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Monitoring Networks 

Monitoring networks are required to better understand and evaluate changing conditions within the 
groundwater, surface water, and land surface systems. To optimize data collection and analysis, the 
network should be easily accessible, spatially and temporally relatable to other monitoring networks, 
sufficient for demonstrating spatial and temporal trends, and representative of actual conditions. The 
following sections discuss the Colusa Subbasin monitoring network objectives, requirements, monitoring 
protocols, network sites, data gaps, and proposed actions. 

4.1 MONITORING NETWORK OBJECTIVES 

Title 23 Section §354.34b of the California Code of Regulations (23 CCR §354.34(b)) states that the 
monitoring network objectives shall be implemented to:  

(1) “Demonstrate progress toward achieving measurable objectives described in the 
[Groundwater Sustainability] Plan.  

(2) Monitor impacts to the beneficial uses or users of groundwater.  

(3) Monitor changes in groundwater conditions relative to measurable objectives and minimum 
thresholds.  

(4) Quantify annual changes in water budget components.” 

Monitoring network objectives for the Colusa Subbasin were designed to address the requirements of five 
sustainability indicators (not including seawater intrusion, which is not applicable to the Colusa Subbasin) 
in support of the future measurable objectives and minimum thresholds. The overarching goals of the 
monitoring networks are to: (1) characterize current and historical conditions within the groundwater, 
surface water, and land surface systems, and (2) evaluate future impacts of implemented GSP projects on 
the availability and quality of the Colusa Subbasin’s water supply.  

The monitoring network objectives are to characterize: 

• Groundwater levels, availability and flow characteristics; 

• Surface water availability and interactions with groundwater; 

• Quality of groundwater; and, 

• Extent and rate of land subsidence. 

4.2 MONITORING NETWORKS 

The following sections describe the monitoring sites included in the Colusa Subbasin groundwater level, 
groundwater quality, land subsidence, and surface water monitoring networks. Most of the networks 
consist of non-GSA controlled programs and are reliant on data provided by external agencies. 

4.2.1 Representative Monitoring Points 

Representative monitoring points were not designated for the Colusa Subbasin monitoring networks. Per 
23 CCR §354.36, “Each Agency may designate a subset of monitoring sites as representative of conditions 
in the basin or an area of the basin…” Instead of representative monitoring sites, the GSAs will use any 
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available data collected via the monitoring networks described in the following sections, or elsewhere, to 
evaluate impacts to sustainability indicators.  

4.2.2 Groundwater Level Monitoring  

Groundwater levels will be monitored to evaluate groundwater elevations, reduction in groundwater 
storage, and stream-aquifer interactions throughout the subbasin. The GSP groundwater level monitoring 
network is based on the existing groundwater monitoring networks of Colusa and Glenn Counties.   

4.2.2.1 Requirements 

The groundwater monitoring network should have sufficient density to represent spatial and temporal 
trends through the Colusa Subbasin: 

• Spatial densities should sufficiently represent both lateral and vertical extents of the 
groundwater basin. 

— The quantity and density of groundwater monitoring wells should be sufficient to evaluate 
overall static groundwater conditions for each principal aquifer and sufficiently support 
evaluation of impacts from implemented GSP projects and management actions. 

— The quantity and density of groundwater monitoring wells shall be sufficient to evaluate 
groundwater conditions for the basin and any GSP-defined management areas 
(23 CCR §354.34(d)). 

• Groundwater monitoring network shall be designed such that the sustainability indicators 
are adequately covered, not just over the entire basin, but also within any specific GSP-

defined management areas (23 CCR §354.34(d)). The sustainability indicators supported by 
the groundwater level monitoring network include:  

— Chronic lowering of groundwater levels 

▪ 23 CCR §354.34(c)(1) specifies that the groundwater monitoring network shall 
be sufficient to represent the seasonal occurrence, flow direction, and hydraulic 
gradients of groundwater within and between the principal aquifer and 
surface waters. 

— Reduction in groundwater storage 

▪ Data from the groundwater monitoring network shall be sufficient to enable 
calculations of annual changes in groundwater storage over time (Monitoring 
Network BMP, DWR, 2016a). 

— Depletion of interconnected surface water 

▪ The groundwater monitoring network shall be sufficient to represent the seasonal 
occurrence, flow direction, and hydraulic gradients of groundwater between the 
principal aquifer and surface waters (23 CCR §354.34(c)(6)). Per the Monitoring 
Network BMP (DWR, 2016a), shallow groundwater monitoring wells should be 
appropriately located with respect to connected streams to enable characterization 
of the groundwater levels adjacent to connected stream channels. The groundwater 
monitoring network should extend away from and along the stream course at 
appropriate intervals and be monitored on a frequency to capture seasonal 
pumping conditions (DWR, 2016a). 
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The Monitoring Network BMP states that the groundwater monitoring network should be able to provide 
data sufficient to: 

• Represent the unconfined and confined parts of the principal aquifer. 

• Support evaluation of Data Quality Objectives (DQOs); for example, collecting groundwater 
level data to support evaluation of stream-aquifer interactions. 

