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GLOSSARY 

This Glossary includes terms from a variety of legal and administrative sources relevant to SGMA and GSP 

development. These sources include: 

• California Water Code Section 10721, Sustainable Groundwater Management Definitions 

(CWC Section 10721) 

• California Code of Regulations Title 23 Section 341, Groundwater Basin Boundaries 

Definitions (23 CCR Section 341) 

• California Code of Regulations Title 23 Section 351, Groundwater Sustainability Plan 

Definitions (23 CCR Section 351) 

• DWR Bulletin 118 Definitions, updated 2003 (B118, 2003) 

• Locally defined terms used in the GSP 

The source of each term is provided in the citation following that term. Page numbers are included when 

a definition is not found in the referenced document’s definitions or glossary.  Additional information 

regarding each source are summarized at the end of this glossary. 

Adjudication Action The action filed in the superior or federal district court to determine the rights to 

extract groundwater from a basin or store water within a basin, including, but not 

limited to, actions to quiet title respecting rights to extract or store groundwater or an 

action brought to impose a physical solution on a basin. (CWC Section 10721) 

Administrative Adjustment The basin or subbasin boundary adjustment by the Department that either (1) amends 

existing basin or subbasin boundary data files to accurately reflect an unambiguous 

written basin or subbasin boundary description as defined in Bulletin 118 or amended 

pursuant to this Part, or (2) restates the description of a basin or subbasin boundary to 

more precisely reflect a mapped basin or subbasin boundary consistent with the 

original description. (B118, 2003) 

Agency The groundwater sustainability agency as defined in the Act. (23 CCR Section 351) 

Agricultural Water Management 

Plan 

The plan adopted pursuant to the Agricultural Water Management Planning Act as 

described in Part 2.8 of Division 6 of the Water Code, commencing with Section 10800 

et seq. (23 CCR Section 351) 

Alternative The alternative to a Plan described in Water Code Section 10733.6. (23 CCR Section 351) 

Annual Report The report required by Water Code §10728. (23 CCR Section 351) 

Aquifer The three-dimensional body of porous and permeable sediment or sedimentary rock 

that contains sufficient saturated material to yield significant quantities of 

groundwater to wells and springs, as further defined or characterized in Bulletin 118. 

(B118, 2003) 

Baseline or Baseline Conditions The historical information used to project future conditions for hydrology, water 

demand, and availability of surface water and to evaluate potential sustainable 

management practices of a basin. (23 CCR Section 351) 

Basin Defined in the Sustainable Groundwater Management Act as a groundwater basin or 

subbasin identified and defined in Bulletin 118. Unless the context indicates 

otherwise, those terms are further defined as follows: (1) The term basin shall refer to 

an area specifically defined as a basin or groundwater basin in Bulletin 118, and shall 

refer generally to an aquifer or stacked series of aquifers with reasonably well-defined 
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boundaries in a lateral direction, based on features that significantly impede 

groundwater flow, and a definable bottom, as further defined or characterized in 

Bulletin 118. (2) The term subbasin shall refer to an area specifically defined as a 

subbasin or groundwater subbasin in Bulletin 118 and shall refer generally to any 

subdivision of a basin based on geologic and hydrologic barriers or institutional 

boundaries, as further described or defined in Bulletin 118. (B118, 2003) 

Basin Setting The information about the physical setting, characteristics, and current conditions of 

the basin as described by the Agency in the hydrogeologic conceptual model, the 

groundwater conditions, and the water budget, pursuant to Sub article 2 of Article 5. 

(23 CCR Section 351) 

Beneficial Use Water in Bulletin 118 references 23 categories of water uses identified by the State 

Water Resource Control Board and are listed and briefly described in Appendix E. 

(B118, 2003) 

Best Available Science The use of sufficient and credible information and data, specific to the decision being 

made and the time frame available for making that decision, that is consistent with 

scientific and engineering professional standards of practice. (23 CCR Section 351) 

Best Management Practice The practice, or combination of practices, that are designed to achieve sustainable 

groundwater management and have been determined to be technologically and 

economically effective, practicable, and based on best available science. §351. 

(23 CCR Section 351) 

Board The State Water Resources Control Board. (23 CCR Section 351) 

Bulletin 118 The department’s report entitled “California’s Groundwater: Bulletin 118” updated in 

2003, as it may be subsequently updated or revised in accordance with § 12924. 

(CWC Section 10721) 

CASGEM The California Statewide Groundwater Elevation Monitoring Program developed by 

the Department pursuant to Water Code Section 10920 et seq., or as amended. 

