundwater not meeting potable water standards or the need for installation of new domestic wells 
drilled to deeper depths to reach groundwater of better quality.  

 Evaluation of Multiple Minimum Thresholds 

Regulation Requirements: 
 

§354.26 (c) The Agency may need to evaluate multiple minimum thresholds to determine whether 
an undesirable result is occurring in the basin.  The determination that undesirable results are 
occurring may depend upon measurements from multiple monitoring sites, rather than a single 
monitoring site. 

 
It is not practical for a single exceedance to lead to an undesirable result for the entire GSA, 
therefore an undesirable result determination will be based on multiple monitoring locations within 
the NKGSA over consecutive years. 

 Minimum Thresholds 

Regulation Requirements: 

§354.28 (a) Each Agency in its Plan shall establish minimum thresholds that quantify groundwater 
conditions for each applicable sustainability indicator at each monitoring site or representative 
monitoring site established pursuant to Section 354.36.  The numeric value used to define 
minimum thresholds shall represent a point in the basin that, if exceeded, may cause undesirable 
results as described in Section 354.26. 

 
Groundwater quality in the NKGSA is generally suited for irrigation and domestic use, although 
groundwater issues for drinking water exist in some areas within the NKGSA.  The minimum 
thresholds have been set consistent with State and local water quality standards to be protective of 
water uses and users and are intended to be protective of human health (Title 22 of the CCR).  The 
publicly available groundwater quality data from the selected representative wells will be obtained 
annually and either compared against MCL values, if recent historical data has indicated chemicals of 
concern were initially below MCLs, or evaluated for groundwater quality trends with respect to the 
chemicals of concern if recent historical data has indicated chemicals of concern were initially above 
MCLs.  MCLs for the chemicals of concern are listed in Table 4-8. 
 
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.  
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Regulation Requirements: 

§354.28 (d) An Agency may establish a representative minimum threshold for groundwater 
elevation to serve as the value for multiple sustainability indicators, where the Agency can 
demonstrate that the representative value is a reasonable proxy for multiple individual minimum 
thresholds as supported by adequate evidence.  

 
Declining water levels can potentially lead to increased concentrations of some chemicals that reside 
in larger proportions in deeper aquifer zones, such as arsenic or uranium.  Conversely rising water 
levels can also lead to increased concentrations of some chemicals of concern, for example nitrates, 
that may reside in unsaturated soils at shallower depths.  Groundwater levels will not be used as a 
proxy for water quality due to a lack of clear correlation between groundwater levels and changes in 
water quality.   

 Criteria to Define Minimum Thresholds 

Regulation Requirements: 

§354.28 (b) The description of minimum thresholds shall include the following: 
  (1) The information and criteria relied upon to establish and justify the minimum thresholds for 
each sustainability indicator.  The justification for the minimum threshold shall be supported by 
information provided in the basin setting, and other data or models as appropriate, and qualified 
by uncertainty in the understanding of the basin setting.  

 

§354.28 (c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (4) Degraded Water Quality. The minimum threshold for degraded water quality shall be the 
degradation of water quality, including the migration of contaminant plumes that impair water 
supplies or other indicator of water quality as determined by the Agency that may lead to 
undesirable results.  The minimum threshold shall be used on the number of supply wells, a 
volume of water, or a location of an isocontour that exceeds concentrations of constituents 
determined by the Agency to be of concern for the basin.  In setting minimum thresholds for 
degraded water quality, the Agency shall consider local, state, and federal water quality standards 
applicable to the basin. 

 
The criteria to define minimum thresholds will be based on the MCL values of the chemicals of 
concern discussed in the Groundwater Conditions chapter, Section 3.2.5 of this GSP.  The publicly 
available groundwater quality data from the selected representative wells will be obtained annually 
and either compared against MCL values, if recent historical data has indicated chemicals of concern 
were initially below MCLs, or evaluated for groundwater quality trends with respect to the chemicals 
of concern if recent historical data has indicated chemicals of concern were initially above MCLs.  

 Relationships Between Minimum Thresholds and Sustainability Indicators 

Regulation Requirements: 

§354.28 (b) The description of minimum thresholds shall include the following: 
  (2) The relationship between the minimum thresholds for each sustainability indictor, including 
an explanation of how the Agency has determined that basin conditions at each minimum 
threshold will avoid undesirable results for each of the sustainability indicators. 

 
Changes to groundwater quality can be related to significant changes in groundwater levels and 
groundwater storage sustainability indicators.  Declining water levels, which relate directly with a 
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reduction of groundwater storage, can potentially lead to increased concentrations of chemicals of 
concern for those that reside in larger proportions in deeper aquifer zones, such as arsenic or 
uranium.  Conversely, rising water levels, which relate directly with an increase in groundwater 
storage, can also lead to increased concentrations of some chemicals of concern, for example 
nitrates, that may reside in unsaturated soils at shallower depths.  Groundwater quality cannot be 
used to predict responses of other sustainability indicators; however, groundwater quality can 
potentially be affected by changes in groundwater levels and reduction of groundwater storage 
indicators.  Based on this relationship, groundwater quality minimum thresholds should be 
established separately from other indicators. 

 Minimum Thresholds in Relation to Adjacent Basins 

Regulation Requirements: 

§354.28 (b) The description of minimum thresholds shall include the following: 
  (3) How minimum thresholds have been selected to avoid causing undesirable results in adjacent 
basins or affecting the ability of adjacent basins to achieve sustainability goals. 

 
The minimum threshold for groundwater quality is protective of water uses and users and will 
prevent causing undesirable results in adjacent basins and will not affect the ability of adjacent basins 
to achieve sustainability goals. 

 Impact of Minimum Thresholds on Beneficial Uses and Users 

Regulation Requirements: 

§354.28 (b) The description of minimum thresholds shall include the following: 
  (4) How minimum thresholds may affect the interests of beneficial uses and users of 
groundwater or land uses and property interests. 

 
The minimum thresholds for groundwater quality will be protective of water uses and users from 
degradation of groundwater quality by known chemicals of concern to concentrations detrimental to 
human health.  The minimum thresholds for degraded water quality will maintain existing and 
potential future beneficial uses of land and property interests. 

 Current Standards Relevant to Sustainability Indicator 

Regulation Requirements: 

§354.28 (b) The description of minimum thresholds shall include the following: 
  (5) How state, federal, or local standards relate to the relevant sustainability indicator.  If the 
minimum threshold differs from other regulatory standards, the Agency shall explain the nature of 
and basis for the difference.   

 
The minimum thresholds for water quality are protective of human health and intended beneficial 
use and are based around MCLs found in Title 22 of the California Code of Regulations.  With the 
powers provided to GSAs by SGMA, a GSA can only regulate and manage groundwater pumping as 
part of its effort to change groundwater conditions.  Other existing agencies and programs are 
generally responsible for groundwater quality remediation.  Minimum thresholds may differ from 
MCLs in locations where recent historically groundwater quality data indicates that MCLs have 
already been exceeded.  
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 Measurement of Minimum Thresholds 

Regulation Requirements: 

§354.28 (b) The description of minimum thresholds shall include the following: 
  (6) How each minimum threshold will be quantitatively measured, consistent with the 
monitoring network requirements described in Subarticle 4. 

 
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 area are already being 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 either compared against MCL values, if recent historical data has indicated chemicals of 
concern were initially below MCLs, or evaluated for groundwater quality trends with respect to the 
chemicals of concern utilizing appropriate statistical methods, such as the Mann-Kendall trend test.  
The Mann-Kendall trend test is a nonparametric test used to identify a trend in a series, even if there 
is a seasonal component to the series.   
 
Selected public supply wells that will form the basis of the representative monitoring wells for 
groundwater quality are shown on Table 4-9.  Available construction information for these wells is 
included in Table 4-10. 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 (Figure 5-4). The 
chemicals of concern that the individual wells are routinely monitored for are summarized in Table 
4-8.   
 