• Support delineation of areas with declining groundwater elevations, recharge areas, and 
conditions at basin boundaries. 

• Groundwater level monitoring frequencies shall be capable of representing: 

— Short-term, seasonal, and long-term trends (i.e., minimum of twice-annually to 
represent seasonal high and low groundwater conditions) per 23 CCR §354.34(c)(1)(b)). 

— Groundwater conditions, as necessary, to evaluate the progress of GSP implementation 
(23 CCR §354.34(a)). 

In accordance with the Monitoring Network and Identification of Data Gaps Best Management Practices 
(Monitoring Network BMP) documentation (DWR, 2016a), groundwater monitoring network sites should be: 

• Dedicated groundwater monitoring wells, if possible, with known construction characteristics: 

— Water supply wells may be used temporarily, if needed 

— Water supply wells should be screened within a single water bearing unit 

— Care should be taken to allow static water levels to recover prior to data measurement 

• Monitoring wells should have depth-dependent screened intervals to enable 
characterization of the groundwater table or potentiometric head in the principal aquifer 
(23 CCR §354.34(c)(1)) 

• Designed considering nearby pumping wells 

Monitoring sites shall include the following information (23 CCR §352.4(a) through (c): 

• Unique station identifier and CASGEM Identification (ID) 

• Site description, well location (North American Datum of 1983 [NAD 83], latitude and 
longitude decimal degrees to five decimal places) 

• Well use, well status, well type 

• Elevation of ground surface (accurate to 0.1 feet North American Datum of 1988 [NAVD 88]) 

• Elevation and description of reference point (accurate to 0.5 feet NAVD 88) 

• Well construction 

• Borehole and total well depth 

• Well completion report ID 

• Identification of principal aquifers 

• Geophysical logs and other relevant information, if any 

• Monitoring type 

• Measurement(s) taken 

• Monitoring frequency 

• Description of standards used to install or construct the monitoring site 



 
Chapter 4  
Monitoring Networks  

 

 

 
N-C-277-60-20-11-WP-GSP 

4-4 Colusa GSA and Glenn GSA 
Groundwater Sustainability Plan 

April 2021 
 

4.2.2.2 Monitoring Protocols 

Data will be obtained from any non-GSA agencies that are responsible for managing the monitoring sites 
within the groundwater level monitoring network. 

4.2.2.2.1 Methodology 

The Monitoring Protocols, Standards, and Sites Best Management Practices (Monitoring Protocols BMP, 
DWR, 2016b) recommends the following monitoring conditions: 

• Groundwater levels should be measured from a pre-established and recorded reference point. 

— The reference point elevations (RPE) need to have been surveyed to the NAVD 88, feet 

and shall be accurate to within 0.5 feet, at a minimum (23 CCR §352.4(a)(4). 

• Groundwater levels should be measured using approved measurement equipment. 
Equipment should be operated and maintained in accordance with the 
manufacturer’s instructions. 

• When well caps are removed, signs of pressure release should be noted. If pressure release 
is noted, an appropriate time should be allowed for the water surface to equilibrate to 
aquifer conditions. Multiple measurements may be taken to assess whether equilibration 
has been reached. 

— Site-specific procedures should be developed for wells under pressure, including flowing 
artesian wells. 

• Questionable measurements should be appropriately noted at time of monitoring. 

• All salient conditions should be recorded at time of monitoring. 

• Water levels shall be measured to the nearest 0.1 foot, at a minimum (23 CCR §352.4(a)(3). 
Measurements to the nearest 0.01 feet are preferred and should be used if the equipment allows. 

— Groundwater elevations (GWE) are calculated as the RPE minus measured depth to 
water (DTW). 

— All measurements should be in units of feet, tenths of feet, and hundredths of feet. 

• Water level equipment should be decontaminated after each use.  

• Measurements should be collected from all monitoring sites within as short a time period as 
possible; in general, one to two weeks is acceptable. All data should be entered into the 
data management system as soon as possible. 

Recorded information should include: 

• Well ID 

• Data and time (24-hour time format) 

• Field staff name/ID 

• RPE 

• Height of reference point relative to ground surface at time of measurement 

• DTW 

• GWE 

• Comments regarding salient observations of nearby pumping, weather conditions, well 
conditions, etc. 
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In addition to manual measurements, pressure transducers connected to data loggers may be used to 
monitor groundwater levels (DWR, 2016). Pressure transducers should be installed in conjunction with 
manual depth to water measurements; it is recommended that groundwater elevations be calculated 
after data have been downloaded to prolong the battery life of the unit. The Monitoring Protocols BMP 
identifies the following requirements when using data loggers: 

• All transducers should be installed, operated, and maintained in accordance with the 
manufacturer’s specifications. 

• The well ID, cable serial number, pressure transducer serial number, range, accuracy, and 
type (vented or non-vented) should be recorded. 

— Unvented pressure transducers should be corrected for barometric pressure with 
continuous data from a barometric transducer. 

• Groundwater levels should be recorded to the nearest 0.1 foot, at a minimum.  

• The pressure transducers should be assessed to determine if the unit is capable of recording 
data sufficient to support DQOs. Instrument drift due to groundwater conditions, battery 
life, and storage capacity should be taken into consideration when groundwater elevations 
are being calculated. 

