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 Colusa Groundwater Authority 
Glenn Groundwater Authority 

Colusa Subbasin Groundwater Sustainability Plan 
 

Table 4B-1. Groundwater Quality Monitoring Network Wells 

County Well ID Agency Latitude (a) Longitude 

Glenn 1100404-001(b) Del Oro Water Company – Black Butte District 39.75970 -122.22526 

Glenn 1100405-001 Black Butte Mobile Home Park 39.75373 -122.21006 

Glenn 1110001-001 City of Orland 39.73808 -122.17203 

Glenn 1110001-002 City of Orland 39.73808 -122.17203 

Glenn 1110001-005 City of Orland 39.73820 -122.19538 

Glenn 1110001-008 City of Orland 39.73977 -122.17549 

Glenn 1110001-009 City of Orland 39.75348 -122.19639 

Glenn 1110001-017 City of Orland 39.75399 -122.19034 

Glenn 1100413-002 Country Leisure Mobile Estates 39.74592 -122.13595 

Glenn 1100444-001 Orland Estates Mobile Home Park 39.74015 -122.20960 

Glenn 1100444-002 Orland Estates Mobile Home Park 39.74012 -122.20972 

Glenn 1100445-002 Orland Mobile Home Park 39.73423 -122.19709 

Glenn 1100436-002 Orland Oaks Mobile Home Park 39.75274 -122.21581 

Glenn 1100452-001 Shady Oaks Trailer Park 39.76262 -122.19667 

Glenn 1100254-003 Voyles Trailer Park 39.53352 -122.19526 

Glenn 1100237-003 Willows Mobile Home Community & RV Park 39.52326 -122.23170 

Glenn 1100203-001 Artois Community Service District 39.61738 -122.19492 

Glenn 1100203-002 Artois Community Service District 39.62235 -122.19494 

Glenn 1110003-003 Cal-Water Service Company - Willows 39.51426 -122.19905 

Glenn 1110003-006 Cal-Water Service Company - Willows 39.53016 -122.20706 

Glenn 1110003-007 Cal-Water Service Company - Willows 39.50981 -122.19533 

Glenn 1110003-008 Cal-Water Service Company - Willows 39.52162 -122.21130 

Glenn 1110003-009 Cal-Water Service Company - Willows 39.51903 -122.18713 

Glenn 0600013-001 Colusa County Water Works District #2 – Princeton 39.40283 -122.01008 

Glenn 0600013-002 Colusa County Water Works District #2 – Princeton 39.40916 -122.00992 

Colusa 0610003-003 Maxwell Public Utility District 39.27650 -122.18944 

Colusa 0610002-002 City of Colusa 39.21073 -122.01404 

Colusa 0610002-003 City of Colusa 39.20768 -122.01175 

Colusa 0610002-004 City of Colusa 39.20114 -122.02074 

Colusa 0610002-005 City of Colusa 39.20293 -122.00906 

Colusa 0610002-006 City of Colusa 39.21461 -122.01429 

Colusa 0610004-004 City of Williams 39.15214 -122.14661 

Colusa 0610004-009 City of Williams 39.15742 -122.13924 

Colusa 0610004-011 City of Williams 39.15203 -122.13548 

Colusa 0600008-001 Colusa County Water Works District #1 – Grimes 39.07209 -121.89445 

Colusa 0610001-001 Arbuckle Public Utility District 39.01261 -122.05584 

Colusa 0610001-002 Arbuckle Public Utility District 39.01677 -122.06172 

Colusa 0610001-004 Arbuckle Public Utility District 39.01997 -122.05846 

Colusa 0610001-005 Arbuckle Public Utility District 39.01662 -122.07124 

Colusa  0605011-001 Del Oro Water Company – Arbuckle District 39.00503 -122.06048 

Glenn 25A1M California Rice Commission (c) 39.56459 -122.02759 

Glenn 32J1M California Rice Commission 39.54292 -122.09912 

Glenn 23E1M California Rice Commission 39.49160 -122.05584 

Glenn 25E1M California Rice Commission 39.47299 -122.16428 

Glenn 25R1M California Rice Commission 39.47080 -122.13686 

Glenn 12G2M California Rice Commission 39.42900 -122.03237 

Colusa 14G1M California Rice Commission 39.28179 -122.17190 

Colusa 35M1M California Rice Commission 39.18317 -122.07808 

Colusa 03E1M California Rice Commission 39.14835 -122.07927 

Colusa 16R1M California Rice Commission 39.71070 -122.10610 

Glenn SVWQC00005 Sacramento Valley Water Quality Coalition (d) 39.01040 -122.06760 

Colusa SVWQC00019 Sacramento Valley Water Quality Coalition 39.37720 -122.01330 

Colusa SVWQC00021 Sacramento Valley Water Quality Coalition 38.96060 -122.01810 

Colusa SVWQC00006 Sacramento Valley Water Quality Coalition 39.75970 -122.22526 

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

(b) Bolded wells are those that were selected to be included in the representative groundwater quality monitoring network. The representative groundwater quality monitoring network and its 
corresponding wells are discussed more in Section 4.2.5 of this GSP. 

(c) Central Valley Regional Water Quality Control Board. 2016. 

(d) Luhdorff and Scalmanini. 2019. 
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INTRODUCTION 

This appendix documents the decision-making process and adoption of the Colusa Subbasin Sustainable 

Management Criteria (SMC) by the Colusa Groundwater Authority and Glenn Groundwater Authority 

Technical Advisory Committees (referred to as the Joint TAC). 

A record of decision is provided for each of the sustainability indicators applicable to the Colusa 

Subbasin (Subbasin): 

1. Chronic Lowering of Groundwater Levels 

2. Reduction of Groundwater Storage 

3. Seawater Intrusion (not applicable to the Colusa Subbasin) 

4. Degraded Water Quality 

5. Land Subsidence 

6. Depletions of Interconnected Surface Water 
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Colusa Groundwater Authority and Glenn Groundwater 

Authority Technical Advisory Committees 

Record of Decision 

 

SUSTAINABILITY INDICATOR #1: 

CHRONIC LOWERING OF GROUNDWATER LEVELS 

Decision Record 

At their joint meeting on May 13, 2021, the Colusa Groundwater Authority (CGA) Technical 

Advisory Committee (TAC) and Glenn Groundwater Authority (GGA) TAC each voted unanimously 

to recommend to their respective boards the criteria listed below for setting quantitative 

Sustainable Management Criteria (SMC) for groundwater Sustainability Indicator #1: Chronic 

Lowering of Groundwater Levels. These actions were taken in relation to Agenda Item 4.a.i. with the 

roll call vote documented in the meeting minutes. 

The SMC for Chronic Lowering of Groundwater Levels will be calculated and conditioned as follows. 

The calculation will be made individually for each of the 48 representative monitoring wells 

comprising the Groundwater Level monitoring network. Water levels are defined as the depth to 

groundwater below ground surface.  

1) Minimum Thresholds will be set equal to the lower of the following two calculated water 

levels: 

a. 50 percent of the historical range in observed water levels below the observed low 

water level, AND, 

b. The 20th percentile depth of domestic wells in the Thiessen polygon represented by 

each monitoring well. This means that 20 percent of the domestic wells are 

shallower and 80 percent deeper than the 20th percentile depth.  

2) Measurable Objectives will be calculated as the average of the most recent five (5) years of 

available groundwater levels. The calculated water level is fixed and is not a running 

average that changes over time. 

3) An Undesirable Result will be detected when water levels in 25 percent or more (at least 

12) of the 48 representative monitoring wells fall below their respective Minimum 

Thresholds continuously for 24 months. The 12 wells must be the same subset of wells, not 

any combination of 12 wells.  

4) To ensure operational compatibility with adjoining subbasins, the Minimum Thresholds and 

Measurable Objectives for monitoring wells near subbasin boundaries will be reviewed and 

adjusted, as needed, in consultation with representatives of adjoining subbasin 

Groundwater Sustainability Agencies.  

Adoption Record 

The TAC decisions were presented to and adopted by their respective Boards as follows: 

• CGA: Approved May 25, 2021 

• GGA: Approved June 16, 2021  
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Colusa Groundwater Authority and Glenn Groundwater 

Authority Technical Advisory Committees 

Record of Decision 

 

SUSTAINABILITY INDICATOR #2: 

REDUCTION OF GROUNDWATER STORAGE 

Decision Record 

At their joint meeting on April 23, 2021, the Colusa Groundwater Authority (CGA) Technical 

Advisory Committee (TAC) and Glenn Groundwater Authority (GGA) TAC the Consultant Team 

recommended to the TACs that Sustainable Management Criteria (SMC) for groundwater 

Sustainability Indicator #2: Reduction of Groundwater Storage be addressed using Sustainability 

Indicator #1: Groundwater Levels as a proxy indicator, as allowed under DWR’s Groundwater 

Sustainability Plan regulations.  

The CGA TAC and GGA TAC each voted unanimously to recommend to their respective boards that 

SMC for groundwater Sustainability Indicator #2: Reduction of Groundwater Storage be addressed 

by proxy as described above. These actions were taken in relation to Agenda Item 4.b.i. with the roll 

call vote documented in the meeting minutes. 

Supporting Rationale 

The Consultant Team explained that the freshwater aquifers in the Colusa Subbasin are deep 

relative to existing well infrastructure and the Measurable Objectives (MOs) and Minimum 

Thresholds (MTs) under consideration for Sustainability Indicator #1: Groundwater Levels. Large 

volumes of fresh groundwater would remain in storage even if MTs were reached. Therefore, the 

MTs and MOs adopted for Groundwater Levels are protective of Groundwater Storage. 

Adoption Record 

The TAC decisions were presented to and adopted by their respective Boards as follows: 

• CGA: Approved May 25, 2021 

• GGA: Approved May 10, 2021 

  



 

3 

Colusa Groundwater Authority and Glenn Groundwater 

Authority Technical Advisory Committees 

Record of Decision 

 

SUSTAINABILITY INDICATOR #3: 

SEAWATER INTRUSION 

Seawater intrusion is not considered to be an applicable sustainability indicator for the Colusa 

Subbasin. Thus, SMC were not established for seawater intrusion. 

Seawater intrusion is not currently occurring in the Subbasin, and is not likely to occur due to the 

substantial distance between the Subbasin and the Pacific Ocean, bays, deltas, or inlets. 
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Colusa Groundwater Authority and Glenn Groundwater 

Authority Technical Advisory Committees 

Record of Decision 
 

SUSTAINABILITY INDICATOR #4: 

DEGRADED WATER QUALITY 

Decision Record 

At their joint meeting on April 9, 2021, the Colusa Groundwater Authority (CGA) Technical Advisory 

Committee (TAC) and Glenn Groundwater Authority (GGA) TAC each voted to recommend to their 

respective boards to adopt a policy not to adopt quantitative Sustainable Management Criteria 

(SMC) for groundwater Sustainability Indicator #4: Degraded Water Quality, and instead to 

improve the water quality monitoring network and adopt quantitative SMC in the 2027 

Groundwater Sustainability Plan (GSP) update.  

Subsequent to the April 9 meeting, additional information became available causing the Consultant 

Team to reconsider its earlier advice to the TACs. The new information included an opinion 

provided by GGA counsel and results of the Department of Water Resources evaluations of GSPs 

prepared for other groundwater subbasins. Based on this additional information, the Consultant 

Team changed its approach and recommended to the TACs at their June 11, 2021, meeting that 

quantitative SMC for water quality be developed for Sustainability Indicator #4. 

At the June 11, 2021, Joint TAC meeting, each TAC voted unanimously, with Ben King of the CGA 

TAC abstaining, to recommend to their respective boards the criteria listed below for setting 

quantitative SMCs for Sustainability Indicator #4. These actions were taken in relation to Agenda 

Item 4.a.i. with the roll call vote documented in the meeting minutes. 

The SMCs for Degraded Water Quality pertain to salinity only, applicable to each of 23 

representative monitoring wells, are as follows:  

1) The Minimum Threshold will be 900 µS/cm1 (the recommended California Secondary 

Maximum Contaminant Level) OR the pre-2015 historical maximum measured salinity. 

2) The Measurable Objective will be 700 µS/cm (corresponding to an agricultural water 

quality objective providing for no yield reduction for crops commonly grown in the Colusa 

Subbasin). 

3) An Undesirable Result will be detected when salinity (as indicated by electrical 

conductivity) in 25 percent of the representative monitoring wells (6 of 23 monitoring 

wells) exceeds the Minimum Threshold for two (2) consecutive years.  

 

1 µS/cm stands for micro Siemens per centimeter, a measure of the electrical conductivity (EC) of water. 1,000 

µS/cm is equal to approximately 640 parts per million of total dissolved solids in water.  
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Clarifying Points 

The foregoing SMC were established with the TACs’ understanding that 23 representative 

monitoring wells are not sufficient for long-term, sustainable management of the Colusa Subbasin 

and that additional new or existing wells will need to be added to the monitoring network over 

time. Additionally, the TACs acknowledge that the SMC will need to be reviewed and evaluated, and 

potentially refined, as additional monitoring wells are added, and additional data is collected and 

analyzed. 

Adoption Record 

The TAC decisions were presented to and adopted by their respective Boards as follows: 

• CGA: Approved July 8, 2021 

• GGA: Approved June 16, 2021, and approved as amended July 12, 2021 
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Colusa Groundwater Authority and Glenn Groundwater 

Authority Technical Advisory Committees 

Record of Decision 

 

SUSTAINABILITY INDICATOR #5: 

LAND SUBSIDENCE 

Decision Record 

At their joint meeting on April 9, 2021, the Colusa Groundwater Authority (CGA) Technical Advisory 

Committee (TAC) and Glenn Groundwater Authority (GGA) TAC each voted unanimously to 

recommend to their respective boards the criteria for setting quantitative Sustainable Management 

Criteria (SMCs) for groundwater Sustainability Indicator #5: Land Subsidence. These actions were 

taken in relation to Agenda Item 4.b.ii. with the roll call vote documented in the meeting minutes. 

In September 2021, the Consultant Team prepared revised recommendations for the land 

subsidence SMCs to bring those SMCs into closer alignment with neighboring subbasins. Revisions 

to the quantitative SMCs for groundwater Sustainability Indicator #5: Land Subsidence were 

presented to and adopted by the CGA and GGA Boards in September and October 2021. During this 

process, the GGA Board recommended one additional revision regarding the process used to 

determine whether undesirable results have occurred. 

The GGA Board voted unanimously to adopt the amended land subsidence SMCs listed below at 

their Board meeting on October 11, 2021. These actions were taken in relation to Agenda Item 9.e. 

with the roll call vote documented in the meeting minutes.  

The CGA voted unanimously to adopt the amended land subsidence SMCs at their Board meeting on 

September 28, 2021, and amended again at the Board meeting on October 26, 2021.2 These actions 

were taken in relation to Agenda Item 5 (September 28, 2021) and Agenda Item 7 (October 26, 

2021) with the roll call vote documented in the corresponding meeting minutes. 

The SMCs for Land Subsidence are as follows. The SMCs are applicable to each of 63 land 

subsidence monitoring benchmarks belonging to the Sacramento Valley Height Modernization 

Project. 

1) The Minimum Threshold (MT) rate of subsidence at all 63 land subsidence benchmarks is 

0.5 feet per five years.  

2) The Measurable Objective (MO) rate of subsidence at all 63 land subsidence benchmarks is 

0.25 feet per five years. 

3) An Undesirable Result is considered to occur when the MT is exceeded at 20 percent 

(13 of 63) of the land subsidence monitoring benchmarks. 

 

2 The CGA adopted the revised land subsidence SMCs recommended by the Consultant Team as presented at their 

September 28, 2021 Board meeting. The CGA later adopted the land subsidence SMCs as revised by the GGA and 

presented at their October 26, 2021 CGA Board meeting. 
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Additionally, the GSAs will evaluate adding subsidence monitoring benchmarks, especially in areas 

of concern and will review InSAR data annually (regulations do not require subsidence reporting in 

annual reports). 

Supporting Rationale and Clarifying Points 

1) The SMCs will be reviewed and adjusted to account for potential changes in subsidence 

rates brought about by implementation of PMAs and future groundwater resource 

development. The extent of subsidence-prone areas, which may be underlain by sediments 

that have greater susceptibility to subsidence due to groundwater withdrawal, will continue 

to be delineated as data gaps are filled through the ongoing subsidence monitoring 

programs (using data from benchmarks, extensometers and InSAR surveys) and 

subsidence-prone sediments are characterized during drilling for well construction, 

extensometer installation or other subsurface investigations needed for the development of 

specific PMAs. 

2) The GSAs expect that projects and management actions would be implemented before the 

MT rates are reached. 

3) DWR reports that the probable error in the subsidence values reported for the monitoring 

benchmarks is ±0.17 feet, meaning that for any reported value, the actual subsidence value 

is likely to fall in a range between plus or minus 0.17 feet of the reported value. The selected 

MO subsidence rate of 0.25 feet per five year is deliberately greater than the reported 

probable error of ±0.17 feet as a means of avoiding false exceedance of the MO. 

Adoption Record 

The revised SMC were presented to and adopted by their respective Boards as follows: 

• CGA: Approved April 27, 2021, and approved as amended September 28, 2021, and 

October 26, 2021 

• GGA: Approved May 10, 2021, and approved as amended October 11, 2021 
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Colusa Groundwater Authority and Glenn Groundwater 

Authority Technical Advisory Committees 

Record of Decision 

 

SUSTAINABILITY INDICATOR #6: 

DEPLETIONS OF INTERCONNECTED SURFACE WATER 

Decision Record 

At their joint meeting on May 19, 2021, the Colusa Groundwater Authority (CGA) Technical 

Advisory Committee (TAC) and Glenn Groundwater Authority (GGA) TAC each voted to recommend 

to their respective boards certain criteria for setting quantitative Sustainable Management Criteria 

(SMCs) for groundwater Sustainability Indicator #6: Depletions of Interconnected Surface Water. 

The vote of the GGA TAC was unanimous. The vote of the CGA TAC was “yes” for all members except 

Bill Vanderwaal who voted no. These actions were taken in relation to Agenda Item 4.a.i. with the 

roll call vote documented in the meeting minutes. 

Subsequent to the TACs’ May 19 decisions, the CGA Board acted to adopt the CGA TAC’s 

recommendation with a certain modification of the Undesirable Result (UR) criteria. Additionally, 

the Consultant Team conducted additional analyses to better understand the connectivity of Stony 

Creek surface water to underlying groundwater, and to address surface water depletion in the 

Colusa Basin Drain. (Prior surface water depletion discussions had only addressed Stony Creek and 

the Sacramento River.) The modified UR criteria and results of these additional analyses along with 

associated recommendations were presented by the Consultant Team to the TACs at their joint 

meeting on June 11, 2021. 

At the June 11, 2021, joint TAC meeting, each TAC voted unanimously to recommend to their 

respective boards the criteria listed below for setting quantitative Sustainable Management Criteria 

(SMCs) for groundwater Sustainability Indicator #6: Depletions of Interconnected Surface Water. 

These actions were taken in relation to Agenda Item 4.a.ii. with the roll call vote documented in the 

meeting minutes. 

The SMCs for Depletions of Interconnected Surface Water will be set or calculated and conditioned 

as follows. The calculation will be made individually for each of the 12 representative monitoring 

wells comprising the surface water depletion monitoring network. Water levels are defined as the 

depth to groundwater below ground surface.  

1) Minimum Thresholds will be calculated as the Fall 2015 observed water level minus 10 feet, 

with the observed Fall 2015 water level being the level recorded closest to October 15, 2015. 

2) Measurable Objectives will be calculated as the average of the most recent five (5) years of 

available, measured groundwater levels. The calculated water level is fixed and is not a 

running average that changes over time. 

3) An Undesirable Result will be detected when water levels in 25 percent of the 

representative monitoring wells (3 of 12 monitoring wells) fall below their respective 

Minimum Thresholds continuously for 24 months. The 3 wells must be the same subset of 

wells, not any combination of 3 wells.  
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4) To ensure operational compatibility with adjoining subbasins, the Minimum Thresholds and 

Measurable Objectives for monitoring wells near subbasin boundaries will be reviewed and 

adjusted, as needed, in consultation with representatives of adjoining subbasin 

Groundwater Sustainability Agencies.  

The foregoing SMCs were established with the TACs’ understanding that 12 representative 

monitoring wells are not sufficient for long-term, sustainable management of the Colusa Subbasin 

and that additional new or existing wells will need to be added to the monitoring network over 

time. Additionally, the TACs acknowledge that the SMCs will need to be reviewed and evaluated, 

and potentially refined, as additional wells are added, and additional data is collected and analyzed. 

Adoption Record 

The TAC decisions were presented to and adopted by their respective Boards as follows: 

• CGA: Approved June 22, 2021 

• GGA: Approved June 16, 2021 
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Specialists in Agricultural Water Management  
Serving Stewards of Western Water since 1993  

 

Technical Memorandum 
To:  Colusa Groundwater Authority and Glenn Groundwater Authority 

From:  Davids Engineering and Woodard & Curran 

Date:  November 30, 2021 

Subject: Process and Rationale for Setting Minimum Thresholds and Measurable Objectives for 
Groundwater Levels and Depletions of Interconnected Surface Waters 

 

Introduction 

Sustainable Management Criteria (SMC) for the Colusa Subbasin (Subbasin) have been established in 
consultation with the Technical Advisory Committees of the two groundwater sustainability agencies in 
the Subbasin, those being the Colusa Groundwater Authority (CGA) and Glenn Groundwater Authority 
(GGA). SMC consist of the following: the Sustainability Goal adopted for the Subbasin; Undesirable 
Results describing significant and unreasonable effects to be avoided; quantitative Minimum Thresholds 
(MTs) that define conditions that, if exceeded, may cause Undesirable Results; and quantitative 
Measurable Objectives (MOs) to achieve the Sustainability Goal of the Subbasin. Undesirable results, 
MTs, and MOs are all established in relation to the six sustainability indicators referenced in the GSP 
Emergency Regulations, five of which are applicable in the Colusa Subbasin. 

This Technical Memorandum (TM) documents the process and rationale for setting MTs and MOs for 
two specific sustainability indicators: Chronic Lowering of Groundwater Levels (Groundwater Levels), 
and Depletions of Interconnected Surface Water (Streamflow Depletion). As specified in 23 CCR 
354.28(c)(6), Streamflow Depletion MTs and MOs shall be based on “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.” However, the regulations also allow the use of groundwater levels 
as a proxy for streamflow rates or volumes. Because the location and accuracy of existing stream gages 
on the Sacramento River and its tributaries are not sufficient to directly analyze streamflow accretions 
and depletions with respect to the Colusa Subbasin, water levels were used as a proxy. Analyses of 
streamflow depletions in the Colusa Subbasin are described in the GSP and in Appendix 3G of the GSP. 
Thus, both of the sustainability indicators addressed in this TM involve groundwater levels and are 
therefore related. In particular, for representative monitoring network wells that are included in the 
monitoring networks for both indicators, there are two MTs and MOs. Both are valid with respect to 
their associated indicator but operationally the shallower MTs and MOs will govern. 

The discussion of MOs and MTs for Groundwater Levels and Streamflow Depletion follow, preceded by a 
brief description of the outreach process used for SMC development (not just for Groundwater Levels 
and Streamflow Depletion, but also for other sustainability indicators and other GSP development 
tasks), and brief statements of the Sustainability Goal and Undesirable Results for the two sustainability 
indicators addressed here. 
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Outreach and Public Involvement Process 

Outreach and public involvement in support of SMC development in the Colusa Subbasin were achieved 
primarily through a series of public meetings with the Technical Advisory Committees (TACs) formed by 
the Colusa Groundwater Authority (CGA) and Glenn Groundwater Authority (GGA), respectively. The 
meetings were publicly noticed on the CGA and GGA websites, with agendas noting action items posted 
in advance of each meeting, and minutes prepared following each meeting. The technical topics and 
content for each meeting were developed by the Colusa Subbasin GSP Technical Team led by Davids 
Engineering, with Woodard & Curran serving as the lead SMC subconsultant. The TACs met together, 
with the meetings referred to as Joint TAC meetings. 

Joint TAC meetings were held approximately monthly, with a total of 13 meetings held between 
May 8, 2020, and June 11, 2021. SMC were addressed at nine of the 13 meetings, and at all of the 
seven meetings held between January 8 and June 11, 2021. TAC members engaged in a very thorough, 
thoughtful, and constructive manner, giving consideration to all interests in the Subbasin involved 
with or affected by groundwater use and management, including domestic well users, disadvantaged 
communities, small disadvantaged communities, California Native American Tribes, and 
environmental beneficial uses and users. This engagement process and consideration for these 
stakeholders is documented in Chapter 2 of the GSP, as well as meeting minutes and related materials 
available online.1 SMC were ultimately vetted and approved by both the CGA and GGA Boards at open 
Board meetings. Public notice was given in advance of those meetings. The decision records for the 
SMC are documented in Appendix 5A of the GSP. 

Members of the public were welcome to attend the Joint TAC and open Board meetings and were 
encouraged to express their opinions, suggestions, and comments on the SMC, as well as other aspects 
of the GSP. Members of the public attended and participated in most Joint TAC meetings, including 
those in which SMC were discussed. 

Sustainability Goal 

The Sustainability Goal for the Colusa Subbasin as accepted by the TACs and adopted by the CGA and 
GGA is: 

…to maintain, through a cooperative and partnered approach, locally managed 
sustainable groundwater resources to preserve and enhance the economic viability, 
social well-being and culture of all Beneficial Uses and Users, without experiencing 
undesirable results. 

Undesirable Results 

The undesirable results statements proposed for Groundwater Levels and Streamflow Depletion, 
respectively, are as follows: 

• The undesirable result for the chronic lowering of groundwater levels is a result that would 
cause significant and unreasonable reduction in the long-term viability of beneficial uses and 
users over the planning and implementation horizon of this GSP. 

 

1 CGA meeting materials are available at: https://colusagroundwater.org/meetings/. 
  GGA meeting materials are available at: https://www.countyofglenn.net/dept/planning-community-
development-services/water-resources/glenn-groundwater-authority/gga.  

https://colusagroundwater.org/meetings/
https://www.countyofglenn.net/dept/planning-community-development-services/water-resources/glenn-groundwater-authority/gga
https://www.countyofglenn.net/dept/planning-community-development-services/water-resources/glenn-groundwater-authority/gga
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• The undesirable result for the depletion of interconnected surface water is a result that 
causes significant and unreasonable adverse effects on beneficial uses and users of 
interconnected surface waters within the Colusa Subbasin over the planning and 
implementation horizon of this GSP. 

Additional consideration for undesirable results is discussed in Chapter 5 of the GSP. 

Measurable Objectives 

MOs represent the desired conditions for sustainable operation of the Subbasin while MTs define 
conditions that are to be avoided because of the risk that Undesirable Results could occur if the MTs are 
exceeded. For both sustainability indicators addressed in this TM, the MOs were set as the numerical 
average of all recorded groundwater levels over the most recent five years of record available for each 
well. For all but four wells, the most recent five years of record ends in Spring 2020. Setting MOs in this 
manner reflects the GSAs’ intention to operate the Subbasin without persistent declines below recent 
historical groundwater levels, consistent with the Sustainable Groundwater Management Act (SGMA). 

Minimum Thresholds 

The rationale and parameters considered in establishing MTs for Groundwater Levels and Streamflow 
Depletion are discussed below in respective sections.  

Groundwater Levels 

The primary parameters and general objectives considered in establishing Groundwater Levels 
MTs were: 

1. Avoiding significant and unreasonable impacts to shallow (primarily domestic) wells: setting MT 
groundwater levels shallow enough to be reasonably protective of a majority of existing 
domestic wells. 

2. Avoiding significant and unreasonable effects on groundwater dependent ecosystems (GDEs): 
setting MT groundwater levels shallow enough to be reasonably protective of GDEs and 
potential GDEs.  

3. Avoiding significant and unreasonable impacts to (constraints on) conjunctive management of 
Colusa Subbasin surface water and groundwater supplies: setting MT groundwater levels deep 
enough to allow a range of operational flexibility that ensures adequate water supply reliability 
over variable, wet and dry hydrologic conditions. 