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 one sample per 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. The representative groundwater quality monitoring network 
will be evaluated and revised if needed in subsequent GSP 5-year revisions.  
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Table 4-9 Selected Representative Groundwater Quality Wells and Most Recent Reported Concentrations  

 

1000514-003 T13S/R23E ND ND -- ND ND 4.1 ND ND ND

1000104-001 T14S/R23E ND ND ND ND ND 1.4 ND ND ND

1000217-001 T13S/R18E 2.7 ND 17 ND ND 1.6 1.3 ND ND

1010049-003 T13S/R18E 2.94 ND 4.44 ND ND 2.71 1.0 ND ND

1000201-001 T13S/R17E ND ND 9.6 ND ND 3.9 1.4 ND ND

1010018-015 T14S/R17E 8.5 ND 27 ND ND 1.6 4.6/1.4 ND ND

1010018-014 T14S/R17E 7.2 ND 29 ND ND 1.8 ND ND ND

1010018-017 T14S/R18E 4.5 ND 17 ND ND 1.6 ND ND ND

1000279-003 T14S/R19E ND 0.007 1.3 0.083 ND 2.2 -- -- --

1010057-003 T14S/R19E ND ND 8.9 ND ND 3.8 26.6/22.1 ND ND

1000362-003 T14S/R19E 4.8 ND 8.2 ND ND 1.7 3.28/4.57 ND ND

1000018-001 T15S/R20E 2.8 ND 1.9 0.063 ND 2.5 1.8 ND ND

1000552-001 T15S/R20E -- -- -- -- -- 1.8 -- -- --

1000578-001 T15S/R21E 1.9 ND ND ND ND 0.54 1.2 ND ND

1000467-001 T15S/R21E 4.2 ND 0.33 0.015 ND ND 1.4 ND ND

1000039-002 T13S/R22E 2.3 ND 1.3 ND ND 4.0 1.4 ND ND

1000492-001 T13S/R22E -- -- -- -- -- 1.9 -- -- --

1000259-002 T13S/R19E 5.7 ND ND ND ND ND 1.62 ND ND

1000366-001 T14S/R21E 1.4 ND 3.6 ND ND 3.3 1.85 ND ND

1010007-274 T14S/R21E ND ND ND ND ND 1.8 ND ND ND

1010007-328 T14S/R20E ND ND 7.1 ND ND 4.0 6.29/3.7 ND ND

1010007-147 T14S/R20E ND ND 4.2 ND ND 3.6 ND ND ND

1000208-001 T13S/R19E 2.4 ND 6.6 ND ND 2.2 3.7 ND ND

1010007-178 T13S/R19E ND ND 3.1 ND ND 2.5 14.9/15 ND ND

1010007-019 T13S/R20E ND ND 3.6 ND ND 3.1 4.36/2.7 ND ND

1010007-099 T13S/R20E ND ND 4.1 ND ND 2.2 13.1/9.6 ND ND

1000447-067 T13S/R21E 2.4 ND 1.6 ND ND 2.2 0.44 ND ND

1000023-013 T14S/R21E 2.8 0.033 1.0 ND ND 3.1 3.8 ND ND

1000554-002 T13S/R21E 1.8 ND 2.6 ND ND 7.1 4.3 ND ND

1010007-272 T12S/R19E ND ND ND ND ND 0.8 ND ND ND

1000632-001 T12S/R20E 7.2 ND ND -- ND 1.7 3.6 ND ND

1010007-230 T12S/R20E 2.4 ND 2.1 ND ND 1.2 ND ND ND

1000078-004 T12S/R21E 2.4 ND 1.2 ND ND 8.6 3.5 ND ND

1010003-050 T12S/R21E ND ND ND ND ND 5.6 3.27 ND ND

1000555-002 T11S/R21E 2.3 ND 3.6 -- ND 5.1 3.6 ND ND

10 0.005 20 ** 0.2 0.013 10 20 0.005 0.005

Notes: 

* = As of June 2019, unless otherwise noted

** California Superior Court invalidated the Hexavalent Chromium MCL of 0.01 mg/L in May 2017. The State Waterboard is in the process of adopting a new MCL. The USGS Health Based Screening Level (HBSL) of 0.02 mg/L or 20 ug/L is hown here. 

ND = Not detected

-- = Not analyzed

GA= Gross alpha determination. If gross alpha is greater than 5 pCi/L, uranium analysis is performed. Monitoring frequency for GA 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.  

California Primary MCL *

Nitrate as N

(mg/L)

GA/Uranium

(pCi/L)

Tetrachloroethylene (PCE)

(mg/L)

Trichloroethylene (TCE)

(mg/L)

Public System No. Township

Chemicals of Concern and Most Recent Reported Concentrations

Arsenic

(mg/L)

1,2,3-Trichloropropane (TCP)

(mg/L)

Hexavalent Chromium

(mg/L)

Dibromo-Chloropropane (DBCP)

(mg/L)

Methyl Tert-Butyl Ether (MTBE)

(mg/L)
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Table 4-10 Selected Representative Groundwater Quality Wells Construction Information 

 

1000514-003 Kings River Packing Well No. 02 - Raw YES Casing Hammer 12 17 105 84 9/7/2018 OB 55-105 50

1000104-001 Centerville School Well 01 -- -- -- -- -- -- -- -- -- --

1000217-001 Central High School West Well 01 - Primary - Raw YES Cable Tool 12 16 474 474 7/15/1990 OB 410-474 100

1010049-003 Biola CSD Well 3 - Raw YES Reverse Rotarty 16 30 535 -- 3/11/1993 -- -- --

1000201-001 Sun Empire School Well 01   YES Cable Tool 10 -- 417 -- 7/10/1989 -- -- 100

1010018-015 City of Kerman Well 15 - Raw YES Reverse Rotarty 16 30 750 730 4/4/2004 GP 630-670; 710-730 580

1010018-014 City of Kerman Well 09A - Raw YES -- 16 30 800 800 7/3/1999 GP 640-780 610

1010018-017 City of Kerman Well 17 - Raw YES Reverse Rotarty 16 28 670 650 -- GP 510-540; 630-650 470

1000279-002 U.C. Kearney Field Station Well 03 -- -- -- -- -- -- -- -- -- --

1010057-003 COF WWTF Well 3A - Raw YES Reverse Rotarty 16 28 614 614 5/6/1993 GP 464-474; 488-498; 516-526; 574-604 410

1000362-003 Golden State Vintners Well 03 YES Reverse Rotarty 16 28 820 820 7/15/2009 GP 630-800 607

1000018-001 Easton Estates Water Company Well 02 -- -- -- -- -- -- -- -- -- --

1000552-001 Fresno South Jehovah Witnesses Well 01 -- -- -- -- -- -- -- -- -- --

1000578-001 West Tech Industrial Well 01 YES Reverse Rotarty 10 UNK 265 265 3/15/2006 GP 120-265 50

1000467-001 USA Waste of California Well 01 - Raw YES Reverse Rotarty 12 24 420 420 1/25/1991 GP 210-420 175

1000039-002 FCA #10 Cumorah Knolls Well 02 YES Cable Tool 14 UNK 130 120 5/2/1962 UNK 68-106 NONE

1000492-001 -- -- -- -- -- -- -- -- -- --

1000259-002 New Horizons Mobile Well 02 YES Direct Rotary 8 14 400 400 4/18/2013 GP 320-400 106

1000366-001 Sunnyside Convalescent Home Well 01 YES Cable Tool 8 12 405 392.5 10/30/1992 UNK UNK 50

1010007-274 City of Fresno Well 147 - RAW YES Reverse Rotarty 12 22 320 320 2/3/1992 GP 315-610 300

1010007-328 City of Fresno Well 170 - RAW YES Reverse Rotarty 16 26 650 650 3/5/1994 GP 320-640 290

1010007-147 City of Fresno Well 21A - RAW YES -- 18 20 307 300 7/24/1958 GP 210-290 NONE

1000208-001 Well 01 - Raw -- -- -- -- -- -- -- -- -- --

1010007-178 City of Fresno Well 44A - RAW YES Reverse Rotarty 14 24 530 530 1/29/1969 GP 130-530 50

1010007-019 City of Fresno Well 211 -  RAW YES Cable Tool 12 16 268 260 7/1/1963 GP 180-260 NONE

1010007-099 City of Fresno Well 283 - INF YES Reverse Rotarty 16 28 312 312 12/1/1971 GP 162-312 50

1000447-067 E&J Gallo Well 08 Raw YES Reverse Rotarty 16 28 660 660 5/22/2010 GP 360-640 323

1000023-013 FCA#14 - Belmont Manor Well 02 YES -- -- -- -- -- -- -- -- --

1000554-002 FCA#10A - Mansionette Estates Well 02 -- -- -- -- -- -- -- -- -- --

1010007-272 City of Fresno Well 160 - RAW YES Reverse Rotarty 18 28 790 770 5/15/1992 GP 190-760 180

1000632-001 Vulcan Materials Well 01 -- -- -- -- -- -- -- -- -- --

1010007-230 City of Fresno Well 096 - RAW YES Reverse Rotarty 16 24 500 500 4/2/1980 GP 235-290 60

1000078-004 FCWWD#42 - Alluvial and Fancher Well 05 YES Cable Tool 10 UNK 202 188 3/23/1976 UNK 100-171 50

1010003-050 City of Clovis Well 30 - Raw YES Reverse Rotarty 18 30 270 270 11/25/1998 GP 200-260 180

1000555-002 FCA#44C Riverview Estates Well 02 YES Casing Hammer 6 10 210 75 4/20/1993 OB 75-210 50

Notes: 

Sanitary Seal 

Depth (feet)

OB= Open bottom well

GP= Gravel pack well

Well Completion 

Report Available Drilling Method

Casing Size 

(inches)

Well 

Diameter 

Completed 

Depth (feet)

Casing Depth 

(feet)
Date Drilled

Open Bottom (OB) or 

Gravel Pack (GP)
Public System No. Water System Name Well Name

UNK  = Unknown

--  =  Information currently unkown

Perforation Interval Depth (feet)
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 Measurable Objectives 

 Description of Measurable Objectives 

Regulation Requirements: 

§354.30 (a) Each Agency shall establish measurable objectives, including interim milestones in 
increments of five years, to achieve the sustainability goal for the basin with 20 years of Plan 
implementation and to continue to sustainably manage the groundwater basin over the planning 
and implementation horizon.  
(b) Measurable objectives shall be established for each sustainability indicator, based on 
quantitative values using the same metrics and monitoring sites as are used to define the minimum 
thresholds. 