• Manual groundwater levels should be measured to maintain data logger integrity. 

4.2.2.2.2 Frequency 

Manual water level measurements shall be collected twice annually, at a minimum, to ensure seasonal 

trends are well accounted for (23 CCR §354.34(c)(1)(B)). Manual measurements for all network wells 
should be collected in October and March per the Monitoring Network BMP (DWR, 2016a), unless more 
frequent measurements are required to support DQOs. 

4.2.2.3 Groundwater Level Monitoring Network 

The Colusa Subbasin groundwater monitoring network wells shown on Figure 4-1 are a combination of 
the Colusa County groundwater monitoring network wells and the Glenn County dedicated groundwater 
monitoring network wells (that is, Glenn County wells that are not used for any purpose other than 
observation). For the Glenn County wells, these exclude the BMO water supply wells and the wells 
included in the Glenn County annual water quality monitoring program discussed in Section 2.2.1. The 
Colusa County groundwater monitoring network includes active water supply wells as part of the County’s 
groundwater level monitoring program.  

There are 106 completions in 48 wells in the Colusa Subbasin. All of these wells are currently included in the 
CASGEM database. Table 4-1 contains the entire current groundwater monitoring network with State well 
numbers, CASGEM IDs, well completion report IDs, well status and type, location information, reference 
point information, construction, principal aquifer designations, and assessment categories. Well completion 
reports for the current groundwater monitoring network wells, if available, are included in Appendix 4-A. 

Table 4-2 lists the criteria used for evaluating the groundwater monitoring wells in the Colusa Subbasin 
groundwater monitoring network. These criteria were identified based on the groundwater monitoring 
network requirements discussed in the Monitoring Network BMP and 23 CCR §354.34. 
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Table 4-2. Assessment Categories of the Groundwater Monitoring Network Wells 

Characteristic Importance 

Known Construction 
Characteristics 

Known well construction characteristics will enable evaluation of groundwater 
conditions at specific depths within the principal aquifer. Examples of construction 
characteristics include borehole depth, screened intervals, and the presence of 
seals within the annular fill. 

Nested Multiple Completion Wells 

Nested, multiple completion wells allow the measurement of water levels at 
discrete depths within the aquifer system. The degree of confinement of the 
aquifer increases with depth. Multiple completion wells can provide insight into 
how the aquifer system is connected and allow estimates of vertical gradients and 
vertical hydraulic conductivity to be made.  

Non-Dedicated Monitoring Wells 

Pumping causes cones of depression that impact the water levels at and near the 
pumping well. Pumping water levels are not indicative of the static condition of 
the aquifer system and can skew estimates of groundwater storage. Pumping 
wells included in the groundwater monitoring network should be verified as 
inactive when measurements are made. 

Proximity to Streams and 
Interconnected Surface Waters 

Wells, including multiple completion wells, near streams or interconnected 
surface waters are useful for evaluating interaction between the aquifer and 
interconnected streams and surface waters. Vertical hydraulic gradients measured 
in wells near stream gages can provide insight regarding the direction of flow into 
or away from the surface water feature. 

Lateral and Vertical Density 

To characterize groundwater levels throughout the Colusa Subbasin, accessible 
monitoring sites should be spatially distributed throughout the area of interest. Not 
only should the monitoring sites be distributed laterally, but their screened intervals 
should also be set at representative depths within the principal aquifer. 

Accessibility and Usability 
The monitoring sites need to be easily accessible by field staff. Additionally, well 
completions should be clear down-hole to allow access of water level measuring 
equipment. 

 

Known Construction. Construction details are known for all but one of the groundwater monitoring wells 
(Table 4-1 and Figure 4-1). Colusa County monitoring well 13N02W12L001 is a USBR well without well 
construction information. This well is listed in Table 4-1 and shown on Figure 4-1 because there is 
historical groundwater level data available for the well.  

Nested Multiple Completion Wells. Of the 48 groundwater monitoring sites (106 separate completions) 
shown on Figure 4-1 and listed in Table 4-1, over 20 are nested multiple completion wells. These nested 
wells are screened at discrete depths up to a maximum depth of 1,180 feet below ground surface. The 
nested wells enable measurement of vertical head gradients within the principal aquifer. Additionally, the 
nested wells support monitoring of the groundwater system and interconnected surface waters. The 
current groundwater monitoring network contains wells that provide a lateral and vertical density 
sufficient to enable characterization of groundwater within the principal aquifer.  

Non-Dedicated Monitoring Wells. The majority of the active domestic, irrigation, and stock wells included 
in the current groundwater monitoring network are located in Colusa County. The Monitoring Network 
BMP allows the temporary inclusion of water supply wells in the groundwater monitoring network if the 
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wells are screened within a single water-bearing unit. Of these wells, three were identified to be 
perforated across broad depth intervals, potentially with different degrees of confinement, but all still 
zoned within the principal aquifer. These three wells are 18N02W36B001 (near Princeton), 
15N03W08Q001 (west of Williams), and 14N02W13N001 (north of Arbuckle).  