Available GDE mapping was analyzed and GDE areas ranked with regard to their likelihood of actually 
being dependent on groundwater as opposed to being sustained by streamflow or applied irrigation 
water. However, due to lack of reliable shallow groundwater elevation data, the analysis was 
inconclusive2 and objectives 1 and 3, above, became the primary focus for setting Groundwater Level 
MTs. However, GDEs were still considered in the selection of Streamflow Depletion SMC and monitoring 
sites (see below). To reconcile potential conflicts between objectives 1 and 3, setting MTs involved 
striking balance and compromise between them to reasonably protect domestic well users while also 
supporting ongoing conjunctive management of the Subbasin. 

 

2 The lack of shallow groundwater data is identified as a data gap and will be addressed along with other data gaps 
during plan implementation.  
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For each of the 48 wells in the Groundwater Level representative monitoring network, Thiessen polygons 
were drawn around each well and the depths of all domestic wells expressed as an exceedance function. 
For example, the 20 percent exceedance for the domestic wells in any given polygon is the depth at which 
20 percent of the wells are shallower and 80 percent deeper, meaning 80 percent of the wells would be 
protected and 20 percent would be subject to potential stranding if groundwater levels fell to the 
20 percent exceedance depth. Information about existing domestic well infrastructure in the Colusa 
Subbasin was obtained from Well Completion Reports (WCR) available in DWR’s database3. The WCR 
database generally includes all historical wells that have been reported in the system, which may include 
old wells that are no longer operational, have been refurbished, or have been dewatered for many years, 
long preceding conditions in 2015. The data is self-reported, and some data entries are incomplete. As 
such, the domestic well inventory for the Subbasin is incomplete and will be addressed with other data 
gaps in the Subbasin to support GSP implementation (see Chapters 4, 6 and 7). The analysis to support 
setting MT was developed considering these limitations.  

The analyses of well completion depths conducted to support the MT development process is conservative 
and protective of beneficial uses because it included domestic wells that were shallower than the historic 
low groundwater level in each polygon. As documented in Appendix 5C, for the Subbasin as a whole, 
approximately 46 percent of the domestic wells in the WCR database are shallower than the pre-2015 
historical groundwater levels as defined by the Groundwater Level representative monitoring network. 
Many of these shallow wells may no longer be used or they may have been deepened because they would 
have otherwise been dry at times prior to 2015. Including these shallow, and potentially unused or 
deepened wells in the well depth analysis, resulted in Groundwater Level MTs that are shallower than they 
would have been if the wells had been excluded. 

As described in Chapter 4 of the GSP, data gaps related to domestic wells will be addressed in future GSP 
updates, and this analysis may be refined with new information. Based on the available information at the 
time of GSP development, technical team analysis, and TAC discussion, a 20 percent exceedance threshold 
emerged as being reasonable for protection of existing domestic well infrastructure.  

For the same 48 representative monitoring wells, historical water levels, generally for the period from 
spring 2000 to spring 2020 (subject to availability for any particular well), were reviewed and analyzed 
as a basis for understanding how groundwater levels have fluctuated and when historical minimum 
groundwater levels have occurred. In particular, the magnitude of the range of historical fluctuation was 
regarded as an indicator of how the well has behaved over wet and dry hydrologic periods, and whether 
there are any persistent upward or downward trends. For many wells, especially those relatively far 
from streams, groundwater levels have trended downward since approximately the mid-2000s and 
record low groundwater levels were observed in the fall of 2015 following back-to-back critically dry 
years. These observations led to the approach of alternatively setting MTs at historical low levels plus 
some percentage of the observed groundwater level range to allow for conjunctive operation of the 
Subbasin during droughts. The TACs considered 20 percent and 50 percent of historical range as the 
increment to add to the observed historical low groundwater level. After careful review of the 48 well 
records, 50 percent of historical range below the historical low was selected as an MT that would allow 
the range of fluctuation necessary to manage through future dry periods while avoiding undesirable 
results. To support evaluation of Groundwater Level MTs, the technical team developed an economic 
analysis of the costs (additional pumping costs, domestic well replacement costs) and benefits (avoided 
costs of other projects and management actions) associated with the proposed MTs. The analysis 
illustrated the direct monetary cost-benefit tradeoffs of setting MTs at different levels. The central 

 

3 Available at: https://data.cnra.ca.gov/dataset/well-completion-reports 
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conclusion was that the additional cost of raising the MT for most monitoring wells was substantially 
greater than the additional benefit to groundwater users in the Subbasin. Results of this analysis were 
presented to the TAC at a public meeting held on May 13, 2021 and are described in more detail in 
Appendix 5C of the GSP. 

Hydrographs for the 48 wells in the Groundwater Level representative monitoring well network are 
provided in Attachment A illustrating both possible MTs: one based on the 20th percentile domestic well 
depth exceedance and the other on 50 percent of historical range below the historical low. The two MTs 
are shown in relation to available historical data for each well. For 13 of the wells, the lower of the MTs is 
represented by the 50 percent of range below the historical low with the lower MT for the remaining 35 
wells represented by 20th percentile domestic well depth exceedance. Based on the information in these 
graphs and supporting analysis by the technical team, the technical team recommended, and the TACs 
accepted, adopting the lower of the two MTs as the governing threshold.  

For the 13 wells with MTs based on 50 percent of historical range below the historical low, it was possible 
that more than 20 percent of domestic wells would be shallower than the MT, and therefore would be at 
risk of dewatering. An additional analysis was developed to quantify the share of domestic wells that could 
potentially be affected under the selected MT. The inventory of domestic wells for each polygon was 
screened to remove wells that were shallower than the historical low groundwater level observed prior 
to January 1, 2015. These wells would have been dewatered based on historical groundwater levels that 
occurred in the Subbasin prior to the implementation of SGMA. The proportion of the remaining wells 
that are shallower than the proposed MT was calculated for each polygon. In aggregate, less than 
20 percent of domestic wells are shallower than the proposed MT. This was viewed as an acceptable 
balance between avoiding significant and unreasonable impacts to domestic (and other shallow) wells 
and allowing sufficient flexibility for conjunctive management of Subbasin surface and groundwater 
supplies, given the uncertainty of available information on domestic wells in the WCR database. As 
described in Chapter 4 of the GSP, data gaps related to domestic wells will be addressed in future GSP 
updates, and this analysis may be refined with new information.  

It is important to emphasize that groundwater levels will be managed for MOs, which are generally set 
substantially above MTs. MTs define the levels that would not be exceeded to avoid Undesirable 
Results. However, recognizing the importance of protecting domestic wells in the Subbasin, the GSP 
includes a potential management action in which the GSAs would develop a domestic well mitigation 
program5. This would provide an additional safety net for domestic well users by providing potential 
compensation for impacts to domestic wells that are associated with GSP implementation.  

A hydrograph series showing the selected MT relative to historical water levels at each representative 
monitoring well is presented in Attachment B. 

Streamflow Depletion 

As explained in the Introduction, Streamflow Depletion MTs are based on groundwater levels as a proxy 
for streamflow depletion volume or rate. The basic rationale postulated, evaluated, and recommended 
by the Environmental Defense Fund (EDF) in support of using groundwater levels as a proxy for 
depletion volumes or rates is that adverse impacts to surface water uses and users can be avoided if 

 

5 See Chapter 6, Section 6.5.2 of the GSP.  
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groundwater gradients and levels near interconnected streams are maintained at levels that existed 
when implementation of the SGMA began in 20156. 

Only 12 wells could be identified that were considered to reasonably represent groundwater levels near 
the three major, potentially interconnected streams in the Subbasin, based on an assessment of their 
proximity to the streams and the depth to the bottom of their screened interval. The 12 wells were 
selected based on the following criteria developed using recommendations in the EDF report: 

• Located greater than 2,000 feet and not more than 5 miles from an interconnected stream 

• Depth to bottom of screened interval less than or equal to 200 feet 

The three streams are: Stony Creek, which borders the Subbasin to the north; the Sacramento River, 
which mostly borders the Subbasin to the east but also runs through a portion of the Subbasin 
(approximately between Princeton and Colusa); and, the Colusa (Basin) Drain, which originates in and 
flows southward out of the Subbasin at the Colusa-Yolo Subbasin boundary (county line). The 12 wells 
are not considered adequate for long-term sustainable groundwater management but are determined 
to be the best available monitoring sites at this time for evaluating streamflow depletion. Additional 
dedicated near-stream shallow monitoring wells are needed and will be designed and installed during 
GSP implementation.  

Nevertheless, quantitative MTs were established for these wells as described below. These MTs are 
considered to be provisional pending additional data collection and analysis and updating and refining 
the C2VSim FG-Colusa model. 

Three alternative MTs were evaluated for the 12 wells currently in the Streamflow Depletion 
representative monitoring network, as follows: 

1. The observed Fall 2015 groundwater level (on the date closest to October 15), OR 

2. 20 percent of the historical range in groundwater levels below the observed Fall 2015 
groundwater level (depth to water), OR 

3. 10 feet below the observed Fall 2015 groundwater level (on the date closest to October 15). 

The first MT is consistent with the EDF recommendation that aims to avoid or minimize incremental 
post-SGMA effects on stream depletions but prevents any opportunity for exercising groundwater 
storage, such as might be needed during prolonged droughts. The second MT is based on a similar 
concept as that used for Groundwater Levels, where the MT is set at 20 percent of the historical range 
below the observed Fall 2015 water level. However, historical water levels in most near-stream wells are 
generally stable and do not fluctuate much. Thus, the historical range is typically small, and the resulting 
MT was still very constraining on the ability to exercise groundwater storage when needed. Finally, due 
to concerns among TAC members regarding overly constrained groundwater operations, a third MT was 
introduced defined as 10 feet deeper than the Fall 2015 groundwater level at each well. 

A series of hydrographs showing all three alternative MTs in relation to historical groundwater levels at 
each of the 12 wells is presented in Attachment C. For all wells, the highest MT is represented by the 
Fall 2015 water level. The lowest MT is represented by the 10 feet deeper than Fall 2015 groundwater 
level at 10 of the 13 wells. For the three wells where the 20 percent of historical range below the 

 

6 Environmental Defense Fund, (EDF), 2018, Addressing Regional Surface Water Depletions in California: A 
Proposed Approach for Compliance with the Sustainable Groundwater Management Act. Available online at 
http://edf.org/california-surface-water-report. 
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observed Fall 2015 groundwater level is the deepest MT, the margin between the two deepest MTs is 
typically small.  

Based on careful consideration of the alternative Streamflow Depletion MTs and evaluation of historical 
groundwater levels at the wells, the TAC selected the MT defined as 10 feet deeper than the observed 
Fall 2015 water level. A series of hydrographs showing the selected MT relative to historical 
groundwater levels is presented in Attachment D. 
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Technical Memorandum 

To:   Glenn and Colusa County Groundwater Authorities 

From:   ERA Economics  

Date:   November 24, 2021 

Subject: Economic Benefit-Cost Analysis of Potential Groundwater Level Minimum Thresholds 

 

Introduction 

Sustainable Management Criteria (SMC) for the Colusa Subbasin (Subbasin) were established in consultation 
with the Technical Advisory Committees (TACs) of the Colusa Groundwater Authority (CGA) and Glenn 
Groundwater Authority (GGA). SMCs consist of the following: the Sustainability Goal adopted for the Subbasin; 
Undesirable Results describing significant and unreasonable effects to be avoided; quantitative Minimum 
Thresholds (MTs) that define conditions that, if exceeded, may cause Undesirable Results; and quantitative 
Measurable Objectives (MOs) to achieve the Sustainability Goal of the Subbasin. Undesirable Results, MTs, and 
MOs are all established in relation to the six sustainability indicators referenced in the GSP Emergency 
Regulations, five of which are applicable in the Subbasin.  

Subbasin MTs were developed with substantial public and technical team input. A total of 13 joint meetings of 
the TACs were held between May 8, 2020, and June 11, 2021, and SMCs were addressed at 9 of the 13 meetings. 
This included all 7 meetings held between January 8 and June 11, 2021. Several technical analyses were 
developed to evaluate potential MTs. This appendix describes an economic analysis of MTs that was developed 
and presented to the TAC at the June 11, 2021 meeting.  

The Subbasin MTs are described in detail in Chapter 5 and Appendices 5A and 5B. The general approach to 
setting MTs for Groundwater Levels was developed with consideration for both the historical groundwater levels 
at each well and the distribution of shallow (primarily domestic) well depths in the area surrounding the well. 
Potential MTs were considered based on a percent margin below historical lows or domestic well depths. These 
were set to balance avoiding significant and unreasonable impacts to domestic wells while also allowing 
sufficient flexibility for conjunctive management of Subbasin surface and groundwater supplies.  

To support evaluation of MTs, an economic analysis was developed to assess whether it would be cost-effective 
to set MTs higher (or lower) than the MTs based on the lower of 50 percent below the historical low 
groundwater level or 20th percentile of domestic well depths.  

This appendix describes the economic analysis, assumptions, and results considered for evaluating potential 
Groundwater Level MTs. The reconnaissance-level economic analysis was based on the data available for GSP 
development and the simplifying assumptions described in the sections below. Important assumptions include: 
(i) the analysis was developed for MTs, not MOs that the Subbasin will be managed for and are substantially 
higher than MTs, (ii) only a subset of costs and benefits (pumping cost, well replacement cost, avoided costs of 
projects and management actions (PMA)) associated with PMA implementation and potentially dewatered 
domestic were considered, and (iii) the example PMA considered was demand management (reducing 
pumping). The analysis can be refined and expanded as GSP data gaps are addressed and additional information 
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becomes available. It is also noted that the GSP includes additional potential actions for monitoring potential 
impacts to domestic wells, as described in Section 6.5.2.1, Domestic Well Mitigation Program. 

Economic Analysis Overview 

A benefit-cost analysis was developed to monetize and compare the benefits and costs to groundwater users in 
the Subbasin under the Groundwater Level MTs. It was developed as a reconnaissance-level assessment to 
establish preliminary costs and benefits associated with different level MTs. There are additional benefits and 
costs associated with MTs that relate to four other sustainability indicators defined in the GSP Emergency 
Regulations that are applicable to the Subbasin that were not considered in this analysis. The analysis could be 
refined in the future to support updates to the GSP or additional consideration of threshold levels. The 
information presented in this appendix is developed to illustrate the general magnitude of costs, benefits, and 
the associated tradeoff.  

The benefit of higher MTs is the avoided cost of replacing dewatered domestic wells and the avoided energy cost 
of additional pumping lifts from lower groundwater levels. Dewatered domestic well costs would fall on individual 
domestic well owners. Additional pumping costs would fall on Subbasin groundwater users in the vicinity of the 
monitoring well (defined by Thiessen polygons). In contrast, the incremental cost of setting higher MTs is due to 
more rapid (and larger scale) implementation of projects and management actions. For example, preventing 
additional declines in groundwater levels may require larger recharge projects, and these projects would need to 
be implemented more rapidly. This imposes additional costs on groundwater users in the Subbasin.  

The benefit-cost ratio is calculated from the monetized benefits and costs over the relevant planning horizon (in 
this case, the 20-year GSP implementation period). When the benefit-cost ratio is greater than 1, the benefits are 
at least as large as the cost, suggesting it could be cost-effective to make the MTs shallower in selected areas. 

The following costs were considered in the economic analysis of groundwater level MTs: 

1. Capital cost of replacing or refurbishing potentially dewatered domestic wells. For the purposes of 

this analysis, a domestic well is defined as dewatered, and completely replaced when the 

groundwater level MT is below the total well depth. In practice, pumping impacts would occur 

earlier depending on the screened interval of the well and other aquifer- and well-specific 

characteristics. The domestic well inventory in the Subbasin is based on DWR’s Well Completion 

Report (WCR) data (see GSP Chapter 3). 

a. The capital cost of well replacement is set at $40,000 per well based on costs for domestic well 

replacement used in other GSPs1 and adjusted for inflation. These costs generally include drilling 

at $40 per foot, a sanitary seal for $2,500, and a pump for $5,000. This does not include permit 

costs. Actual costs will vary based on the costs of materials and supply and demand for well 

drilling services.  

  

 

1 Madera Joint GSP. Technical Appendix 3C: Economic Analysis and Framework for Potential Domestic Well Mitigation 
Program. 
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2. Additional energy costs caused by additional pumping lifts that would affect all groundwater users in 

the Subbasin. Lower groundwater levels increase the energy cost to pumpers (domestic and 

agriculture) in the Subbasin.  

a. Agricultural pumping energy cost depends on lift, pump efficiency, and the power rate which 

varies by time of use and size of load. For purposes here, the analysis used an average over 

several 2021 PG&E agricultural power rates to get a total variable pumping cost of about 

$0.52 per acre-foot per foot of lift.  

The following benefits (avoided costs) were considered in the economic analysis of groundwater level MTs: 

1. Cost of demand management (reducing pumping) to prevent additional declines in groundwater 

levels. The cost of demand management is used instead of the cost of specific projects because 

demand management could be implemented more rapidly than most projects (there is no 

construction required). It is noted that demand management is not a planned PMA in the Subbasin, 

and these costs are used as a proxy for the costs of other projects. Chapter 6 Appendix 6B describes 

the cost of demand management in the Subbasin. The costs include the direct cost of land idling 

only, and do not include any additional indirect costs or administrative costs to set up and 

implement a demand management program.  

Existing domestic well infrastructure in the Subbasin is based on WCR available in DWR’s database2. The WCR 
data generally include all historical wells that have been reported in the system, which may include old wells 
that are no longer operational or have been refurbished. The domestic well inventory for the Subbasin will be 
addressed with other data gaps in the Subbasin to support GSP implementation (see Chapter 3).  

An analysis was developed to evaluate the WCR data regarding well depths for the wells in the inventory. For 
each well in a Thiessen polygon, the reported well depth was compared to the historical low groundwater level 
recorded prior to January 1, 2015. The purpose of the analysis was to establish what share of domestic wells in 
the WCR database may have been previously dewatered and/or are no longer used. Wells that were shallower 
than the historic low were flagged, counted, and compared to the total domestic wells for each Thiessen 
polygon. In total, approximately 46 percent of the domestic wells in the WCR database for the Subbasin show a 
total depth that is shallower than the historic groundwater level low. The results of the analysis for each 
Thiessen polygon are summarized in Table 1.  

  

 

2 Available at: https://data.cnra.ca.gov/dataset/well-completion-reports 
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Table 1. Benefit-Cost Analysis of an Incremental Increase in MT (by 5 feet bgs) 

Monitoring Well # 
Total Domestic 

Wells 
Wells Shallower than Historic 

low before 1/2015 
Share 

13N02W20H002 180 28 0.16 

14N02W22A002 16 NA - 

14N03W24C001 26 8 0.31 

14N03W14Q003 23 14 0.61 

16N02W25B002 368 2 0.01 

15N03W08Q001 56 0 0.00 

16N04W02P001 24 0 0.00 

16N03W14H003 45 0 0.00 

15N03W20Q001 85 4 0.05 

17N03W32H001 43 0 0.00 

14N02W29J001 97 5 0.05 

13N01W07G001 181 34 0.19 

13N01W22P002 52 0 0.00 

12N01E06D004 7 NA - 

16N02W05B001 32 0 0.00 

14N02W13N001 20 0 0.00 

13N02W15J001 196 43 0.22 

13N02W12L001 61 6 0.10 

14N01W04K003 117 7 0.06 

13N01E11A001 8 0 0.00 

13N01W13P001 8 0 0.00 

14N01E35P001 26 0 0.00 

15N02W19E001 201 1 0.00 

20N02W18R005 71 3 0.04 

20N03W07E001 94 41 0.44 

19N04W14M002 265 1 0.00 

17N03W08R001 80 0 0.00 

17N02W09H002 38 2 0.05 

21N02W33M001 50 39 0.78 

21N02W01F001 40 3 0.08 

21N03W34Q002 173 121 0.70 

21N03W23D001 118 101 0.86 

21N03W01R002 109 24 0.22 

21N02W04G002 69 18 0.26 

21N04W12A004 636 591 0.93 

15N01W05G001 111 6 0.05 

18N02W36B001 107 2 0.02 

19N02W33K001 108 2 0.02 

18N02W18D001 41 0 0.00 
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Monitoring Well # 
Total Domestic 

Wells 
Wells Shallower than Historic 

low before 1/2015 
Share 

20N02W33B001 52 0 0.00 

19N02W08Q001 176 2 0.01 

17N02W30J002 10 0 0.00 

22N03W24E001 1,677 1,589 0.95 

20N02W25F001 105 0 0.00 

22N02W30H002 173 168 0.97 

21N02W36A002 97 38 0.39 

20N02W11A001 56 0 0.00 

21N02W05M001 36 22 0.61 

Total 6,364 2,925 0.46 

 

Economic Analysis of Subbasin MTs 

The economic analysis considers the Subbasin groundwater level MTs. It is important to note that the Subbasin 
will be managed to meet MOs, which are set substantially higher than MTs. The costs and benefits described in 
this TM are generally conservative, corresponding to Groundwater Level MTs that are lower than current 
groundwater levels, MOs, and observed historical levels in many areas.  

Figure 1 illustrates the aggregate annual cost curve for an example Thiessen polygon (21N03W01R002) in the 
Subbasin. The same calculations are repeated for the other 47 polygons. A range of groundwater depths 
including the MT (155 feet bgs) specified in the GSP are evaluated. Costs increase as depth to groundwater 
increases. The capital cost of replacing dewatered domestic wells is annualized using a discount rate of 
5 percent over a 30-year economic life. Pumping costs are the additional annual energy cost of pumping from a 
lower depth in that year. The total cost is the sum of the pumping cost and well replacement cost. All costs are 
additional (incremental) costs in addition to the current pumping costs at current groundwater depths.   
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Figure 1. Colusa Subbasin Incremental Annual Cost by Depth to Groundwater 

Figure 2 illustrates the benefit (avoided cost) of a change in the MT for the same example Thiessen polygon 

(21N03W01R002) in the Subbasin (1 of 48 total polygons). In contrast to the static pumping and well 

replacement costs shown in Figure 1, the benefit is an avoided cost and is therefore expressed as a change in 

depth to groundwater. The irrigated acreage within the Thiessen polygon is also shown in the figure. The mix of 

crops grown affects the cost of demand management. The example polygon is predominantly planted to 

permanent crops (almonds and olives), which are costly to idle due to higher net return relative to other annual 

crops and the substantial capital investment required to establish orchards. A range of projects and 

management actions that are specified in the GSP could be implemented to achieve a change in groundwater 

levels across the Subbasin (see Chapter 6). As described above, the cost of demand management to reduce 

pumping is used to develop the aggregate cost curve shown in Figure 2 (and the individual cost curves for each 

polygon). The change is shown over the full GSP implementation timeline (20 years).  
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Figure 2. Colusa Subbasin Incremental Demand Management Cost by Depth to Groundwater 

As described in Chapter 5 and Appendices 5A and 5B, the MT for groundwater levels is set based on the lower of 

50 percent below the historical low groundwater level or the 20th percentile of the domestic well depth within 

each of the 48 Thiessen polygons corresponding to the 48 monitoring wells. The benefit-cost analysis evaluates 

whether an incremental change in the MT would result in a positive benefit-cost ratio in each polygon. The 

analysis is developed for an incremental increase in the MT of 5 feet.   

Table 2 summarizes the benefit-cost analysis of an incremental (defined as 5 feet) increase in the MT. This 

illustrates the central economic tradeoff: whether a change in the MT (in this case an increase in the MT level by 

5 feet) would generate economic benefits for the Subbasin that are greater than the costs that would be 

incurred. The table summarizes each polygon and the annual benefits, costs, and net benefits. Since the analysis 

evaluates an incremental increase in the MT, the benefits are defined as the avoided pumping and well 

replacement cost. Costs are defined as the additional cost of idling land (demand management) to achieve the 

5-foot increase in MT. The net benefit shows the absolute difference between benefits and costs, and the final 

column shows the associated benefit-cost ratio. A benefit-cost ratio greater than 1 shows benefits are greater 

than costs, implying that a 5-foot shallower MT would generate benefits greater than costs. The aggregate 

benefit-cost ratio over all polygons is 0.33 (each dollar of cost returns only 33 cents in benefits). There are five 

polygons where the benefit-cost ratio is slightly greater than 1 (between 1.0 and 2.1). However, the total annual 

net benefit across these five polygons is $70,000, which is less than 1 percent of the estimated -$3,800 thousand 

(-$3.8 million) in total annual net benefits across the Subbasin.  
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Table 2. Benefit-Cost Analysis of an Incremental Increase in MT (by 5 feet bgs) 

Monitoring Well 
Polygon 

Effect of Raising Groundwater Level MT 5 feet Relative to 
Proposed Groundwater Level MT 

Net Benefit 
(thousands) 

B/C 
Ratio 

Pump + Well Cost Saving 
(Annual Benefit in thousands) 

Idling Cost 

(Annual Cost in thousands) 

13N02W20H002 $25 $579  ($554) 0.0 

14N02W22A002 $42 $57  ($15) 0.7 

14N03W24C001 $30 $48  ($18) 0.6 

14N03W14Q003 $20 $469  ($449) 0.0 

16N02W25B002 $159 $170  ($11) 0.9 

15N03W08Q001 $2 $111  ($109) 0.0 

16N04W02P001 $9 $91  ($82) 0.1 

16N03W14H003 $13 NA - 0.0 

15N03W20Q001 $17 $167  ($150) 0.1 

17N03W32H001 $5 $157  ($152) 0.0 

14N02W29J001 $27 $52  ($25) 0.5 

13N01W07G001 $65 $65  $0  1.0 

13N01W22P002 $41 $70  ($29) 0.6 

16N02W05B001 $47 $79  ($32) 0.6 

14N02W13N001 $45 $59  ($14) 0.8 

13N02W15J001 $39 $66  ($27) 0.6 

13N02W12L001 $13 $30  ($17) 0.4 

14N01W04K003 $117 $145  ($28) 0.8 

13N01E11A001 $8 $36  ($28) 0.2 

13N01W13P001 $28 $120  ($92) 0.2 

14N01E35P001 $38 $42  ($4) 0.9 

15N02W19E001 $45 $123  ($78) 0.4 

20N02W18R005 $75 $57  $18  1.3 

20N03W07E001 $52 $277  ($225) 0.2 

19N04W14M002 $41 $198  ($157) 0.2 

17N03W08R001 $11 $399  ($388) 0.0 

17N02W09H002 $70 $388  ($318) 0.2 

21N02W33M001 $41 $45  ($4) 0.9 

21N02W01F001 $57 $43  $14  1.3 

21N03W34Q002 $59 $69  ($10) 0.9 

21N03W23D001 $33 $73  ($40) 0.5 

21N03W01R002 $31 $29  $2  1.1 
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Monitoring Well 
Polygon 

Effect of Raising Groundwater Level MT 5 feet Relative to 
Proposed Groundwater Level MT 

Net Benefit 
(thousands) 

B/C 
Ratio 

Pump + Well Cost Saving 
(Annual Benefit in thousands) 

Idling Cost 

(Annual Cost in thousands) 

21N02W04G002 $35 $31  $4  1.1 

21N04W12A004 $100 $287  ($187) 0.3 

15N01W05G001 $79 $130  ($51) 0.6 

18N02W36B001 $64 $96  ($32) 0.7 

19N02W33K001 $50 $314  ($264) 0.2 

18N02W18D001 $25 NA - 0.0 

20N02W33B001 $20 NA - 0.0 

19N02W08Q001 $47 NA - 0.0 

17N02W30J002 $1 NA - 0.0 

22N03W24E001 $2 $65  ($63) 0.0 

20N02W25F001 $44 $184  ($140) 0.2 

22N02W30H002 $6 $38  ($32) 0.2 

21N02W36A002 $61 $29  $32  2.1 

20N02W11A001 $4 $33  ($29) 0.1 

21N02W05M001 $11 $26  ($15) 0.4 

Total $1,854  $5,547  ($3,799) 0.33 

Notes: “NA” or missing values reflect polygons with zero acreage or insufficient data to support the benefit-cost calculations.  