 
Groundwater within the NKGSA is generally used beneficially for municipal/domestic consumption 
or agriculture.  Groundwater quality standards for municipal/domestic consumption are typically 
higher than those required for agriculture.  The minimum threshold for degraded water quality has 
been set at values that are protective of human health and intended beneficial use and users of 
groundwater resources (i.e. CCR Title 22).  
 
For wells within the monitoring network (either existing or future wells), where concentrations of 
the chemicals of concern have a recent history of being below MCLs, the measurable objective is to 
maintain water quality at potable water standards, or in other words, below MCLs for the chemicals 
of concern.  In situations where monitoring network wells (either existing or future wells) have a 
recent history of being above MCLs for contaminants of concern, the measurable objective is for 
the wells to maintain stable or improving groundwater quality trends in regard to the identified 
chemicals of concern.  

 Operational Flexibility 

Regulation Requirements: 

§354.30 (c) Measurable objectives shall provide a reasonable margin of operational flexibility 
under adverse conditions which shall take into consideration components such as historical water 
budgets, seasonal and long-term trends, and periods of drought, and be commensurate with levels 
of uncertainty. 

 

§354.30 (g) An Agency may establish measurable objectives that exceed the reasonable margin of 
operational flexibility for the purpose of improving overall conditions in the basin, but failure to 
achieve those objectives shall not be grounds for finding of inadequacy of the Plan. 

 
For wells within the monitoring network (either existing or future wells), where concentrations of 
the chemicals of concern have a recent history of being below MCLs, the operational flexibility is 
the difference between the MCL and recent historic concentration of the chemical of concern.  No 
operation flexibility will be set at this time for situations where monitoring network wells (either 
existing or future wells) have a recent history of concentrations above MCLs for contaminants of 
concern.    
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 Representative Monitoring 

Regulation Requirements: 

§354.30 (d) An Agency may establish a representative measurable objective for groundwater 
elevation to serve as the value for multiple sustainability indicators where the Agency can 
demonstrate that the representative value is a reasonable proxy for multiple individual measurable 
objectives as supported by adequate evidence. 

 
Groundwater levels will not be used as a proxy for water quality due to a lack of clear correlation 
between groundwater levels and changes in water quality.   

 Path to Achieve Measurable Objectives 

Regulation Requirements: 

§354.30 (e) Each Plan shall describe a reasonable path to achieve the sustainability goal for the 
basin within 20 years of Plan implementation, including a description of interim milestones for 
each relevant sustainability indicator, using the same metric as the measurable objective, in 
increments of five years.  The description shall explain how the Plan is likely to maintain 
sustainable groundwater management over the planning and implementation horizon. 

 
Groundwater pollution characterization and remediation are enforced by local agencies and state 
level programs.  The NKGSA will only have authority related to groundwater pumping policies, 
however the NKGSA will review and analyze publicly available routine groundwater monitoring 
data reported by the community and non-community public supply wells in order to understand 
how and if groundwater pumping is exacerbating groundwater quality concerns and when and where 
to enforce pumping restrictions or other mitigation measures should it become necessary.  
Management of groundwater pumping will occur over the lifetime of the planning and 
implementation horizon.  No interim milestones have been set for the water quality indicator. 
 
Consistent with current practices by groundwater pumping agencies, and in an effort to proactively 
monitor conditions before MCLS are exceeded, data will be reviewed for increased constituent of 
concern levels approaching the MCL, and when appropriate, the NKGSA will contact the well 
owner to discuss concerns of levels approaching the MCL.  Actions may be conducted as adverse 
water quality changes are observed to prevent an undesirable result. These actions may include: 

• Increased frequency of monitoring well sampling; 

• Additional data analysis; 

• Increased groundwater recharge in the area(s) of concern; 

• Increased use of surface water in the area(s) of concern; and 

• Working collaboratively with state and local groundwater quality protection agencies and 
programs. 

 Measurable Objectives for Additional Plan Elements 

Regulation Requirements: 

§354.30 (f) Each Plan may include measurable objectives and interim milestones for additional 
Plan elements described in Water Code Section 10727.4 where the Agency determines such 
measures are appropriate for sustainable groundwater management in the basin. 
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NKGSA will not be setting measurable objectives or interim milestones for additional plan elements 
described in Water Code Section 10727.4. 

4.6 Land Subsidence 

According to USGS, land subsidence is a gradual settling or sudden sinking of the Earth’s surface 
owing to subsurface movement of earth materials. The main form of subsidence in the NKGSA 
area is deep subsidence from declining groundwater levels. Current and historical information on 
land subsidence is discussed in Section 3.2.6 and the land subsidence monitoring network is 
discussed in section 5.6. Section 4.5 will discuss the undesirable result, minimum threshold, and 
measurable objective set for land subsidence. A summary of the Minimum Threshold and 
Measurable Objective for land subsidence can be seen in Table 4-11 and Table 4-12 respectively.  
More details and the methodology to set the criteria can be found later in Section 4.5. 
 

Table 4-11 Minimum Threshold for Land Subsidence 

Minimum Threshold Parameter Minimum Threshold Quantity 

Annual Land Subsidence Rate 5 inches/year over an area of 36 square miles 

Maximum Cumulative Land Subsidence 2 feet over 20 years 

 

Table 4-12 Measurable Objective for Land Subsidence 

Measurable Objective Parameter Measurable Objective Quantity 

Annual Land Subsidence Rate 2.5 inches/year over an area of 36 square miles 

Maximum Cumulative Land Subsidence 0.5 foot over 20 years 

 Undesirable Results 

The NKGSA has minimal to no land subsidence as described in detail in Section 3.2.6, and there 
have been no known significant impacts from land subsidence within the NKGSA.     
 
An undesirable result for land subsidence would be the significant and unreasonable loss of 
functionality of structures, infrastructure, and major damage to roads within the Kings Basin due to 
land subsidence.  This could include, for example, , water distribution systems, and canal banks 
failing or taking critical damage. There are five major highways located within the NKGSA: State 
Route 41, State Route 99, State Route 145, State Route 168, and State Route 180. Existing surface 
water conveyance infrastructure includes FID canals and structures and the Friant Kern Canal. It 
would be undesirable if subsidence caused the canals to lose significant conveyance capacity.  

 Criteria to Define Undesirable Results 

Regulation Requirements: 

§354.26 (a) Each Agency shall describe in its Plan the processes and criteria relied upon to define 
undesirable results applicable to the basin. Undesirable results occur when significant and 
unreasonable effects for any of the sustainability indicators are caused by groundwater conditions 
occurring throughout the basin. 

 
The process used to develop the criteria for Undesirable Results began with the review of KRCD, 
USGS, DWR, NASA INSAR, and USBR land subsidence data, and through discussions with 
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stakeholders and landowners regarding locally observed conditions. The KRCD and NASA INSAR 
data will be used to monitor land subsidence and check that the annual rate and cumulative 
subsidence stay less than the minimum threshold criteria. The criteria for an Undesirable Result will 
be the significant loss of functionality of a structure or a facility to the point that, due to subsidence, 
the feature cannot be operated as designed requiring either retrofitting or replacement. 
 
Based on the discussions with stakeholders and landowners, there have been no known undesirable 
results within NKGSA. Since there have been no known issues with historic land subsidence in 
NKGSA, it is reasonably assumed that historic subsidence rate, and resulting cumulative subsidence 
would not lead to undesirable results. The historical rate and cumulative subsidence were used to set 
the minimum threshold (see Section 4.5.3.1.)  

 Causes of Groundwater Conditions That Could Lead to Undesirable Results 

Regulation Requirements: 

§354.26  (b) The description of undesirable results shall include the following: 
   (1) The cause of groundwater conditions occurring throughout the basin that would lead to or 
has led to undesirable results based on information described in the basin setting, and other data 
or models as appropriate. 

 
As described in 3.2.6, there are five types of subsidence in California; only deep subsidence from 
declining groundwater levels is found in NKGSA.    
 
Excessive groundwater pumping can contribute to deep subsidence across a broad area, resulting in 
aquifer compaction, loss of storage capacity, and adverse effects to surface features, such as bridges, 
canals, flood control systems, and water supply pipelines that rely on gravity flow.  
 
SGMA only applies to land subsidence from groundwater pumping.  There are two general types of 
subsidence: elastic and inelastic. Elastic subsidence is recoverable if water levels later rise while 
inelastic subsidence is permanent. Elastic subsidence generally occurs in the coarse- grained portions 
of the aquifer where the materials compact. Although there are several causes of inelastic land 
subsidence, the compression of clay as a result of groundwater extraction from confined aquifers is 
the cause of the vast majority of subsidence documented in the San Joaquin Valley. This results in 
compaction of fine-grained confining beds (clays) above and within the confined aquifer system as 
water is removed from pores between the sediment grains. Once water is squeezed out of the 
compressible clay, the clay compacts resulting in the lowering of the overlying land surface. The 
compressed clays, in which the clay particles have been re-arranged more compactly, can no longer 
re-absorb water, thus the subsidence in these areas cannot be reversed. This process is known as 
aquifer system compaction.  
 
