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Appendix B: Explanation of Sustainable Management Criteria 

The Sustainable Groundwater Management Act (SGMA) requires a Groundwater Sustainability Plan 
(GSP) to define Sustainable Management Criteria (SMC) for the groundwater subbasin.  The SMC offer 
guideposts and guardrails for groundwater managers seeking to achieve sustainable groundwater 
management. 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,” where the planning and implementation horizon is 50 years with 
the first 20 years spent working toward achieving sustainable groundwater management and the 
following 30 years (and beyond) spent maintaining it (California Water Code §10721). 

“Undesirable Results” are associated with up to six Sustainability Indicators (SI), including groundwater 
levels, groundwater storage, water quality, seawater intrusion, land subsidence, and interconnected 
surface water. SGMA defines undesirable results as those having significant and unreasonable negative 
impacts. Failure to avoid undesirable results on the part of the GSAs may lead to intervention by the 
State. Once the sustainability goal and undesirable results have been locally identified, projects and 
management actions are formulated to achieve the sustainability goal and avoid undesirable results. 

SI and associated undesirable results, if significant and unreasonable 

The associated undesirable results for each SI have been defined similarly across the  Subbasin. 
In turn, the rationale and approach for determining Minimum Thresholds and Measurable Objectives 
for each SI are the same across  Subbasin. 

The terminology for describing SMC is defined as follows: 

Undesirable Results – Significant and unreasonable negative impacts associated with each SI. 

Minimum Threshold (MT) – Quantitative threshold for each SI used to define the point at which 
undesirable results may begin to occur. 

Measurable Objective (MO) – Quantitative target that establishes a point above the MT that allows 
for a range of active management to prevent undesirable results. 

Margin of Operational Flexibility – The range of active management between the MT and the MO. 

Interim Milestones (IMs) – Targets set in increments of five years over the implementation period 
of the GSP offering a path to sustainability. 
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Illustration of Terms Used for Describing Sustainable Management Criteria Using the Groundwater 
Level SI 

The Figure above illustrates these terms for the groundwater level SI. 

SI are intended to be measured and compared against quantifiable SMC throughout a monitoring 
framework of Representative Monitoring Site (RMS) wells. Ongoing monitoring of SI can: 

Determine compliance with the adopted GSP 

Offer a means to evaluate the effectiveness of projects and management actions over time 

Allow for course correction and adaptation in five-year updates 

Facilitate understanding among diverse stakeholders 

Support decision-making on the part of the GSAs into the future 

The SMC for the Wyandotte Creek Subbasin is fully explained and defined in Section 3 of the 

GSP available here: https://sgma.water.ca.gov/portal/gsp/preview/99 
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Water and Resource Conservation Kamela Loeser, Director 

308 Nelson Avenue T: 530.552.3595   
Oroville, California 95965 F: 530.538.3807 

buttecounty.net/waterresourceconservation 
bcwater@buttecounty.net 

TECHNICAL MEMORADUM 

Groundwater Quality Monitoring Update for 2022 and 2023 

Prepared by: Kelly Peterson, Water Resources Scientist, Department of Water and Resource 
Conservation

Purpose 

The purpose of this memo is to summarize the groundwater quality conditions for salinity, measured as 
electrical conductivity (EC) in the Butte, Vina and Wyandotte Creek Subbasins during the first two years 
(2022 and 2023) of GSP related groundwater quality monitoring that occurred.

Background

The Sustainable Groundwater Management Act (SGMA) of 2014 required Groundwater Sustainability 
Agencies (GSAs) to develop, then submit, and implement long-term Groundwater Sustainability Plans 
(GSPs) to the California Department of Water Resources (DWR) in 2022. The Butte, Vina and 
Wyandotte Creek Subbasin GSPs include plans to monitor EC to avoid groundwater quality degradation 
(Davids, 2021; Geosyntec Consultants, Inc., 2021a; Geosyntec Consultants, Inc., 2021b).  