Proximity to Streams and Interconnected Surface Waters. The subbasin is bounded and traversed by 
irrigation canals and drains, as well as perennial, ephemeral, and intermittent streams. Many of the 
surface waters are near wells included in the current groundwater monitoring network, except for the 
surface waters within the Colusa National Wildlife Refuge, east of Williams (Figure 4-1). There are no 
network groundwater monitoring wells near the Colusa National Wildlife Refuge.  

Lateral and Vertical Density. The groundwater monitoring network has a lateral density of approximately 
9.4 completions per 100 square miles and 4.2 well boreholes per 100 square miles in the principal aquifer, 
averaged over the entire subbasin. These well densities are sufficient to evaluate groundwater level trends 
throughout the subbasin, in accordance with the recommendations listed in the Monitoring Network BMP 
(DWR, 2016a). Additionally, there are sufficient depth-specific wells located throughout the subbasin to 
evaluate groundwater elevation trends, groundwater storage, surface water connectivity, and aquifer 
characteristics with depth. 

Accessibility. The groundwater monitoring network wells are accessible for field investigations. However, 
five completions within three wells included in the Glenn County or Colusa County monitoring networks 
may be unusable due to caved-in or collapsed casings. These include 13N02W04G001, -003, -004, 
16N03W35N002, and 22N03W28P002. These wells were removed from the draft Colusa Subbasin 
Groundwater Monitoring Network, and are not shown on Figure 4-1, but are shown on Figure 4-2 with 
their location and a suggested replacement well.  

4.2.2.4 Data Gaps in Groundwater Level Monitoring Network 

23 CCR §354.38(b) defines data gaps as occurring where there is an insufficient number of monitoring 
sites, insufficient monitoring frequency, or unreliable monitoring sites. Data gaps can also occur when 
collected data are of insufficient quality or quantity to support evaluation of the sustainability indicators 
(Monitoring Network BMP, 2016a).  

The groundwater monitoring network was assessed based on requirements listed in the Monitoring 
Network BMP and 23 CCR §354.34. Spatial or temporal density and quality of monitoring sites were then 
assessed to identify potential data gaps. Data gaps within the groundwater monitoring network were 
evaluated for all criteria and categorized as follows:  

 Usability of the monitoring site due to: 

a. Potential cave-ins  

b. Wells screened across multiple water-bearing units and principal aquifers 

 Spatial distribution of monitoring sites with regard to: 

a. Presence near a surface water body  

b. Full lateral and vertical extent of coverage 
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4.2.2.5 Proposed Actions to Address Data Gaps 

4.2.2.5.1 Proposed Addition of Existing Wells 

Figure 4-2 shows the Colusa Subbasin groundwater monitoring network, monitoring wells that were 
included in the preliminary groundwater monitoring network but have since been removed and 
potentially require replacement, and proposed existing wells that may be added to the current network. 
Existing wells proposed to be added to the groundwater level monitoring network are listed in Table 4-3.  

Table 4-3. Existing Wells Proposed to be Added to the Groundwater Monitoring Network 

State Well 
Number Location 

Existing Groundwater 
Monitoring Network Rationale for Selection 

15N04W11G001 
Colusa 
County 

DWR WDL(a) 
Expand lateral monitoring network coverage 
towards the subbasin’s western margin. 

16N03W35M001 
Colusa 
County 

DWR WDL 
Replacement for 16N03W35N002M, an 
inaccessible caved-in well. Similar location and 
construction characteristics. 

(a) California Department of Water Resources (DWR) Water Data Library (WDL). 

 

4.2.2.5.2 Proposed New Wells 

No new monitoring wells are recommended at this time. 

4.2.2.5.3 Additional Proposed Actions 

It is recommended that a field survey be conducted of all current groundwater monitoring network sites 
to verify latitude and longitude coordinates, well depths, ground surface elevations, reference point 

elevations, and descriptions in accordance with the requirements described in 23 CCR §352.4(a) through 
(c). Monitoring frequencies should also be verified for compliance with requirements set forth in 23 CCR 

§354.34(c)(1)(B). 

4.2.3 Groundwater Quality Monitoring  

The primary groundwater quality constituent of concern within the Colusa Subbasin is salinity. Specifically, 
the upwelling of brackish connate water into the principal aquifer is a matter of concern. There are many 
existing programs that manage salinity (e.g. total dissolved solids or electrical conductivity) data in 
groundwater. The existing programs monitoring regularly and have decent spatial coverage throughout 
the subbasin. Where data gaps may exist, a discussion of potential additions to the groundwater quality 
monitoring network is provided.  

4.2.3.1 Requirements 

The groundwater quality monitoring network shall be designed such that the sustainability indicators are 
adequately covered not just over the entire basin, but also within any specific GSP-defined Management 
Areas. The groundwater quality monitoring network shall be designed to collect sufficient spatial and 
temporal data from the principal aquifer to enable determination of groundwater quality trends and to 
address known water quality issues (23 CCR §354.34(c)(4)). 
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In accordance with the Monitoring Network BMP (DWR, 2016a), data collected from the groundwater 
quality monitoring network should be sufficient to: 

• Enable definition of the three-dimensional extent of impacts; 

• Enable mapping of transient water quality degradation; 

• Facilitate assessment of groundwater quality impacts to beneficial uses and users; 

• Enable evaluation of management practice impacts to groundwater quality degradation; 

• Support evaluation of DQOs. 