In the Central Valley, aquifer system compaction primarily occurs within the Corcoran Clay layer 
and less so in the overlying “A” and “C” clays. The Corcoran Clay layer within the Kings basin is 
shown in Figure 4-7.  Since the Corcoran Clay is a confining layer, land subsidence would occur 
when water is pumped from the confined aquifer below the Corcoran Clay. Areas prone to 
subsidence, soil textures, clay mineralogy, and other geologic and geochemical properties were 
intensely studied by the USGS in a series of Professional Papers in the 1960’s, 1970’s and 1980’s. 
Regionally, the areas prone to subsidence were underlain by deposits where the clayey deposits are 
dominated by the clay mineral montmorillonite (USGS 497-C, Meade 1967).  Most of the permanent 
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subsidence in the San Joaquin Valley has historically been correlated to overdraft in the confined 
aquifer below the Corcoran Clay. However, with increased reliance on groundwater to meet 
demands, land subsidence is currently occurring in areas outside of the Corcoran clay. In these areas 
subsidence is typically less than the historical subsidence in areas underlain by the Corcoran Clay. 
 
The Corcoran Clay starts along the very western edge of the NKGSA as shown in Figure 4-7, and 
extends west, so the potential for this type of land subsidence within the NKGSA is limited to a 
relatively small area within a few miles east of the edge of the Corcoran Clay.   
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Regulation Requirements: 

§354.26  (b) The description of undesirable results shall include the following: 
   (2) The criteria used to define when and where the effects of the groundwater conditions cause 
undesirable results for each applicable sustainability indicator. The criteria shall be based on a 
quantitative description of the combination of minimum threshold exceedances that cause 
significant and unreasonable effects in the basin.   

 
The criteria to define the Undesirable Result related to land subsidence is the significant loss of 
functionality of a structure or facility to the point that the feature cannot be operated as designed, 
requiring either retrofitting or replacement.  
 
This includes review of subsidence data in NKGSA to monitor the rate and cumulative subsidence to 
verify those variables have not exceeded the minimum threshold identified in section 4.5.2.1.  A 
description of the criteria used to set the minimum threshold is described in Section 4.5.2.1. 
 
Regulation Requirements: 

§354.26  (b) The description of undesirable results shall include the following: 

(3) Potential effects on the beneficial uses and users of groundwater, on land uses and 
property interests, and other potential effects that may occur or are occurring from 
undesirable results. 

 
The potential effects of land subsidence include those on manmade structures and those on natural 
features. In the San Joaquin Valley, the main problems related to land subsidence are the impacts to 
gravity driven water conveyance structures, where even minor changes in gradients can cause 
reductions in the designed capacity of the feature.  Other facilities sensitive to subsidence include 
roads, railways, bridges, pipelines, buildings, levees, and wells.  
 
While more focus has been placed on the highly visible infrastructure damage from subsidence, which 
generally can be repaired, compaction of the aquifer system may permanently decrease its capacity to 
store water. Most compaction that occurs as a result of historically low groundwater levels is 
irreversible.   

 Evaluation of Multiple Minimum Thresholds 

Regulation Requirements: 

§354.26  (c) The Agency may need to evaluate multiple minimum thresholds to determine 
whether an undesirable result is occurring in the basin.  The determination that undesirable results 
are occurring may depend upon measurements from multiple monitoring sites, rather than a single 
monitoring site. 

 
Monitoring for land subsidence will be done by evaluating data released from KRCD and NASA 
InSAR (see Monitoring Network Section 5.6), therefore minimum thresholds will be set GSA-wide 
using the historical data across the Kings Basin and evaluated by mapping the subsidence over the 
area.  Monitoring sites for these programs extend beyond the Kings Basin boundaries which is 
adequate for covering the GSA’s using contouring and interpolation techniques. The determination 
that undesirable results are occurring shall depend upon measurements from multiple monitoring 
sites from KRCD and InSAR mapping over the entire Basin. 

257



Page 4-46 

North Kings Groundwater Sustainability Agency Sustainable Management Criteria 
Groundwater Sustainability Plan 

 

 

 

 Minimum Thresholds 

Regulation Requirements: 

§354.28  (a) Each Agency in its Plan shall establish minimum thresholds that quantify 
groundwater conditions for each applicable sustainability indicator at each monitoring site or 
representative monitoring site established pursuant to Section 354.36.  The numeric value used to 
define minimum thresholds shall represent a point in the basin that, if exceeded, may cause 
undesirable results as described in Section 354.26. 

 
NKGSA is not currently experiencing any known significant subsidence related issues along major 
highways or infrastructure.  While there are no known issues because of land subsidence, as 
described in 3.6.2, there has been some minimal land subsidence in small portions of the NKGSA.   
The amount of historic subsidence is nominal and not believed to cause a continued concern, 
however the NKGSA has set a minimum threshold as a precaution.  The minimum threshold has 
been set based on historic subsidence trends.  This historical subsidence was minimal, and caused no 
discernable damage, so it is assumed that a continuation of this rate until groundwater levels are 
stabilized in 2040 will be acceptable. 
 
Regulation Requirements: 

§354.28  (d) An Agency may establish a representative minimum threshold for groundwater 
elevation to serve as the value for multiple sustainability indicators, where the Agency can 
demonstrate that the representative value is a reasonable proxy for multiple individual minimum 
thresholds as supported by adequate evidence.  

 
Groundwater levels will not be used as a proxy for land subsidence due to a lack of quality data on 
the confined aquifer potentiometric surface. Land subsidence occurs in areas that are underlain by 
clayey deposits dominated by the clay mineral montmorillonite. In the Central Valley, this is usually 
the Corcoran Clay layer including the confined aquifer below. The Corcoran Clay layer barely 
extends into the western edge of NKGSA. Since the Corcoran Clay is a confining layer, land 
subsidence would occur when water is pumped from the confined aquifer below the Corcoran Clay. 
To monitor land subsidence based on water level, the well would have to be perforated below the 
Corcoran clay, and not be composite (i.e., constructed across multiple aquifers). There are limited 
wells within NKGSA that are drilled below the Corcoran Clay with reliable well construction 
information, and those that do are primarily composite wells constructed across multiple aquifers. 
Since the Corcoran clay layer covers a relatively small area within NKGSA, groundwater levels will 
not be used as a proxy for land subsidence.  This may be re-evaluated in the future by NKGSA.  

 Criteria to Define Minimum Thresholds 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (1) The information and criteria relied upon to establish and justify the minimum thresholds for 
each sustainability indicator. The justification for the minimum threshold shall be supported by 
information provided in the basin setting, and other data or models as appropriate, and qualified 
by uncertainty in the understanding of the basin setting.  
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§354.28  (c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (5) Land Subsidence. The minimum threshold for land subsidence shall be the rate and extent of 
subsidence that substantially interferes with surface land uses and may lead to undesirable results. 
Minimum thresholds for land subsidence shall be supported by the following: 
    (A) Identification of land uses and property interests that have been affected or are likely to be 
affected by land subsidence in the basin, including and explanation of how the Agency has 
determined and considered those uses and interests, and the Agency’s rationale for establishing 
minimum thresholds in light of those effects.  
    (B) Maps and graphs showing the extent and rate of land subsidence in the basin that defines 
the minimum threshold and measurable objectives.  

 
The Minimum Thresholds for land subsidence are shown in Table 4-13 below as an annual land 
subsidence rate and a maximum cumulative land subsidence amount. 

Table 4-13 Minimum Threshold for Land Subsidence 

Minimum Threshold Parameter Minimum Threshold Quantity 

Annual Land Subsidence Rate 5 inches/year over an area of 36 square miles 

Maximum Cumulative Land Subsidence 2 feet over 20 years 

 
Most subsidence in the San Joaquin Valley is occurring west of the NKGSA area over the axial 
trough of the Valley, in an area west and south of the Kings Basin. Refer to section 3.2.6 of the 
Basin Setting for more information on land subsidence conditions. Areas prone to subsidence, soil 
textures, clay mineralogy, and other geologic and geochemical properties were intensely studied by 
the USGS in a series of Professional Papers in the 1960’s, 1970’s and 1980’s. Regionally, the areas 
prone to subsidence were underlain by deposits dominated by the clay mineral montmorillonite 
(USGS 497-C, Meade 1967).  The historic subsidence map, Figure 4-9, and the recent subsidence 
map, Figure 4-8, both show that generally subsidence increases westerly and southwesterly of 
NKGSA, indicating that deeper groundwater is likely increasingly confined to the west and there is 
likely a higher percentage of montmorillonite in the finer-grained sediments near the axis of the 
valley. The maps and summary table that were used in establishing the minimum threshold for land 
subsidence are included in this section. Table 4-14 shows the summary of total land subsidence in 
NKGSA as estimated by different agencies over various time frames and Table 4-15 shows the 
summary of the land subsidence rates. The tables include a minimum and maximum value for each 
map to show the variation of land subsidence in the NKGSA. 
 