(23 CCR Section 351) 

Condition of Long-Term Overdraft The condition of a groundwater basin where the average annual amount of water 

extracted for a long-term period, generally 10 years or more, exceeds the long-term 

average annual supply of water to the basin, plus any temporary surplus. Overdraft 

during a period of drought is not sufficient to establish a condition of long-term 

overdraft if extractions and recharge are managed as necessary to ensure that 

reductions in groundwater levels or storage during a period of drought are offset by 

increases in groundwater levels or storage during other periods. (CWC Section 10721) 

Coordination Agreement The legal agreement adopted between two or more groundwater sustainability 

agencies that provides the basis for coordinating multiple agencies or groundwater 

sustainability plans within a basin pursuant to this part. (CWC Section 10721) 

Data Gap The lack of information that significantly affects the understanding of the basin setting 

or evaluation of the efficacy of Plan implementation and could limit the ability to 

assess whether a basin is being sustainably managed. (23 CCR Section 351) 

Existing Stored Groundwater Groundwater that is already underground from centuries of accumulated native 

groundwater.  Historic pumping has been diminishing the existing stored groundwater 

at rates greater than the native groundwater can sustain, causing overdraft and 

unsustainable conditions.  If more water is pumped from a basin than what is added 

from Native Groundwater and Introduced Groundwater, this water comes from the 

Existing Stored Groundwater.  Continuing to use this previously stored groundwater 

will continue to exacerbate overdraft conditions.  Temporarily using some of this 
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water during the transition to sustainability will likely continue to cause lowering of 

groundwater levels. 

Groundwater Water beneath the surface of the earth within the zone below the water table in 

which the soil is completely saturated with water but does not include water that 

flows in known and definite channels. (CWC Section 10721) 

Groundwater Basin The groundwater basin or subbasin identified and defined in Bulletin 118 or as modified 

pursuant to Water Code 10722 et seq. (23 CCR Section 351) 

Groundwater Dependent 

Ecosystem 

The ecological communities or species that depend on groundwater emerging from 

aquifers or on groundwater occurring near the ground surface. (23 CCR Section 351) 

Groundwater Flow The volume and direction of groundwater movement into, out of, or throughout a 

basin. (23 CCR Section 351) 

Groundwater in Storage The quantity of water in the zone of saturation. (B118, 2003) 

Groundwater Overdraft The condition of a groundwater basin in which the amount of water withdrawn by 

pumping exceeds the amount of water that recharges the basin over a period of years 

during which water supply conditions approximate average conditions. (B118, 2003) 

Groundwater Recharge or 

Recharge 

The augmentation of groundwater by natural or artificial means. (CWC Section 10721) 

Groundwater Storage Capacity The volume of void space that can be occupied by water in a given volume of a 

formation, aquifer, or groundwater basin. (B118, 2003) 

Groundwater Sustainability 

Agency 

One or more local agencies that implement the provisions of this part. For purposes of 

imposing fees pursuant to Chapter 8 (commencing with Section 10730) or taking 

action to enforce a groundwater sustainability plan, Groundwater Sustainability 

Agency also means each local agency comprising the groundwater sustainability 

agency if the plan authorizes separate agency action. (CWC Section 10721) 

Hydrogeologic Conceptual Model The description of the geologic and hydrologic framework governing the occurrence of 

groundwater and its flow through and across the boundaries of a basin and the 

general groundwater conditions in a basin or subbasin. (23 CCR Section 341) 

Interconnected Surface Water The surface water that is hydraulically connected at any point by a continuous 

saturated zone to the underlying aquifer and the overlying surface water is not 

completely depleted. (23 CCR Section 351) 

Interested Parties The persons and entities on the list of interested persons established by the Agency 

pursuant to Water Code Section 10723.4. (23 CCR Section 351) 

Interim Milestone The target value representing measurable groundwater conditions, in increments of 

five years, set by an Agency as part of a Plan. (23 CCR Section 351) 

Introduced Groundwater Water that is added to the sustainable yield of groundwater supply derived from 

percolation of imported surface water.  This can be the directly through groundwater 

replenishment projects or groundwater banking or can be indirectly through 

percolation from irrigation and unlined canals. 

Management Area The area within a basin for which the Plan may identify different minimum thresholds, 

measurable objectives, monitoring, or projects and management actions based on 

differences in water use sector, water source type, geology, aquifer characteristics, or 

other factors. (23 CCR Section 351) 

Measurable Objectives The specific, quantifiable goals for the maintenance or improvement of specified 

groundwater conditions that have been included in an adopted Plan to achieve the 

sustainability goal for the basin. (23 CCR Section 351) 
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Minimum Threshold The numeric value for each sustainability indicator used to define undesirable results. 