 

Discussion  

The results indicate that the cost of raising the MT would not be cost effective from a Subbasin-wide 
perspective, or for most individual polygons. The aggregate benefit-cost ratio of 0.33 shows each dollar of cost 
from setting MTs incrementally higher returns only 33 cents in benefits across the entire Subbasin. The avoided 
costs (fewer domestic wells requiring replacement and reduced pumping lifts) would be modest ($1.9 million) 
relative to the cost of lost agricultural net return from demand management ($5.5 million). The general 
conclusions are robust to the assumptions used – that is, results are not sensitive to reasonable ranges in key 
assumptions, including the loss in net return per acre-foot of demand management, additional pumping costs, 
or the cost of replacing a domestic well. The analysis is developed to support long-run planning for setting MTs. 
PMAs needed to support higher MTs require time to develop and implement and cannot be implemented 
rapidly in response to severe, unprecedented drought. The short-run costs of wells running dry during severe 
drought events can include other cost factors that were not explicitly analyzed. For example, in the crisis of a 
severe drought, local drilling capacity and well repair services can be limited, which can result in higher cost or 
increased wait times. This can place additional financial stress on households with domestic wells.  

There are five polygons that show a benefit-cost ratio slightly greater than 1, indicating that benefits would be 
slightly greater than the costs. The total net benefit is $70,000 across these five polygons. The benefit-cost ratio 
for these polygons is between 1.1 and 2.1. These occur in polygons 21N02W36A002, 21N02W04G002, 
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21N03W01R002, 21N02W01F001, and 20N02W18R005.The total annual net benefit of $70,000 is less than 
1 percent of the estimated -$3,800 thousand (-$3.8 million) in total annual net benefits across the Subbasin. In 
addition, the cost of setting higher MT includes the direct cost of demand management only, and does not 
include other program administrative costs, or potential third-party impacts that may occur in the Subbasin. 
Including these costs would push the benefit-cost ratio below one in these areas. Finally, it is noted that the 
inventory of domestic wells for each polygon includes all wells in the DWR WCR database. Many wells are 
shallower than the historical low groundwater level observed prior to January 1, 2015. These wells would have 
been dewatered based on historical groundwater levels that occurred in the Subbasin prior to the 
implementation of SGMA. Removing these wells from the database would reduce the benefit of increasing MT, 
further reducing the benefit-cost ratio in all polygons.  

The conclusion of the economic analysis is that it would not be cost-effective from a Subbasin or polygon-wide 
perspective to raise Groundwater Level MTs in the Subbasin. Therefore, the proposed MTs were viewed as an 
acceptable balance between avoiding significant and unreasonable impacts to domestic (and other shallow) 
wells and allowing sufficient flexibility for conjunctive management of Subbasin surface and groundwater 
supplies. In addition, as summarized in Table 1 and described in Appendices 5A and 5B, a substantial share of 
domestic wells in the WCR database appear to be shallower (total depth) than the observed low groundwater 
levels in each of the Thiessen polygons.  

It is important to emphasize again that groundwater levels will be managed for MOs, which are set substantially 
above MTs. MTs are set below where the Subbasin is expected to be operated, defining the levels that would 
not be exceeded to avoid increasing risk of Undesirable Results. However, recognizing the importance of 
protecting domestic wells in the Subbasin, the GSP includes a potential management action in which the GSAs 
would develop a domestic well impact mitigation program (see Chapter 6). This would provide an additional 
safety net for domestic well users by providing potential compensation for impacts to domestic wells that are 
associated with GSP implementation.   
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Well 1100404-001 (Well 1)
Figure 5D-2. Del Oro Water Company - Black Butte District Representative Well:
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Well 1110001-001 (Lely Aquatic Park Well)
Figure 5D-3. City of Orland Representative Well:
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Well 1100203-002 (North Well)
Figure 5D-4. Artois Community Service District Representative Well:



0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500
1

9
8

4

1
9

8
5

1
9

8
6

1
9

8
7

1
9

8
8

1
9

8
9

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

2
0

1
9

2
0

2
0

2
0

2
1

El
ec

tr
ic

al
 C

o
n

d
u

ct
iv

it
y 

(µ
S/

cm
)

Pre-2015 Historical Maximum (Well 8, 660 µS/cm, 1993) Measureable Objective: Agricultural Water Quality Goal (700 µS/cm)

Minimum Threshold: Secondary MCL (900 µS/cm) Well 2 INACTIVE (002)

Well 4 (003) Well 5 STANDBY RAW (004)

Well 6 STANDBY RAW (005) Well 7 (006)

Well 10 (009) Well 9 (008)

Well 8 (007)

Appendix 5D

Well 1110003-007 (Well 8)
Figure 5D-5. Cal-Water Service Company - Willows Representative Well:
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Well 0600013-002 (Well 2)
Figure 5D-6. Colusa County WWD #2 - Princeton Representative Well:
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Well 0610003-003 (Well 4)
Figure 5D-7. Maxwell Public Utility District Representative Well:
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Well 0610002-002 (Well 2)
Figure 5D-8. City of Colusa Representative Well:
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Well 0610004-004 (Well 8)
Figure 5D-9. City of Williams Representative Well:
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Well 0600008-001 (Well 1)

Figure 5D-10. Colusa County WWD #1 - Grimes Representative Well:
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Well 0610001-004 (Well 3A)
Figure 5D-11. Arbuckle Public Utility District Representative Well:
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Well 0606011-001 (Well 1)
Figure 5D-12. Del Oro Water Company - Arbuckle District Representative Well:
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Figure 5D-13. Electrical Conductivity: CRC Well 25A1M (Screened Depth: 25-30 ft)
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Figure 5D-14. Electrical Conductivity: CRC Well 32J1M (Screened Depth: 25-30 ft)
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Figure 5D-15. Electrical Conductivity: CRC Well 23E1M (Screened Depth: 25.5-30.5 ft)



0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

El
ec

tr
ic

al
 C

o
n

d
u

ct
iv

it
y 

(µ
S/

cm
)

Minimum Threshold: Pre-2015 Historical Maximum (950 µS/cm, 1997) Measureable Objective: Agricultural Water Quality Goal (700 µS/cm)

Secondary MCL (900 µS/cm) Electrical Conductivity (Field Measurement)
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Figure 5D-16. Electrical Conductivity: CRC Well 25E1M (Screened Depth: 25-30 ft)
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Figure 5D-17. Electrical Conductivity: CRC Well 25R1M (Screened Depth: 28.5-33.5 ft)
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Figure 5D-18. Electrical Conductivity: CRC Well 12G2M (Screened Depth: 25-30 ft)
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Secondary MCL (900 µS/cm) Electrical Conductivity (Field Measurement)
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Figure 5D-19. Electrical Conductivity: CRC Well 14G1M (Screened Depth: 25-30 ft)
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Figure 5D-20. Electrical Conductivity: CRC Well 35M1M (Screened Depth: 25-30 ft)
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Figure 5D-21. Electrical Conductivity: CRC Well 03E1M (Screened Depth: 25-30 ft)
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Figure 5D-22. Electrical Conductivity: CRC Well 16R1M (Screened Depth: 25-30 ft)



0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

El
ec

tr
ic

al
 C

o
n

d
u

ct
iv

it
y 

(µ
S/

cm
)

Minimum Threshold: Secondary MCL (900 µS/cm) Measureable Objective: Agricultural Water Quality Goal (700 µS/cm)

Electrical Conductivity (Field Measurement)

Appendix 5D

Figure 5D-23. Electrical Conductivity: SVWQC Well SVWQC00005 (Screened Depth: 145-225 ft)
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Figure 5D-24. Electrical Conductivity: SVWQC Well SVWQC00021 (Screened Depth: 90-120 ft)
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Figure 5D-25. Electrical Conductivity: SVWQC Well SVWQC00019 (Screened Depth: <126 ft)
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Figure 5D-26. Electrical Conductivity: SVWQC Well SVWQC00006 (Screened Depth: 180-260 ft)
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Technical Memorandum 
To:   Glenn and Colusa Groundwater Authorities 

From:   Davids Engineering and ERA Economics 

Date:   July 1, 2021 

Subject: Surface Water Available for Recharge and Financial Incentives 

 

Purpose 

More than 30 projects and management actions (PMAs) are included in the Colusa Subbasin GSP to achieve and 
maintain sustainable groundwater management. Five of the PMAs are on track for implementation, six are 
ongoing, with the remaining PMAs being in various stages of investigation and evaluation. The five projects on 
track for implementation are all groundwater recharge projects involving the use of surface water for direct or 
in-lieu recharge. Three of the five projects are substantial in-lieu recharge projects, meaning that they will 
require regulated surface water sources available on an irrigation demand schedule. All three projects are 
planning to acquire all or most of the required surface water through transfers of Central Valley Project (CVP) 
water supplies that are surplus to the needs of other CVP water supply contractors or Sacramento River 
Settlement Contractors (Settlement Contractors). 

All three in-lieu recharge projects on track for implementation include incentivizing landowners to utilize 
existing CVP supplies. CVP supplies in some years are surplus to CVP contractor needs in some cases because 
contractors are still building out their systems and acreage over time to use the CVP water, but in other cases, 
the cost of CVP supply is too high to be competitive with groundwater pumping or other local transfers. Growers 
currently using groundwater also benefit from the convenience of having a clean, reliable, on-demand supply 
from their pumps and not having to order water for delivery through local district conveyance. 

This appendix serves two purposes. First, it summarizes the three in-lieu recharge projects and the potential 
sources of surface water available for irrigation use to enable reduction of groundwater pumping. Second, it 
provides an overview of the current costs of CVP water, how those costs are changing, and provides a discussion 
of financial incentives to increase use of those supplies for some contractors in some years. The description uses 
information for two districts, Orland-Artois Water District and Colusa County Water District, but the concept 
could be applied to other districts as well. 

Colusa Subbasin In-Lieu Recharge Projects On-track for Implementation 

The three substantial in-lieu groundwater recharge projects that are on track for implementation are 
described below. 

Colusa County Water District In-Lieu Groundwater Recharge 

Colusa County Water District (CCWD) has a total service area of approximately 46,000 acres of which 39,875 are 
currently irrigable with existing district infrastructure. This area is planted to predominantly permanent crops. 
The district delivers surface water to approximately 35,000 acres, with the remaining acres being idle or 
irrigated with privately pumped groundwater. CCWD has a CVP water supply contract that provides a maximum 
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of 62,200 acre-feet (AF) annually. The district also holds a CVP contract water supply for 5,666 AF that was part 
of a Colusa County subcontract assigned to CCWD in 2006. Both contracts are subject to curtailments 
determined by the Bureau of Reclamation (Reclamation) each year based on Sacramento River watershed 
hydrologic conditions and planned CVP operations. 

Additionally, CCWD typically transfers in additional CVP water supplies to augment water available under its CVP 
contract. Historical transfers have been primarily from Westside Water District and, more recently, from 
Reclamation District 108 (RD108) under a five-year pilot transfer agreement that ends in 2022. Despite the 
availability of district surface water, some CCWD growers choose to pump groundwater because is it less 
expensive than surface water (and because groundwater requires less screening and filtering compared to 
district surface water). 

Under the CCWD In-Lieu Groundwater Recharge project, the district will acquire additional surface water and 
incentives will be put in place to make the cost of surface water the same or less expensive than pumped 
groundwater, thereby incentivizing growers who would otherwise use groundwater to use surface water. The 
additional surface water is expected to be acquired under long-term water transfer agreements with other CVP 
contractors, including Sacramento River Settlement Contractors, and potentially other sources. The plan is to 
acquire and deliver 30,000 acre-feet per year (AF/yr) except in Shasta Critical years1 when groundwater banked 
through in-lieu recharge in prior years would be used. It is estimated that the average additional surface water 
use over the long term would be approximately 27,000 AF/yr. 

Colusa Drain MWC In-Lieu Groundwater Recharge 

The Colusa Drain Mutual Water Company (CDMWC) encompasses approximately 46,000 acres of agricultural 
land and environmental habitat located adjacent to the Colusa Basin Drain (Drain) in the Colusa Subbasin 
(Subbasin). Shareholders in CDMWC divert water for summer irrigation from the Drain under a combination of 
appropriative water rights held individually by the shareholders, a long-term water supply agreement with 
Reclamation, and annual and multi-year transfer agreements with neighboring Sacramento River Settlement 
Contractors. Historically, many CDMWC diverters use both groundwater and surface water for irrigation because 
flow in the Drain is often insufficient and unreliable to fully satisfy all irrigation requirements on a timely basis. 

For the period 1990 through 2015, average surface water diversions from the Drain were estimated to be 
48,000 AF/yr while groundwater pumping during the same period was estimated to be 40,000 AF/yr. It is 
estimated that approximately 70 percent of the historical groundwater pumping can be eliminated through the 
provision of additional surface water, provided that the surface water cost is approximately equal to the cost of 
groundwater. The cost comparison of surface and groundwater would include the full cost of each source 
(e.g., filtering, system costs, and other on-farm costs in addition to the delivery charge per AF of surface water 
and variable cost to pump groundwater). The potential in-lieu recharge is estimated to be 28,000 AF/yr on 
average across all years, and 31,000 AF in Shasta Non-Critical years. The planned source of additional surface 
water is primarily upstream Sacramento River Settlement Contractors that can discharge water into the Drain 
for use downstream by CDMWC shareholders. 

Orland-Artois Water District Land Annexation and Groundwater Recharge 

Orland-Artois WD (OAWD) has an existing service area of about 29,000 acres and delivers water to district 
landowners through 110 miles of pipelines and 300 metered deliveries. Surface water delivered by the district is 
available under a CVP water supply contract with Reclamation and through short- and long-term transfer 

 

1 In general, Shasta Critical conditions are declared when the forecast inflow to Lake Shasta for a particular water year is 
equal to or less than 3.2 million AF. 
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agreements with other CVP water contractors and Sacramento River Settlement Contractors. The district’s 
water supply contract provides a maximum of 53,000 AF/yr, subject to curtailments determined by Reclamation 
each year based on Sacramento River watershed hydrologic conditions and planned CVP operations. Historically, 
water transfers have been from Maxwell Irrigation District, Princeton-Codora-Glenn Irrigation District, 
and others. 

The district is working with a group of neighboring, non-district landowners to annex approximately 12,000 
acres of groundwater-dependent agriculture into the district. Additional surface water for the annexed lands 
would be secured through multi-year purchase or transfer agreements with willing sellers, conveyed through 
the existing Tehama-Colusa Canal2 (TCC), and distributed to the annexed lands through new distribution 
facilities. Potential transferors include CVP water supply contractors and Sacramento River Settlement 
Contractors. The plan is to acquire and deliver 25,000 AF/yr of surface water to the annexed lands except in 
Shasta Critical years when groundwater banked through in-lieu recharge in prior years would be used. It is 
estimated that the average additional surface water use, and thus in-lieu groundwater recharge, over the long 
term would be about 23,000 AF/yr. 

Sources of Surface Water for In-Lieu Recharge 

The aggregate volume of water needed for the three in-lieu recharge projects described above is 86,000 AF/yr, 
in Shasta Non-Critical years, as summarized in Table 1. 

Table 1. Proponents and Water Needs Associated with Colusa Subbasin In-Lieu Groundwater Recharge 

Projects on Track for Implementation 

Project 
Average Additional Surface Water Needed in Shasta 

Non-Critical Years (acre-feet) 

Colusa County Water District 30,000 

Colusa Basin Drain Mutual Water Company 31,000 

Orland Artois Water District 25,000 

Total 86,000 

 

Potential surface water sources to meet these requirements are discussed below: 

Full use of Available CVP Contract Water 

In recent years, both CCWD and OAWD have not used all the water available under their respective CVP water 
supply contracts, due primarily to the high cost of the upper two price tiers according to Reclamation pricing 
policy. The cost of CVP water is determined by CVP pricing policy and cost allocation. Up until recently, all CVP 
water contracts in the Tehama-Colusa Service Area were Water Service Contracts, and the water price was 
calculated using three3 components: The O&M (operations and maintenance) charge, the capital component 

 

2 The Tehama-Colusa Canal has a maximum capacity of approximately 2,530 cubic feet per second at the canal inlet 
(Stene, 1994), and a capacity of approximately 1,700 cubic feet per second at the southern end of the canal. Considering 
historical canal operations, it is likely that conveyance capacity is available to facilitate such a program, subject to certain 
conditions (see Attachment A). 

3 Contractors also pay for power use and a restoration charge, which is currently about $11 per AF. 



 

 
1772 Picasso Ave, Suite A  4 phone 530.757.6107 
Davis, CA 95618-0550  www.davidsengineering.com 

(paid back without interest), and the full cost rate that includes O&M and capital plus interest. The sum of the 
O&M and capital components is called the cost of service rate. Some or all of the rate’s capital component could 
be removed as “ability-to-pay” relief, and many of the area contractors have received this in the past. The 
resulting contract rate (cost of service potentially reduced by ability-to-pay relief) applies to the first 80 percent 
of the contract maximum. The full cost rate includes cost of service plus interest on the capital component and is 
generally substantially greater than the cost of service rate. In 2020 for example, OAWD’s contract rate (cost of 
service) was about $60 per AF and its full cost rate was about $218 per AF, calculated according to section 
205(a)(3) of the Reclamation Reform Act. According to federal law (the CVP Improvement Act of 1992), CVP 
irrigation (and M&I) water supply contracts required payment of tiered water rates for contractual water 
entitlements, which are summarized as follows: 

• Tier 1: The Cost of Service water rate developed through the federal water rate setting process. The 
 Tier 1 rate applies to the first 80% of the delivered contractual water entitlement. 

• Tier 2: The rate is the numerical average of the Tier 1 rate and the Tier 3 rate. The Tier 2 rate applies to 
 the next 10% of the delivered contractual water entitlement. 

• Tier 3: This rate is the full cost rate developed through the federal water rates setting process. Tier 3 
 applies to the last 10% of the delivered contractual water entitlement. 

Even when blended with Tier 1 water, using Tier 2 and Tier 3 water resulted in excessive water cost, and so 
some or all of the Tier 2 and Tier 3 water went unused. 

Incentivizing Utilization of CVP Supplies 

As of 2021, Tehama-Colusa Canal (TCC) CVP water service contractors have converted their contracts to repayment 
contracts, thus paying off and removing the capital component from their CVP water rates. The new repayment 
rates (not including restoration charges and other power charges) are $23.43 per AF for CCWD and $26.67 per AF 
for OAWD. Under the revised rates, these contractors intend to use all of their CVP contract water. The additional 
CVP water (the difference between what OAWD and CCWD would have used under their old rate structure versus 
under their new repayment rate) can fulfill a portion of the in-lieu recharge quantities shown. 

Repayment of CVP capital required the contractors to borrow money that they will be paying off over the next 
15 years or more. Contractors vary in how they recover that fixed cost. Some, like OAWD, have acreage 
assessments on lands in the district. Others, like CCWD, include more fixed costs in their water rate, so when 
CVP delivery goes down, the water rates must go up to cover the fixed costs. Due to critical drought conditions, 
the CVP has announced no contract deliveries to the Tehama Colusa Service Area in 2021. As a result, CCWD’s 
announced water rate for 2021 is currently estimated to be $288 per AF, though this may change as conditions 
and availability of water transfers change. 

OAWD has estimated that its water rate after conversion to the repayment contract would be about $42 per AF 
under conditions of full CVP supply and $62 per AF with a 50 percent supply.4 CCWD has estimated that its water rate 
after conversion to the repayment contract would be in the range of $70 per AF under conditions of full CVP supply.5 

Depending on the relative costs of district supply versus groundwater, under the repayment contracts, the 
districts’ rates may be low enough already to encourage full use of CVP supply. However, if groundwater 
pumping remains a lower cost alternative to CVP water for some growers, incentivizing their use of CVP water in 
lieu of pumping would require paying at least the difference between district surface supply and the variable 

 

4 According to a Proposition 218 informational presentation to the OAWD Board in August 2020. 

5 This is a rough estimate based on personal communication with CCWD Manager, Shelly Murphy, June 30, 2021. 
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cost of pumping groundwater. Other advantages of groundwater over delivered surface water include the 
growers’ convenience of having a clean, reliable, on-demand supply from their pumps. Some groundwater users 
also may need to incur some on-farm water distribution costs to take surface water.  

A program to incentivize CVP use would be specific to individual districts. Therefore, a full evaluation was not 
developed for the GSP. It is anticipated that an economic analysis to establish incentives and program design 
would be completed as part of GSP implementation activities. The economic analysis would generally include 
the following components: 

• The initial evaluation would include estimating the incentive payments needed to achieve greater or full 
use of CVP contract water. The payments should compensate for the difference between CVP water cost 
(full cost as delivered by the district) and variable cost of groundwater pumping in areas receiving the 
in-lieu recharge, plus the value of any additional advantages or cost savings of groundwater over 
surface water.  

• Estimate the projected total annual cost of the incentive payments, considering the payments per AF 
(which may vary by area) and the expected additional amounts of CVP water purchased and used in lieu 
of pumping. The estimate should account for variability in CVP supply by year and the costs of other 
supplies or activities related to that variability. In addition, economic benefits should be quantified and 
assigned to project beneficiaries.  

• Estimate the recharge benefits to the GSA or to subareas within the GSA, considering avoided pumping 
costs and/or cost of other PMAs that could be avoided by this action. This would include an assessment 
and assignment of economic benefits that accrue to different parties and over time.  

• Consider and evaluate other policies that may be used to assure that increased use of CVP water is 
effective as in-lieu groundwater recharge and does not simply enable expansion of irrigated area with 
little or no effect on groundwater recharge. 

• Using the results of the cost and benefits calculations developed in the economic analysis described 
above, develop a method for assigning (if necessary) project costs in proportion to benefits received.  

It is important to note that the switch to repayment contracts could provide alternative ways to incentivize use 
of CVP supplies with districts. An economic analysis could develop strategies to shift and restructure district 
charges to lower the effective cost of CVP water. This would generally include recovering a greater proportion of 
fixed costs as land-based charges rather than through variable water rates. For example, OAWD’s recent 
approval of an acreage assessment to recover costs of its CVP capital conversion loan effectively reduces the 
per AF cost of CVP water. As a result, its water rate is substantially lower than before it converted to a 
repayment contract. This approach could be explored by other districts if they find that their water rate 
discourages full use of available CVP supply. 

Transfers of Other Unused CVP Contract Project Water 

Other CVP water contractors (not Sacramento River Settlement Contractors) within and outside the Colusa 
Subbasin, including members of the Tehama Colusa Canal Association served by the TCC, also have contract 
water available for transfer in some years. Historically, some but not all of this water has been transferred under 
the provisions of Section 3405(a) of the Central Valley Project Improvement Act (CVPIA) (Title 34 of Public Law 
102-575). 
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Transfers of Available Settlement Contract Water 

There are 127 Sacramento River Settlement Contractors. The total surface water supply quantities associated with 
each settlement contract have a “base supply” component and a “project water” component6. In general, project 
water can be transferred in-basin under the provisions of CVPIA Section 3405(a) and base supply cannot7.  

There are 17 Sacramento River Settlement Contractors with total contract supplies of 10,000 AF or more 
(Table 2). The aggregate base supply for these entities is approximately 1.7 million AF, and the project water 
supply is about 296,000 AF. The 110 remaining, smaller Settlement Contractors, have aggregate base supplies of 
about 92,000 AF and project water supplies of about 34,000 AF. Thus, the total quantity of project water under 
the settlement contracts is about 330,000 AF. 

It is estimated that in Shasta Non-Critical years about 25 percent of this volume, or approximately 83,000 AF, is 
available for transfer. Glenn Colusa Irrigation District and RD108, the two largest Settlement Contractors, 
estimate that they could provide approximately 40,000 AF and 14,000 AF of project water for transfer in Shasta 
Non-Critical years, respectively. The combined quantity of 54,000 AF constitutes roughly two-thirds of the 
estimated 83,000 AF of project water available for transfer. 

 

  

 

6 Base supply is intended to replace water that could have been diverted under each entity’s underlying, senior water 
right(s), while project water is an additional amount negotiated as part of the settlement to supply supplemental water 
during the summer that might not have been available under the underlying rights. All settlement contracts have a base 
supply component and most, but not all, also have a project water component.  

7 Base supply can be transferred to the extent its use is reduced by land fallowing, groundwater substitution, or conservation. 
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Table 2. Sacramento River Settlement Contractors with Total Supplies of 10,000 AF or More 

Name Contract Number 
Base 

Supply 
Project 
Supply 

Total 
Supply 

Glenn-Colusa Irrigation District 14-06-200-855A-R-1 720,000 105,000 825,000 

Sutter Mutual Water Company 14-06-200-815A-R-1 169,500 56,500 226,000 

Reclamation District No. 108 14-06-200-876A-R-1 199,000 33,000 232,000 

Natomas Central Mutual 
Water Company 

14-06-200-885A-R-1 98,200 22,000 120,200 

Reclamation District No. 1004 14-06-200-890A-R-1 56,400 15,000 71,400 

Princeton-Codora-Glenn 
Irrigation District 

14-06-200-849A-R-1 52,810 15,000 67,810 

Meridian Farms Water Company 14-06-200-838A-R-1 23,000 12,000 35,000 

Sycamore Family Trust 14-06-200-2146A-R-1 22,000 9,800 31,800 

Anderson-Cottonwood Irrigation 
District 

14-06-200-3346A-R-1 121,000 7,000 128,000 

Maxwell Irrigation District 14-06-200-6078A-R-1 11,980 6,000 17,980 

Provident Irrigation District 14-06-200-856A-R-1 49,730 5,000 54,730 

Redding, City of 14-06-200-2871A-R-1 17,850 3,150 21,000 

Pleasant Grove-Verona Mutual 
Water Company 

14-06-200-5520A-R-1 23,790 2,500 26,290 

Bardis, Christo D., et al. 
(Broomieside Farms) 

14-06-200-1286A-R-1 8,070 2,000 10,070 

Pacific Realty Associates, L.P.  
(M&T Chico Ranch) 

14-06-200-940A-R-1 16,980 976 17,956 

Conaway Preservation Group, LLC 14-06-200-7422A-R-1 50,190 672 50,862 

River Garden Farms Company 14-06-200-878A-R-1 29,300 500 29,800 

Total 1,669,800 296,098 1,965,898 
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Summary 

There are three in-lieu groundwater recharge projects on track for implementation in the Colusa Subbasin with a 
combined surface water requirement of approximately 86,000 AF in Shasta Non-Critical years. Each project 
intends to acquire the necessary surface water primarily via water transfers from other entities with available 
CVP contract supplies and CVP Settlement Contract project water under the provisions of CVPIA Section 3405(a). 
Transfer of available project water supplies under settlement contracts alone would nearly meet these needs, 
with full use of existing contract supplies (CCWD and OAWD only) and potential transfers of surplus CVP contract 
supplies adding to that amount.  

It is recognized that the actual feasibility of acquiring the water is subject to the willingness of both buyers and 
sellers, and the negotiation of mutually acceptable contract terms. These negotiations have been initiated 
informally and will be continued as the projects move toward implementation.  

A key element of all three projects will be creating incentives for growers to use the surface water made 
available rather than pumping groundwater. The preliminary analysis presented in this appendix suggests that 
the variable cost to pump groundwater may already be greater than the district rate under the new repayment 
contracts in some districts. In other districts, the water rate is around $10 to $25 per AF greater than the 
variable cost to pump groundwater. These are just the variable costs of water supply, and do not include 
additional on-farm costs associated with each source. As described above, incentivizing use of surface water can 
be accomplished by developing an incentive program funded by the beneficiaries of such a program, or through 
adjustments to the district water rate structure. It is anticipated that these specific incentive structures would 
be evaluated and developed as part of project implementation. 

It is also noted that the in-lieu recharge volumes referred to above are maximum quantities. Based on 
monitoring of project performance and groundwater conditions, it may be possible to operate the Subbasin 
within its sustainable yield with less than the maximum in-lieu recharge quantities described above. 
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Attachment A. Personal Communication with J. Sutton Regarding the Tehama-

Colusa Canal Capacity. 