The Minimum Threshold for land subsidence has been established as 5-inches/year over an area of 
at least 36 square miles (area of one township/range), with a maximum cumulative land subsidence 
of 2 ft over 20 years. The maximum historical land subsidence rate in NKGSA was about 2.5 
in/year as measured by NASA from 2015-2017, Figure 4-8. With this historical rate, local 
stakeholders, landowners and water agencies have not observed any negative impacts from the 
subsidence. The historical rate of 2.5 inches/year is used for the Measurable Objective in NKGSA. 
The minimum threshold is twice this number to allow for operational flexibility during periods of 
drought. Since there have been no undesirable results with the historical rate of subsidence, it is 
anticipated that the minimum threshold will not cause undesirable results. The maximum cumulative 
amount of land subsidence was determined by reviewing a 1949-2005 map of land subsidence by 
DWR, Figure 4-9. This shows the maximum subsidence in NKGSA over a period of 56 years was 
around 5 feet in very localized areas. The 5 ft of land subsidence over 56 years has an annual rate of 
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1.07 inches/year. The annual rate of 1.07 inches/year was used to estimate the potential subsidence 
over the next 20 years, which is 20 years times 1.07 inches/year to estimates 2 feet of subsidence.  
 

Table 4-14 Historical Total Land Subsidence in NKGSA 

Total Subsidence in NKGSA 

Monitoring 
Agency 

Date Range   

Start End Min (in) Max (in) 

USGS 1926 1970 0 -12 

DWR 1949 2005 0 -60 

USBR 2011 2016 -1.2 -4.8 

KRCD 2013 2016 1.3 -5.3 

NASA 2015 2017 2 -5 

 

Table 4-15 Historical Land Subsidence Rate in NKGSA 

Subsidence Rate in NKGSA 

Monitoring 
Agency 

Date Range   

Start End Min (in/yr) Max (in/yr) 

USGS 1926 1970 0.00 -0.27 

DWR 1949 2005 0.00 -1.07 

USBR 2011 2016 -0.24 -0.96 

KRCD 2013 2016 0.44 -1.76 

NASA 2015 2017 1.00 -2.50 
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 Relationship for each sustainability indicator 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (2) The relationship between the minimum thresholds for each sustainability indictor, including 
and explanation of how the Agency has determined that basin conditions at each minimum 
threshold will avoid undesirable results for each of the sustainability indicators. 

 
The minimum threshold for land subsidence was set using the annual rate of historical subsidence. 
The historical rate has not caused undesirable results within NKGSA and since the historical 
subsidence was small, the cumulative impacts is still not expected to cause problems if the rate of 
subsidence and maximum cumulative subsidence remains less than the minimum threshold. Table 
4-16 lists the relationship to land subsidence for each sustainability indicator. 

Table 4-16- Relationship for Each Sustainability Indicator 

Indicator Relationship to Land Subsidence 

Water Level Land subsidence occurs when water levels drop below 
historical lows due to groundwater pumping from the 
confined aquifer 

Storage Change There is loss of storage when inelastic land subsidence 
occurs 

Groundwater Quality Not related to land subsidence 

Interconnected Surface Water Groundwater Not related to land subsidence 

 
Land subsidence does not impact water levels, rather the water levels impact land subsidence. Land 
subsidence occurs due to a decline in water levels from confined groundwater pumping. It is 
assumed that the neighboring GSA’s will reduce pumping to some extent from the confined aquifer 
to become sustainable.  The reduction in confined groundwater pumping would lead to water levels 
stabilizing because of the water level sustainable management criteria, that would lead to land 
subsidence stabilizing.  
 
Land subsidence impacts storage change when there is inelastic land subsidence. Once inelastic land 
subsidence occurs, the loss in storage cannot be reversed. 
 
Land subsidence is not directly related to groundwater quality sustainability indicators. Groundwater 
quality is, however, impacted by water levels. Different water quality constituents may be found at 
different depths which would cause the water quality to change depending on the groundwater 
elevation. 
 
Interconnected surface water groundwater is not directly related to land subsidence. Interconnected 
surface water groundwater is impacted by water levels. The surface water may be interconnected to 
the groundwater depending on the groundwater level. 
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 Minimum Thresholds in Relation to Adjacent Basins 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (3) How minimum thresholds have been selected to avoid causing undesirable results in adjacent 
basins or affecting the ability of adjacent basins to achieve sustainability goals. 
 

 
The minimum thresholds have been selected to avoid causing undesirable results in adjacent basins. 
The minimum thresholds do not exceed historical subsidence observed in the Kings Basin. It is 
anticipated that as water levels stabilize in NKGSA, so will land subsidence.  Furthermore, historical 
subsidence in NKGSA has been lower than in adjacent areas, especially to the west, so it is 
reasonably assumed that NKGSA will not cause detrimental land subsidence in adjacent areas. 
 
The majority of NKGSA has minimal subsidence and undesirable results have not been identified. 
Figure 4-8 from NASA InSAR data shows that areas of greater subsidence are located outside of 
NKGSA to the west where the Corcoran clay layer exists. NKGSA will continue to monitor the 
subsidence within the NKGSA as well as along the borders to see if subsidence is spreading into the 
NKGSA where the subsidence is caused from confined aquifer pumping outside of the NKGSA. 
When subsidence that originates from confined aquifer pumping outside the NKGSA and extends 
into the NKGSA, NKGSA will coordinate with its neighboring GSAs to address the subsidence 
issue. 

 Impact of Minimum Thresholds on Beneficial Uses and Users 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (4) How minimum thresholds may affect the interests of beneficial uses and users of 
groundwater or land uses and property interests. 

 
At the minimum threshold, the impact on water uses and water users should be minimal.  The 
NKGSA will monitor land subsidence as well as actual impacts from land subsidence.  If the land 
subsidence monitoring shows subsidence in the area, NKGSA may assess the land subsidence in the 
area and address accordingly. Most beneficial users in NKGSA have mentioned they are not aware 
of subsidence within the NKGSA or that any minimal subsidence has not caused issues of concern.  
Since there have been no issues with subsidence historically, it is not anticipated that land subsidence 
will cause issues with the minimum threshold criteria, particularly as groundwater levels are 
sustained.  

 Current standards relevant to sustainability indicator 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (5) How state, federal, or local standards relate to the relevant sustainability indicator.  If the 
minimum threshold differs from other regulatory standards, the Agency shall explain the nature of 
and basis for the difference.   

 
There are currently no standards for land subsidence. If state, federal, or local agencies implement a 
land subsidence standard, then it will be reviewed and may be incorporated into the GSP. If the 
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minimum threshold differs from the regulatory standard, the nature and basis for the difference will 
be explained. 

 Measurement of minimum thresholds 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (6) How each minimum threshold will be quantitatively measured, consistent with the 
monitoring network requirements described in Subarticle 4. 

 
Land subsidence is currently measured by the KRCD (survey) and NASA (remote sensing). The 
monitoring density is considered of adequate density and frequency to determine subsidence 
annually. For more information on the monitoring network, refer to Section 5.1.3.5.  

 Measurable Objectives 

 Description of measurable objectives 

Regulation Requirements: 

§354.30 (a) Each Agency shall establish measurable objectives, including interim milestones in 
increments of five years, to achieve the sustainability goal for the basin with 20 years of Plan 
implementation and to continue to sustainably manage the groundwater basin over the planning 
and implementation horizon.  
(b) Measurable objectives shall be established for each sustainability indicator, based on 
quantitative values using the same metrics and monitoring sites as are used to define the minimum 
thresholds. 

 
The Measurable Objectives for land subsidence are shown in Table 4-17 below as an annual land 
subsidence rate and a maximum cumulative land subsidence amount. 
 

Table 4-17 Measurable Objective for Land Subsidence 

Measurable Objective Parameter Measurable Objective Quantity 

Annual Land Subsidence Rate 2.5 inches/year over an area of 36 square miles 

Maximum Cumulative Land Subsidence 0.5 foot over 20 years 

 
Measurable objectives for land subsidence were set based on historical rates.  The Measurable 
Objective for land subsidence will be no more than 2.5-inches/year over an area of at least 36 square 
miles, with a cumulative amount of land subsidence of 0.5 ft over 20 years. The measurable 
objective land subsidence rate matches the maximum historical land subsidence rate in NKGSA of 
about 2.5 in/year as measured by NASA from 2015-2017, Figure 4-8, which has not yielded any 
significant and undesirable results in the NKGSA. The cumulative amount of land subsidence was 
determined by reviewing the 2011-2016 USBR map, Figure 4-10. This shows the minimum 
subsidence in NKGSA over a period of 5 years was around 1.2 inches, or 0.24 inches/year. The 
annual rate of 0.24 inches/year was used to estimate the amount of subsidence that would occur 
over 20 years. The estimate of land subsidence over 20 years is 0.5 feet. It is assumed that land 
subsidence would stabilize as the water levels stabilize as part of the water level measurable 
objectives. 
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 Operational Flexibility 

Regulation Requirements: 

§354.30 (c) Measurable objectives shall provide a reasonable margin of operational flexibility 
under adverse conditions which shall take into consideration components such as historical water 
budgets, seasonal and long-term trends, and periods of drought, and be commensurate with levels 
of uncertainty. 