Groundwater quality monitoring events should occur twice-annually (correlating with seasonal highs and 
lows) but may be more frequent, as needed, per the Monitoring Network BMP (DWR, 2016a). The 
Monitoring Network BMPs state that: 

• Where regulated plumes exist, monitoring should coincide with regulatory monitoring. 

• Where unregulated groundwater quality issues occur, monitoring should be consistent with 
the degree of groundwater use in the impacted area. 

Monitoring sites shall include the following information (23 CCR §352.4(a) through (c): 

• Unique station identifier, CASGEM ID; 

• Site description, well location (NAD 83, latitude and longitude decimal degrees to five 
decimal places); 

• Well use, well status, well type; 

• Elevation of ground surface (accurate to 0.1 feet NAVD 88); 

• Elevation and description of reference point (accurate to 0.5 feet NAVD 88); 

• Well construction; 

• Borehole and total well depth; 

• Well completion report ID; 

• Identification of principal aquifers; 

• Geophysical logs and other relevant information, if any; 

• Monitoring type; 

• Measurement(s) taken; 

• Monitoring frequency; and 

• Description of standards used to install the monitoring site. 

4.2.3.2 Monitoring Protocols 

Data will be obtained from non-GSA agencies that are responsible for managing the monitoring sites 
within the groundwater quality monitoring network. 

In accordance with the Monitoring Protocols BMP (DWR, 2016b), all water quality analyses should be 
performed by a State Environmental Laboratory Accreditation Program certified laboratory. Additionally, 
analytical methods should be similar to those used by other existing groundwater quality programs within 
the basin for comparative purposes.  
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Groundwater quality sampling protocols should follow USGS National Field Manual for the Collection of 
Water Quality Data (Wilde, 2005) in accordance with the Monitoring Protocols BMP (DWR, 2016a). 
Groundwater sampling protocols should ensure that: 

• Groundwater quality data are collected from the correct location, accurate and 
reproducible, and represent conditions consistent with the DQOs; 

• Salient data are recorded; and 

• All data are handled such that integrity is maintained. 

The Monitoring Protocols BMP defines the following standardized protocols: 

• Prior to sampling, the appropriate laboratory should be notified and scheduled, the 
appropriate sampling bottles and equipment should be obtained, and sample preservation 
requirements and hold times should be confirmed. 

• All groundwater monitoring network wells should have a unique identifier posted on the 
well housing or casing. 

• Samples from pumping wells should be collected near the wellhead. 

• All sampling equipment and ports should be free of contaminants and decontaminated 
between sampling locations. 

• Groundwater elevations should be measured. 

• Wells not equipped with low-flow sampling taps should be purged prior to sampling to 
ensure sampling is of ambient groundwater conditions and not borehole storage conditions. 
Typically, three casing volumes purged is adequate.  

• If purging or pumping causes a well to be evacuated, allow 90 percent recovery prior 
to sampling. 

• Field parameters should be collected coincident with each sample. Field parameters should 
include pH, EC, and temperature, at a minimum. Field instruments should be calibrated daily. 

• Sample containers should be labeled prior to sampling. Sample labels should include sample 
ID, sample date and time, sample personnel, sample location, preservatives, analyte, and 
analytical method. 

• Samples should be collected under laminar flow conditions. 

• Samples should be collected according to appropriate standards. The sample collection 
procedure should reflect the type of analysis being performed and the DQOs. 

• Samples should be preserved at the time of sampling. Samples should be filtered, 
as appropriate.  

• Samples should be chilled after collection to prevent degradation. 

• Chain of custody forms should be used to track procession of the samples.  

• Analytical laboratories should utilize reporting limits that are equal to or less than the 
applicable DQOs or regional water quality objectives and screening levels. 
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4.2.3.3 Groundwater Quality Monitoring Network 

Groundwater quality monitoring networks have not yet been formally defined, however, groundwater 
quality data collected under existing regulatory programs, specifically the ILRP, are applicable for SGMA 
compliance. The California Rice Commission has identified their ILRP groundwater quality trend network 
from active USGS-managed wells within and surrounding the California Rice Commission management 
area (CH2MHILL, 2016). Twelve of these wells are within the Colusa Subbasin (CVRWQCB, 2016). The 
Sacramento Valley Water Quality Coalition Groundwater Quality Trend Monitoring Program includes four 
wells within the Colusa Subbasin (Luhdorff and Scalmanini, 2019). Both of these programs include salinity 
monitoring. Table 4-4 includes the groundwater quality monitoring network wells included under these 
programs. Figure 4-3 shows the locations of these wells with respect to the Colusa Subbasin.  