Salinity is the main constituent of concern in all three Subbasins and is measured as EC as a basic 
groundwater quality characteristic to evaluate a basin for evidence of saline intrusion. Groundwater 
quality monitoring serves to establish baseline levels for these parameters throughout the Subbasins so 
that any future changes may be identified and further investigation and / or monitoring can subsequently 
be developed. Groundwater quality monitoring for implementation of the GSPs began in 2022, 
spearheaded by staff from the Butte County Water and Resource Conservation Department (Department) 
with assistance from various volunteers and GSA Managers for the fieldwork portion of the monitoring. 
The focus of the monitoring is targeting deep wells within each Subbasin to track the migration of connate 
water upwelling from deep portions of the aquifer. 
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Methodology  

In 2021, the Department purchased a Solinst 107 EC meter which includes a probe that measures EC, 
temperature and water level (similar to an electric sounder) on a 1,000-foot-long laser-marked flat tape 
with markings every 1/100th ft. This meter was purchased to conduct EC monitoring at various depths 
within wells in the monitoring network and was used in 2022 and 2023, the first two years of GSP related 
groundwater quality monitoring. The meter was calibrated at the beginning of each day with known 
standard solutions according to the manufacturer’s specifications. At each site the probe was lowered to 
the water surface and a depth to water measurement was recorded. It was then lowered to the midpoint of 
each screened interval(s) within the well to record the EC of the water entering the well from that portion 
of the aquifer. The Solinst EC meter was only used in wells that did not have any pumping equipment 
within them i.e. multi-completion observation wells, in order to avoid damage to the equipment through 
entanglement in the wiring or pump.  

For most of the remaining wells in the monitoring network with pumps, a Hach brand portable water 
quality meter with a conductivity probe was used to measure a water sample after the well was purged of 
standing water by pumping for at least 20 minutes. One exception, well 19N01W28A001M in the Glenn 
County portion of the Butte Subbasin, measured by Glenn County staff, was purged and pumped for less 
than 20 minutes.  

Electrical conductivity measurements are taken at each RMS well once per year. The wells are typically 
measured within the month of August during the peak of the irrigation season. 

The GSAs developed these new groundwater quality monitoring Representative Monitoring Site (RMS) 
networks to include wells distributed spatially throughout the Subbasins with a focus on including wells 
screened deep enough to capture changes in EC in the deeper portions of the aquifer where any changes 
in EC would be expected to be detected first. While there are shallow RMS wells within some of the 
networks, as part of future GSP implementation, GSAs may consider modifications to the groundwater 
quality RMS network as needed. 

The Butte, Vina and Wyandotte Creek Subbasins groundwater quality monitoring networks are 
comprised of the individual groundwater quality monitoring RMS wells as described in each of the 
Subbasin’s GSPs. Each Subbasin has a monitoring network of eight RMS wells; however, modifications 
to the Wyandotte Creek Subbasin’s RMS network have been made since adoption of the GSP due to the 
inaccessibility of specific wells and the subsequent addition of sites described in more detail below. In 
2023 the overall revised monitoring network included the eight original sites in both the Vina and Butte 
Subbasins as well as seven sites in the Wyandotte Creek subbasin for a total of 23 sites. Some of the 
water quality monitoring sites do have historic intermittent EC data, however most sites do not. A map 
of each Subbasin and the network of groundwater quality RMS sites is shown in Figure 1. 
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Figure 1. Groundwater Quality Representative Monitoring Site well 
locations in the Vina, Butte and Wyandotte Creek Subbasins 

Modifications to the Wyandotte Creek Subbasins RMS network include removal of three original RMS 
wells and the addition of two wells. RMS well 13B002M was removed in 2022 due to an inoperative 
pump preventing access to a water sample. Two RMS wells were removed from the network per the 
request of the landowners, 28L001M in 2022 and 16Q001M in 2023. Efforts were made to identify other 
wells which could be used as alternatives in the Wyandotte Creek Subbasin. Two additional sites were 
identified and added to the monitoring network; 06E002M in 2022 and 09N002M in 2023. Well 
06E002M has been monitored annually since 2002 as part of previous Butte County Basin Management 
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Objective (BMO) program groundwater quality monitoring effort sand 09N002M is a RMS well for 
groundwater level monitoring but a new groundwater quality monitoring well.  