§354.30 (g) An Agency may establish measurable objectives that exceed the reasonable margin of 
operational flexibility for the purpose of improving overall conditions in the basin, but failure to 
achieve those objectives shall not be grounds for finding of inadequacy of the Plan. 

 
The operational flexibility is the difference between the measurable objective and minimum 
threshold. For NKGSA, the operational flexibility is 5.0 in – 2.5 in =  2.5 in/year or 2.0 feet – 0.5 
feet = 1.5 feet of cumulative subsidence. NKGSA will not establish measurable objectives that 
exceed the reasonable margin of operational flexibility. 

 Representative Monitoring 

Regulation Requirements: 

§354.30 (d) An Agency may establish a representative measurable objective for groundwater 
elevation to serve as the value for multiple sustainability indicators where the Agency can 
demonstrate that the representative value is a reasonable proxy for multiple individual measurable 
objectives as supported by adequate evidence. 

 
At this time, groundwater levels will not be used as a proxy for land subsidence due to a lack of 
quality data on the confined aquifer potentiometric surface. Land subsidence occurs in areas that are 
underlain by clayey deposits dominated by the clay mineral montmorillonite. In the Central Valley, 
this is usually the Corcoran Clay layer, including the confined aquifer below. The Corcoran Clay 
layer barely extends into the western edge of NKGSA. Since the Corcoran Clay is a confining layer, 
land subsidence would occur when water is pumped from the confined aquifer below the Corcoran 
Clay. To monitor land subsidence based on water level, the well would have to be perforated below 
the Corcoran clay, and not be composite (i.e. constructed across multiple aquifers). There are limited 
wells within NKGSA that are drilled below the Corcoran Clay with well construction information 
that are not composite wells. Since the area covered by the Corcoran clay layer is relatively small 
within NKGSA, groundwater levels will not be used as a proxy for land subsidence.  However, the 
NKGSA may reevaluate this in the future.  

 Path to Achieve Measurable Objectives 

Regulation Requirements: 

§354.30 (e) Each Plan shall describe a reasonable path to achieve the sustainability goal for the 
basin within 20 years of Plan implementation, including a description of interim milestones for 
each relevant sustainability indicator, using the same metric as the measurable objective, in 
increments of five years. The description shall explain how the Plan is likely to maintain 
sustainable groundwater management over the planning and implementation horizon. 
 

 
Table 4-18 and Figure 4-11 presents values of land subsidence based on the historical rates 
discussed earlier for each of the interim milestone years. Following the Measurable Objective 
milestones, the total subsidence experienced from 2020 to 2040 would be approximately -0.5 feet. If 
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land subsidence exceeds the 2.5 in/year annual rate or exceeds the interim milestones, then there will 
be outreach and education to make the affected areas aware of the land subsidence. There will also 
be increased monitoring and observing the impacts on facilities. If the land subsidence exceeds the 
Minimum Threshold and causes an undesirable result, then NKGSA will implement projects and 
management actions, see chapter 6 for more information. 

Table 4-18 Land Subsidence Interim milestones 

 Cumulative Subsidence (feet) 

Year Measurable Objective Minimum Threshold 

2020 0.00 0.00 

2025 -0.13 -0.50 

2030 -0.25 -1.00 

2035 -0.38 -1.50 

2040 -0.50 -2.00 

2045 -0.50 -2.00 

 

 

Figure 4-11 Interim Milestones for Cumulative Land Subsidence 

 

 Measurable Objectives for Additional Plan Elements 

Regulation Requirements: 

§354.30 (f) Each Plan may include measurable objectives and interim milestones for additional 
Plan elements described in Water Code Section 10727.4 where the Agency determines such 
measures are appropriate for sustainable groundwater management in the basin. 

 
NKGSA will not be setting measurable objectives or interim milestones for additional plan elements 
described in Water Code Section 10727.4. 
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4.7 Interconnected Surface Water and Groundwater 

 Undesirable Results 

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. These locations are shown on Figure 4-12. For the purposes of this GSP, 
a gaining stream can be defined as one in which the channel bed is lower in elevation than the 
surrounding groundwater table. In general terms, overall the San Joaquin River stretch along the 
NKGSA boundary is a not a gaining stream while the Kings River stretch along the NKGSA boundary 
is believed to be a gaining stream.  
 
There are some complexities in seepage, and it is challenging to disentangle groundwater pumping 
impacts from other causes as increases in seepage could occur without increases in pumping and 
likewise increases in pumping would not necessarily increase seepage. There are several considerations 
in relating seepage to groundwater pumping such as volume of flows, timing of flows, climate, water 
quality, drought, antecedent moisture content, groundwater levels, etc.  Increased seepage could be 
caused by many reasons other than increased groundwater pumping, including increased riparian 
pumping from rivers, change in operation, saturation, etc. At this time there is no evidence that active 
wells along the either river are causing increased seepage loss or impacts to downstream beneficial 
uses.  
 
San Joaquin River 
While they do not explicitly discuss interconnected surface water systems, regional reports (CVHM, 
2009 and USGS OFR 85-401, 1985) appear to show that surface water is not interconnected along 
the San Joaquin River in the NKGSA.  
 
The Spring 2016 groundwater elevation contours, as shown in Figure 4-13 when compared to 
estimated riverbed elevations where SJRRP data is available generally indicate a lack of connection 
along the San Joaquin river in the NKGSA.  This is also illustrated on Figure 4-14 where Spring 2016 
groundwater depth contours show groundwater depths in the area of the San Joaquin River range 
from approximately 60 to 150 feet below ground.  
 
Additional discussion of interconnected surface water is discussed in Section 3.2 (Current and 
Historical Groundwater Conditions).  
 
Kings River 
Based on the information reviewed, the Kings River appears to be interconnected with groundwater 
in the NKGSA. The draft Hydrogeological Conceptual Model (HCM) and Groundwater Conditions 
for the East Kings Sub-basin GSP (KDSA, 2017) contains descriptions of interconnected 
groundwater along the Kings River between Highway 180 and Reedley. The Kenneth D. Schmidt 
and Associates draft report findings were based on groundwater elevation data from shallow 
monitor wells at existing or proposed gravel processing facilities and the waste-water facilities for 
Sanger and Reedley. The results of the monitoring indicate that shallow groundwater flows in the 
same direction as the river and is interconnected with stream flow in the reach between Highway 
180 and Reedley.  This area is downstream from where the NKGSA borders the Kings River. 
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KDSA further indicates that along the reach of the Kings River upstream of the Reedley narrows, 
the groundwater is indicated to be in direct hydraulic communication with streamflow in the Kings 
River. This finding is supported by several hydrographs from wells monitored by DWR in the area 
downstream of where the Friant-Kern Canal crosses the Kings River.   In this area the Kings River 
is a multiple channel system and numerous canals have their headworks there.  Overall, depths to 
water reported from the DWR monitored wells varies from about 6 to 10 feet. Well 
367433N1194466W001 (Figure 4-12), which is next to one of the river channels, had several 
reported depths to water of less than 10 feet.  A hydrograph for Well 367433N1194466W001 is 
shown in Figure 4-15. 
 
Without having surveyed channel bed elevations, it is difficult to know for sure but the shallow 
depths to water appear to indicate that the surface water system in this area is connected to 
groundwater. This information supports the draft findings from KDSA 2017.  Based on the 
reviewed information, portions of the Kings River downstream of the NKGSA have been identified 
as interconnected, therefor it is likely that portions of the Kings River where it borders the NKGSA 
are also interconnected.  
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River Management Programs 
Along the San Joaquin River (SJR), the US Bureau of Reclamation (USBR) entered into contracts in 
the 1950s with landowners along both sides of the river from Friant Dam to Gravely Ford as 
settlements to landowner claims for impacts caused by the construction of Friant Dam and 
Millerton Lake to surface and groundwater supplies and their associated water rights along the SJR. 
These settlement agreements are generally described as the Holding Contracts, which apply to 
specific lands. The contracts are roughly estimated to cover areas about 1 mile from the SJR and 
extend to specific land areas and not always to just lands deemed riparian land (i.e., parcels that 
physically touch the river). These Holding Contracts do not establish a right to the water, as water 
rights are regulated by the State of California but provide for specific releases of water into the San 
Joaquin River for these Holding Contract properties for irrigation and drinking water.  A USBR 
Holding Contract provisional map produced in 2018 (Figure 4-16) indicates that the Holding 
Contracts cover a total of approximately 10,000 acres north and south of the San Joaquin River. 
From the map it appears that the riparian area is a smaller area than the Holding Contracts lands 
within the NKGSA at about 7,000 acres.  
 