 

From: Jeffrey P. Sutton (Tehama-Colusa Canal Authority) 
Sent: Tuesday, August 10, 2021, 4:55 PM 
To: Grant Davids (Davids Engineering, Inc.) 
Cc: Katherine Klug (Davids Engineering, Inc.) 
Subject: RE: TCC Capacity 
 
Grant, 

Caveated with the following first blush comments (reserve the right to add to this list), I respond: 

1. TCCA will not be responsible for providing the subject water rights or water supply that is 
diverted for this purpose. 

2. TCCA will not be responsible for any permits, mitigation, or other regulatory responsibilities 
associated with such a program. 

3. CCWD and OAWD will be responsible for any and all charges, contracting, Warren Act or 
other fees and/or costs associated with such a program.  

4. TCCA will be paid appropriate conveyance charges pursuant to the rates in the TCCA JPA 
Agreement that CCWD and OAWD currently pay or other rates as agreed. 

I respond to your question as follows: Currently, it is my opinion that under most (in fact all that I 
currently think of) scenarios experienced, there would be plenty of pumping/diversion capacity 
(currently maxed out at 2000 cfs) and conveyance capacity in the TC Canal (2500 cfs at the top of the 
canal, 2100 cfs at Funks Reservoir, 1700 cfs at the south end of the canal) to facilitate such a program. 
However, historical operations are not always a good predictor of future conditions. In a typical year, 
we typically divert/convey a maximum amount of water of around 1300-1500 cfs. I would also add that 
I have not yet discussed particulars details of such a program (because I have not been provided such 
details until this time) with my Board of Directors. Bill Vanderwaal and Emil Cavagnolo did generally 
outline the recharge concept being explored at my last meeting, which the Board was generally 
supportive of - notwithstanding the need to hear the details. However, I anticipate that this water 
would have to somewhat take a second tier position in the atypical case of a conflict over the available 
diversion/conveyance capacity.  

I hope this is helpful Grant, sorry for the long caveated answer. But I don’t want to give the misimpression 
of complete acquiescence or create a reliance on a simple statement of “sure we have capacity” until all of 
the details are more fully vetted and the necessary terms have been contemplated. I will leave it to your 
discretion on how you wish to articulate capacity availability in the Colusa GSP based on the foregoing. 

 

Jeffrey P. Sutton 

General Manager 
Tehama-Colusa Canal Authority 
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Technical Memorandum 
To:   Glenn and Colusa County Groundwater Authorities 

From:   ERA Economics  

Date:   November 19, 2021 

Subject: Economic Analysis of Demand Management and Conceptual Allocation Approaches 

 

Introduction 

More than 30 projects and management actions (PMAs) are included in the Colusa Subbasin GSP to 
achieve and maintain sustainable groundwater management. Five projects are on track for 
implementation, which are all groundwater recharge projects that use surface water for direct and/or in-
lieu recharge. Recognizing that projects can take several years to develop, and in light of the current severe 
drought conditions across the Colusa Subbasin (Subbasin) and state, the GSP includes two “backstop” 
demand management actions that could be implemented relatively quickly, primarily because they do not 
require construction of new infrastructure. These management actions include a targeted demand 
management program that would incentivize temporary pumping reductions (and/or local water transfers) 
in periods of extreme drought, and a broader demand management program that would incentivize 
pumping reductions, if necessary, due to future groundwater conditions in the Subbasin.  

Demand management can be implemented fairly quickly and can be included as part of a cost-effective 
mix of PMAs to achieve and maintain sustainable groundwater conditions. This appendix describes the 
direct economic costs of demand management in the Subbasin. It also describes considerations for, and 
the process of setting, a groundwater allocation. It is noted that a groundwater allocation is not required 
to implement the demand management programs included in the GSP, but it does generate incentives 
to manage demand and increase supply. To provide some context for the costs of demand management, 
a general summary of agricultural water use, economic values, and Subbasin conditions is presented 
first. This is followed by a summary of an economic analysis of the direct costs associated with two 
example demand management programs: one targeted to specific areas with groundwater sustainability 
concerns, and another targeted more broadly across the Subbasin. The allocation discussion is 
presented last.  

Economic Value of Agriculture in the Colusa Subbasin 

Glenn and Colusa County agriculture includes a diverse mix of rice, nut crops, seed, feed, and other field 
and row crops. Farming activities to raise these crops support jobs, income, and economic activity for a 
range of transportation, processing, manufacturing, and retail industries in the Subbasin. These activities 
support the local tax base as well as jobs and income in businesses not directly related to agriculture. 
Changes in the cost and availability of water under the PMAs included in the GSP, as well as potential 
demand management programs, can have important implications for the local economies and 
communities in the Subbasin. This section describes the current contribution of agriculture to the 
Subbasin economies.  

The Subbasin spans most of Glenn and Colusa counties. The annual economic activity, measured as 
value-added, across all industries (including agriculture) in the counties is around $7.4 billion. These 
industries support around 26,000 full-time equivalent (FTE) jobs, mostly for individuals that both live 
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and work in the counties. Table 1 summarizes the top ten industry sectors by value, and the direct 
jobs associated with each industry. Eight of the top 10 industry sectors are agriculture and related 
industries. Notable exceptions include local government industries and the wholesale trade sector. 
However, wholesale trade includes warehousing and storage industries that are closely linked to the 
agricultural sector.  

Table 1. Top 10 Industries, Glenn, and Colusa Counties 

Rank Industry 

Annual Value Added 

Direct FTE Jobs ($ in Millions) 

1 Tree nut farming $965  2,790 

2 Rice milling $750  450 

3 Local government $625  3,750 

4 Grain farming $500  405 

5 Wholesale trade $475  1,620 

6 Canned fruits and vegetables manufacturing $470  695 

7 Vegetable and melon farming $180  630 

8 Dairy cattle and milk production $160  155 

9 Support activities for agriculture and forestry $145  1,690 

10 Other animal food manufacturing $145  70 

Source: IMPLAN 2014 R3 multipliers, current USDA crop prices and returns, current 2021 dollars 

 

A substantial share of local economic activity is directly or indirectly related to farming. A conservative 
analysis using the IMPLAN model data shows that at least one in three jobs depend on farming activities 
in the Subbasin. Similarly, a substantial share of local wage income for employees, value added, and 
gross output are a result of farming-related industries in the Subbasin. 

The primary crops produced in the Subbasin include rice, walnuts, and almonds. The total rice acreage 
footprint has been largely steady for several years, with annual fluctuations in planted acreage based on 
rice market conditions and water availability in the Sacramento and San Joaquin Valleys. On average, 
Colusa and Glenn counties produce around 45 percent of California’s annual rice crop. The share of 
acreage planted to almonds and walnuts has been steadily increasing, driven by favorable market 
conditions and consistent with trends across the state. Relative to annual crops, these permanent 
plantings require a substantial capital investment to establish and require consistent irrigation in all years. 
This has led to hardening of irrigation water demand in areas with increasing permanent plantings.   

Figure 1 illustrates recent trends in the gross value of production by crop type in Glenn and Colusa 
Counties. The gross output value of the crops produced in the Subbasin is around $1.75 billion per year, 
with fruit and nut crops accounting for more than half of the total value in recent years. Fruit and nut 
crops accounted for around 30 percent of gross value in 2010, increasing to nearly 60 percent by 2015. 
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Source: Glenn and Colusa County Crop Reports 

Figure 1. Trends in Gross Value of Crop Production, 2010 – 2019 

The trends in crop acreage and value in Glenn and Colusa counties are consistent with trends in other 
parts of the state. Robust export demand for California almonds and walnuts through the mid-2010’s 
supported strong prices and profitability. This led to increasing plantings that are continuing across the 
state. However, new plantings of nut trees have slowly leveled-off in response to softer prices caused by 
increasing supply (production) in California and other regions (e.g., Australia) and a weaker export 
market (e.g., tariffs and macroeconomic conditions including a stronger U.S. dollar). Groundwater 
concerns in Critically Overdrafted subbasins in the San Joaquin Valley may continue to push permanent 
plantings north into the Sacramento Valley, and as such this general trend appears likely to continue in 
Glenn and Colusa Counties for the next several years.  

The agricultural industries in the Subbasin create a substantial share of local jobs, business, and 
economic activity. Demand management programs can be structured in ways to minimize the economic 
costs to growers and the regional economy. The following section quantifies the direct costs of potential 
demand management programs in the Subbasin.  
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Demand Management Costs 

Demand management generally refers to actions that reduce the net consumptive use of water, which 
in turn reduces net groundwater pumping1 in the Subbasin, or selected areas of the Subbasin. Areas 
selected for demand management would be determined by the GSAs in consideration of local 
groundwater conditions and sustainability indicators.  

This appendix summarizes the results of an analysis that establishes the potential costs of demand 
management in the Subbasin. The results of the analysis can be used for multiple purposes. Demand 
management costs can be compared to the cost of potential projects to support developing a cost-
effective portfolio of PMAs. In addition, demand management costs are interpreted as the minimum 
willingness to accept payment to forgo irrigation, which can be used to structure potential incentives to 
reduce groundwater pumping under applicable PMAs.  

To illustrate the cost of demand management, two scenarios are developed. The cost of a specific 
demand management program will ultimately depend on the location, scale, and market conditions at 
the time the program is implemented. The outputs summarized in this report are intended to support 
PMA development for the GSP, and comparison of demand management with other projects and 
management actions. These cost estimates would be refined in the future and would be specific to each 
PMA. The final section in this appendix describes the general steps for this future analysis.  

The cost of demand management depends on the location, scale, and timing of the program. For the 
purposes of this analysis, it was assumed that the timing of the program would be the GSP 
implementation period (2022 – 2042). The scale of the program (i.e., total volume of demand 
management achieved in each year) was developed over a range consistent with preliminary changes in 
groundwater storage shown in the initial GSP water budgets (see Chapter 3). Lastly, two alternatives 
were developed for the location of the program. The first alternative would apply Subbasin-wide and 
the second would target demand management to specific areas of concern near the Orland and 
Arbuckle areas in the Subbasin (as generally defined below). 

The direct cost of demand management is estimated here as the loss of net return to irrigated lands and 
is expressed on a per acre-foot (AF) basis for comparison to other PMA costs. Costs were established in 
the Subbasin using a standard economic analysis that considers the water budget (e.g., quantity of 
water applied and consumed by Subbasin crops), costs and returns to farming, and current market 
conditions for major Subbasin crops. The results of the analysis show how the cost of demand 
management changes over an increasing scale of a potential program, and how those costs vary across 
different areas.  

Reduced net return from crop production may, in turn, lead to secondary losses to other sectors within 
the local economy. The extent of such losses would depend on how irrigated agriculture on other lands 
changes. For example, if production shifts to other lands within the same regional economy (e.g., the 
broader Sacramento Valley), then regional secondary effects on input suppliers, trucking, processing, 
farm labor, and other businesses may be small. But if this does not occur, then secondary economic 
impacts may warrant more analysis and quantification. These secondary impacts have not been 
quantified in this appendix. In addition, this analysis does not quantify any additional administrative 
costs for the GSAs to develop and administer a demand management program. These indirect costs 
would be assessed as part of demand management program design in the future. 

 

1 Net groundwater pumping would be defined as part of the demand management program. In general, it would 
include crop ETAW plus any unrecoverable return flows.  
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Methods 

The cost of demand management fundamentally depends on supply and demand for irrigation water. 
Examples of factors that affect supply include annual water year conditions, carry-over storage, CVP 
allocation, GSA costs, water supply costs, and other GSP implementation (e.g., PMAs). Examples of 
factors that affect demand include export and domestic market conditions for California crops that 
affect returns to farming and willingness to pay for water.  

An economic model of the Subbasin was applied to evaluate the supply and demand for water and 
establish the cost of demand management. It reflects the local water supplies and uses, financial data on 
returns to farming, and current crop market conditions for Sacramento Valley crops. This includes current 
crop prices and yields. Production costs are representative averages based on University of California 
Cooperative Extension crop budgets. The model is calibrated to the GSP water budget (applied water and 
evapotranspiration of applied water) and geospatial land use data described in Chapter 3 of the GSP. A 
technical description of the economic calibration method is beyond the scope of this technical appendix. 
The method applied is a standard, peer-reviewed economic analysis approach that is widely applied for 
valuation of water supply and water supply projects in California2. This same technical approach was 
applied for calibration of an economic optimization model of the Subbasin.  

The model quantifies the effect of changes in water supply availability and cost on farm income (e.g., net 
income and gross farm revenues) and simulates how the agricultural sector would respond to changes in 
water availability and cost. Responses include switching to higher value and/or lower water use crops, 
adjusting input use, and idling land. The decision to switch crops and/or idle land depends on 
agricultural market conditions simulated by the model under increasing levels of a range of 
(hypothetical) demand management. The economic analysis quantifies the direct economic cost of 
changing crops and idling land under implementation of demand reduction. For this technical appendix, 
costs are expressed on a per acre-foot basis for comparability to other PMAs in the GSP.  

The analysis reflects average water supply conditions. That is, the results of the analysis are the 
incremental cost of demand management in an average water supply year, not under critical drought 
conditions, or conversely, years with above-average supplies. The framework can be extended to 
evaluate these factors as part of future program design.  

The economic model is developed on a geospatial scale that can be refined to evaluate Subbasin-wide 
demand management and demand management in specific areas. Two “areas of concern” were defined 
in the model. Figure 2 illustrates areas of concern and crop types3 in the economic model for the 
Subbasin. Areas of concern are more precisely defined based on hydrogeologic conditions that are 
described in Chapter 3 of the GSP. Areas shown below include two broad regions: North (around Orland) 
and South (between Williams and Arbuckle). 

 

2 See the following references for example: 

Department of Water Resources. Water Plan Update. 2009. Data and Tools Technical Appendix. Economic 
Modeling of Agriculture and Water in California using the Statewide Agricultural Production Model. 

U.S. Bureau of Reclamation. 2019. CVP Long Term Operations EIS. Appendix 12A: Statewide Agricultural Production 
Model (SWAP) Documentation.  

3 Crop types are aggregated into seven groups for map display purposes. The economic analysis has 20 crop types 
that better reflect the unique costs, returns, and markets for each crop. 
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Figure 2. Colusa Subbasin Crops 

Colusa Subbasin Demand Management Costs 

This section summarizes the direct cost of demand management for the following alternatives: 

• Colusa Subbasin-wide demand management. This assumes demand management would occur 
across the entire Subbasin. That is, demand management is not targeted to specific areas. The 
implicit assumption is that water can be moved (exchanged, conveyed, in-lieu) across the Subbasin.  

• Targeted demand management. This assumes demand management would occur in specific 
areas defined as the North and South areas of concern.  

For each alternative, the cost of demand management was estimated as the mix of crops that could be 
idled at the lowest loss in net return. This is based on the aggregate supply of the crops produced in the 
Subbasin evaluated as part of the economic analysis (i.e., the lowest net return is not a static accounting 
measure of the least profitable crop). This is the minimum cost of the demand management program, 
defined by the opportunity cost of water for the crops that would be idled (the net return that the water 
would have provided on those crops).  

Costs of Demand Management Applied to Entire Colusa Subbasin 

This section summarizes the results of the demand management costs for the scenario where demand 
management is applied broadly to the entire Subbasin. 

Figure 3 illustrates the range of demand management costs over a program scale of 2,500 and 
25,000 AFY reduction in irrigation water demand. The cost ranges from around $120 per AF at 2,500 AFY 
of demand management to $210 per AF at 25,000 AFY. These are the direct cost of idling land, inclusive 
of groundwater pumping cost. The analysis estimates that the lowest net return lands and crops would 
idle first (hence the low cost for the smallest scale program), with higher net return lands included as 
the program scale increases. 
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Figure 3. Costs of Demand Management Applied to Entire Subbasin 

Costs of Demand Management Targeted to Areas of Concern 
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(up to 12,500 rather than 25,000 AFY) is shown because the total level of demand management is 
independent in each region. The cost ranges from $115 to $185 per AF in the north area of concern and 
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– more permanent crops with less flexible water demand and higher-value annual crops. These are the 
direct cost of idling land, inclusive of groundwater pumping cost. 
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Groundwater Allocation Concepts 

Demand management can be achieved without a groundwater allocation, so long as the program is able 
to quantify and verify the program demand management targets are achieved. However, an allocation 
can support implementation of a demand management program. It can also provide incentives for other 
PMAs (e.g., recharge) by defining the amount of groundwater available, and the additional quantities 
that would be associated with the development of new projects.  

This section provides an overview of concepts and approaches related to allocation of groundwater in a 
Subbasin with diverse water users, water rights, and sources of recharge. It is not an allocation plan for 
the Subbasin, it is a discussion of the analysis that would be completed to set an allocation at a future 
date, if the GSAs decide to do so, either separately or together.  

Introduction and Definitions 

A groundwater allocation specifies quantities of groundwater available to groundwater pumpers, which 
for the purposes of GSP development would include irrigators in the Subbasin. According to the 
Sustainable Groundwater Management Act (SGMA) and its regulations, de minimis pumpers (defined as 
less than two AF per year) would not be limited by an allocation. This section provides a general 
overview of allocation approaches, technical considerations, and summary of economic implications of 
alternative approaches. It is not an allocation plan for the Subbasin and it does not address all necessary 
considerations for defining and implementing an allocation. Developing a specific allocation would 
require careful analysis of the legal, hydrogeologic, economic, and engineering implications, and would 
require vigorous and informed discussions with stakeholders.  

Allocation involves setting an overall amount of permissible net groundwater extraction for the subbasin 
and the apportionment of that overall amount among pumpers. It is important to note that 
implementing an allocation does not necessarily result in reducing groundwater use. For example, if the 
allocation is greater than historical use and it is apportioned in a way that all pumpers receive more than 
their historical use, then the allocation would not constrain groundwater users and would not result in 
less consumptive groundwater use. In the context of GSP implementation, the first step – the overall 
allocation – is typically tied to the sustainable yield (defined below) of the Subbasin. The second step – 
apportioning the allocation among users – can be based on different factors related to, for example, 
land use, recent water use, location, and other policy goals. Apportionment of the overall allocation can 
be made to individual wells, parcels, farming operations, or other defined entities. When the sustainable 
yield (including yield of other PMAs like recharge projects) is less than current pumping, the effect of an 
allocation is an overall reduction in net groundwater use.  

Allocation based on sustainable yield often considers the various components of the subbasin water 
balance that contribute to sustainable yield. This is useful because the components vary geographically 
across the basin, under future conditions, and PMAs may affect those components over time. Defining 
the different types of groundwater and components of sustainable yield typically involves substantial 
data, modeling, and stakeholder input. Sources of groundwater that can be included in the allocation 
can include native/natural recharge, percolation of water developed and imported into the basin, other 
intentional recharge, and net subsurface groundwater flow into the basin from/to adjacent areas. Some 
concepts used in discussing allocation are defined below: 

• Native/natural recharge. Native or natural recharge is recharge that is from deep percolation of 
precipitation or losses through natural water ways and channels in the Subbasin. These are sources 
of groundwater recharge that do not rely on the action of any individual entity within the basin, 
although certain actions (e.g., conversion of native land to urban uses) can affect their quantity. 
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• Imported/developed water recharge. Imported or developed sources of groundwater recharge 
are a result of investments by specific entities in the subbasin. For example, groundwater 
recharge from unlined canals developed, and paid for, by a district to import and deliver surface 
water rights. This is considered separately from native/natural recharge because it would not 
have contributed to groundwater recharge in the Subbasin without the investments of the 
district. A substantial amount of the developed water recharge is percolation from applied 
irrigation of developed water supply, some occurs during conveyance of the developed water, 
and some is the result of projects designed specifically to recharge groundwater, either in 
dedicated recharge areas, spread over lands during uncropped or dormant periods of the season 
(Flood MAR)4. Another kind of recharge, in-lieu recharge, does not increase percolation but rather 
reduces or avoids the net extraction of groundwater by providing a replacement supply. 

• Net subsurface flow. Groundwater flows laterally across the Subbasin boundaries to and from 
adjacent areas outside the subbasin, driven by the gradients resulting from groundwater elevation 
differences. Many subbasins have groundwater flowing both in from some adjacent areas and out 
to other adjacent areas. The net flows change over time according to changes in precipitation, land 
use, and groundwater management both in the subbasin and in adjacent areas. 

• Transitional pumping. Transitional pumping is also referred to as planned depletion of 
groundwater storage. SGMA provides for GSAs to transition to sustainable yield over a period 
of twenty years. In areas where current groundwater extraction is greater than the sustainable 
yield, an allocation will need to be less than current groundwater use. PMAs typically require 
time to implement, during which time growers subject to an allocation must reduce pumping, 
for example, by switching crops or idling land. A gradual time path for adjustment helps lessen 
the economic costs of this type of adjustment. Transitional water is effectively an overdraft 
that, consistent with SGMA and the GSP, decreases to zero over time as extraction is brought 
into balance with recharge.  

Time Dimension of Allocations 

Allocation quantities are typically defined on an annual basis using long-run average components of the 
current and projected water balances. However, an allocation need not be the same every year; it can 
include transitional water that declines over time or it can be reduced or increased annually according to 
conditions, so long as on average it follows the path to sustainability laid out in the GSP. For example, the 
allocation can be increased in drought years to allow better conjunctive use of surface and groundwater, 
and then reduced in non-drought years to offset the increases in pumping in drought years. The yearly 
pattern of allocation could vary by subregion within the GSA (or subbasin) according to the situation. For 
example, lands fully dependent on groundwater may do better on a more consistent allocation, whereas 
lands with access to both ground and surface water might benefit from a variable allocation. 

Another option to implement and manage a groundwater allocation is to allow growers to carryover 
some or all of their assigned allocation. The ability to carryover unused allocation may vary by different 
components. For example, unused natural recharge allocation may be carried over and used in 
subsequent years, but transitional pumping may not. In addition, carryover could be limited to a not-to-
exceed amount each year, limited in the number of years an allocation carryover can be used, or even 
subject to annual “losses”. The ability to “borrow” current pumping against next year’s allocation could 

 

4 These sources of developed recharge are typically part of GSP PMAs, which can be included as separate 
categories of recharge under an allocation, but are discussed jointly here.  
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be considered. Essentially a carryover could be implemented like a bank account, where growers take 
responsibility to manage their account over time within the rules defined by the GSA. 

The allocation can be and probably will be adjusted over time. Transitional allocation has already been 
described above. In addition, periodic reassessment of quantities will be made as more current data is 
acquired (e.g., as data gaps are filled), changes in hydrologic conditions (e.g., climate change) are 
observed, and PMAs are implemented. 

Spatial Dimension of Allocations 

An overall allocation is typically developed initially at a subbasin, or GSA-level based on the water balance. 
It is also possible to subdivide the GSA into smaller subareas or zones based on important variations in the 
components of an allocation, and with respect to groundwater conditions. For example, some zones may 
receive percolation from imported surface water that is included in their allocation, whereas other zones 
do not. Or some smaller areas may support and pay for a recharge project to boost their allocation while 
another zone does not need to do this. These kinds of differences can be easier to understand and manage 
if the allocation is built up from components rather than a single, annual amount. 

Another possible rationale for subregional differences can involve sustainability criteria other than 
groundwater elevation. Groundwater dependent ecosystems, streamflow effects, and subsidence are 
examples of other conditions that may be considered in subregional allocations. 

Apportionment of the Allocation  

After the components of groundwater are defined and the overall allocation is determined (either for 
the entire GSA or for subareas), the next step in groundwater allocation is defining how to apportion the 
allocation among the irrigators in the subbasin.  

Some important considerations include: 

• Allocation eligibility. Once the volume for different components of a groundwater allocation is 
defined, it is necessary to determine which lands and users are eligible for an allocation and how 
specific volumes are assigned. This could vary by groundwater component. For example, native 
recharge could be allocated on a per acre basis to all eligible parcels in the subbasin. Transitional 
water could be allocated in the same manner, or it could be allocated based on historical use. 
The yield from a recharge project could be assigned according to proportionate contributions to 
the cost of the project. Allocations may also consider other non-consumptive uses, such as 
habitat benefits.  

• Non-irrigated parcels. A topic of much discussion during development of many GSPs (and GSP 
implementation in Critically Overdrafted subbasins) is whether and how non-irrigated lands are 
included in the allocation. Non-irrigated parcels can include parcels that were never irrigated 
and parcels that were previously irrigated but are not currently irrigated. Never irrigated parcels 
may not be economically feasible to develop into irrigated agriculture, whereas currently 
unirrigated parcels may have been temporarily retired for various reasons. An allocation 
typically includes defining a point in time where a parcel is defined as non-irrigated (e.g., if it has 
not been irrigated since a specific date). Non-irrigated parcels may be eligible for some 
components of the groundwater allocation. This may include portions of the sustainable yield, 
but typically does not include any transitional water. Additional considerations may include 
lands near sensitive habitat areas.  
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Additional Considerations and Analysis 

Developing a groundwater allocation should include consideration of legal, economic, engineering, 
hydrogeologic, and political considerations. In areas with both ground and surface water supplies, the 
ability to use them conjunctively can provide sufficient water (from delivered surface water and 
groundwater allocation) during droughts.   

In areas where the groundwater allocation is less (and in some cases substantially less) than current 
groundwater use, there can be important economic implications for different allocation design 
approaches. An analysis to inform allocation development typically includes quantifying the economic 
implications of alternative groundwater allocation design approaches. This includes evaluating financial 
impacts to individual groundwater users (e.g., growers) as well as the regional economic implications.  

Assigning quantities of groundwater available to individual pumpers can incentivize them to think about 
the costs and benefits of reducing their water use or developing new recharge opportunities. An 
allocation effectively creates a scarcity of groundwater, whereby the value of groundwater is driven by 
the economic value (net return) it can produce. Economic effects of an allocation depend on many 
factors, including: the size of the allocation relative to crop water demand (how limiting is the 
allocation); the sources, costs, and distribution of current and prospective surface supplies; and the 
flexibility allowed to growers in how they manage their allocation. 

A strict allocation and apportionment are a rigid method for implementing demand management. They 
effectively limit water use on a well, parcel, or operation basis. Economic analysis can illustrate the 
advantages, both to individual growers and to the regional economy, of increasing the flexibility of 
allocations. Allowing growers to move their allocated groundwater freely (subject to some review) is 
one step to increase flexibility. Rather than allocating pumping to each well or parcel, a grower can 
make choices about distributing allocation among fields and crops, in maximize return, and reduce the 
costs of demand management. A more ambitious step is to allow growers to buy and sell allocation 
among themselves, using either short-term or long-term agreements. A number of other GSAs in 
California are currently evaluating and pilot-testing groundwater trading markets for this purpose. 

Administering an Allocation 

If a GSA, or subbasin, decides to adopt an allocation and defines the mechanism to calculate how to assign 
allocation to different individuals, entities, or wells, it must then monitor pumping and enforce the 
allocation. If carryover across years is allowed, the GSA must also track that and incorporate it in the 
annual water budget accounting. Most groundwater management entities outside the state use some 
form of measurement, including wellhead metering, to track allocations. In California, many GSAs are 
proposing or considering direct measurement or using crop type and/or ET calculations to estimate water 
use and groundwater pumping. Estimation versus measurement is a GSA policy decision that can have 
important effects on the cost and its ability to manage the allocation effectively. 

Summary of Steps in Considering and Implementing an Allocation 

1. Develop the key components of the GSP – baseline conditions, water budgets, criteria and 
thresholds, and PMAs. 

2. Determine if an allocation is necessary and useful to achieve targets and implement PMAs, 
particularly demand management actions, effectively. 
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3. If an allocation is warranted, use data and analysis to evaluate, compare, and select allocation 
amounts and other characteristics that best meet the needs of the GSA. 

4. Monitor conditions and pumping over time to verify the effectiveness of the allocation and to 

modify as needed. 

Discussion 

This appendix summarized an analysis of the cost of demand management for two hypothetical 
programs: one covering the entire Subbasin, and another targeted to two areas of concern. The cost of 
demand management is estimated as the loss in net return to farming. It does not include program 
administrative costs or any secondary impacts, and it does not consider what the market price for water 
would be under a local groundwater market. Secondary economic impacts should be considered in 
future iterations of this analysis to support implementation of PMAs. 