The RMS well details including well type, what equipment is used to monitor it, total well depth and 
depth of the screened zones(s) in each well are provided in Table 1. The RMS wells within the Butte 
Subbasin are predominantly multi-completion wells with the exception of 18N01E35L001M, a single 
observation well and 19N01W28A001M, a shallow irrigation well.  Three of the RMS wells in the Butte 
Subbasin 18N01E35L001M, 19N01E35B002M and 20N01E18L001M are also extensometer sites which 
continuously monitor land subsidence. The RMS wells within the Vina Subbasin are all multi-completion 
wells (multiple wells at a single location screened at different depths below the ground surface) and the 
deepest of those wells at each location is selected for measurements.  In the Wyandotte Creek subbasin, 
there are variety of well use types in the monitoring network including residential, irrigation, municipal 
and observation wells.   

 Sustainable Management Criteria  

Groundwater quality monitoring measures EC levels in the Representative Monitoring Site (RMS) wells 
in comparison to the Measurable Objective (MO) and Minimum Threshold (MT) set for each RMS well 
in the GSPs as a way to gauge whether undesirable results are occurring in the subbasin. In each 
Subbasin’s GSP, MTs were established to be protective of water uses and users. When considering MTs, 
it is important to note that in the case of groundwater levels, exceedance of a MT is caused by 
groundwater levels dropping below the threshold. However, for groundwater quality, exceedance of a MT 
is counterintuitively caused by measuring levels higher than the threshold. The MT for groundwater 
quality is a highest allowable value, rather than lowest. Table 2. identifies the MOs, MTs, and definition 
of Undesirable Results for each Subbasin. 

As shown in Table 2. in the Butte Subbasin the preliminary MO for each RMS well for EC is set at 700 
tte County Basin Management Objective (BMO) 

program, the previous 19-year long Butte County-wide groundwater quality monitoring effort. The MTs 

greater. This MT was set based on best available data, the 19-year dataset of the Butte County BMO 
program, and maximum contamination levels established by the State. The occurrence of an Undesirable 
Result occurs in the Butte Subbasin if 25% of RMS wells exceed their MTs for 24 consecutive months. 
 
In the Vina and Wyandotte Creek Subbasins the groundwater quality Sustainable Management Criteria 
(SMC) are established to address degraded groundwater quality caused by groundwater pumping where 
the potential exists for movement of underlying brackish water from greater depths into the freshwater 
pool where groundwater pumping for beneficial uses occurs.  In these two subbasins, the MOs for salinity 

limit of the Secondary Maximum 
Contaminant Level (SMCL) based on State Secondary Drinking Water Standards. Values exceeding this 
number are typically unacceptable for drinking water. 
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 Table 1. Groundwater Quality Representative Monitoring Site Information   

Subbasin 
Representative 
Monitoring Site 

ID 
Well Type Monitoring 

Equipment 

Total 
Well 

Depth 
(feet) 

Depth of Screened Zone(s) 
(feet) 

Butte 

19N02E13Q003M Observation* Solinst 107 690 670 - 680 

17N01W10A001M Observation* Solinst 107 820 770 – 780, 790 - 800 
21N01W13J001M Observation* Solinst 107 830 780 - 820 
17N01E24A003M Observation* Solinst 107 833 770 - 790 
18N01E35L001M Observation Solinst 107 899 816 - 836 
19N01E35B002M Observation* Solinst 107 980 930 - 950 

20N01E18L001M Observation Solinst 107 1,000 767 – 810, 873 - 894 
19N01W28A001M Irrigation Hach Sension156 140 120 - 140 

Vina 

03H002M Observation* Solinst 107 553 510 - 540 

28M002M Observation* Solinst 107 1,031 791 – 801, 881 – 891, 
951 – 961, 1011 - 1021 