The language in the Holding Contracts requires the US to maintain a live stream, the water to be 
used on defined land for reasonable irrigation/domestic purposes; the landowner cannot sell the 
right or convey the water to other property; and the US is defined as the agent to protect the right. 
The agreements are for a defined piece of land that water could potentially be diverted to. The 
USBR places water in the San Joaquin River for use of those with a “Holding Contract,” as a 
settlement of any claims of impacts the contract holder may have as a result of the construction of 
Friant Dam and Millerton Lake to their surface water or groundwater supplies under the influence 
of the San Joaquin River.  
 
Prior to the San Joaquin River Restoration Program (SJRRP), under the Holding Contracts, 
minimum flows of 5 cfs were maintained to Gravelly Ford (i.e., the western extent of the Holding 
Contract settlements along the San Joaquin River adjacent to the NKGSA).  Under the SJRRP 
restoration flow guidelines (SJRRP, 2017) a flexible flow schedule is implemented with minimum 
flows of 125 CFS to occur in the summer months to Gravelly Ford during wet or dry years. During 
critically dry years, the SJRRP schedule reverts back to the minimum flows of 5 CFS to Gravelly 
Ford year-round. Depletion of interconnected surface water, even if it were present, is not likely to 
occur due to the river management programs.  
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Since 1999, the Kings River Conservation District (the “District”), the Kings River Water 
Association (the “Association”), and the California Department of Fish and Wildlife (the 
“Department”) has operated a comprehensive program referred to as the Kings River Fisheries 
Management Program to further enhance the broad range of fish and wildlife resources associated with 
the Kings River and Pine Flat Reservoir. The Kings River Water Association employs adaptive 
management of river flows to balance fishery needs with other beneficial water uses while adjusting 
to changing conditions, opportunities and constraints. Among other improvements since its 
inception the program has: 
 

• Made beneficial changes in the operation of Pine Flat Dam and related facilities; 

• Established a temperature control pool in the reservoir; 

• Enhanced releases for fisheries purposes from Pine Flat Dam; 

• Installed new facilities for fish and wildlife purposes at Pine Flat Dam and the Kings River; 

• Enhanced program of law enforcement, fish stocking and monitoring; and  

• Made other physical and non-flow related improvements for the benefit of aquatic habitat 
quality.  

 
As part of the original agreement between the District, the Association, and the Department, a 
minimum flow of 95 cubic feet per second (CFS) is to be maintained at Fresno Weir to support the 
fisheries program. The Kings River follows the NKGSA border until it reaches the approximate 
location of the Fresno Weir, where the Kings River flows southwesterly, and away from the 
NKGSA. This means the stretch of the Kings River through the NKGSA does not go dry and 
depletion of interconnected surface water cannot occur due to the river management program.  A 
map depicting the Fresno Weir location is included as Figure 4-17. Additional information on the 
King River Fisheries Management Program can be found on its website (http://krfmp.org).  The 
1999 Kings River Fisheries Management Program Framework Agreement between the District, the 
Association, and the Department can be found online at: 
http://krfmp.org/_pdf_fmp/FMP_FrameworkAgreement1999.pdf.  The 2009 amendment to the 
program agreement is at http://krfmp.org/_pdf_fmp/Signed%20Extension.pdf. 
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 Criteria to Define Undesirable Results 

Regulation Requirements: 

§354.26 (a) Each Agency shall describe in its Plan the processes and criteria relied upon to define 
undesirable results applicable to the basin. Undesirable results occur when significant and 
unreasonable effects for any of the sustainability indicators are caused by groundwater conditions 
occurring throughout the basin. 

 

§354.26  (d) An Agency that is able to demonstrate that undesirable results related to one or more 
sustainability indicators are not present and are not likely to occur in a basin shall not be required 
to establish criteria for undesirable results related to those sustainability indicators. 

 
San Joaquin River 
As discussed in Section 4.6.1, the San Joaquin River does not appear to be hydraulically connected 
to groundwater in the reaches of the NKGSA and therefore under regulation §354.26 (d) setting 
sustainable management criteria for surface water is not required. Additionally, the existing San 
Joaquin River Restoration program will continue to ensure certain flow rates in the river along the 
NKGSA and release water to accommodate all river losses (evaporation, seepage, riparian diversions 
and groundwater pumping induced seepage).  Undesirable results to surface water related to 
groundwater pumping are not likely to occur.  
 
Kings River 
As discussed in Section 4.6.1, the existing river management program will continue to be utilized to 
guide the fisheries and management of the Kings Rivers. SGMA based sustainable management 
criteria does not appear to be applicable with regards to the Kings River as the various river 
programs guarantee certain flow rates in the rivers and release water to accommodate all river losses 
(evaporation, seepage, riparian diversions and groundwater pumping induced seepage).  Undesirable 
results to surface water related to groundwater pumping are not likely to occur.  

 Causes of Groundwater Conditions That Could Lead to Undesirable Results 

Regulation Requirements: 

§354.26  (b) The description of undesirable results shall include the following: 
   (1) The cause of groundwater conditions occurring throughout the basin that would lead to or 
has led to undesirable results based on information described in the basin setting, and other data 
or models as appropriate. 

 
A substantial increase in near-river groundwater pumping could lead to additional induced 
groundwater seepage requiring excess surface water to be sent down the rivers for the operators to 
fulfill downstream obligations. There are several considerations in relating seepage to groundwater 
pumping such as volume of flows, timing of flows, climate, water quality, drought, antecedent 
moisture content, groundwater levels, etc. Increased seepage could be caused by many reasons other 
than increased groundwater pumping, including increased riparian pumping from rivers, change in 
operation, saturation, etc. Connected surface water sustainable management criteria do not apply to 
the San Joaquin River or the Kings River, however the significance of the San Joaquin River and the 
Kings River to riparian water rights holders and other stakeholders is understood.   
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Regulation Requirements: 

§354.26  (b) The description of undesirable results shall include the following: 
   (2) The criteria used to define when and where the effects of the groundwater conditions cause 
undesirable results for each applicable sustainability indicator. The criteria shall be based on a 
quantitative description of the combination of minimum threshold exceedances that cause 
significant and unreasonable effects in the basin.   

 
The NKGSA has established a groundwater monitoring network with monitoring points near both 
the San Joaquin River and the Kings River. Monitoring network locations are discussed in Section 5 
Monitoring Network of this GSP. NKGSA will continue to review the near-river groundwater 
monitoring data collected by the San Joaquin River Restoration Program and will utilize the near-
river monitoring well(s) in its own monitoring well network to verify that groundwater near-river 
gradients do no increase significantly.  Updates will be included in subsequent GSP revisions as 
necessary. 
 
Currently there is no evidence that active wells along the river are causing increased seepage loss or 
impacts to downstream beneficial uses and there are no known complaints of increased water 
required as a result of groundwater pumping.  
 
Regulation Requirements: 

§354.26 (b) The description of undesirable results shall include the following: 

(3) Potential effects on the beneficial uses and users of groundwater, on land uses and 
property interests, and other potential effects that may occur or are occurring from 
undesirable results. 

 
Potential impacted parties could include: 
 

• Groundwater pumpers downstream of the NKGSA or in an adjacent basin; 

• Environmental flow proponents, or  

• The USBR, CVP Friant water contractors or the San Joaquin River Exchange contractors 
who could complain of the need for greater surface water releases to satisfy losses. 

 Evaluation of Multiple Minimum Thresholds 

Regulation Requirements: 

§354.26  (c) The Agency may need to evaluate multiple minimum thresholds to determine 
whether an undesirable result is occurring in the basin.  The determination that undesirable results 
are occurring may depend upon measurements from multiple monitoring sites, rather than a single 
monitoring site. 

 
While there have been no known third-party complaints of increased river water releases required as 
a result of NKGSA groundwater pumping, the possibility exists that such complaints could be 
received in the future. As a safeguard even though undesirable results are unlikely, NKGSA plans to 
monitor and investigate received complaints to verify legitimacy.  The obligation to prove complaints 
would be the responsibility of the third party. 
 
If a complaint is received, the validity of the complaint would be evaluated through review of data and 
information provided by the claimed affected party.  An assessment/inventory of groundwater wells 
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in the area would be performed by NKGSA.  After NKGSA review of the complainant supplied 
documentation, and the assessment/inventory of groundwater wells in the area, a determination on 
the complaint would be made.  Determinations could include that the complaint is either valid, in-
valid, or inconclusive based on the information supplied by the complainant.  
 
Mitigation of conditions leading to a valid complaint could be dependent on specific circumstances 
and a one-size-fits-all approach to mitigation may not be appropriate. Should NKGSA review 
determine a complaint to be valid, a cascading set of actions such as the following may be taken to 
alleviate conditions leading to the complaint: 
 

• Encourage or incentivize NKGSA near-river groundwater pumpers to prioritize the use of 
surface water from FID canals or use Holding Contract water where appropriate and available; 

• Limit construction of new or replacement shallow near-river production wells;  

• Restrict pumping of shallow near-river production wells; and 

• Install recharge facilities in the vicinity to create a hydraulic barrier. 
 
Monitoring and data evaluation would be performed during the implementation of each action to 
establish the need for the next cascading action.  