(23 CCR Section 351) 

Monitoring Protocols Designed to detect changes in groundwater levels, groundwater quality, inelastic surface 

subsidence for basins for which subsidence has been identified as a potential problem, 

and flow and quality of surface water that directly affect groundwater levels or quality or 

are caused by groundwater extraction in the basin. The monitoring protocols shall be 

designed to generate information that promotes efficient and effective groundwater 

management. §10727.2. Required Plan Elements. (CWC Section 10721) 

NAD83 The North American Datum of 1983 computed by the National Geodetic Survey, or 

as modified. 

Native Groundwater Water naturally infiltrating into the groundwater from precipitation and runoff.  This is 

the average quantity of water annually added to the groundwater budget from rain, 

rivers, and streams, and reflects the portion of estimated sustainable yield of the 

groundwater supply that is not derived from imported surface water. 

NAVD88 The North American Vertical Datum of 1988 computed by the National Geodetic 

Survey, or as modified. (23 CCR Section 351) 

Plain Language The language that the intended audience can readily understand and use because that 

language is concise, well-organized, uses simple vocabulary, avoids excessive 

acronyms and technical language, and follows other best practices of plain language 

writing. (23 CCR Section 351) 

Plan The groundwater sustainability plan as defined in the Act. (23 CCR Section 351) 

Plan Implementation The Agency’s exercise of the powers and authorities described in the Act, which 

commences after an Agency adopts and submits a Plan or Alternative to the 

Department and begins exercising such powers and authorities. (23 CCR Section 351) 

Plan Manager An employee or authorized representative of an Agency, or Agencies, appointed 

through a coordination agreement or other agreement, who has been delegated 

management authority for submitting the Plan and serving as the point of contact 

between the Agency and the Department. (23 CCR Section 351) 

Planning and Implementation 

Horizon 

The 50-year time period over which a groundwater sustainability agency determines 

that plans and measures will be implemented in a basin to ensure that the basin is 

operated within its sustainable yield. (CWC Section 10721) 

Principal Aquifers The aquifers or aquifer systems that store, transmit, and yield significant or economic 

quantities of groundwater to wells, springs, or surface water systems. (23 CCR Section 351) 

Qualified Map The geologic map of a scale no smaller than 1:250,000 that is published by the U. S. 

Geological Survey or the California Geological Survey, or is a map published as part of 

a geologic investigation conducted by a state or federal agency, or is a geologic map 

prepared and signed by a Professional Geologist that is acceptable to the Department. 

(23 CCR Section 341) 

Recharge Area The area that supplies water to an aquifer in a groundwater basin. (CWC Section 10721) 

Reference Point The permanent, stationary and readily identifiable mark or point on a well, such as the 

top of casing, from which groundwater level measurements are taken, or other 

monitoring site. (23 CCR Section 351) 

Representative Monitoring The monitoring site within a broader network of sites that typifies one or more 

conditions within the basin or an area of the basin. (23 CCR Section 351) 

Safe Yield The maximum quantity of water that can be continuously withdrawn from a 

groundwater basin without adverse effect. (B118, 2003) 
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Saturated Zone The zone in which all interconnected openings are filled with water, usually underlying 

the unsaturated zone. (B118, 2003) 

Seasonal High The highest annual static groundwater elevation that is typically measured in the 

Spring and associated with stable aquifer conditions following a period of lowest 

annual groundwater demand. (23 CCR Section 351) 

Seasonal Low The lowest annual static groundwater elevation that is typically measured in the 

Summer or Fall and associated with a period of stable aquifer conditions following a 

period of highest annual groundwater demand. (23 CCR Section 351) 

Seawater Intrusion The advancement of seawater into a groundwater supply that results in degradation of 

water quality in the basin and includes seawater from any source. (23 CCR Section 351) 

Statutory Deadline The date by which an Agency must be managing a basin pursuant to an adopted Plan, 

as described in Water Code Sections 10720.7 or 10722.4. (23 CCR Section 351) 

Sustainability Goal The existence and implementation of one or more groundwater sustainability plans 

that achieve sustainable groundwater management by identifying and causing the 

implementation of measures targeted to ensure that the applicable basin is operated 

within its sustainable yield. (CWC Section 10721) 

Sustainability Indicator The effects caused by groundwater conditions occurring throughout the basin that, 

when significant and unreasonable, cause undesirable results, as described in Water 

Code §10721(x). (23 CCR Section 351) 

Sustainable Groundwater 

Management 

The management and use of groundwater in a manner that can be maintained during 

the planning and implementation horizon without causing undesirable results. 