Table 4-4. Groundwater Quality Monitoring Network Well 

County Well ID Program Latitude (a) Longitude Frequency 

Colusa SVWQC00006 
Sacramento Valley Water Quality Coalition 

Annual Groundwater Monitoring Program (b) 
38.96060 -122.01810 Annual Fall 

Glenn SVWQC00005 
Sacramento Valley Water Quality Coalition 
Annual Groundwater Monitoring Program 

39.71070 -122.10610 Annual Fall 

Colusa SVWQC00021 
Sacramento Valley Water Quality Coalition 
Annual Groundwater Monitoring Program 

39.37720 -122.01330 Annual Fall 

Colusa SVWQC00019 
Sacramento Valley Water Quality Coalition 
Annual Groundwater Monitoring Program 

39.01040 -122.06760 Annual Fall 

Glenn 09N1M California Rice Commission ILRP Wells (c,d) 39.592715 -122.095328 2 Years 

Glenn 25A1M California Rice Commission ILRP Wells 39.567131 -122.026011 2 Years 

Glenn 32J1M California Rice Commission ILRP Wells 39.542665 -122.098338 2 Years 

Glenn 23E1M California Rice Commission ILRP Wells 39.490262 -122.056741 2 Years 

Glenn 25E1M California Rice Commission ILRP Wells 39.468111 -122.167419 2 Years 

Glenn 25R1M California Rice Commission ILRP Wells 39.471126 -122.139751 2 Years 

Glenn 12G2M California Rice Commission ILRP Wells 39.429497 -122.033644 2 Years 

Glenn 09R2M California Rice Commission ILRP Wells 39.421594 -122.194964 2 Years 

Colusa 14G1M California Rice Commission ILRP Wells 39.326901 -122.166317 2 Years 

Colusa 35M1M California Rice Commission ILRP Wells 39.279817 -122.174639 2 Years 

Colusa 03E1M California Rice Commission ILRP Wells 39.182201 -122.079463 2 Years 

Colusa 16R1M California Rice Commission ILRP Wells 39.147638 -122.08325 2 Years 

(a) Latitude and longitude are reported in North American Datum of 1983 (NAD 83), decimal degrees. 

(b) Luhdorff and Scalmanini. 2019. 

(c) ILRP = Irrigated Lands Regulatory Program 

(d) Central Valley Regional Water Quality Control Board. 2016. 
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4.2.3.4 Data Gaps in Groundwater Quality Monitoring Network 

Potential data gaps have been identified within the proposed groundwater quality monitoring networks: 

1. The current California Rice Commission groundwater monitoring plan to collect groundwater 
quality samples every two years may not be sufficient to satisfy the requirements set forth in 
the Monitoring Network BMP (DWR, 2016a) or to satisfy the GSA’s goal of identifying high 
concentrations of salinity with depth. 

2. The existing groundwater monitoring network may not include monitoring wells in areas with 
salinity concerns.  

3. It is possible that the monitoring networks defined by the Sacramento Valley Water Quality 
Coalition and the California Rice Commission may not be sufficient to adequately allow 
identification of upwelling or intrusion of deeper brackish/connate waters into the freshwater 
aquifer systems.  

4.2.3.5 Proposed Actions to Address Data Gaps 

Groundwater quality data collected under existing regulatory programs may be sufficient for SGMA 
compliance. The Colusa and Glenn GSAs will consider coordinating with the Sacramento Valley Water Quality 
Coalition, NCWA, and the California Rice Commission in the establishment and ongoing evaluation of these 
groundwater quality monitoring network sites with the goal of using data collected under the ILRP for SGMA 
compliance.  

The wells included in the groundwater level monitoring network provide ample spatial coverage throughout 
the Colusa Subbasin. These wells, shown on Figure 4-3, would be good potential sites to add to the 
groundwater quality monitoring network in areas with identified salinity and upwelling concerns. The wells 
could be sampled regularly, at varying frequencies, in accordance with the needs of the GSAs and local 
stakeholders. 

4.2.4 Land Subsidence Monitoring  

Land subsidence has been measured within the Colusa Subbasin. There are several existing programs in 
place to monitor and measure ongoing land subsidence. Many of these existing programs are included in 
the Colusa Subbasin land subsidence monitoring network so that the GSAs and local stakeholders can best 
determine the rate and extent of subsidence within the subbasin boundaries.  

4.2.4.1 Requirements 

The land subsidence network shall be designed such that the sustainability indicators are adequately 
covered, not just over the entire basin, but also within any specific GSP-defined Management Areas. The 
land subsidence monitoring network shall be designed to enable the characterization of the rate and 

extent of subsidence by providing consistent, accurate, and reproducible results (23 CCR §354.34(c)(5); 
DWR, 2016). 

Monitoring sites shall include the following information (23 CCR §352.4(a) through (b): 

• Unique station identifier 

• Site description 

• Monitoring type 
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• Measurement(s) taken 

• Monitoring frequency 

• Location (NAD 83, latitude and longitude decimal degrees to five decimal places) 

• Elevation of ground surface (accurate to 0.1 feet NAVD 88) 

• Elevation and description of reference point (accurate to 0.5 feet NAVD 88) 

• Description of standards used to install the monitoring site 

4.2.4.2 Monitoring Protocols 

Data will be obtained from the non-GSA agencies that are responsible for managing the monitoring sites 
within the land subsidence monitoring network. 