Implementing an annual allocation can provide a strong impetus for growers to adopt demand management 
and may be a prerequisite for effective demand management in some cases. It is not clear that an allocation 
is warranted at this time for the Subbasin, though it may become more useful in the future. Developing a 
specific allocation would require careful analysis of the legal, hydrogeologic, economic, and engineering 
implications, and would require vigorous and informed discussion with stakeholders.  

Future analysis of demand management program costs and allocation design would be specific to the 
program being considered in the Subbasin. For example, under the “targeted demand management” PMA 
summarized under Chapter 6 Section 6.5.2, the economic analysis would be developed for the regions that 
would participate in the program (both buyer and seller regions). This would define incentives to participate 
in the program. The general steps to define a demand management program costs include: 

1. Define the location, scale, and timing of the program. Prepare economic data specific to the 
program areas and define any program-specific conditions that would affect participation.  

2. If a groundwater allocation will be included, define the groundwater allocation approach and 
specify the allocation to lands/entities in the Subbasin. Prepare an economic analysis and 
hydrogeologic analysis of the impacts of alternative groundwater allocation designs.  

3. Use the general method described above to quantify the direct cost of demand management in 
each area. The analysis would additionally consider the opportunity cost of water in other, non-
farming, uses, such as a local or regional water transfer market. Market prices can exceed the 
values in irrigated agriculture in some years and would drive demand management program 
costs in these years.  

4. Evaluate potential secondary economic impacts, and to whom those impacts may occur. Also 
consider any benefits associated with the program, and to whom those benefits accrue. For 
example, this may include broader groundwater level benefits in the area, and regions down-
gradient. Monetize any anticipated secondary economic impacts and benefits.  

5. Use the results of the steps above to develop an appropriate incentive structure (accounting of 
costs and benefits) that would support demand management program design. See Section 6.5.2 
of GSP Chapter 6 for a summary of different types of potential demand management programs.  
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Technical Memorandum 
To:   Glenn and Colusa County Groundwater Authorities  

From:   Davids Engineering 

Date:   November 19, 2021 

Subject: Overview of Projects and Management Actions 

Introduction 

More than 30 projects and management actions (PMAs) are included in the Colusa Subbasin GSP to 
achieve and maintain sustainable groundwater conditions in the Colusa Subbasin (Subbasin). PMAs are 
categorized and presented in this appendix according to the current status of implementation and 
development: 

• Planned Projects and Management Actions are PMAs that the GSAs or other project 
proponents are working to implement that will support sustainable groundwater management 
in the Subbasin, and mitigate historical and current drought effects. Five projects are currently 
planned for implementation, all of which are groundwater recharge projects that use surface 
water for direct and/or in-lieu recharge.  

• Ongoing Projects and Management Actions are PMAs that are ongoing and will support 
sustainable groundwater management in the Subbasin. In accordance with 23 CCR §354.44(a), 
these are PMAs that would allow GSAs to achieve the sustainability goal for the Subbasin and 
avoid reaching the minimum thresholds defined in this GSP under future, changing conditions. 
Six PMAs are currently ongoing in the Subbasin. 

• Potential Projects and Management Actions are PMAs that may be implemented if 
necessitated by groundwater conditions in the Subbasin. These may have been studied by the 
project proponent or in earlier regional water planning documents, but most project design, 
cost estimates, and planning work have yet to be completed, and would only be initiated if the 
project is eventually triggered for implementation as a result of continued monitoring of 
groundwater conditions. There are more than 20 potential PMAs proposed for the Subbasin. 

Each of the PMAS are designed to support the long-term sustainability of groundwater resources of the 
Subbasin. The information currently available for each of these PMAs is provided in Tables 1 through 6 
below. These tables summarize the following information: 

• Table 1. Brief Description of all Projects and Management Actions 

• Table 2. Project Type, Category, Proponent, and Location for all Projects and 
Management Actions. 

• Table 3. Implementation Criteria, Notice Process, Permitting and Regulatory Process, and 
Timeline for all Projects and Management Actions. 

• Table 4. Anticipated Benefits of all Projects and Management Actions. 

• Table 5. Benefit Evaluation and Water Source for all Projects and Management Actions. 
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• Table 6. Legal Authority Requirements, Estimated Cost, and Potential Funding Sources for all 
Projects and Management Actions. 

The fields in these tables have been designed to meet the requirements for PMAs as described in the 
California Code of Regulations (CCR); when applicable, a reference to a specific CCR location is provided 
as the first row of each table.  
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Colusa Subbasin Groundwater Sustainability Plan 

Table 1. Brief Description of all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(a) 

Project/Management Action Name Brief Project Description 

Planned 

Colusa County Water District 
(CCWD) In-Lieu Groundwater 
Recharge 

CCWD will utilize up to an additional 30 thousand acre-feet (taf) of surface water for irrigation in all years but Shasta 
Critical years for in-lieu recharge (an average of 27 taf per year). The additional surface water will be made available 
through full use of the CCWD’s existing CVP contract and annual and multi-year water purchase and transfer 
agreements. The additional water will be conveyed through the existing Tehama-Colusa Canal (TCC) and CCWD 
facilities. It is expected to be used on existing district lands, though as an optional component of this project CCWD is 
considering relatively small annexations of lands adjoining the district and supplying surface water to these lands 
(currently dependent on groundwater, requiring additional infrastructure for surface water delivery), resulting in in-
lieu groundwater recharge through reduction of groundwater pumping. 

Colusa Drain MWC (CDMWC) In-
Lieu Groundwater Recharge 

CDMWC encompasses approximately 46,000 acres of agricultural land and environmental habitat adjacent to the 
Colusa Basin Drain (Drain). Shareholders in CDMWC divert water for summer irrigation from the drain under a 
combination of appropriative water rights held individually by the shareholders, a long-term service supply 
agreement with USBR and annual and multi-year transfer agreements with neighboring USBR settlement contractors. 
Historically, many CDMWC diverters use both groundwater and surface water for summer irrigation because physical 
supplies of water in the Colusa Drain are often unreliable and insufficient to satisfy those irrigation requirements. This 
project would provide additional surface supplies averaging approximately 28 taf per year, allowing CDMWC diverters 
to increase their diversions of surface water from the Drain to provide in-lieu groundwater recharge and decrease 
groundwater pumping by an equal amount. 

Colusa Subbasin Multi-Benefit 
Groundwater Recharge 

The Nature Conservancy (TNC) is partnering with growers and the Colusa and Glenn Groundwater Authorities for an 
on-farm, multi-benefit groundwater recharge incentive program. Program objectives are to benefit disadvantaged 
communities and other communities in the Subbasin by replenishing critical domestic and agricultural water supplies, 
growers economically through incentive payments, migratory shorebirds through the creation of critical winter 
habitat on farms, and groundwater conditions (via groundwater recharge). Surface water from the Sacramento River, 
subject to availability, is conveyed to and applied to flood and maintain ponds on selected fields using existing 
diversion, conveyance, and on-farm infrastructure. The pilot program was initiated in Colusa County in 2018 and 
concluded in the spring of 2021, with plans to expand and continue into the future. DWR will be participating in the 
Colusa Subbasin Multi-Benefit Groundwater Recharge project as it is expanded into a larger program. 
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Table 1. Brief Description of all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(a) 

Project/Management Action Name Brief Project Description 

Orland-Artois Water District 
(OAWD) Land Annexation and 
Groundwater Recharge  

OAWD is working with a group of neighboring non-district landowners to annex approximately 12,000 acres of 
groundwater-dependent agriculture into the district. Surface water for the annexed lands would be secured through 
multi-year purchase or transfer agreements with willing sellers, conveyed through the existing TCC, and distributed to 
the annexed lands through new distribution facilities. It is estimated that a long-term average of approximately 23 taf 
per year of surface water would be available, reducing groundwater pumping by 23 taf per year. Additionally, certain 
annexed lands with high infiltration characteristics would be configured for direct recharge by surface spreading, 
primarily using Section 215 water. Preliminary project design shows seven proposed recharge areas totaling 371 acres 
in the project. OAWD is evaluating recharge potential and will refine these estimates. The direct recharge capacity has 
not yet been estimated. This project will address an area within the Subbasin where groundwater levels have been in 
decline in recent years due to drought and increasing water demands being met through increasing groundwater 
pumping.  

Sycamore Slough Groundwater 
Recharge Pilot Project 

Proctor and Gamble (P&G) and Davis Ranches have entered into a cooperative agreement to implement a 10-year 
groundwater recharge pilot project. The project will apply surface water diverted from the Sacramento River to a 66-
acre field on Davis Ranches for groundwater recharge and to provide habitat for migrating shorebirds for 30 to 45 
days during the fall or winter each year. The timing of the project may be targeted to provide fall and winter habitat 
for migratory shorebirds, in addition to groundwater recharge benefits. However, the precise timing of the project is 
flexible to accommodate changes in water availability and other factors between years. Sacramento River water is 
available to Davis Ranches under riparian rights and a Sacramento River settlement contract with Reclamation. If the 
project starts before November 1, settlement contract water would be used. Otherwise, riparian water rights would 
be exercised for beneficial use (habitat). The goal is to recharge 5,000 af over the 10-year study period and to 
revegetate a portion of Sycamore Slough. Monitoring of groundwater conditions will be done in eight existing 
groundwater wells, including dedicated monitoring wells and production wells. If the project is successful and cost 
effective, it could be continued in perpetuity to sustain long-term groundwater recharge and environmental benefits. 
Subject to acquisition of funding, an expansion of the project is planned for recharge and revegetation in the 
neighboring Sycamore and Dry Sloughs. 
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Table 1. Brief Description of all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(a) 

Project/Management Action Name Brief Project Description 

Ongoing 

Reclamation District 108 (RD 108) 
and Colusa County Water District 
(CCWD) Agreement for Five-Year In-
Lieu Groundwater Recharge Project 

CCWD (and Dunnigan Water District [DWD] located in the Yolo Groundwater Subbasin) purchase surface water from 
RD108 for distribution within their service areas under a five-year agreement, expiring after 2022. Under the five-year 
agreement, 10,000 af is purchased by and transferred to CCWD and DWD, with 80 percent to CCWD and 20 percent 
to DWD. This project supplies additional surface water to CCWD and DWD that provides in-lieu recharge to meet 
water demands that otherwise would be met through groundwater pumping. 

Glenn-Colusa Irrigation District 
(GCID) Strategic Winter Water Use 
for Groundwater Recharge and 
Multiple Benefits 

GCID holds a 1999 water right permit to divert Sacramento River water for irrigation and rice straw decomposition 
between November 1 and March 31; water used under the permit is referred to as “winter water.” The potential 
exists to increase the groundwater recharge and habitat enhancement benefits of winter water use by increasing 
winter use for rice straw decomposition, winter irrigation, and frost control provided that certain constraints can be 
alleviated. Under this project, working in collaboration with partners within the subbasin and with environmental 
advocacy groups, GCID will investigate opportunities to increase winter water use by alleviating these constraints.  

Sycamore Marsh Farm Direct 
Recharge Project 

Sycamore Marsh Farm has been in process of developing a groundwater recharge plan to store water in our aquifer 
by several different methods. The plan provides for 205 acres of year-round recharge basins and 163 additional acres 
of winter recharge areas.  

Glenn-Colusa Irrigation District 
(GCID) Expansion of In-Basin 
Program for In-lieu Groundwater 
Recharge 

In cooperation with Reclamation, GCID has developed temporary arrangements to supply district surface water to 
neighboring non-district agricultural lands that primarily use groundwater. These temporary arrangements were 
implemented under agreements that recently expired in 2020. There is interest in continuing and expanding this in-
basin surface water use. GCID is currently working in cooperation with Reclamation to renew these agreements and 
expand this program for the purpose of reducing groundwater pumping and in-lieu groundwater recharge. 

Orland Unit Water Users 
Association (OUWUA) Irrigation 
Modernization for Increased 
Surface Water Delivery and 
Reduced Groundwater Pumping 

Continue the modernization of the association's southside irrigation conveyance and distribution system; these 
improvements are expected to result in more reliable and flexible farm deliveries that will provide incentive for 
growers to use more surface water and less groundwater. 

Urban Water Conservation in 
Willows 

California Water Service - Willows District is implementing urban water conservation measures through water waste 
prevention ordinances, metering, conservation pricing, public education and outreach, programs to assess and 
manage distribution system real loss, water conservation program coordination and staffing support, and other 
demand management measures. These are described in greater detail in Chapter 9 of the 2020 UWMP for California 
Water Service - Willows District. 
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Table 1. Brief Description of all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(a) 

Project/Management Action Name Brief Project Description 

Potential 

Colusa County Public Water System 
Water Treatment Plant 

Construct a water treatment plant on the Sacramento River between Colusa and Grimes to provide fresh drinking 
water to public water supply systems in Colusa and possibly Sutter and Yolo Counties. 

Delevan Pipeline Colusa Basin 
Drain Intertie 

Construct an intertie between the proposed Delevan Pipeline component of the Sites Reservoir Project and the 
Colusa Basin Drain. Currently, the only proposed intertie is the Dunnigan intertie. This intertie will provide a 
connection to downstream water users to utilize surface water storage from Sites Reservoir, improve conjunctive use, 
and potentially decrease groundwater pumping. This intertie will also provide protection for the ecosystems 
upstream of the proposed Dunnigan intertie and redundancy in case the TCC becomes inoperable due to subsidence 
or earthquake damage. 

Sycamore Slough Colusa Basin 
Drain Multi-Benefit Recharge 
Project 

Restoration of portions of Sycamore Slough through voluntary landowner participation in a multi-benefit recharge 
project. The recharge site will be hosted by Davis Ranches, a participating landowner within the Sycamore Mutual Water 
Company service. Water would be sourced from the Sacramento River during high flows in the system. The Sycamore 
Mutual Water Company is a Sacramento River Settlement Contractor, and could use a portion of its settlement contract 
water supplies for recharge if the project is initiated prior to November 1. If the project is initiated after November 1, 
water could be accessed using existing riparian water rights exercised for beneficial use (habitat). Field flooding would 
provide recharge, restoration, and multi-benefits such as winter floodplain habitat for migrating shorebirds/waterfowl, or 
habitat restoration for monarch butterflies and other pollinator species. Excess flows in winter could be diverted from the 
Colusa Basin Drain for recharge, and restoration could include a multi-benefit focus with environmental benefits such as 
habitat restoration for monarch butterfly or other pollinator species. 

Tehama-Colusa Canal (TCC) Trickle 
Flow to Ephemeral Streams 

The TCC has existing gates that are used to dewater sections of the canal. The gates discharge into ephemeral streams 
that intersect the canal. Water could be discharged from the TCC into these streams at a rate where they do not flow 
out of the subbasin, but recharge the groundwater system. Flow measurement devices would need to be added to 
the gates. Surface water for recharge would be Sacramento River available water under existing Bureau of 
Reclamation water supply contracts held by TCC contractors, existing water rights settlement contracts, and annual 
Section 215 contracts.  

Westside Streams Diversion for 
Direct or In-lieu Groundwater 
Recharge 

There are a number of ephemeral streams that originate in the Coastal Range to the west of the Subbasin and flow 
eastward into the Subbasin. During periods of flow in the winter and spring, a portion of these flows could be 
diverted for either (1) off-stream storage and subsequent use for irrigation or (2) direct groundwater recharge 
through Flood-MAR, dedicated recharge basins, or modified stream beds.  

Reduce Non-beneficial 
Evapotranspiration/Invasive 
Species Eradication (Arundo, 
Eucalyptus, Tamarisk, etc.) 

Removal of invasive, non-native plant species (i.e., arundo donax, eucalyptus, tamarisk, etc.) from riparian corridors, 
and other areas they may be present, will provide both a reduction in evapotranspiration from shallow groundwater 
and native ecosystem restoration. 
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Table 1. Brief Description of all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(a) 

Project/Management Action Name Brief Project Description 

Enhanced Infiltration of 
Precipitation on Agricultural Lands 

Current cultural practices, particularly in almond orchards, tend to reduce infiltration and increase runoff of 
precipitation. Development and adoption of on-farm cultural practices to reduce precipitation runoff and increase 
infiltration would result in increased storage of precipitation in the crop root zone, thereby reducing irrigation water 
requirements. Additionally, to the extent that infiltrated precipitation percolates through the root zone, this would 
result in direct groundwater recharge. This project is proposed as a potential research management action, for 
example, a collaborative initiative between the GSAs and other interested organizations. 

Colusa Subbasin Flood-MAR 
The CGA and GGA, in coordination with landowners and other agencies, would investigate, develop, and implement a 
program to divert flood waters within the Subbasin, when available, for spreading across agricultural lands or other 
working landscapes for direct groundwater recharge. 

Reclamation District 108 “Boards 
In” Program 

RD108 would institute a voluntary or financially incentivized program in which landowners leave their spill board in 
place during the winter to capture rainfall and hold it on the fields for recharge. 

Glenn-Colusa Irrigation District 
(GCID) In-lieu Groundwater 
Recharge 

Despite GCID having highly reliable surface water supplies, a small percentage of district lands rely primarily on 
groundwater for irrigation supply. GCID will investigate, develop, and implement measures to incentivize associated 
growers to utilize surface water supplied by GCID, which will provide in-lieu recharge through reduced 
groundwater pumping. 

Glenn-Colusa Irrigation District 
(GCID) Water Transfers to TCCA 
CVP Contractors 

GCID is exploring the possibility of transferring surface water to Central Valley Project (CVP) contractors served by the 
Tehama Colusa Canal to provide in-lieu groundwater recharge and reduce groundwater pumping. Transferred water 
would be diverted into the TCC at the Red Bluff Pumping Plant and Fish Screen facility rather than at the GCID 
pumping plant and fish screen facility north of Hamilton City.  

Orland-Artois Water District 
(OAWD) Direct Groundwater 
Recharge 

OAWD would directly recharge groundwater through Managed Aquifer Recharge (MAR) on agricultural land to 
improve aquifer conditions, especially in the groundwater cone of depression to the west of Artois. A pilot project for 
MAR was conducted in 2017 on the VanTol site using water from a Section 215 Temporary Water Contract from 
USBR. Section 215 water is low-cost, but is only available during high flow conditions in rivers and streams. 

Orland Unit Water Users Association 
(OUWUA) Flood Water Conveyance  

During periods of high flow and reservoir release on Stony Creek, divert water at OUWUA's south diversion and 
convey it to various locations for direct recharge within the OUWUA service area. 

Sites Reservoir 

The Sites Project would utilize existing infrastructure to divert unregulated and unappropriated flow from the 
Sacramento River at Red Bluff and Hamilton City and convey water to a new off stream reservoir west of the town of 
Maxwell. New and existing facilities would move water into and out of the reservoir. Depending on project operation 
and yield, there is potential for groundwater benefits to accrue to the Subbasin using water from Sites Reservoir. 
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Table 1. Brief Description of all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(a) 

Project/Management Action Name Brief Project Description 

Colusa Subbasin In-lieu Recharge & 
Banking Program 

Incentivize landowners to take surplus contract surface water in-lieu of pumping groundwater. A predetermined 
portion of the additional water brought into the districts would be dedicated to contributing to local groundwater 
sustainability and some portion of the remaining quantities would be available for delivery, directly or by exchange, 
to South Valley members in the San Joaquin Valley. 

Sycamore Marsh Farm In-lieu 
Recharge Project 

Sycamore Marsh Farm is in the process of developing an in-lieu groundwater recharge plan. Sycamore Marsh Farm 
encompasses approximately 420 acres in the Colusa Drain Mutual Water Company (CDMWC) and has an additional 
449 acres that could potentially be annexed into the CDMWC, allowing for diversion of surface water from CDMWC. 

Westside Off-stream Reservoir and 
In-Lieu Groundwater Recharge 

TCCA Contractors would construct off-stream surface reservoirs along the western edge of the Subbasin and up-slope 
from the TCC diverting surplus Sacramento River flows (e.g., Section 215 water) into these storage reservoirs. Stored 
water would be released into the TCC for irrigation supply to enable reduction of groundwater pumping (i.e. in-lieu 
groundwater recharge). New facilities on the TCC and new storage impoundments would need to be planned, 
designed and constructed subject to a determination of economic and environmental feasibility. 

Domestic Well Mitigation Program 

Groundwater level measurable objectives (MOs) adopted for sustainable management of the Subbasin operation 
should be highly protective of domestic water supply wells. However, it is possible that in certain portions of the 
Subbasin, groundwater levels will fall. Projects and management actions will be implemented for recovery of 
groundwater levels, but some domestic wells may go dry. To mitigate the effects of domestic well stranding due to 
groundwater level decline, the CGA and GGA will investigate implementing domestic well mitigation programs in their 
respective portions of the subbasin. 

Strategic Short-Term Demand 
Management 

The program would be focused in specific local areas with sustainability challenges and would provide GSAs with a 
voluntary, flexible, short-run response to alleviate impacts of drought. It would be voluntary and provide financial 
incentives (payments) to encourage participation. Payment terms and other conditions would be specified as part of 
program design. Two potential structures for the program are idling lands in drought-affected areas of the subbasin with 
groundwater sustainability challenges or idling lands in participating surface water-using portions of the Subbasin and 
conveying the saved surface water to the drought-affected areas with groundwater sustainability challenges. 

Long-Term Demand Management 
Action 

Demand management broadly refers to any water management activity that reduces the consumptive use of 
irrigation water. A demand management action is one that incentivizes, enables, or possibly requires water users to 
reduce their consumptive use. 

Well Abandonment Outreach and 
Funding Program 

The CGA and GGA will coordinate with Colusa and Glenn counties, respectively, to create a program providing 
outreach and education to landowners regarding the proper procedures for well decommissioning and abandonment, 
as well as a funding source to assist landowners with these procedures. This program is anticipated to improve the 
subbasin well inventory and potentially have water quality benefits, as improperly abandoned wells are a potential 
point source for water quality contaminant transport from the ground surface to the underlying groundwater system. 
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Table 1. Brief Description of all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(a) 

Project/Management Action Name Brief Project Description 

Preservation of Lands Favorable for 
Recharge 

The CGA and GGA will coordinate with those agencies having authority over land use planning in and Glenn counties, 
respectively, to investigate, design, and implement a program providing incentives to landowners with lands 
favorable to groundwater recharge to preserve them as agricultural or undeveloped lands on which groundwater 
recharge will be possible in perpetuity. 

Review of County Well Permitting 
Ordinances 

Review and revise the county well permitting processes in the Subbasin to ensure that future well permitting aligns 

with the Subbasin sustainability goal and that future changes to well permitting are reviewed by the GSAs. The GSAs 
would work with the counties to review and suggest revisions to ordinances (these are outside of the jurisdiction of 
the GSAs). 

Drought Contingency Planning for 
Urban Areas 

The CGA and GGA will coordinate with cities, towns and other municipal and industrial water suppliers, which are all 
fully dependent on groundwater in the Subbasin, to encourage drought contingency planning and drought 
preparedness in a manner consistent with sustainable groundwater management according the GSP. 

Development of a Dedicated 
Network of Shallow Monitoring 
Wells for GDE Monitoring 

Evaluate and develop a dedicated network of shallow monitoring wells specifically planned and sited for monitoring 
conditions in areas of the Subbasin where GDEs are most likely to be found. This action is also expected to 
incorporate biological monitoring to inform the location of new shallow monitoring wells and monitor whether GDEs 
are being impacted by changing groundwater conditions 
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Table 2. Project Type, Category, Proponent, and Location for all Projects and Management Actions. 

CCR § 354.44     

Project/Management Action 
Name Project Type 

Project GSP Category 
(Planned, Ongoing, 

or Potential) Project Proponent Project Location 

Planned 

Colusa County Water District In-
Lieu Groundwater Recharge 

In-lieu Groundwater Recharge Planned CCWD CCWD 

Colusa Drain MWC In-Lieu 
Groundwater Recharge 

In-lieu Groundwater Recharge Planned CDMWC CDMWC 

Colusa Subbasin Multi-Benefit 
Groundwater Recharge 

Direct Groundwater Recharge Planned CGA, GGA and TNC Colusa County 

Orland-Artois Water District Land 
Annexation and Groundwater 
Recharge  

Direct and In-lieu Groundwater 
Recharge 

Planned OAWD OAWD 

Sycamore Slough Groundwater 
Recharge Pilot Project 

Direct Groundwater Recharge Planned Davis Ranches Sycamore Slough 

Ongoing 

Reclamation District 108 and 
Colusa County Water District 
Agreement for Five-Year In-Lieu 
Groundwater Recharge Project 

In-lieu Groundwater Recharge Ongoing RD108 and CCWD CCWD 

Glenn-Colusa Irrigation District 
Strategic Winter Water Use for 
Groundwater Recharge and 
Multiple Benefits 

Direct and In-lieu Groundwater 
Recharge 

Ongoing GCID GCID 

Sycamore Marsh Farm Direct 
Recharge Project 

Direct Groundwater Recharge Ongoing Sycamore Marsh Farm Sycamore Marsh Farm 

Glenn-Colusa Irrigation District 
Expansion of In-Basin Program for 
In-lieu Groundwater Recharge 

In-lieu Groundwater Recharge Ongoing GCID 
GCID and Neighboring 

Areas 
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Table 2. Project Type, Category, Proponent, and Location for all Projects and Management Actions. 

CCR § 354.44     

Project/Management Action 
Name Project Type 

Project GSP Category 
(Planned, Ongoing, 

or Potential) Project Proponent Project Location 

Orland Unit Water Users 
Association Irrigation 
Modernization for Increased 
Surface Water Delivery and 
Reduced Groundwater Pumping 

In-lieu Groundwater Recharge Ongoing OUWUA OUWUA 

Urban Water Conservation in 
Willows 

Management Action Ongoing 
California Water Service 

- Willows District 
Willows 

Potential 

Colusa County Public Water 
System Water Treatment Plant 

In-lieu Groundwater Recharge Potential Ben King (stakeholder) Colusa County 

Delevan Pipeline Colusa Basin 
Drain Intertie Direct and In-lieu Groundwater 

Recharge 
Potential Ben King (stakeholder) 

Intersection of Colusa 
Basin Drain and 

Proposed Delevan 
Pipeline 

Sycamore Slough Colusa Basin 
Drain Multi-Benefit Recharge 
Project 

Direct Groundwater Recharge Potential Ben King (stakeholder) 
Sycamore Slough (Davis 

Ranches) 

Tehama-Colusa Canal Trickle Flow 
to Ephemeral Streams 

Direct Groundwater Recharge Potential Bill Vanderwaal (RD 108) 
At TCC and ephemeral 

stream crossings 

Westside Streams Diversion for 
Direct or In-lieu Groundwater 
Recharge 

Direct and In-lieu Groundwater 
Recharge 

Potential CGA and GGA 
Colusa and Glenn 

Counties 

Reduce Non-beneficial 
Evapotranspiration/Invasive 
Species Eradication (Arundo, 
Eucalyptus, Tamarisk, etc.) 

Reduce Groundwater Demand Potential CGA and GGA Subbasin-wide 

Enhanced Infiltration of 
Precipitation on Agricultural Lands 

Direct Groundwater Recharge Potential CGA and GGA Subbasin-wide 

Colusa Subbasin Flood-MAR Direct Groundwater Recharge Potential CGA and GGA Subbasin-wide 
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Table 2. Project Type, Category, Proponent, and Location for all Projects and Management Actions. 