31M001M Observation* Solinst 107 1,055 969 - 979 
28J005M Observation* Solinst 107 948 740 - 800 

18C001M Observation* Solinst 107 900 770 – 780, 800 – 810 
830 – 840, 870 - 880 

13L002M Observation* Solinst 107 771 735 - 760 
26E003M Observation* Solinst 107 640 610 - 620 

24C003M Observation* Solinst 107 520 484 - 505 

Wyandotte 
Creek 

CWS-02 Municipal Hach HQd 120 60 – 190, 300 - 322 
13B002M ¹ Irrigation n/a 320 120 - 320 
08M001M Irrigation Solinst 107 656 168 – 204, 208 - 244 

19D001M Observation* Solinst 107 1,000 700 - 720 
19D002M Observation* Solinst 107 1,000 430 – 450, 550 - 570 
19D003M Observation* Solinst 107 1,000 120 - 130 
28L001M ¹ Irrigation n/a 190 n/a 

16Q001M² Residential Hach HQd 120 100 - 120 
19N04E06E002M³ Municipal Hach HQd 196 110 – 130, 164 – 174 

 Irrigation Hach HQd 325 45 – 55 

¹ Removed from network in 2022 ² Removed from network in 2023 ³ 
in 2023 * Multi-completion well 
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Table 2. Measurable Objectives and Minimum Thresholds for Electrical Conductivity 
[microsiemens (μs) / centimeter (cm)] in each Subbasin 

 

 
 
 
 
 
 
 
 
 

 
Secondary Drinking Water Standards are set on the basis of aesthetic concerns. The occurrence of an 
Undesirable Result within both the Vina and Wyandotte Creek Subbasins occurs if two RMS wells within 
each Subbasin exceeds their MTs for two consecutive non-dry years. 
 
Results  

In 2022, a dry water year type, and 2023, a non-dry water year type, the majority of all wells monitored 
within each Subbasin had groundwater quality conditions (measured as EC) that fell within the acceptable 
range of groundwater quality values set forth by the GSPs and described in Table 2. Additionally, there 
were no indications of Undesirable Results in either year.  

Butte Subbasin  

In the Butte Subbasin the majority of RMS wells measured had EC values that were lower than the MO 
ore lower than their specific MTs in both years. The MTs vary per well since they 

are based on historic data, if available, as shown in Figures 2 - 4. Results from one RMS well 
17N01W10A001M, located in Colusa County, had EC values higher than the well’s MT in 2023. Historic 
(DWR, 2020, DWR 2023a) and recent data for this well are shown in Figure 4.  This well is near the 
Sutter Buttes mountain range in an area known for high concentrations of EC (Davids, 2021). Future 
plans may include the formation of the Sutter Buttes Water Quality Interbasin Working Group as 
described in more detail in section 6.1.2.2 of the Butte Subbasin GSP (Davids, 2021) to focus on 
collaborative discussions, consensus building and planning to address groundwater quality matters 
associated with the unique geology of the Sutter Buttes area.  

Results from RMS well 20N01E18L001M are not depicted in the 2022 or 2023 figures as there was an 
obstruction within the well each year preventing the equipment from reaching the proper depths at the 

Subbasin Measurable Objective Minimum Thresholds Undesirable Result 

Butte  
the measured historical high 

25% of RMS wells exceed MTs 
for 24 consecutive months 

Vina   
2 RMS wells exceed their MT 
for two consecutive non-dry 

years 

Wyandotte 
Creek   

2 RMS wells exceed their MT 
for two consecutive non-dry 

years 
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mid-point of the screening interval to measure EC. As part of future GSP implementation, the GSAs will 
consider modifications to the groundwater quality RMS network. 