The following land subsidence monitoring protocols have been established by DWR (DWR, 2016b): 

• Levelling surveys should follow standards defined in the California Department of 
Transportation’s (Caltrans) Surveys Manual (Caltrans, assorted dates). 

• Continuous GPS surveys should follow standards defined in the Caltrans Surveys Manual. 

• Extensometer instruments should be installed, calibrated, and maintained per the 
manufacturer’s instructions. 

• InSAR surveys should be obtained via interpretative reports for specific regions. Raw data 
files may be obtained and processed instead, if needed. 

Land surface should be recorded to an accuracy of 0.1 feet, at a minimum, relative to NAVD 88, in 
accordance with the requirements described in 23 CCR §352.4(a)(3). 

4.2.4.3 Land Subsidence Monitoring Network 

Table 4-5 lists the benchmarks, continuous GPS stations, and extensometers included in the land 
subsidence monitoring network. Figure 4-4 shows these locations relative to the subbasin. The land 
subsidence monitoring sites are managed and maintained by non-GSA agencies. 

4.2.4.4 Data Gaps in Land Subsidence Monitoring Network 

Land subsidence has been measured in the greater Arbuckle and southern Colusa County area 
(Section 3.2.6). While there is sufficient benchmark coverage, the benchmarks must be manually surveyed 
in order to determine the magnitude of displacement. This is currently done on an irregular frequency 
and does not provide short-term insight regarding ongoing land subsidence. The installation of a 
continuous GPS station or extensometer would allow near real-time monitoring of subsidence in the 
Arbuckle area without relying on the irregular re-survey frequency of the Sacramento Valley benchmarks.  
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4.2.4.5 Proposed Actions to Address Data Gaps 

4.2.4.5.1 Proposed Benchmarks, Extensometers, or Continuous GPS Stations 

No additional benchmarks are needed at this time. 

A new continuous GPS station or extensometer near Arbuckle is being investigated to allow near real-time 
monitoring of subsidence. 

4.2.4.5.2 Additional Proposed Actions 

The repeat DWR benchmark survey results will be evaluated as they are made available. Ongoing studies 
using InSAR data will also be evaluated as they are published.  

4.2.5 Surface Water Monitoring  

Surface water monitoring is conducive for evaluating stream-aquifer relations. Comparing stream flows 
and stages with groundwater levels from specific monitoring wells can provide insight into how the 
surface waters are interconnected with the groundwater system. The surface water monitoring network 
includes gages placed on rivers, streams, and canals. All of the stream gages included in the surface water 
monitoring network are managed and monitored via existing federal and state programs.   

4.2.5.1 Requirements 

The surface water monitoring network should be designed such that the sustainability indicators are 
adequately covered not just over the entire basin, but also within any specific GSP-defined Management 
Areas. The surface water monitoring network shall be designed to characterize spatial and temporal 
changes between interconnected waters such that depletions from surface waters caused by 
groundwater extraction can be calculated (23 CCR §354.34(c)(6); DWR, 2016a). 

In accordance with the Monitoring Network BMP (DWR, 2016a) and 23 CCR §354.34(c)(6), data collected 
from the surface water monitoring network shall be sufficient to: 

• Characterize flow conditions including surface water discharge, stage, and baseflows. 

• Identify locations and flow periods of ephemeral and intermittent stream channels, if any. 
The Monitoring Network BMPs state that monitoring of ephemeral or intermittent streams 
should be conducted annually or as appropriate to characterize flow changes (DWR, 2016a). 

• Identify temporal trends due to localized, regional, and seasonal surface water discharge 
and groundwater extraction impacts.  

• Identify and collect information necessary to evaluate adverse effects to the beneficial use 
of surface water. 

• Support evaluation of DQOs. 

Stream gages should be located along stream reaches with known groundwater connection, per the 
Monitoring Network BMP (DWR, 2016). Locations should account for surface water diversions and return 
flows, if necessary. Per the Monitoring Network BMP (DWR, 2016a), surface water discharge monitoring 
should be accompanied by groundwater level monitoring within shallow wells.  
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Monitoring sites shall include the following information (23 CCR §352.4(a) through (b): 

• Unique station identifier 

• Site description (NAD 83, latitude and longitude decimal degrees to five decimal places) 

• Monitoring type 

• Measurement(s) taken 

• Monitoring frequency 

• Location 

• Elevation of ground surface (accurate to 0.1 feet NAVD 88) 

• Elevation and description of reference point (accurate to 0.5 feet NAVD 88) 

• Description of standards used to install the monitoring site 

4.2.5.2 Monitoring Protocols 

Data will be obtained from any non-GSA agencies that are responsible for managing the monitoring sites 
within the surface water monitoring network. 

Per the Monitoring Protocols BMP (DWR, 2016b), streamflow measurements should be collected, 
analyzed, and reported in accordance with procedures defined in the USGS Water Supply Paper 2175, 
volumes 1 and 2 (Rantz, 1982). This methodology is currently being used for both DWR and USGS surface 
water monitoring networks within the Colusa Subbasin. 