CCR § 354.44     

Project/Management Action 
Name Project Type 

Project GSP Category 
(Planned, Ongoing, 

or Potential) Project Proponent Project Location 

Reclamation District 108 “Boards 
In” Program 

Direct Groundwater Recharge Potential Bill Vanderwaal (RD 108) RD108 / Subbasin-wide 

Glenn-Colusa Irrigation District In-
lieu Groundwater Recharge 

In-lieu Groundwater Recharge Potential GCID GCID 

Glenn-Colusa Irrigation District 
Water Transfers to TCCA CVP 
Contractors 

In-lieu Groundwater Recharge Potential GCID 
Participating TCCA CVP 

Contractors 

Orland-Artois Water District Direct 
Groundwater Recharge 

Direct Groundwater Recharge Potential OAWD OAWD 

Orland Unit Water Users 
Association Flood Water 
Conveyance  

Direct Groundwater Recharge Potential OUWUA OUWUA 

Sites Reservoir Direct and In-lieu Groundwater 
Recharge 

Potential Sites Project Authority 
Antelope Valley (to west 

of Colusa Subbasin) 

Colusa Subbasin In-lieu Recharge & 
Banking Program 

In-lieu Groundwater Recharge Potential 
South Valley Water 
Resources Authority 

Within any districts 
willing to participate 

Sycamore Marsh Farm In-lieu 
Recharge Project 

In-lieu Groundwater Recharge Potential Sycamore Marsh Farm Sycamore Marsh Farm 

Westside Off-stream Reservoir 
and In-Lieu Groundwater 
Recharge 

In-lieu Groundwater Recharge Potential TCCA Contractors 
Participating TCCA CVP 

Contractors 

Domestic Well Mitigation Program Management Action Potential CGA and GGA Subbasin-wide 

Strategic Short-Term Demand 
Management 

Management Action Potential CGA and GGA Subbasin-wide 

Long-Term Demand Management 
Action 

Management Action Potential CGA and GGA Subbasin-wide 

Well Abandonment Outreach and 
Funding Program 

Management Action Potential CGA and GGA Subbasin-wide 
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Table 2. Project Type, Category, Proponent, and Location for all Projects and Management Actions. 

CCR § 354.44     

Project/Management Action 
Name Project Type 

Project GSP Category 
(Planned, Ongoing, 

or Potential) Project Proponent Project Location 

Preservation of Lands Favorable 
for Recharge 

Management Action Potential CGA and GGA Subbasin-wide 

Review of County Well Permitting 
Ordinances 

Management Action Potential CGA and GGA Subbasin-wide 

Drought Contingency Planning for 
Urban Areas 

Management Action Potential 
CGA, GGA, and cities 

(GSA member agencies) 
Subbasin-wide 

Development of a Dedicated 
Network of Shallow Monitoring 
Wells for GDE Monitoring 

Management Action, Closing 
Data Gaps 

CGA and GGA CGA and GGA Subbasin-wide 
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Table 3. Implementation Criteria, Notice Process, Permitting and Regulatory Process, and Timeline for all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(1)(A) 
CCR 

§354.44(b)(1)(B) CCR §354.44(b)(3) CCR §354.44(b)(4) 

Project/Management Action 
Name 

Implementation and 
Termination 

Timing/Criteria for 
Implementation 

Public and/or Inter-
Agency Notice 

Process 

Required 
Permitting and 

Regulatory 
Process or Status 

of Permitting 

Current Status 
(Ongoing, Planned, 

Potential or 
Concept) 

Anticipated 
Start Date 

(Year) 

Anticipated 
Completion 
Date (Year) 

Planned 

Colusa County Water District 
In-Lieu Groundwater 
Recharge 

Planning currently 
ongoing; no 
construction of new 
facilities needed.  

See Note 2 below See Note 4 below Planned 2022 
See note 6 

below 

Colusa Drain MWC In-Lieu 
Groundwater Recharge 

Planning currently 
ongoing 

See Note 3 below See Note 5 below Planned 
See Note 6 

below 
See Note 6 

below 

Colusa Subbasin Multi-Benefit 
Groundwater Recharge 

Planning currently 
ongoing 

See Note 2 below See Note 4 below 
Planned (pilot 

project complete) 
2021 

See Note 6 
below 

Orland-Artois Water District 
Land Annexation and 
Groundwater Recharge  

Planning currently 
ongoing; intent is to 
proceed expeditiously 
to design and 
construction of new 
facilities 

See Note 2 below See Note 4 below Planned 2020 2025 

Sycamore Slough 
Groundwater Recharge Pilot 
Project 

See Note 1 below See Note 3 below See Note L2 below Planned 
See Note 6 

below 
See Note 6 

below 

Ongoing 

Reclamation District 108 and 
Colusa County Water District 
Agreement for Five-Year 
In-Lieu Groundwater 
Recharge Project 

See Note 1 below See Note 3 below See Note 5 below Ongoing and Planned 
See Note 6 

below 
See Note 6 

below 

Glenn-Colusa Irrigation District 
Strategic Winter Water Use for 
Groundwater Recharge and 
Multiple Benefits 

Currently ongoing See Note 2 below See Note 4 below Ongoing 2021 
See Note 6 

below 

Sycamore Marsh Farm Direct 
Recharge Project 

Currently ongoing See Note 2 below See Note 4 below Ongoing 2020 
See Note 6 

below 
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Table 3. Implementation Criteria, Notice Process, Permitting and Regulatory Process, and Timeline for all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(1)(A) 
CCR 

§354.44(b)(1)(B) CCR §354.44(b)(3) CCR §354.44(b)(4) 

Project/Management Action 
Name 

Implementation and 
Termination 

Timing/Criteria for 
Implementation 

Public and/or Inter-
Agency Notice 

Process 

Required 
Permitting and 

Regulatory 
Process or Status 

of Permitting 

Current Status 
(Ongoing, Planned, 

Potential or 
Concept) 

Anticipated 
Start Date 

(Year) 

Anticipated 
Completion 
Date (Year) 

Glenn-Colusa Irrigation 
District Expansion of In-Basin 
Program for In-lieu 
Groundwater Recharge 

Currently ongoing See Note 2 below See Note 4 below Ongoing 2021 
See Note 6 

below 

Orland Unit Water Users 
Association Irrigation 
Modernization for 
Increased Surface Water 
Delivery and Reduced 
Groundwater Pumping 

See Note 1 below See Note 3 below See Note 5 below Ongoing 
See Note 6 

below 
See Note 6 

below 

Urban Water Conservation 
in Willows 

Currently ongoing See Note 2 below See Note 4 below Ongoing 2016 
See Note 6 

below 

Potential 

Colusa County Public Water 
System Water Treatment Plant 

See Note 1 below See Note 3 below See Note 5 below Potential 
See Note 6 

below 
See Note 6 

below 

Delevan Pipeline Colusa Basin 
Drain Intertie 

  See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 

Sycamore Slough Colusa 
Basin Drain Multi-Benefit 
Recharge Project 

  See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 

Tehama-Colusa Canal Trickle 
Flow to Ephemeral Streams 

  See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 

Westside Streams Diversion 
for Direct or In-lieu 
Groundwater Recharge 

See Note 1 below See Note 3 below See Note 5 below Potential 
See Note 6 

below 
See Note 6 

below 

Reduce Non-beneficial 
Evapotranspiration/Invasive 
Species Eradication (Arundo, 
Eucalyptus, Tamarisk, etc.) 

See Note 1 below See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 
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Table 3. Implementation Criteria, Notice Process, Permitting and Regulatory Process, and Timeline for all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(1)(A) 
CCR 

§354.44(b)(1)(B) CCR §354.44(b)(3) CCR §354.44(b)(4) 

Project/Management Action 
Name 

Implementation and 
Termination 

Timing/Criteria for 
Implementation 

Public and/or Inter-
Agency Notice 

Process 

Required 
Permitting and 

Regulatory 
Process or Status 

of Permitting 

Current Status 
(Ongoing, Planned, 

Potential or 
Concept) 

Anticipated 
Start Date 

(Year) 

Anticipated 
Completion 
Date (Year) 

Enhanced Infiltration 
of Precipitation on 
Agricultural Lands 

See Note 1 below See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 

Colusa Subbasin Flood-MAR See Note 1 below See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 

Reclamation District 108 
“Boards In” Program 

See Note 1 below See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 

Glenn-Colusa Irrigation 
District In-lieu Groundwater 
Recharge 

See Note 1 below See Note 3 below See Note 5 below Potential 
See Note 6 

below 
See Note 6 

below 

Glenn-Colusa Irrigation 
District Water Transfers to 
TCCA CVP Contractors 

See Note 1 below See Note 3 below See Note 5 below Potential 
See Note 6 

below 
See Note 6 

below 

Orland-Artois Water District 
Direct Groundwater Recharge 

See Note 1 below See Note 2 below See Note 4 below 
Concept (pilot 

project complete) 
See Note 6 

below 
See Note 6 

below 

Orland Unit Water Users 
Association Flood Water 
Conveyance  

See Note 1 below See Note 3 below See Note 5 below Potential 
See Note 6 

below 
See Note 6 

below 

Sites Reservoir See Note 1 below See Note 3 below See Note 5 below 
Concept, developing 

funding 
See Note 6 

below 
See Note 6 

below 

Colusa Subbasin In-lieu 
Recharge & Banking Program 

See Note 1 below See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 

Sycamore Marsh Farm In-lieu 
Recharge Project 

See Note 1 below See Note 2 below See Note 4 below Concept 
See Note 6 

below 
See Note 6 

below 

Westside Offstream 
Reservoir and In-Lieu 
Groundwater Recharge 

See Note 1 below See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 

Domestic Well Mitigation 
Program 

See Note 1 below See Note 3 below See Note 5 below Potential 
See Note 6 

below 
See Note 6 

below 

Strategic Short-Term 
Demand Management 

See Note 1 below See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 
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Table 3. Implementation Criteria, Notice Process, Permitting and Regulatory Process, and Timeline for all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(1)(A) 
CCR 

§354.44(b)(1)(B) CCR §354.44(b)(3) CCR §354.44(b)(4) 

Project/Management Action 
Name 

Implementation and 
Termination 

Timing/Criteria for 
Implementation 

Public and/or Inter-
Agency Notice 

Process 

Required 
Permitting and 

Regulatory 
Process or Status 

of Permitting 

Current Status 
(Ongoing, Planned, 

Potential or 
Concept) 

Anticipated 
Start Date 

(Year) 

Anticipated 
Completion 
Date (Year) 

Long-Term Demand 
Management Action 

  See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 

Well Abandonment Outreach 
and Funding Program 

See Note 1 below See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 

Preservation of Lands 
Favorable for Recharge 

See Note 1 below See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 

Review of County Well 
Permitting Ordinances 

See Note 1 below See Note 3 below See Note 5 below Concept 
See Note 6 

below 
See Note 6 

below 

Drought Contingency 
Planning for Urban Areas 

See Note 1 below See Note 3 below See Note 5 below Potential 
See Note 6 

below 
See Note 6 

below 

Development of a Dedicated 
Network of Shallow 
Monitoring Wells for GDE 
Monitoring 

See Note 1 below See Note 3 below See Note 5 below Potential 
See Note 6 

below 
See Note 6 

below 

Notes: 

1. This project is currently in the early conceptual stage. Thus the implementation and termination dates have yet to be determined. Criteria for implementation may, among other factors, be linked 
to the measurable objectives and provided in annual reports. 

2. Public and/or Inter-Agency Noticing is being facilitated through GSA board meetings, GSA and/or cooperating agency website(s), GSA newsletter, member agency newsletter, inter-basin 
coordination meetings, member agency governing body public meetings, GSP annual report(s), public scoping meetings and environmental/regulatory permitting notification.  

3. Public and/or Inter-Agency Noticing will be facilitated through GSA board meetings, GSA and/or cooperating agency website(s), GSA newsletter, member agency newsletter, inter-basin 
coordination meetings, member agency governing body public meetings, GSP annual report(s), public scoping meetings and environmental/regulatory permitting notification. 

4. Required permitting and regulatory review is being initiated through consultation with applicable governing agencies. Governing agencies for which consultation is being initiated may include, but 
is not limited to: the California Department of Water Resources (DWR), the California State Water Resources Control Board (SWRCB), the California Department of Fish and Wildlife (CDFW), the 
Central Valley Flood Protection Board (Flood Board), Regional Water Boards, the United States Bureau of Reclamation (Reclamation or USBR), the United States Army Corps of Engineers (USACE), 
the United States Fish and Wildlife Service (USFWS), the National Marine Fisheries Service (NMFS), Local Agency Formation Commissions (LAFCO), the Counties of Colusa and/or Glenn, and the 
California Air Resources Board (CARB). 

5. Required permitting and regulatory review will be project specific and initiated through consultation with applicable governing agencies. Governing agencies for which consultation is being 
initiated may include, but is not limited to: DWR, SWRCB, CDFW, Flood Board, Regional Water Boards, USBR, USACE, USFWS, NMFS, LAFCO, Counties of Colusa and/or Glenn, and CARB.  

6. This project is currently in the early conceptual stage. Thus, the start and completion dates for this project have yet to be determined and will be provided in annual reports when known. 
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Table 4. Anticipated Benefits of all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(5)    

Project/Management Action Name 
Measurable Objectives Expected 

to Benefit Multi-Benefits Expected 

Serves Disadvantaged 
Community (If so, 

which one?) Expected Yield 

Planned 

Colusa County Water District In-
Lieu Groundwater Recharge 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

 See Note 1 below 27,000 af/year 

Colusa Drain MWC In-Lieu 
Groundwater Recharge 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

 See Note 1 below 28,000 af/year 

Colusa Subbasin Multi-Benefit 
Groundwater Recharge 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

Ponded habitat for migratory 
birds 

See Note 1 below 5,200 af/year 

Orland-Artois Water District Land 
Annexation and Groundwater 
Recharge  

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

 See Note 1 below 23,000 af/year 

Sycamore Slough Groundwater 
Recharge Pilot Project 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

Ponded habitat for migratory 
birds 

See Note 1 below 
5,000 af over 

10 years 

Ongoing 

Reclamation District 108 and Colusa 
County Water District Agreement 
for Five-Year In-Lieu Groundwater 
Recharge Project 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

  See Note 1 below 8,000 af/year 

Glenn-Colusa Irrigation District 
Strategic Winter Water Use for 
Groundwater Recharge and 
Multiple Benefits 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

Increased ponded habitat for 
migratory birds and 
improved air quality through 
reduced rice straw burning 

See Note 1 below See Note 2 below 
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Table 4. Anticipated Benefits of all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(5)    

Project/Management Action Name 
Measurable Objectives Expected 

to Benefit Multi-Benefits Expected 

Serves Disadvantaged 
Community (If so, 

which one?) Expected Yield 

Sycamore Marsh Farm Direct 
Recharge Project 

Groundwater levels, groundwater 
storage, depletions of 
interconnected surface water, land 
subsidence, and potentially 
groundwater quality  

Ponded habitat for migratory 
birds 

See Note 1 below See Note 2 below 

Glenn-Colusa Irrigation District 
Expansion of In-Basin Program for 
In-lieu Groundwater Recharge 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

  See Note 1 below See Note 2 below 

Orland Unit Water Users 
Association Irrigation 
Modernization for Increased 
Surface Water Delivery and 
Reduced Groundwater Pumping 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

  See Note 1 below See Note 2 below 

Urban Water Conservation in 
Willows 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

  See Note 1 below 2 af/year 

Potential 

Colusa County Public Water System 
Water Treatment Plant 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

Improved drinking water 
quality; Arbuckle and 
Dunnigan face loss of well 
supply; Grimes and Princeton 
have drinking well arsenic 
contamination; Williams has 
elevated salinity (TDS) levels 

See Note 1 below See Note 2 below 

Delevan Pipeline Colusa Basin 
Drain Intertie 

Groundwater levels, groundwater 
storage, depletions of 
interconnected surface water, and 
land subsidence (to the extent that 
project yield is dedicated to 
recharge projects) 

 See Note 1 below See Note 2 below 
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Table 4. Anticipated Benefits of all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(5)    

Project/Management Action Name 
Measurable Objectives Expected 

to Benefit Multi-Benefits Expected 

Serves Disadvantaged 
Community (If so, 

which one?) Expected Yield 

Sycamore Slough Colusa Basin Drain 
Multi-Benefit Recharge Project 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

Ponded habitat for migratory 
birds, along with other 
environmental benefits 

See Note 1 below See Note 2 below 

Tehama-Colusa Canal Trickle Flow 
to Ephemeral Streams 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

 See Note 1 below See Note 2 below 

Westside Streams Diversion for 
Direct or In-lieu Groundwater 
Recharge 

Groundwater levels, groundwater 
storage, depletions of 
interconnected surface water, land 
subsidence 

Reduced flood impacts to the 
extent that diversions reduce 
the severity of downstream 
flooding 

See Note 1 below 

Dependent on scale of 
implementation; 

between roughly 1,000 
to 16,000 af/year 

Reduce Non-beneficial 
Evapotranspiration/Invasive 
Species Eradication (Arundo, 
Eucalyptus, Tamarisk, etc.) 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

Decreased ET; increased 
native vegetation / habitat; 
decreased sediment trapping 

See Note 1 below See Note 2 below 

Enhanced Infiltration of 
Precipitation on Agricultural Lands 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

Increased groundwater 
recharge 

See Note 1 below See Note 2 below 

Colusa Subbasin Flood-MAR 
Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

  See Note 1 below See Note 2 below 

Reclamation District 108 “Boards 
In” Program 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

Possible ponded habitat for 
migratory birds 

See Note 1 below 

Dependent on scale 
of implementation; 

estimated 
1,800 af/year  

(if 20% of rice fields 
in RD108 participate) 

Glenn-Colusa Irrigation District In-
lieu Groundwater Recharge 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

  See Note 1 below See Note 2 below 
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Table 4. Anticipated Benefits of all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(5)    

Project/Management Action Name 
Measurable Objectives Expected 

to Benefit Multi-Benefits Expected 

Serves Disadvantaged 
Community (If so, 

which one?) Expected Yield 

Glenn-Colusa Irrigation District 
Water Transfers to TCCA CVP 
Contractors 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

  See Note 1 below See Note 2 below 

Orland-Artois Water District Direct 
Groundwater Recharge 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

Possible ponded habitat for 
migratory birds depending 
on timing of flooding 

See Note 1 below See Note 2 below 

Orland Unit Water Users Association 
Flood Water Conveyance  

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

  See Note 1 below See Note 2 below 

Sites Reservoir 

Groundwater levels, groundwater 
storage, depletions of 
interconnected surface water, and 
land subsidence (to the extent that 
project yield is dedicated to 
recharge projects). 

Increased local, regional, and 
statewide water supply 
reliability, climate change 
resiliency, recreation, 
increased cold water pool for 
endangered salmon 

See Note 1 below See Note 2 below 

Colusa Subbasin In-lieu Recharge & 
Banking Program 

Groundwater levels, groundwater 
storage, depletions of 
interconnected surface water, land 
subsidence, and potentially 
groundwater quality  

  See Note 1 below See Note 2 below 

Sycamore Marsh Farm In-lieu 
Recharge Project 

Groundwater levels, groundwater 
storage, depletions of 
interconnected surface water, land 
subsidence, and potentially 
groundwater quality  

  See Note 1 below See Note 2 below 

Westside Off-stream Reservoir and 
In-Lieu Groundwater Recharge 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

  See Note 1 below See Note 2 below 

Domestic Well Mitigation Program None   See Note 1 below None 
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Table 4. Anticipated Benefits of all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(5)    

Project/Management Action Name 
Measurable Objectives Expected 

to Benefit Multi-Benefits Expected 

Serves Disadvantaged 
Community (If so, 

which one?) Expected Yield 

Strategic Short-Term Demand 
Management 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water in 
areas with potential sustainability 
challenges 

Yes, potential for multi-
benefits on temporarily idled 
lands, depending on program 
design 

See Note 1 below See Note 2 below 

Long-Term Demand 
Management Action 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

  See Note 1 below See Note 2 below 

Well Abandonment Outreach and 
Funding Program 

Water quality   See Note 1 below None 

Preservation of Lands Favorable for 
Recharge 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

  See Note 1 below See Note 2 below 

Review of County Well Permitting 
Ordinances 

Potentially: groundwater levels, 
groundwater storage, depletions of 
interconnected surface water, land 
subsidence, and groundwater 
quality 

 See Note 1 below See Note 2 below 

Drought Contingency Planning for 
Urban Areas 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

  See Note 1 below See Note 2 below 

Development of a Dedicated 
Network of Shallow Monitoring 
Wells for GDE Monitoring 

Groundwater levels, groundwater 
storage, and depletions of 
interconnected surface water 

GDEs, riparian habitat See Note 1 below See Note 2 below 

Notes: 

1. The majority of the areas within the Colusa Subbasin are classified as either Severely Disadvantaged Communities, Disadvantaged Communities, or Economically Distressed Areas. 

2. This project is currently in the early conceptual stage. Thus, the expected yield of this project has yet to be determined and will be reported in annual reports when known.  
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Table 5. Benefit Evaluation and Water Source for all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(5) CCR §354.44(b)(6) 

Project/Management Action Name Benefit Evaluation Methodology Water Source Water Source Reliability 

Planned 

Colusa County Water District In-
Lieu Groundwater Recharge 

See Note 1 below 

Sacramento River through CCWD's 
existing CVP contract and annual and 
multi-year water purchases and 
transfer agreements  

Water purchases and transfers in all 
but Critical years 

Colusa Drain MWC In-Lieu 
Groundwater Recharge 

See Note 2 below 

Sacramento River through CDMWC 
contractual rights with USBR together 
with annual and multi-year transfer 
agreements with USBR settlement 
contractors utilizing the Colusa 
Basin Drain. 

To be determined 

Colusa Subbasin Multi-Benefit 
Groundwater Recharge 

See Note 1 below 
Sacramento River under a variety of 
water rights, contracts, and water 
purchase and transfer agreements 

Uncertain at this time 

Orland-Artois Water District Land 
Annexation and Groundwater 
Recharge  

See Note 1 below 

Sacramento River through annual and 
multi-year water purchases and 
transfer agreements for in-lieu 
recharge, and Section 215 water for 
direct recharge 

Water purchases and transfers in all 
but Critical years; Section 215 water 
subject to hydrology and river system 
conditions 

Sycamore Slough Groundwater 
Recharge Pilot Project 

See Note 2 below Sacramento River  Uncertain at this time 

Ongoing 

Reclamation District 108 and Colusa 
County Water District Agreement 
for Five-Year In-Lieu Groundwater 
Recharge Project 

See Note 2 below 

Sacramento River water available to 
RD108 through contractual rights 
under Sacramento River Settlement 
Contract 14-06-200-876A between 
RD108 and the Bureau of Reclamation 

Settlement contract water supply 
subject to 25% reductions in Shasta 
critical years 

Glenn-Colusa Irrigation District 
Strategic Winter Water Use for 
Groundwater Recharge and 
Multiple Benefits 

See Note 1 below 

Appropriative water right for diversion 
and use of "winter water" from 
November 1 through March 31 
each year 

Appropriative winter water supplies 
subject to availability and curtailments 
according to water right Term 91 
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Table 5. Benefit Evaluation and Water Source for all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(5) CCR §354.44(b)(6) 

Project/Management Action Name Benefit Evaluation Methodology Water Source Water Source Reliability 

Sycamore Marsh Farm Direct 
Recharge Project 

See Note 1 below Colusa Basin Drain To be determined 

Glenn-Colusa Irrigation District 
Expansion of In-Basin Program for 
In-lieu Groundwater Recharge 

See Note 1 below 
Sacramento River under GCID's 
contractual and appropriative rights  

Supplies potentially available only in 
Shasta Non-Critical years; reliable 
during those years 

Orland Unit Water Users 
Association Irrigation 
Modernization for Increased 
Surface Water Delivery and 
Reduced Groundwater Pumping 

See Note 2 below 
Stony Creek water available to the 
OUWUA under the Angle Decree 

Highly reliable with significant 
shortages historically occurring once 
every 10 to 20 years on average 

Urban Water Conservation in 
Willows 

See Note 1 below N/A N/A 

Potential 

Colusa County Public Water System 
Water Treatment Plant 

See Note 2 below 
Sacramento River under new 
appropriative water rights 

Uncertain at this time 

Delevan Pipeline Colusa Basin Drain 
Intertie 

See Note 2 below 

Sacramento River under new 
appropriative water rights (conveyed 
to Sites Reservoir and through 
Delevan Pipeline) 

Uncertain at this time 

Sycamore Slough Colusa Basin 
Drain Multi-Benefit Recharge 
Project 

See Note 2 below 
Sacramento River (settlement 
contracts before November 1; riparian 
rights at other times) 

Expected to be reliable, but the precise 
volume of available water is uncertain 
at this time 

Tehama-Colusa Canal Trickle Flow 
to Ephemeral Streams 

See Note 2 below 
Sacramento River (conveyed 
through TCC) 

Uncertain at this time 

Westside Streams Diversion for 
Direct or In-lieu Groundwater 
Recharge 

See Note 2 below 

Westside Streams: Willow Creek, Logan 
Creek, Hunters Creek, Funks Creek, 
Stone Corral Creek, Salt Creek, and 
potentially smaller streams 

Only available during periods of runoff 
occurring during heavy precipitation 
events or wet years 

Reduce Non-beneficial 
Evapotranspiration/Invasive 
Species Eradication (Arundo, 
Eucalyptus, Tamarisk, etc.) 

See Note 2 below N/A N/A 
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Table 5. Benefit Evaluation and Water Source for all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(5) CCR §354.44(b)(6) 

Project/Management Action Name Benefit Evaluation Methodology Water Source Water Source Reliability 

Enhanced Infiltration of 
Precipitation on Agricultural Lands 

See Note 2 below Precipitation Variable  

Colusa Subbasin Flood-MAR See Note 2 below To be determined To be determined 

Reclamation District 108 “Boards 
In” Program 

See Note 2 below Precipitation Variable  

Glenn-Colusa Irrigation District In-
lieu Groundwater Recharge 

See Note 2 below 

Sacramento River under GCID's 
contractual rights according to its 
Sacramento River Water Right 
Settlement contract and under an 
appropriative water right for diversion 
and use of "winter water" from 
November 1 through March 31 
each year. 

Settlement contract water supplies 
subject to 25% reductions in Shasta 
Critical years; appropriative winter 
water subject to availability and 
curtailments according to water right 
Term 91 

Glenn-Colusa Irrigation District 
Water Transfers to TCCA CVP 
Contractors 

See Note 2 below 

Sacramento River under GCID's 
contractual rights according to its 
Sacramento River Water Right 
Settlement contract  

Settlement contract water supply 
subject to 25% reductions in Shasta 
Critical years 

Orland-Artois Water District Direct 
Groundwater Recharge 

See Note 1 below Sacramento River Section 215 water  
Highly variable; available only during 
periods of high flow in Sacramento 
River and tributaries 

Orland Unit Water Users 
Association Flood Water 
Conveyance  

See Note 2 below 
Stony Creek flood releases that cannot 
be held in Stony Creek reservoirs 

Highly variable year to year depending 
on hydrology 

Sites Reservoir See Note 2 below 
Sacramento River under new 
appropriative water rights 

New water rights would have junior 
priority and therefore would be 
subject to senior rights and water right 
Term 91 

Colusa Subbasin In-lieu Recharge & 
Banking Program 

See Note 2 below To be determined To be determined 

Sycamore Marsh Farm In-lieu 
Recharge Project 

See Note 1 below Colusa Basin Drain To be determined 
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Table 5. Benefit Evaluation and Water Source for all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(5) CCR §354.44(b)(6) 

Project/Management Action Name Benefit Evaluation Methodology Water Source Water Source Reliability 

Westside Off-stream Reservoir and 
In-Lieu Groundwater Recharge 

See Note 2 below Sacramento River Section 215 water  
Highly variable; available only during 
periods of high flow in Sacramento 
River and tributaries 

Domestic Well Mitigation Program See Note 2 below N/A N/A 

Strategic Short-Term Demand 
Management 

See Note 2 below N/A N/A 

Long-Term Demand Management 
Action 

See Note 2 below N/A N/A 

Well Abandonment Outreach and 
Funding Program 

See Note 2 below N/A N/A 

Preservation of Lands Favorable for 
Recharge 

See Note 2 below N/A N/A 

Review of County Well Permitting 
Ordinances 

See Note 2 below N/A N/A 

Drought Contingency Planning for 
Urban Areas 

See Note 2 below N/A N/A 

Development of a Dedicated 
Network of Shallow Monitoring 
Wells for GDE Monitoring 

See Note 2 below N/A N/A 

Notes: 

1. Evaluation of benefits will be based on analysis of pre- and post-project measurements supported by modeling. These analyses may include: flow measurement consistent with SBx7-7  
(23 CCR §931-938), ET analysis, reductions in GW use, well monitoring, determination of infiltration rates, water balance analysis, as-built drawings and stream gaging. Modeling will be done with 
the C2VSimFG-Colusa model used for GSP development. 