 Minimum Thresholds 

Regulation Requirements: 

§354.28 (a) Each Agency in its Plan shall establish minimum thresholds that quantify groundwater 
conditions for each applicable sustainability indicator at each monitoring site or representative 
monitoring site established pursuant to Section 354.36.  The numeric value used to define 
minimum thresholds shall represent a point in the basin that, if exceeded, may cause undesirable 
results as described in Section 354.26. 

 
The San Joaquin River does not appear to be hydraulically connected to groundwater in the reaches 
of the NKGSA and therefore under regulation §354.26 (d) setting sustainable management criteria for 
surface water is not required. Additionally, the existing San Joaquin River Restoration Program and 
Kings River management programs will continue to ensure certain flow rates in the rivers along the 
NKGSA and release water to accommodate river losses (evaporation, seepage, riparian diversions and 
groundwater pumping induced seepage).  Undesirable results to surface water related to groundwater 
pumping are not likely to occur and criteria has therefore not been set. 
 
Regulation Requirements: 

§354.28 (d) An Agency may establish a representative minimum threshold for groundwater 
elevation to serve as the value for multiple sustainability indicators, where the Agency can 
demonstrate that the representative value is a reasonable proxy for multiple individual minimum 
thresholds as supported by adequate evidence.  

 
Undesirable results to surface water related to groundwater pumping are not likely to occur and 
criteria, including minimum thresholds, has therefore not been set under regulation §354.26 (d). 
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 Criteria to Define Minimum Thresholds 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (1) The information and criteria relied upon to establish and justify the minimum thresholds for 
each sustainability indicator. The justification for the minimum threshold shall be supported by 
information provided in the basin setting, and other data or models as appropriate, and qualified 
by uncertainty in the understanding of the basin setting.  

 

§354.28  (c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (6) Depletions of Interconnected Surface Water. The minimum threshold for depletions of 
interconnected surface water shall be the rate or volume of surface water depletions caused by 
groundwater use that has adverse impacts on beneficial uses of the surface water and may lead to 
undesirable results. The minimum threshold established for depletions of interconnected surface 
water shall be supported by the following: 
    (A) The location, quantity, and timing of depletions of interconnected surface water. 
    (B) A description of the groundwater and surface model used to quantify surface water 
depletion. If a numerical groundwater and surface water model is not used to quantify surface 
water depletion, the Plan shall identify and describe an equally effective method, tool, or analytical 
model to accomplish the requirements of this Paragraph. 

 
Undesirable results to surface water related to groundwater pumping are not likely to occur and criteria 
has therefore not been set under regulation §354.26 (d). 

 Relationship for Each Sustainability Indicator 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (2) The relationship between the minimum thresholds for each sustainability indictor, including 
and explanation of how the Agency has determined that basin conditions at each minimum 
threshold will avoid undesirable results for each of the sustainability indicators. 

 
Depletions of interconnected surface water would generally have no relationship to seawater intrusion 
or land subsidence in the NKGSA due to the distance from the coast.  Seepage from river waters 
supplies shallow groundwater of good quality. Depletions of interconnected surface water would 
generally be tied to shallow groundwater levels in the area of the surface water body and therefore 
groundwater storage also.  However undesirable results to surface water related to groundwater 
pumping are not likely to occur and criteria has therefore not been set under regulation §354.26 (d).   

 Minimum Thresholds in Relation to Adjacent Basins 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (3) How minimum thresholds have been selected to avoid causing undesirable results in adjacent 
basins or affecting the ability of adjacent basins to achieve sustainability goals. 
 

 
Undesirable results to surface water related to groundwater pumping are not likely to occur and criteria 
has therefore not been set under regulation §354.26 (d).  As described in Sections 4.6.1.2 and 4.6.1.3 
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the NKGSA does plan to monitor and investigate any received complaints from potential impacted 
parties, including those from adjacent basins.  

 Impact of Minimum Thresholds on Beneficial Uses and Users 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (4) How minimum thresholds may affect the interests of beneficial uses and users of 
groundwater or land uses and property interests. 

 
Undesirable results to surface water related to groundwater pumping are not likely to occur and criteria 
has therefore not been set under regulation §354.26 (d).  As described in Sections 4.6.1.2 and 4.6.1.3 
the NKGSA does plan to monitor and investigate any received complaints from potential impacted 
parties. 

 Current Standards Relevant to Sustainability Indicator  

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (5) How state, federal, or local standards relate to the relevant sustainability indicator.  If the 
minimum threshold differs from other regulatory standards, the Agency shall explain the nature of 
and basis for the difference.   

 
There are currently no standards for interconnected surface water.  If state, federal, or local agencies 
implement an interconnected surface water standard, then it will be reviewed and may be incorporated 
into the GSP. 
 
Undesirable results to surface water related to groundwater pumping are not likely to occur and criteria 
has therefore not been set under regulation §354.26 (d).    

 Measurement of Minimum Thresholds 

Regulation Requirements: 

§354.28  (b) The description of minimum thresholds shall include the following: 
  (6) How each minimum threshold will be quantitatively measured, consistent with the 
monitoring network requirements described in Subarticle 4. 

 
Undesirable results to surface water related to groundwater pumping are not likely to occur and criteria 
has therefore not been set under regulation §354.26 (d).  Nonetheless and as described in Section 
4.6.1.2, the NKGSA has established a groundwater monitoring network with monitoring points near 
both the San Joaquin River and the Kings River. Additionally, the NKGSA will continue to review 
the near-river groundwater monitoring data collected by the San Joaquin River Restoration Program 
and will utilize the near-river monitoring well(s) in its own monitoring well network to verify that 
groundwater near-river gradients do not increase significantly.  Groundwater level measuring 
protocols are discussed in Section 5 “Monitoring Network” of this GSP. 
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 Measurable Objectives 

 Description of Measurable Objectives 

Regulation Requirements: 

§354.30 (a) Each Agency shall establish measurable objectives, including interim milestones in 
increments of five years, to achieve the sustainability goal for the basin with 20 years of Plan 
implementation and to continue to sustainably manage the groundwater basin over the planning 
and implementation horizon.  
(b) Measurable objectives shall be established for each sustainability indicator, based on 
quantitative values using the same metrics and monitoring sites as are used to define the minimum 
thresholds. 

 
Undesirable results to surface water related to groundwater pumping are not likely to occur and 
criteria, including measurable objectives has therefore not been set under regulation §354.26 (d).   

 Operational Flexibility 

Regulation Requirements: 

§354.30 (c) Measurable objectives shall provide a reasonable margin of operational flexibility 
under adverse conditions which shall take into consideration components such as historical water 
budgets, seasonal and long-term trends, and periods of drought, and be commensurate with levels 
of uncertainty. 

 

§354.30 (g) An Agency may establish measurable objectives that exceed the reasonable margin of 
operational flexibility for the purpose of improving overall conditions in the basin, but failure to 
achieve those objectives shall not be grounds for finding of inadequacy of the Plan. 

 
Undesirable results to surface water related to groundwater pumping are not likely to occur and 
criteria, including operational flexibility, has therefore not been set under regulation §354.26 (d).   

 Representative Monitoring 

Regulation Requirements: 

§354.30 (d) An Agency may establish a representative measurable objective for groundwater 
elevation to serve as the value for multiple sustainability indicators where the Agency can 
demonstrate that the representative value is a reasonable proxy for multiple individual measurable 
objectives as supported by adequate evidence. 

 
Undesirable results to surface water related to groundwater pumping are not likely to occur and 
criteria, including operational flexibility, has therefore not been set under regulation §354.26 (d).  
However, the NKGSA has established a groundwater monitoring network with monitoring points 
near both the San Joaquin River and the Kings River. Monitoring network location are discussed in 
Section 5 “Monitoring Network” of this GSP. NKGSA will continue to review the near-river 
groundwater monitoring data collected by the San Joaquin River Restoration Program and will utilize 
the near-river monitoring well(s) in its own monitoring well network to verify that groundwater near-
river gradients do not increase significantly.  Updates will be included in subsequent GSP revisions as 
necessary. 
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  Path to Achieve Measurable Objective 

Regulation Requirements: 

§354.30 (e) Each Plan shall describe a reasonable path to achieve the sustainability goal for the 
basin within 20 years of Plan implementation, including a description of interim milestones for 
each relevant sustainability indicator, using the same metric as the measurable objective, in 
increments of five years. The description shall explain how the Plan is likely to maintain 
sustainable groundwater management over the planning and implementation horizon. 
 

 
Undesirable results to surface water related to groundwater pumping are not likely to occur and 
criteria, including measurable objectives has therefore not been set under regulation §354.26 (d).   

 Measurable Objectives for Additional Plan Elements 

Regulation Requirements: 

§354.30 (f) Each Plan may include measurable objectives and interim milestones for additional 
Plan elements described in Water Code Section 10727.4 where the Agency determines such 
measures are appropriate for sustainable groundwater management in the basin. 

 
NKGSA will not be setting measurable objectives or interim milestones for additional plan elements 
described in Water Code Section 10727.4. 
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