Surface water flows shall be recorded in cubic feet per second and surface water elevations shall be 
recorded in feet with a minimum accuracy of 0.1 feet relative to NAVD 88, in accordance with the 

requirements described in 23 CCR §352.4(a). Water volumes shall be reported in acre-feet. 

4.2.5.3 Surface Water Monitoring Network 

Table 4-6 lists the surface water monitoring network, their locations, and monitoring frequency. These 
station locations are shown on Figure 4-5 and include all of the active stream gages and monitoring sites 
managed by CDEC, DWR, USBR, and USGS both within and upstream of the Colusa Subbasin. The surface 
water monitoring sites are managed and maintained by non-GSA agencies.  

4.2.5.4 Data Gaps in Surface Water Monitoring Network 

The temporal changes in ephemeral and intermittent stream stage and flow within the subbasin may not 
be sufficiently addressed by the existing surface water monitoring network to the extent required by 23 
CCR §354.34(c). 

Colusa Basin Drain outflows from the Colusa Subbasin are not currently monitored, and historical 
monitoring records for Colusa Basin Drain outflows from the Colusa Subbasin are not available within the 
CDEC, NWIS, and WDL databases. 

4.2.5.5 Proposed Actions to Address Data Gaps 

The perennial streams (Stony Creek and the Sacramento River) that bound or intersect the Colusa 
Subbasin and adjacent subbasins are shown on Figure 4-4. Surface water monitoring, particularly as 
related to streamflow depletion, should be coordinated across subbasins. The Colusa and Glenn GSAs are 
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participating in a surface water monitoring network data gap assessment and fulfillment in cooperation 
with neighboring GSAs.  

Additionally, existing stream and drainage reports will be evaluated for additional information on the 
timing, stage, and magnitude of flows in ephemeral and intermittent streams in the subbasin, if necessary 
to fill data gaps or support projects and management actions during GSP implementation. If necessary, 
site-specific studies will be conducted to fill data gaps or address requirements for monitoring of 
ephemeral and intermittent streams, per 23 CCR §354.34(c)(6). 

DWR is reportedly in the process of evaluating the adequacy of existing stream gages to support SGMA 
implementation. As a result of this effort, it is anticipated that DWR will identify data gaps and develop 
recommendations regarding the existing stream gage networks. Actions proposed by DWR, if any, will be 
taken into consideration by the Colusa and Glenn GSAs. 

Table 4-6. Surface Water Monitoring Network Stream Gages 

County 
Station 

ID Station Name Latitude(a) Longitude Site Type Frequency Source 

Colusa 
BSO; 

A02967 
Butte Slough at Outfall 

Gates near Colusa 
39.195161 121.936567 Discharge (c) Hourly 

CDEC(b); 
WDL(d) 

Colusa 
CDR; 

A02976 
Colusa Basin Drain at 

Highway 20 
39.195512 122.060517 Discharge Hourly 

CDEC; 
WDL 

Colusa 
CLW; 

A02981 
Sacramento River at 

Colusa Weir 
39.23682 121.99476 Discharge Hourly 

CDEC; 
WDL 

Colusa A00647 
Freshwater Creek at 
Leesville Road near 

Williams 
39.129339 122.30993 Discharge Daily WDL 

Sutter MPS Meridian Pumps 39.148 121.918 Discharge Hourly CDEC 

Colusa 
MLW; 

A02986 
Sacramento River at 

Moulton Weir 
39.33821 122.022627 Discharge Hourly 

CDEC; 
WDL 

Glenn 
BTC; 

A02500 
Sacramento River at 

Butte City 
39.45784 121.99416 Discharge Hourly 

CDEC; 
WDL 

Colusa 11389500 
Sacramento River at 

Colusa 
39.214057 122.000251 Discharge Daily USGS 

Glenn 
HMC; 

A02630 
Sacramento River at 

Hamilton City 
39.750925 121.997877 Discharge Hourly 

CDEC; 
WDL 

Glenn 
ORD; 

A02570 
Sacramento River at Ord 

Ferry 
39.628132 121.993182 Discharge Hourly 

CDEC; 
WDL 

Sutter TIS 
Sacramento River at 

Tisdale Weir 
39.02644 121.822083 Discharge Hourly CDEC 

Colusa 11390500 
Sacramento River below 

Wilkins Slough near Grimes 
39.009974 121.823398 Discharge Daily USGS 

Glenn WCF 
South Fork Willow Creek 

near Fruto 
39.541538 122.390045 Stage Hourly CDEC 

Tehama BBQ 
Stony Creek below Black 

Butte Dam 
39.8186 122.3239 Stage Event CDEC 

Glenn SCG 
Stony Creek near Grizzly 
Flat (County Road 200A) 

39.73181 122.413997 Discharge Hourly CDEC 

(a) Latitude and longitude are reported in North American Datum of 1983 (NAD 83), decimal degrees. 

(b) California Data Exchange Center (CDEC). 

(c) The term “Discharge” means that stream flows are reported. If no flows are reported but stream stage is, then the term “Stage” is used. 

(d) California Department of Water Resources (DWR) Water Data Library (WDL). 
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