2. Evaluation of benefits is based on analysis of pre- and post-project measurements supported by modeling. These analyses may include: flow measurement consistent with SBx7-7  
(23 CCR §931-938), ET analysis, reductions in GW use, well monitoring, determination of infiltration rates, water balance analysis, as-built drawings and stream gaging. Modeling will be done with 
the C2VSimFG-Colusa model used for GSP development. 
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Table 6. Legal Authority Requirements, Estimated Cost, and Potential Funding Sources for all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(7) CCR §354.44(b)(8) 

Project/Management Action Name Legal Authority Required Estimated Cost 
Potential Funding 

Sources 

Planned 

Colusa County Water District In-Lieu 
Groundwater Recharge 

As a water district formed under state law, CCWD has 
the legal authority to annex land into the district and 
provide water service to annexed lands 

Under development; 10% 
design and capital cost 

estimate expected 
August 2021. 

See Note 2 below 

Colusa Drain MWC In-Lieu 
Groundwater Recharge 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

$1,725,000 See Note 2 below 

Colusa Subbasin Multi-Benefit 
Groundwater Recharge 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

Under development See Note 2 below 

Orland-Artois Water District Land 
Annexation and Groundwater 
Recharge  

As a water district formed under state law, OAWD has 
the legal authority to annex land into the district and 
provide water service to annexed lands 

$20 million estimated 
capital cost; $2.63 million 

per year (water supply 
cost and other O&M cost) 

See Note 2 below 

Sycamore Slough Groundwater 
Recharge Pilot Project 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Ongoing 

Reclamation District 108 and Colusa 
County Water District Agreement for 
Five-Year In-Lieu Groundwater 
Recharge Project 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Glenn-Colusa Irrigation District Strategic 
Winter Water Use for Groundwater 
Recharge and Multiple Benefits 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Sycamore Marsh Farm Direct 
Recharge Project 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Glenn-Colusa Irrigation District 
Expansion of In-Basin Program for In-
lieu Groundwater Recharge 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 
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Table 6. Legal Authority Requirements, Estimated Cost, and Potential Funding Sources for all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(7) CCR §354.44(b)(8) 

Project/Management Action Name Legal Authority Required Estimated Cost 
Potential Funding 

Sources 

Orland Unit Water Users Association 
Irrigation Modernization for Increased 
Surface Water Delivery and Reduced 
Groundwater Pumping 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Urban Water Conservation in Willows 
GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

Cost covered by rate 
structure of Cal Water - 

Willows Division 
See Note 2 below 

Potential 

Colusa County Public Water System 
Water Treatment Plant 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Delevan Pipeline Colusa Basin Drain 
Intertie 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Sycamore Slough Colusa Basin Drain 
Multi-Benefit Recharge Project 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Tehama-Colusa Canal Trickle Flow to 
Ephemeral Streams 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Westside Streams Diversion for Direct 
or In-lieu Groundwater Recharge 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Reduce Non-beneficial 
Evapotranspiration/Invasive Species 
Eradication (Arundo, Eucalyptus, 
Tamarisk, etc.) 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Enhanced Infiltration of Precipitation 
on Agricultural Lands 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Colusa Subbasin Flood-MAR 
GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Reclamation District 108 “Boards In” 
Program 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Glenn-Colusa Irrigation District In-lieu 
Groundwater Recharge 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 
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Table 6. Legal Authority Requirements, Estimated Cost, and Potential Funding Sources for all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(7) CCR §354.44(b)(8) 

Project/Management Action Name Legal Authority Required Estimated Cost 
Potential Funding 

Sources 

Glenn-Colusa Irrigation District Strategic 
Winter Water Use for Groundwater 
Recharge and Multiple Benefits 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Glenn-Colusa Irrigation District 
Expansion of In-Basin Program for In-
lieu Groundwater Recharge 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Glenn-Colusa Irrigation District Water 
Transfers to TCCA CVP Contractors 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Orland-Artois Water District Direct 
Groundwater Recharge 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Orland Unit Water Users Association 
Flood Water Conveyance  

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Sites Reservoir 
GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

$5.2 billion See Note 2 below 

Colusa Subbasin In-lieu Recharge & 
Banking Program 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Sycamore Marsh Farm In-lieu 
Recharge Project 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Westside Off-stream Reservoir and In-
Lieu Groundwater Recharge 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Domestic Well Mitigation Program 
GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Strategic Short-Term Demand 
Management 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Long-Term Demand Management 
Action 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Well Abandonment Outreach and 
Funding Program 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Preservation of Lands Favorable for 
Recharge 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 
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Table 6. Legal Authority Requirements, Estimated Cost, and Potential Funding Sources for all Projects and Management Actions. 

CCR § 354.44 CCR §354.44(b)(7) CCR §354.44(b)(8) 

Project/Management Action Name Legal Authority Required Estimated Cost 
Potential Funding 

Sources 

Review of County Well Permitting 
Ordinances 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects, and 
Counties have the authority to review and modify county 
well permitting ordinances 

See Note 1 below See Note 2 below 

Drought Contingency Planning for 
Urban Areas 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Development of a Dedicated Network 
of Shallow Monitoring Wells for GDE 
Monitoring 

GSAs, Districts and individual project proponents have 
the authority to plan and implement projects 

See Note 1 below See Note 2 below 

Notes: 

1. This project is currently in the early conceptual stage. Thus, the anticipated costs of this project have yet to be determined and will be reported in GSP annual reports and five-year updates 
when known.  

Potential funding sources are being evaluated as project planning continues; they include, but are not limited to, the following: grants, loans, bonds, assessment fees, and cost-sharing programs. 
Potential funding sources will be reported in GSP annual reports and five-year updates when known. 
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Specialists in Agricultural Water Management  
Serving Stewards of Western Water since 1993  

 

Technical Memorandum 

To:   Colusa Groundwater Authority and Glenn Groundwater Authority  

From:   Davids Engineering 

Date:   July 14, 2021  

Subject:  Development of Modeling Parameters for Simulating Projects and Management 
Actions in the Colusa Subbasin 

Introduction 

The Groundwater Sustainability Plan (GSP) emergency regulations, described in 23 CCR §354.441, 

require Groundwater Sustainability Agencies (GSAs) to describe projects and management actions 

(PMAs) that will achieve the sustainability goal for the basin and respond to changing conditions in the 

basin. Among other required information, GSAs must describe the benefits that are expected to be 

realized from the PMAs and how those benefits will be evaluated (23 CCR §354.44(b)(5)). The 

development and description of PMAs must be supported by the best available information and best 

available science (23 CCR §354.44(c)). 

This technical memorandum (TM) describes the modeling approach and model inputs that were used to 

simulate the expected benefits of planned PMAs in the Colusa Subbasin (Subbasin) using the C2VSimFG-

Colusa model (model). The model inputs reflect the anticipated volume and timing of surface water 

supply available through specific PMAs for direct and in-lieu groundwater recharge. The model inputs 

also characterize where that water would be beneficially used within the Subbasin.  

In addition to the model inputs, this memorandum summarizes model results from the PMA simulations 

that represent the quantitative benefits of these PMAs on projected future groundwater conditions in 

the Subbasin. At the time of GSP development, the model is considered to provide the best available 

information on groundwater conditions in the Subbasin, and the accuracy of this information is generally 

sufficient to support GSP preparation, including description of PMA benefits.  

  

 
1 California Code of Regulations, Title 23, Division 2, Chapter 1.5, Subchapter 2 Groundwater Sustainability Plans, 
Article 5, Section 354.28 Minimum Thresholds. 
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Overview of Modeled PMAs 

There are five planned projects described in the Colusa Subbasin GSP that are on track for implementation. 

Three of those projects were selected for simulation in the model in order to gain initial insights into the 

magnitude of impacts from these projects. These three projects are substantial recharge projects that 

could have large effects on groundwater conditions relative to other PMAs. Model inputs and model 

results for the three modeled projects are the focus of this TM. However, the modeling approach and 

inputs described for these projects can be adapted to simulate other similar projects. 

General background on the three modeled projects is provided below. Additional information about these 

PMAs and others is included in Chapter 6 of the Colusa Subbasin GSP, Projects and Management Actions.  

Colusa County Water District In-Lieu Groundwater Recharge 
Colusa County Water District (CCWD) has a total service area of approximately 46,000 acres, of which 

39,875 acres are currently irrigable with existing District infrastructure. The majority of irrigated land is 

used to cultivate permanent crops. CCWD delivers surface water to approximately 35,000 acres, with 

the remaining acres being idle or irrigated with privately pumped groundwater. Currently, CCWD has 

access to Central Valley Project (CVP) water supplies through its own contracts and through transfers 

primarily from Westside Water District and, more recently, from Reclamation District 108 (RD108). 

Despite the availability of surface water, some CCWD growers choose to pump groundwater because it 

is less expensive than surface water and because groundwater requires less screening and filtering 

compared to district surface water. 

Under the CCWD In-Lieu Groundwater Recharge project, CCWD will acquire additional surface water and 

will establish incentives to make the cost of surface water the same or less than the cost of pumping 

groundwater, thereby incentivizing growers who would otherwise use groundwater to use surface 

water. The additional surface water is expected to be acquired under long-term water transfer 

agreements with other CVP contractors, including Sacramento River Settlement Contractors (settlement 

contractors), and potentially other sources. The plan is to acquire and deliver 30,000 acre-feet per year 

(AF/yr) except in Shasta Critical years (approximately one in 10 years2) when groundwater stored 

through in-lieu recharge in prior years would be used. 

Orland-Artois Water District Land Annexation and In-Lieu Groundwater Recharge 
Orland-Artois Water District (OAWD) has an existing service area of about 29,000 acres and delivers 

water to district landowners through 110 miles of pipelines and 300 metered delivery points. Surface 

water delivered by OAWD is available under a CVP water supply contract with the United States Bureau 

of Reclamation (Reclamation) and through short- and long-term transfer agreements with other CVP 

water contractors and settlement contractors. Historically, water transfers have been from Maxwell 

Irrigation District, Princeton-Codora-Glenn Irrigation District, and others. 

As part of the OAWD Land Annexation and In-Lieu Groundwater Recharge project, OAWD is working 

with a group of neighboring non-district landowners to annex approximately 12,000 acres of 

groundwater-dependent agricultural land into the district. Additional surface water for the annexed 

lands would be secured through multi-year purchase or transfer agreements with willing sellers, 

conveyed through the existing Tehama-Colusa (TC) Canal, and distributed to the annexed lands through 

 
2 Over the 50-year period from 1966-2015, five years were declared “Shasta Critical.” 
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new distribution facilities. Potential transferors include CVP water supply contractors and settlement 

contractors. The plan is to acquire and deliver 25,000 AF/yr of surface water to the annexed lands 

except in Shasta Critical years (approximately one in 10 years) when groundwater banked through in-

lieu recharge in prior years would be used. 

Colusa Subbasin Multi-Benefit Groundwater Recharge 
The Colusa Groundwater Authority (CGA) and The Nature Conservancy (TNC) collaborated in a multi-

benefit pilot project from 2018 through 2021 to demonstrate the project benefits to direct groundwater 

recharge and creation of habitat for migrating shorebirds. In the pilot project, multi-benefit recharge 

was conducted by recharging groundwater through normal farming operations at strategic times of year 

in order to provide critical wetland habitat for shorebirds migrating along the Pacific Flyway, and 

potential ancillary benefits for water levels near disadvantaged communities in the Subbasin. The pilot 

project concluded that multi-benefit recharge is feasible and does generate the intended recharge and 

habitat benefits, serving as an example of how the Subbasin-wide program could work. 

The planned Colusa Subbasin Multi-Benefit Groundwater Recharge project would expand on the pilot 

project to identify and contract with willing landowners who will participate in the program, and to 

develop program incentives and funding opportunities that will encourage enrollment, especially in 

areas that are most suitable for multi-benefit recharge. Each year, multi-benefit recharge would be 

implemented by applying surface water to participating fields and maintaining a shallow depth (4 inches 

maximum) for typically four to six weeks in the late summer and early fall (July 15 to October 15) and/or 

spring (March 15 to April 15),) when migratory bird habitat is needed. 

While the actual location and scale of the project will depend on voluntary landowner participation, 

areas in the Subbasin that are potentially favorable for multi-benefit recharge have already been 

identified through preliminary mapping based on: 

• Land use and crop characteristics that are suitable for recharge and could accept flooding in late 
summer and early fall (the period prioritized for modeling), with minimal impacts to crops and 
farming operations 

• Soil characteristics that are suitable for recharge, using the Soil Agricultural Groundwater Banking 
Index (SAGBI3) rating 

• Availability of surface water supplies for field-flooding during prime periods when migratory bird 
habitat is needed 

• Proximity to the Sacramento River, as those lands are expected to have the greatest positive 
impact on streamflows 

  

 
3 SAGBI is a suitability index indicating the potential for groundwater recharge on agricultural land, determined 
according to five main factors: deep percolation, root zone residence time, topography, chemical limitations, and 
soil surface condition. SAGBI ratings for lands in California are developed by the California Soil Resource Lab at UC 
Davis and UC-ANR, and are available online at: https://casoilresource.lawr.ucdavis.edu/sagbi/.  
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Analytic Approach 

Modeling Approach 
The quantitative benefits of the three modeled projects to groundwater conditions in the Subbasin were 

evaluated using the C2VSimFG-Colusa model (model), an integrated hydrologic flow model for the 

Subbasin. Development and refinement of this model to support GSP development is described in 

Appendix 3D. The C2VSimFG-Colusa model was adapted from the Fine Grid California Central Valley 

Groundwater-Surface Water Simulation Model (C2VSimFG). 

The model simulates inflows and outflows between the Subbasin surface water system and 

groundwater system in a grid of land elements, stream nodes, and groundwater nodes that span and 

surround the Subbasin. The model calculates a water budget for each element and node on a monthly 

timestep for different historical, current, and projected (future) scenarios described in the GSP. Results 

of these element and node-level water budgets are aggregated to quantify the historical, current, and 

projected water budgets for the entire Subbasin, as required in the GSP regulations. 

Among their many functions, user-defined model inputs are used to determine when, where, and how 

much water is applied to lands and ultimately recharges the groundwater system. Key water budget 

parameters that were evaluated to quantify the groundwater recharge benefits of the three modeled 

projects include: 

• Surface Water Diversions: Surface water diverted from a stream node and delivered to 

elements. Surface water diversions are a user-defined model input, and are summarized to 

describe the average annual surface water volume diverted for the PMA. 

• Groundwater Pumping: Groundwater pumped to meet water demand in elements. For these 

projects, groundwater pumping is calculated by the model to meet the remaining irrigation 

demand after surface water is applied.  

• Seepage: For these projects, seepage represents water that is lost from streams, canals, or 

conveyance systems, flowing through the soil and to the groundwater system. Seepage is a 

component of groundwater recharge, and is calculated by the model. 

• Deep Percolation: For these projects, deep percolation represents the fraction of water applied 

to fields that flows through the soil and to the groundwater system. Deep percolation is a 

component of groundwater recharge, and is calculated by the model. 

Additional information about how the model operates, its inputs, and assumptions are provided in the 

model documentation and Appendix 3D. 

Modeled Project Areas 
Three project areas were explicitly defined in the C2VSimFG-Colusa model to quantify the effects and 

benefits of PMAs on the Subbasin water budget, specifically those related to groundwater conditions. 

These project areas, shown in Figure 1, include: 

1) Planned CCWD Project Area: a group of elements that approximately represents the CCWD 

service area  

2) Planned OAWD Project Area: a group of elements that approximately represents the existing 

OAWD service area and the 12,000 acres that OAWD plans to annex 
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3) Multi-Benefit Recharge Project Area: a group of elements that represents a hypothetical 

selection of potential recharge areas, containing fields identified through the process described 

later in this TM 

Each project area is represented by a group of elements that approximately represents the areas in 

which specific projects are expected to occur. Model inputs developed for the three modeled PMAs 

were applied and simulated in the elements represented in each project area.  

The C2VSimFG-Colusa model calculates the water budget for each model element for each monthly 

timestep, including the elements in each project area. For all elements in each project area, the 

element-level water budget results were summed to aggregate project area water budget results. 
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Model Scenarios 
Two model scenarios were considered for quantifying the effects and benefits of PMAs on the Subbasin: 

• Without-Projects Scenario—Projected Future Conditions with 2070 Climate Change and without 

Projects. This is the projection of future conditions over the 50-year period from 2016 through 

2065, assuming climate change effects are occurring, but that no groundwater recharge or other 

types of projects are implemented. Climate change adjustments were made to the precipitation, 

evapotranspiration, and surface water supply model inputs to reflect the estimated effects of 

climate change based on the 2070 Central Tendency climate change datasets provided by DWR 

to support GSP development.4 The main effect of these adjustments is an estimated increase in 

future crop water requirements, which result in the need for increased groundwater pumping. 

• With-Projects Scenario—Projected Future Conditions with 2070 Climate Change and with 

Projects. This is the same as the “without-projects” scenario, except that it is assumed that the 

three modeled projects are in operation during the full duration of the 50-year simulation. 

Hereinafter, for convenience, these model scenarios are referred to as the “without-project” and “with-

project” scenarios, respectively. The model inputs differ only due to projects; thus, differences in model 

results between these scenarios are due entirely to the effects of the projects. 

The analysis period and assumptions about hydrology, land use, and water supplies associated with each 

model scenario are summarized in Table 1. Projected future water supplies and land use are expected to 

vary depending on Shasta watershed hydrologic conditions and related CVP operations plans prepared 

by Reclamation. Water supplies and flows through the Subbasin may be reduced in hydrologic years 

designated by Reclamation as Shasta Critical5, such as 2015, resulting in reduced cropped acreage in 

those years. In Shasta Non-Critical years, water supplies and land use are expected to be similar to 

current conditions in recent non-drought years, such as 2013. In the future analysis period (2016-2065), 

future years are mapped to a series of historical years that were selected to represent historical 

hydrology as the baseline for estimating future hydrology (23 CCR §354.18(c)(3)). The Shasta Critical or 

Non-Critical designation of those historical years was also mapped to the corresponding future years. 

Additional information on these scenarios is provided in Chapter 3, Section 3.3, of the Subbasin GSP. 

 

  

 
4 Climatological, hydrological, and water operations datasets, change factors, and the DWR Climate Change 
Resource Guide are available at: https://data.cnra.ca.gov/dataset/sgma-climate-change-resources. 
5 In general, Shasta Critical conditions are declared when the forecast inflow to Lake Shasta for a particular water 
year is equal to or less than 3.2 million AF. Conversely, Shasta Non-Critical conditions are declared when the 
forecast inflow to Lake Shasta for a particular water year exceeds 3.2 million AF. Between 1966-2015, five years 
were “Shasta Critical,” or approximately 1 in 10 years. 
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Table 1. Summary of Water Budget Assumptions Used for the Without-Projects Scenario and With-
Projects Scenario 

Model Scenario 
Analysis 
Period1 Hydrology Land Use Water Supplies 

Without-Projects 
Scenario: Projected 
Future Conditions with 
2070 Climate Change 
and without Projects 

2016 to 2065 Historical (1966 to 
2015), adjusted 
based on 2070 
Central Tendency 
climate change 
datasets 

Current (2013 and 
2015) used for Shasta 
Non-Critical and 
Shasta Critical, 
respectively 

Same as Current 
(see above), 
adjusted for 2070 
Central Tendency 
climate change 

With-Projects 
Scenario—Projected 
Future Conditions with 
2070 Climate Change 
and with Projects. 

2016 to 2065 Historical (1966 to 
2015), adjusted 
based on 2070 
Central Tendency 
climate change 
datasets 

Current (2013 and 
2015) used for Shasta 
Non-Critical and 
Shasta Critical, 
respectively 

Same as Current 
(see above), 
adjusted for 2070 
Central Tendency 
climate change 

1 Results over the analysis period are summarized by water year (October 1 through September 30) 

Model Inputs for PMAs 

As described above, model inputs for the three modeled PMAs reflect the anticipated volume and 

timing of surface water supply available through the PMAs for direct and in-lieu groundwater recharge. 

The model inputs also characterize where that water is beneficially used within the Subbasin. Model 

inputs developed for each of the three modeled PMAs are described below. 

Colusa County Water District In-Lieu Groundwater Recharge 
Under the CCWD In-Lieu Groundwater recharge project, CCWD plans to acquire and deliver 30,000 AF/yr 

of additional surface water except in Shasta Critical years (approximately one in 10 years6).  

For modeling, it was assumed in the with-project scenario that an additional 30,000 AF/yr will be 

delivered to all irrigated agricultural land in model elements that approximately represent the CCWD 

service area (Figure 1) during Shasta Non-Critical years in the 2016-2065 analysis period. The 30,000 AF 

is in addition to surface water supplies delivered in the without-project scenario. In Shasta Critical years, 

no additional surface water is delivered to those elements. 

Orland-Artois Water District Land Annexation and Groundwater Recharge 
As part of the OAWD Land Annexation and In-Lieu Groundwater Recharge project, OAWD plans to annex 

approximately 12,000 acres of groundwater-dependent agricultural land into the district. OAWD also 

plans to acquire and deliver 25,000 AF/yr of surface water to the annexed lands except in Shasta Critical 

years (approximately one in 10 years).  

For modeling, it was assumed in the with-project scenario that an additional 25,000 AF/yr will be 

delivered to all irrigated agricultural land in the OAWD project area (Figure 1) during Shasta Non-Critical 

years in the 2016 to 2065 analysis period. The OAWD project area contains model elements that 

approximately represent the OAWD service area as well as the 12,000 acres that OAWD plans to annex. 

The 25,000 AF/yr is in addition to surface water supplies delivered in the without-project scenario. In 

 
6 Over the 50-year period from 1966-2015, five years were declared “Shasta Critical.” 
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Shasta Critical years, no additional surface water is delivered to the OAWD service area and 

groundwater is the sole irrigation supply source for the annexed area. 

Colusa Subbasin Multi-Benefit Groundwater Recharge 
In the Colusa Subbasin Multi-Benefit Recharge project, voluntarily participating growers will apply 

surface water to fields and maintain a shallow depth (4 inches maximum) for typically four to six weeks 

in the late summer and early fall (July 15 to October 15) and/or spring (March 15 to April 15),) when 

migratory shorebird habitat is needed. 

For modeling the multi-benefit groundwater recharge project, key assumptions and analyses were 

developed to identify one hypothetical project configuration as a “bookend” scenario, in which maximal 

grower participation occurs in areas with the greatest multi-benefit groundwater recharge potential. In 

practice, the actual location and scale of the project will depend on voluntary landowner participation 

from year to year. The assumptions and analyses underpinning the with-project scenario model inputs 

were formulated to estimate: 

• Where the greatest potential combination of multi-benefits could occur (considering 

groundwater recharge potential, habitat creation suitability, and other factors of interest)  

• When the project would be implemented (on a monthly and annual basis)  

• How much voluntary participation could occur (assuming, at a maximum, that all lands with the 

greatest potential combination of multi-benefits will participate each year water is available) 

The specific approach and assumptions are as follows:  

• A geospatial analysis was completed to identify all “potential recharge areas” in the Subbasin. 

All lands with the following characteristics were identified as potentially suitable for multi-

benefit groundwater recharge, and were assumed to enroll in the program in the with-project 

scenario: 

o Location: 

▪ Within the service area of a surface water supplier (Lands were assumed to 

have access to surface water supplies) 

▪ Within six miles of the Sacramento River (Lands were considered to allow 

maximum mitigating effects on streamflow depletion, a factor of interest to 

modeling; this may not necessarily be a factor in actual program 

implementation) 

o Soil characteristics: Soils that are suitable for groundwater recharge (indicated by a 

SAGBI rating of “moderately good,” “good,” or “excellent”) 

o Land use: Crops that are suitable for recharge and could accept flooding in late summer 

and early fall (the period prioritized for modeling), with minimal impacts to crops and 

farming operations (excluded lands include: non-agricultural land uses (urban, native 

vegetation, riparian), permanent crops, ponded crops, and other crops with growing 

seasons incompatible with flooding between August-October) 
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o Minimum size of 25 acres 

A total of 4,122 acres were found to satisfy these criteria, and are located within the 

model elements identified in Figure 1. These “potential recharge areas” were assumed 

to all participate in multi-benefit groundwater recharge. 

• For all potential recharge areas, it was assumed that: 

o Shasta Non-Critical years: Multi-benefit groundwater recharge would occur and lands 

would be flooded with surface water for 30 days (during the month of September) 

o Shasta Critical years: Normal farming and irrigation practices would continue, without 

multi-benefit groundwater recharge due to likely surface water shortages in those years. 

• For all potential recharge areas, model inputs for the with-project scenario were changed from 

the without-project scenario as follows: 

o Crop assignment: In Shasta Non-Critical years, lands were classified as non-ponded 

crops planted in March or April and harvested by August. In Shasta Critical years, lands 

remained in their original crop assignment. 

o Soil characteristics: In September, target soil moisture (TSM) was set equal to the total 

porosity of the soil to simulate ponding. In other months, TSM was estimated as the 

weighted average TSM of all lands identified from the geospatial analysis. 

o Irrigation period: Set to March or April through September in all years. 

o Crop evapotranspiration: In Shasta Non-Critical years, crop evapotranspiration was 

estimated as the weighted average evapotranspiration of all lands identified from the 

geospatial analysis, with adjustment for idle lands that are typically unirrigated. In 

Shasta Critical years, crop evapotranspiration returned to the original crop assignment. 

o Diversions:  

▪ In Shasta Non-Critical years: Additional diversions to potential recharge areas 

were estimated based on a simulation of average additional water demand in 

project area elements in September of Shasta Non-Critical years. The additional 

diversions were then specified as new supply from the Sacramento River, and 

applied to project area elements. 

▪ In Shasta Critical years: No additional diversions were specified.  

Model Results for PMAs 

This section compares the model results in the with-projects and without-projects scenarios. The 

difference between the without-project and with-project model results represents the net effect of the 

project on those water budget parameters. 

Results for Each Modeled Project Area 
The tables below summarize key results of the without-project and with-project model scenarios for 

each of the three modeled PMAs. Results are averaged over the entire 2016 to 2065 projected future 

period, including Shasta Critical years (approximately 10 percent of all years) when it is expected that 
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additional surface water supplies will be unavailable for projects. The results are aggregated from the 

water budgets of elements in the project areas identified in Figure 1.  

The average net benefit to the groundwater system of each modeled project is reported as “net 

recharge from the surface water system,” calculated as the sum of all groundwater recharge (seepage 

and deep percolation) minus the sum of all groundwater extraction (groundwater pumping) in the 

project area and model scenario. Positive values indicate that more recharge is occurring, on average, 

while negative values indicate that more extraction is occurring. 

On average across all years, the CCWD In-Lieu Groundwater Recharge project is expected to provide 

approximately 27,000 AF/yr of additional surface water to the CCWD project area, offsetting a similar 

volume of groundwater pumping (Table 2). The average net benefit to the groundwater system of the 

CCWD project is estimated to be approximately 27,000 AF/yr. 

The OAWD Land Annexation and In-Lieu Groundwater Recharge project is expected to provide 

approximately 22,500 AF/yr of additional surface water to the OAWD project area, offsetting a similar 

volume of groundwater pumping on average across all years (Table 3). The average net benefit to the 

groundwater system of the OAWD project is estimated to be approximately 22,500 AF/yr. 

The Colusa Subbasin Multi-Benefit Groundwater Recharge project is expected to provide approximately 

11,500 AF/yr (2.8 AF per acre [AF/ac]) of surface water to potential recharge areas for field flooding 

(Table 4). A portion of this water results in deep percolation (approximately 4,000 AF/yr, or 1.0 AF/ac) or 

additional seepage (approximately 900 AF/yr, or 0.2 AF/ac). The average net benefit to the groundwater 

system of the OAWD project is estimated to be approximately 5,200 AF/yr (1.25 AF/ac). 