Figure 2. Groundwater quality monitoring results in the Butte Subbasin for the 2022 water year
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Figure 3. Groundwater quality monitoring results in the Butte Subbasin for the 2023 water year
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Figure 4. Groundwater quality data for well 17N01W10A001M in the Butte Subbasin

Vina Subbasin 

Figures 5 and 6. Results from 
RMS well 28J005 were not depicted in these figures as there was an obstruction within the well each year 
preventing the equipment from reaching the proper depths at the mid-point of the screening interval to 
measure EC. The probe could only be lowered to approximately 370’ above the screened interval for this 
well. 

Based on observations in the field it is possible that RMS well 28J005, developed in 1955 has filled in 
with materials due to a collapse of the walls above the screened interval of the well. As part of future 
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   Figure 5. Groundwater quality monitoring results in the Vina Subbasin for the 2022 water year 
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Figure 6. Groundwater quality monitoring results in the Vina Subbasin for the 2023 water year 

GSP implementation, the GSAs may consider modifications to the groundwater quality RMS network as 
needed and / or technical support requests to DWR for video logging of the wells. 

Wyandotte Creek Subbasin 

In the Wyandotte Creek Subbasin the majority of RMS wells measured had EC values that were lower 

Figures 7 and 8. Results from RMS well 08M001M were not depicted in these figures as the data 
deemed to be questionable based on site conditions.  Anecdotally, this general area of the Subbasin is 
known to have areas of high concentrations of salinity and natural gas.   

N/A
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Additionally, two of the three new multi-completion wells drilled in 2021 by DWR through the Technical 
Support Services program exhibited high EC levels in 2023, exceeding the MT depicted in Figures 8-9. 
Wells 19D001M and 19D002M are each screened at varying intervals to monitor the deep and 
intermediate zones of the aquifer respectively. Both wells had high levels of EC greater than the MT 
when initially developed and again when the wells were re-tested months after initial development. 
Groundwater quality monitoring results for 2022 at these wells were not reported due to malfunctioning 
equipment. Better characterization of naturally occurring salinity is needed to help improve appropriate 
monitoring and management of groundwater with respect to water quality in this Subbasin. 

Figure 7. Groundwater quality monitoring results in the Wyandotte Creek Subbasin for the 2022 
water year

N/A N/AN/AN/A N/AN/A
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Figure 8. Groundwater quality monitoring results in the Wyandotte Creek Subbasin for the 2023 
water year

N/AN/A
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Figure 9. Groundwater quality monitoring results for wells 19D001M and 19D002M in the 
Wyandotte Creek Subbasin for the 2023 water year 

Discussion 

Groundwater quality monitoring serves to establish baseline levels for EC throughout the Subbasins so 
that any future changes may be identified and further investigation and or monitoring can subsequently be 
developed.  There were no RMS wells in exceedance of any MTs in the Vina Subbasin. While there were 
some concentrated EC levels in one well within the Butte Subbasin and two wells within the Wyandotte 
Creek Subbasin over the first two years of monitoring for EC as part of GSP implementation, there were 
no indications of Undesirable Results as defined in the GSPs. In the Butte Subbasin, 2023 was the first 
year any RMS wells exceeded an MT. Undesirable Results in both the Vina and Wyandotte Creek 
Subbasins are tied to non-dry water year types and 2022 was a dry water year type. Next year is likely to 
be a non-dry year and as such there may be indications of Undesirable Results in the Wyandotte Creek 
Subbasin as defined the GSP, if wells there continue to show elevated levels of EC. Better 
characterization of naturally occurring salinity is needed to help improve appropriate monitoring and 
management of groundwater with respect to groundwater quality in this Subbasin. 
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Additional monitoring will continue to be conducted by DWR and other agencies to track constituents not 
managed under the current GSPs, including a variety of minerals, metals, pesticides and herbicides. Data 
from ongoing monitoring by various state and federal agencies will be available to the GSAs to augment 
local datasets and understanding of groundwater quality and can be found on the State Board’s 
Groundwater Ambient Monitoring and Assessment (GAMA) program at 
https://www.waterboards.ca.gov/gama.  

The County will work with the GSAs to address modifications to the monitoring networks, conduct 
monitoring to support data collection, and ensure that data is submitted to DWR as required by SGMA. 
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