 

Table 2. Key Model Results from the Colusa County Water District In-Lieu Groundwater Recharge 
Project (Average AF/yr, 2016 to 2065) 

Scenario 

Surface 
Water 

Diversions 
Groundwater 

Pumping Seepage 
Deep 

Percolation 

Net Recharge from 
the Surface Water 

System1 

Without-Project 65,859 63,314 0 48,460 -14,854 

With-Project 92,901 36,140 0 48,403 12,263 

Difference (With-Project – 
Without-Project) 

27,042 -27,174 0 -57 27,117 

1 Net Recharge from the Surface Water System = Seepage + Deep Percolation – Groundwater Pumping 
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Table 3. Key Model Results from the Orland-Artois Water District Land Annexation and In-Lieu 
Groundwater Recharge Project (Average AF/yr, 2016 to 2065) 

Scenario 

Surface 
Water 

Diversions 
Groundwater 

Pumping Seepage 
Deep 

Percolation 

Net Recharge from 
the Surface Water 

System1 

Without-Project 48,026 62,067 0 45,324 -16,742 

With-Project 70,534 39,520 0 45,307 5,788 

Difference (With-Project – 
Without-Project)  

22,509 -22,547 0 -17 22,530 

1 Net Recharge from the Surface Water System = Seepage + Deep Percolation – Groundwater Pumping 

 

Table 4. Key Model Results from the Colusa Subbasin Multi-Benefit Groundwater Recharge Project 
(Average AF/yr, 2016 to 2065) 

Scenario 

Surface 
Water 

Diversions 
Groundwater 

Pumping Seepage 
Deep 

Percolation 

Net Recharge from 
the Surface Water 

System1 

Without-Project 34,151 7,521 5,037 7,565 5,081 

With-Project 45,683 7,212 5,924 11,540 10,252 

Difference (With-Project – 
Without-Project) (AF/yr) 

11,533 -308 886 3,976 5,171 

Difference (With-Project – 
Without-Project) (AF/ac2) 

2.8 -0.1 0.2 1.0 1.25 

1 Net Recharge from the Surface Water System = Seepage + Deep Percolation – Groundwater Pumping 
2 Calculated assuming 4,122 acres of “potential recharge area” will participate in multi-benefit groundwater recharge. 

 

Results for the Colusa Subbasin 
The tables below summarize key results of the without-projects and with-projects model scenarios for 

the entire Subbasin. Results are averaged over the entire 2016 to 2065 projected future period, 

including Shasta Critical years (approximately 10 percent of all years) when it is expected that additional 

surface water supplies will be unavailable for projects. The results are aggregated across all model 

elements in the Subbasin.  

Table 5 summarizes the water budget results for the Subbasin surface water system. On average across 

all years, all three modeled projects are expected to reduce groundwater pumping by approximately 

49,000 AF/yr and increase the total surface water inflows to the Subbasin by approximately 

27,000 AF/yr. Stream gains from groundwater are also expected to increase by nearly 15,000 AF/yr 
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compared to the without-projects scenario.7 Deep percolation in the with-projects scenario is expected 

to slightly increase (approximately 4,000 AF/yr), while seepage is expected to slightly decrease 

(approximately 10,000 AF/yr) compared to the without-projects scenario.  

Table 6 summarizes the water budget results for the Subbasin groundwater system. In the without-

projects scenario, the average annual change in groundwater storage across all years is expected to be 

approximately -7,000 AF/yr, indicating an average net decline in groundwater storage. When all three 

modeled projects are in effect, the average annual change in groundwater storage across all years is 

expected to be approximately 0 AF/yr, indicating no net decrease in groundwater storage.  

These model results suggest that planned projects in the Subbasin are sufficient to support sustainable 

management of groundwater extractions and recharge to ensure that chronic lowering of groundwater 

levels or depletion of supply during periods of drought is offset by increases in groundwater storage 

during other periods (23 CCR §354.44(b)(9)). 

 

  

 
7 A more detailed assessment of projected streamflow accretion-depletion is presented in Appendix 3-G. The 
analysis considers the Sacramento River, Stony Creek, and the Colusa Drain individually and collectively, and 
evaluates temporal accretion-depletion patterns over the 50-year simulation period. 
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Table 5. Without-Projects and With-Projects Surface Water System Water Budget Results for the 
Entire Colusa Subbasin (Average AF/yr, 2016 to 2065) 

Component Without-Projects With-Projects 

Difference 
(With-Projects – 

Without-Projects) 

Inflows      
Surface Water Inflows 12,714,561 12,741,210 26,649 

Sacramento River Diversions 1,195,939 1,255,291 59,352 

Stony Creek Diversions 90,707 90,707 0 

Sacramento River Inflows 11,335,460 11,302,757 -32,703 

Other Inflows from Boundary Streams 92,455 92,455 0 

Precipitation 1,257,503 1,257,503 0 

Groundwater Pumping 558,561 509,702 -48,859 

Agricultural 515,996 466,936 -49,059 

Urban and Industrial 10,098 10,098 0 

Managed Wetlands 32,467 32,668 201 

Stream Gains from Groundwater 322,713 337,389 14,676 

Total Inflow 14,853,338 14,845,804 -7,534 

    

Outflows      
Evapotranspiration 1,900,935 1,902,885 1,949 

Agricultural 1,596,222 1,597,393 1,171 

Urban and Industrial 28,407 28,410 3 

Managed Wetlands 73,292 73,292 0 

Native Vegetation 167,144 167,146 2 

Canal Evaporation 35,869 36,643 774 

Deep Percolation 411,004 415,312 4,308 

Precipitation 156,055 157,003 947 

Applied Surface Water 158,089 170,370 12,281 

Applied Groundwater 96,859 87,940 -8,919 

Seepage 400,727 391,052 -9,675 

Streams 252,897 242,325 -10,572 

Canals and Drains 147,829 148,727 898 

Surface Water Outflows 12,140,789 12,136,608 -4,180 

Precipitation Runoff 59,795 60,180 384 

Applied Surface Water Return Flows 90,012 91,563 1,551 

Applied Groundwater Return Flows 20,352 20,096 -256 

Sacramento River 11,186,667 11,156,439 -30,227 

Colusa Basin Drain  773,816 786,947 13,130 

Colusa Weir to Sutter Bypass 0 0 0 

Other Outflows to Boundary Streams1 10,146 21,384 11,238 

Total Outflow 14,853,455 14,845,858 -7,597 

    

Change in Storage (Inflow - Outflow) -117 -53 63 

Stream gains minus seepage -78,014 -53,663 24,351 
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Table 6. Without-Projects and With-Projects Groundwater System Water Budget Results for the Entire 
Colusa Subbasin (Average AF/yr, 2016 to 2065) 

Component Without-Projects With-Projects 

Difference  
(With-Projects – 

Without-Projects) 

Inflows     

Subsurface Water Inflows 208,855 196,891 -11,964 

Deep Percolation 411,004 415,312 4,308 

Precipitation 156,055 157,003 947 

Applied Surface Water 158,089 170,370 12,281 

Applied Groundwater 96,859 87,940 -8,919 

Seepage 400,727 391,052 -9,675 

Streams 252,897 242,325 -10,572 

Canals and Drains 147,829 148,727 898 

Total Inflow 1,020,586 1,003,255 -17,330 

       

Outflows     

Subsurface Water Outflows 146,626 156,416 9,790 

Groundwater Pumping 558,561 509,702 -48,859 

Agricultural 547,769 498,906 -48,862 

Urban and Industrial 10,098 10,098 0 

Managed Wetlands 34,672 34,870 198 

Stream Gains from Groundwater 322,713 337,389 14,676 

Total Outflow 1,027,899 1,003,507 -24,392 

       

Change in Storage (Inflow - Outflow) -7,314 -252 7,062 
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Technical Memorandum 
To:   Glenn and Colusa County Groundwater Authorities 

From:   ERA Economics  

Date:   November 19, 2021 

Subject: Funding and Financing Mechanisms and Cost Allocation Overview for the 
Colusa Subbasin 

Introduction 

Development of the Colusa Subbasin GSP was primarily funded through a Proposition 1 Sustainable 
Groundwater Planning Grant. Additional funding for Glenn and Colusa Groundwater Authorities (GGA 
and CGA) activities to support GSP development was from fees collected under rate studies covering the 
five-year period spanning fiscal years 2019/20 through 2023/24. These were prepared as property-
related fees for water service under Proposition 2181. The rate study fees supported GSP development, 
which was estimated to cost approximately $465,000 per year in the CGA and $450,000 to $550,000 per 
year in the GGA. The fee is up to approximately $1.09 and $1.60 per assessable acre in the CGA and GGA 
in the current fiscal year (actual fees are less than the max).  

After submission of the GSP to Department of Water Resources (DWR), CGA and GGA activities will shift 
from GSP development to GSP implementation2. Implementation of the GSP will be a substantial 
undertaking, encompassing continuing activities for GSP development (e.g., outreach and coordination) 
as well as new activities to support implementation (e.g., projects and management actions and 
addressing data gaps in the Subbasin). Implementation will likely require GSAs and other local entities to 
fund these required activities. As described in Chapter 7 of the GSP, total GSP implementation costs are 
estimated to increase from approximately $1.5 million to around $9.5 million per year at full 
implementation of planned projects and management actions (including annualized capital costs).  

GSAs and other local entities implementing projects and management actions will develop a GSP 
financing plan that will likely include a combination of fees, assessments, and taxes, as well as additional 
outside funding, grants, and low interest borrowing. The financing plan will, among other items, identify 
funding and financing sources for components of GSP implementation. This will include consideration of 
allocation of those costs to different entities—and ultimately water users—in the subbasin. This 
technical memorandum/appendix to the GSP describes options for GSP funding and financing and 
introduces cost allocation concepts and approaches that may be considered. 

 

1 Fee Study for the Glenn Groundwater Authority. May 2019. 

 Fee Study for the Colusa Groundwater Authority. May 2019. 

2 There is substantial overlap between development activities covered under the existing rate study and 
implementation activities. For example, GSA administration and technical development work, to support 
refinements to the GSP, are largely the same. 
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Colusa Subbasin GSP Implementation Costs 

The total cost of GSP implementation is approximately $9.5 million per year once planned projects and 
management actions are fully implemented. GSP implementation costs are broken into the following 
four categories, which are appropriate for different funding and financing mechanisms: 

• GSA Administration and Studies. These include general GSA administrative and operating costs 

for management of the GSP, GSA coordination, other coordination with local entities, annual 

and five-year reports, and management of technical tasks. Studies include technical work that 

the GSAs will do to support GSP implementation. Total costs are around $1 million per year. GSA 

administration and studies are annual costs that are typically covered under local assessments. 

• Project and Management Action Capital Repayment. Projects and management action (PMAs) 

capital repayment costs are estimated at approximately $1 million. The total capital outlay is 

around $20 million, which is primarily attributed to the Orland-Artois Water District (OAWD) 

land annexation and in-lieu recharge project. Project capital costs may be funded under future 

bond funding opportunities and other grant solicitations. Low interest borrowing options may 

be used to finance project capital. 

• Other PMA Capital and Studies. These include project and management action development 

technical studies and non-debt financed capital. The estimated cost is $0.4 to $1 million per 

year. Project capital and studies may be eligible for some sources of grants but are typically paid 

on a pay-go basis.  

• Project Operations and Maintenance. Annual O&M for projects is approximately $4 to 

$6.7 million per year. These are annual costs for the project. A substantial share of project O&M 

costs are attributed to water purchases for in-lieu recharge projects providing approximately 

84,000 acre-feet (af) of benefits at full implementation.  

Figure 1 illustrates the estimated costs over the first five years of GSP implementation. The largest single 
component is the cost to purchase water included in the PMA O&M estimate. The timing of costs may 
vary from what is shown on Figure 1. For example, some projects and management actions may be 
implemented more (less) rapidly resulting in accelerated (delayed) costs associated with capital and 
project operations and maintenance. The financing plan for GSP implementation would be updated to 
reflect these changes over time.  
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Figure 1. Colusa Subbasin GSP Implementation Cost Summary 

Funding and Financing Mechanisms 

Administering the GSP, groundwater monitoring, reporting, and project and management action 
implementation is projected to cost approximately $9.5 million per year across the Colusa Subbasin 
(Subbasin). GSA annual budgets and GSP implementation costs will be reviewed, revised if needed, 
and updated by the GSAs based on subbasin conditions, actual expenditures, and the immediate future 
needs. Expected costs will be adjusted over time as the GSP implementation costs are better understood 
through sustainable management activities and guidance from DWR on the submitted GSP and 
subsequent reporting. 

Covering the costs of PMAs and general GSP implementation requires evaluating both financing and 
funding mechanisms. Financing relates to identifying sources of capital (typically state/federal grants, 
bonds, and bank loans) to pay for project capital expenses. Funding relates to sources of money 
required to cover capital repayment (pay back the debt-financed projects) as well as project O&M, GSA 
administration, and other annual expenses. 

The agencies in the Subbasin have the powers and authority to impose fees and assessments and pursue 
other financing sources for capital projects and funding sources for repayment of debt, operations, and 
other ongoing expenses. The GSAs also have explicit fee authorities under Sustainable Groundwater 
Management Act (SGMA) legislation (Water Code §10730 and §10730.2). Table 1 summarizes potential 
financing and funding sources that may be used by GSAs for GSP implementation. 
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Table 1. Potential Funding and Financing Sources for GSP Implementation 

Capital Financing Considerations 

State (DWR) Grants (Prop. 68 
and future bonds) 

Solicitations are typically targeted to general types of projects and 
specific benefits that are in the State’s interest 

US Bureau of Reclamation 
WaterSmart Grants 

Project-specific funding that can support planning studies 
(e.g., water market strategy grants) 

Other targeted potential grant 
programs (e.g., AB 252) 

Potential for multi-benefit projects 

Local bond issuance Local borrowing based on agency authority 

Private borrowing 
Current low interest rate environment may make these options 
attractive 

State or Federal low interest 
loans 

This could include future bond-funded loan programs 

Funding Sources Considerations 

Fee – General 
General options for legal authority pre- and post-GSP development: 
Prop. 26, Prop. 218, Water Code §10730, Water Code §10730.2 

Regulatory Fee 
Typically, pre-GSP fee that is related to regulatory cost. Prop. 26 
and Water Code §10730 

Service Fee 
Related to cost of service. Prop 218 and Water Code §10730.2. 
Subject to majority protest vote 

Special Tax Subject to 2/3 majority approval vote 

Special Benefit Special benefit assessment subject to majority protest vote 

 

Capital Financing 

Capital financing options include a mix of grants and low interest loans. There are typically limits on 
what costs can be covered by the funding source, or what specific benefits can be paid for. These can be 
specified in statute or defined by agencies administering the programs.  

State opportunities for project capital funding under voter-authorized bonds are a common source of 
cost share for project capital. For example, Proposition 68, the Parks and Water Bond Act of 2018, bonds 
support the California DWR Sustainable Groundwater Management (SGM) Grant Program 
Implementation Grants. Project funding applications are submitted in a competitive process under grant 
proposal solicitation packages (PSP) administered by DWR. PSP guidelines define the requirements for 
project applications, eligibility for funding, and the desirable public benefits provided by the proposed 
project. The 2020 PSP for GSP implementation focused heavily on recharge opportunities and benefits 
to local disadvantaged communities. Planned GSP projects should be reviewed in advance and 
positioned for eligibility for future PSPs.  

Multi-benefit projects have received increasing attention as part of GSP development and for state grant 
opportunities. The Governor’s Executive Order N-10-19 directed state agencies to work together to 
prepare a “water resilience portfolio that meets the needs of California’s communities, economy, and 
the environment through the 21st century” and prioritizes multi-benefit projects/policies. The 2020 DWR 
SGM PSP provided explicit definition of multi-benefit types, minimum requirements for grant eligibility, 
and weights assigned to project scoring. 
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Other opportunities for multi-benefit project funding are related to SGMA implementation. For 
example, AB 252 Department of Conservation: Multi-benefit Land Repurposing Program outlines a 
potential program for providing state grants to support agricultural land repurposing under GSP 
implementation3. The Governor’s May Revise budget included a proposal for a similar $500 million 
program for drought support administered by the Department of Conservation for “Multi-Benefit Land 
repurposing4” in collaboration with the Department of Food and Agriculture. The program concept is to 
“prioritize ecosystem-based strategies that are implemented with landowners” to support land 
repurposing from irrigated agriculture to other uses. While the program would primarily be targeted to 
the Critically Overdrafted Subbasins, potential multi-benefit recharge projects included in the Colusa 
Subbasin GSP (see Chapter 6) may be eligible under this or similar programs.  

Grant funding opportunities can define specific public benefits that are eligible. Various state and 
federal laws have established some benefit types as public eligible for public funding. For example, 
Proposition 1, the Water Quality, Supply, and Infrastructure Improvement Act of 2014, defined five 
public benefit categories eligible for funding under the Water Storage Investment Program. Flood 
control benefits have often been considered to include a mix of public (state or federal) and private 
(local) benefits, so a cost share approach is common. Ecosystem benefits that accrue to the entire state 
are considered public benefits. 

Grants and low interest loans are expected to be an important option for reducing the cost of SGMA to 
local communities. The Colusa Subbasin GSAs will continue to pursue these opportunities to help fund 
planning studies, projects, and other GSA activities. However, grants and low-interest loans are not 
expected to cover most GSA operating costs for GSP implementation or annual operating and 
maintenance costs of projects. In addition, these rely on relatively unpredictable funding (e.g., state 
general obligation bonds that require voter approval) and are subject to changing rules and requirements.   

Funding Sources 

Example funding methods that are available to GSAs to fund projects, studies, and operations were 
reviewed. Groundwater extraction fees and groundwater permit fees are specifically included in the 
SGMA legislation (California Wat Code 10730 et seq), but other methods may be available to a GSA, 
depending on the agency’s authorities under law. All methods adopted must comply with the 
requirements of statute and the California Constitution. The following summary includes many common 
funding methods but is not necessarily comprehensive. 

Assessments based on costs of service or special benefits under Proposition 218 could include a per-acre 
(or per-parcel) charge to cover GSA costs, or other fees under Proposition 26. For example, benefits of a 
recharge project might accrue differentially across the Subbasin. The assessment could be calculated in 
proportion to the special benefit received (by subarea and/or user class), as calculated in the reports 
supporting the rate study. For cost-based fees and charges (including extraction and permit fees), the 
report would calculate the cost of providing the service to each parcel or to categories of parcels. 
Categories would be based on costs imposed on the program and could be based on location, level of 
use, or other characteristics related to costs. 

Another option for funding GSP implementation is taxes. Taxes do not have to be directly tied to the 
cost or benefit of the service provided. Potential taxes could include general property related taxes that 
are not directly related to the benefits or costs of a service (ad valorem and parcel taxes), or special 
taxes imposed for specific purposes related to GSA activities. Based on an initial review of GSA funding 

 

3 https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202120220AB252 

4 May Revised Budget. Submitted 5/14/2021. 



 

1111 Kennedy Place, Suite #4  6 phone 530.341.3374 
Davis, CA 95616  www.eraeconomics.com 

approaches in Critically Overdrafted Subbasins, this is not a common funding mechanism for 
GSP implementation.  

Other fees and charges may include permitting fees for new wells or development, transaction fees 
associated with contemplated groundwater markets, or commodity-use fees, all directed at aiding with 
sustainability objectives. Depending on the justification and basis for a fee, it may be considered a 
property-related fee subject to voting requirements of Article XIII D of the California Constitution 
(passed by voters in 1996 as Proposition 218) or a regulatory fee exempt from such requirements.  

Some of the potential funding approaches can affect the cost of water for specific uses in the Subbasin. 
For example, districts supplying surface water recognize that recovering GSP related costs as part of 
their surface water charge can be counter-productive by disincentivizing surface water use. All agencies 
are concerned that any fees, charges, or assessments will affect business (farm) income and, if large, 
may affect cropping decisions and farming practices in the Subbasin. Based on groundwater monitoring, 
land use changes, and other future conditions, the GSAs will reconsider or adjust fees/assessments as 
needed to achieve sustainability. 

Funding and Financing Mechanisms in Example GSAs 

A brief review of some GSA funding approaches was developed to illustrate examples of the different 
bases for their fee or assessment structure. Most of the rate studies were for GSP development. This 
includes studies stating that the GSA is exempt from voting requirements (see the Kings River East 
GSA below).  

• McMullin Area GSA 

McMullin Area GSA is in central Fresno County within the Kings Subbasin. It adopted a 
property-based fee to fund GSA costs, calculated as the annual cost of service divided by the 
number of acres served. The adopted fee excludes parcels that are less than two acres, 
which it determines are “de minimis” groundwater users under SGMA. The resulting annual 
fee of $19 per acre was adopted as a water service fee under Proposition 218 after a public 
hearing at which a majority of land subject to the fee did not protest. The rate study 
suggested that the agency may consider converting some or all of its fee to a volumetric 
basis in the future but did not at the time have the information to do so.  

• South Fork Kings GSA 

The South Fork Kings GSA is in the Tulare Lake Subbasin. It adopted an annual charge to 
fund its costs, following requirements for a public hearing and protest vote. Its charge was 
authorized for five years, beginning at up to $9.80 per acre for 2019 (the first year after the 
rate study). The amount per acre is calculated as the costs of specified implementation and 
administrative costs divided by assessable acres within the boundaries of the GSA, except 
for the City of Lemoore. A separate amount is calculated annually for the City of Lemoore by 
negotiated agreement. The GSA generally refers to the proposed charge as an assessment 
and describes the process for justifying a benefit assessment apportioned among parcels 
according to special benefit received. However, it also describes the fee as apportioned 
among parcels according to cost of providing the service. 
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• Kings River East GSA 

The Kings River East GSA is in the Kings Subbasin. It prepared a groundwater fee study to 
calculate and justify a volumetric fee per af pumped. It used a cost-of-service approach to 
determine appropriate fees for different areas and jurisdictions within its boundaries. The 
agency argued that, under Proposition 26, the fee is a regulatory fee that covers the cost of 
compliance with SGMA, and therefore it is exempt from the public voting requirement. Fees 
were calculated according to area, land use, and water use. Some areas were not charged a 
volumetric fee because of their “lack of deep groundwater pumping from the alluvium”; 
they were only charged a nominal, fixed annual fee to cover a share a share of fixed 
administrative costs. Other areas were charged $1.45 per af of estimated pumping. Pumping 
is not currently metered in the area, so the fee was based on land use and a water balance 
calculation to estimate pumping. 

Cost Allocation and Cost Recovery for GSP Implementation 

The fee and assessment methods summarized in the previous section allow (and in most cases require) 
agencies to consider the relative benefits and costs, and to whom they accrue, in setting rates or amounts.  

Cost allocation is a multi-step process that determines how costs of implementation components will be 
spread among and recovered from entities and areas covered by the GSP. The implementation plan 
includes several categories of activities that must be paid for: administration, projects and management 
actions, monitoring, and studies. The categories may have their costs spread in different ways (among 
different entities and areas) depending on discussions and policy decisions about issues like: who is 
responsible for a cost, who benefits from an activity, what is fair, what is legally allowed or possible, 
what are the requirements for determining and justifying a cost allocation? 

An initial step in cost allocation is to determine which agency (or agencies) are responsible for financing 
and funding. This may vary based on fairness and equity concerns, and across different GSP PMAs. For 
example, the lead agency for a specific GSP project may work to secure financing and explore funding 
mechanisms. Alternatively, the GSA could lead some of these activities and in turn recover costs from 
the lead agency (or agencies). Under both approaches, the cost allocation would consider the share of 
benefits received from the project. Using the four GSP cost categories defined above, example 
considerations for each category include: 

• GSA Administration and Studies. General GSA administrative costs and required studies to 

support GSP implementation (e.g., address data gaps) generally provide a benefit to the entire 

Subbasin. This could be viewed as a basis for allocating costs broadly across all groundwater 

users. However, some areas may receive a disproportionate share of benefits from the actual 

implementation of the GSP and this could be reflected in how general costs are allocated. 

Potentially, some areas could be judged as not responsible for groundwater issues or benefitting 

from groundwater management. 

• Project and Management Action Capital Repayment. Projects typically have a single project 

proponent that has specific financing and funding options available. Project benefits may 

primarily accrue to the proponent. However, under SGMA requirements for subbasin-wide 

sustainability, other entities and areas may derive some potential indirect benefits of 

sustainability. In addition, there may be direct project-related benefits (e.g., higher groundwater 

elevations that reduce pumping costs or reduce stream depletions) that accrue to other parties.  
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• Other PMA Capital and Studies. Project capital costs that will not be debt-financed and project study 

costs could be treated similar to PMA capital costs. However, the GSA may initiate studies to support 

GSP implementation and cover a portion of costs. Some of these studies have been initiated under 

GSP development (e.g., subbasin conditions, data management system, and data gaps).   

• Project Operations and Maintenance. Specific PMA O&M costs could be paid by the project 

proponent. A portion of costs could be allocated to other parties that receive direct or indirect 

benefits from the project, or to the entire Subbasin for general SGMA benefits.  

Cost allocation for a GSP that incorporates many agencies may occur at multiple levels, perhaps 
including basin-wide, within a GSA, or within an individual entity such as a water district or other local 
agency. The general steps in cost allocation are: 

• Determine costs of implementation activities and when they are to be incurred. Generally, the 

different cost components of an activity need to be aggregated in a consistent way to allow for a 

fair and objective allocation. This is especially important if cost components (e.g., capital costs 

versus annual O&M) may be paid by different parties. A life-cycle cost approach is commonly 

used, in which all costs over the life of the activity are adjusted for when they occur (using 

standard financial discounting) and expressed as an annual or lump-sum amount.  

• Based on stakeholder discussions and technical support, make decisions about which costs apply 

across the entire GSA versus apply to subareas or specific agencies. For GSP activities that serve 

the entire GSA (perhaps GSA administration or certain monitoring costs), the GSA would lead 

the discussions and policy decisions; for projects proposed by or to be developed by a specific 

member agency, that agency could take the lead. Discussions and decisions may also address 

which groups or users will be included in the cost allocation for a particular activity – for 

example, the discussion could consider a group’s past or current use of groundwater.  

• Develop information to support the actual calculations needed to allocate and recover costs, 

which may include cost of service and benefit information. This step is based on the policy 

decisions and will help determine who pays for the GSP activity. Defensible information is 

required to meet legal requirements. An open and fair process is essential for the political 

support needed to implement activities and recover costs.  

Allocating and recovering costs involve policy decisions and technical analysis and must follow a process 
that meets legal requirements. Costs of projects and activities that serve large areas and multiple groups 
are typically allocated using cost-of-service principles, whereby the total project cost is split based on 
each area or group’s demonstrated proportional split of total cost. Costs can also be allocated based on 
benefits received (for example the California Constitution allows for assessments to be based on special 
benefits received). Ultimately, decisions about cost allocation must involve meaningful input from 
affected parties so that the outcome is viewed both as fair and technically justified. 
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Summary 

Cost allocation and repayment are important and difficult decisions that require ongoing and open 
discussions. The GSAs are already implementing financing mechanisms to pay for their administrative 
costs. Development of a financing plan will require making further decisions with stakeholders and 
member agencies using a timely process that supports the subbasin sustainability goal and GSP 
implementation schedule. 

This memorandum/appendix provides a general overview of funding and financing methods available 
to Subbasin agencies. Methods generally allow agencies to consider the distribution of costs and benefits 
when setting a fee or assessment. An analysis to establish a financing plan for the Subbasin would: 

• Review specific issues that affect the distribution of costs and benefits within the subbasin. This 

would include establishing potential project costs and beneficiaries. It would also consider the 

agency (or agencies) that would be responsible for recovering the costs of different activities. 

• Listen to different groups’ perspectives on fairness, contribution to groundwater issues, and 

benefits from groundwater management. 

• Coordinate with GSA legal counsel and agency legal counsel to evaluate fee and 

assessment options. 

• Prepare technical analyses to support cost allocation and repayment. This potentially can 

include some options or examples that illustrate different allocations of fees/assessments, for a 

specific project or management action with multiple payers and beneficiaries to demonstrate 

how fees can be calculated when benefits or costs are assigned to different areas and/or 

customer groups. 
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