(CWC Section 10721) 

Sustainable Yield The maximum quantity of water calculated over a base period representative of long-

term conditions in the basin and including any temporary surplus, that can be 

withdrawn annually from a groundwater supply without causing an undesirable result. 

(CWC Section 10721) 

Technical Study The geologic or hydrologic report prepared and published by a state or federal agency, 

or a study published in a peer-reviewed scientific journal, or a report prepared and 

signed by a Professional Geologist or by a Professional Engineer. (23 CCR Section 341) 

Uncertainty The lack of understanding of the basin setting that significantly affects an Agency’s 

ability to develop sustainable management criteria and appropriate projects and 

management actions in a Plan, or to evaluate the efficacy of Plan implementation, and 

therefore may limit the ability to assess whether a basin is being sustainably managed. 

(23 CCR Section 351) 

Undesirable Result One or more of the following effects caused by groundwater conditions occurring 

throughout the basin: (1) Chronic lowering of groundwater levels indicating a 

significant and unreasonable depletion of supply if continued over the planning and 

implementation horizon. Overdraft during a period of drought is not sufficient to 

establish a chronic lowering of groundwater levels if extractions and groundwater 

recharge are managed as necessary to ensure that reductions in groundwater levels or 

storage during a period of drought are offset by increases in groundwater levels or 

storage during other periods. (2) Significant and unreasonable reduction of 

groundwater storage. (3) Significant and unreasonable seawater intrusion.  (4) 

Significant and unreasonable degraded water quality, including the migration of 

contaminant plumes that impair water supplies. (5) Significant and unreasonable land 

subsidence that substantially interferes with surface land uses. (6) Depletions of 

interconnected surface water that have significant and unreasonable adverse impacts 

on beneficial uses of the surface water. (CWC Section 10721 
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Urban Water Management Plan The plan adopted pursuant to the Urban Water Management Planning Act as 

described in Part 2.6 of Division 6 of the Water Code, commencing with Section 10610 

et seq. (23 CCR Section 351) 

Water Budget The accounting of the total groundwater and surface water entering and leaving a 

basin including the changes in the amount of water stored. (CWC Section 10721) 

Water Source Type The source from which water is derived to meet the applied beneficial uses, including 

groundwater, recycled water, reused water, and surface water sources identified as 

Central Valley Project, the State Water Project, the Colorado River Project, local 

supplies, and local imported supplies. (23 CCR Section 351) 

Water Use Sector The categories of water demand based on the general land uses to which the water is 

applied, including urban, industrial, agricultural, managed wetlands, managed 

recharge, and native vegetation. (23 CCR Section 351) 

Water Year The period from October 1 through the following September 30, inclusive. 

(CWC Section 10721) or the period from October 1 through the following September 

30, inclusive, as defined in the Act. (23 CCR Section 351) 

Water Year Type The classification provided by the Department to assess the amount of annual 

precipitation in a basin. (23 CCR Section 351) 

Wellhead Protection Area The surface and subsurface area surrounding a water well or well field that supplies a 

public water system through which contaminants are reasonably likely to migrate 

toward the water well or well field. (CWC Section 10721) 
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Table 1. Selected Colusa County General Plan Goals and Policies 

Goal or Objective Policy or Action 

Agriculture Element 

Goal AG-2: Maintain and enhance agriculture 
as the County’s most critical land use, 
economic sector, and resource. 

Policy AG 2-1: Agricultural-related industrial support operations shall be permitted on agricultural lands. 
Such uses may include, but are not limited to, processing, assembly, distribution and warehousing of 
agricultural materials and commodities and alternative energy systems that provide energy for on-site 
uses. These uses should be permitted on agricultural lands as principal permitted uses subject to the 
standards of the Zoning Ordinance provided the following findings are made: 

d. The operational or physical characteristics of the use will not have a significant adverse impact on 
water resources or the use or management of surrounding agricultural properties within at least a 
one-quarter (1/4) mile radius. 

Objective AG 2-C: Preserve and Protect 
Water, Soil, and Natural Resources Necessary 
for Agricultural Operations 

Policy AG 2-8: Support and promote water development projects which provide additional sources of 
water for agricultural uses. Policy AG 2-9: Support the procurement of expanded and additional water 
rights which provide for contractual supply reliability for agricultural use.  

Policy AG 2-10: Seek to increase the County’s influence regarding water rights and distribution legislation 
at the state and federal level, to the greatest degree feasible for both surface water and ground water 
sources. This may occur through County support for local farm interest groups seeking to influence water-
related legislation at the state and federal levels.  

Policy AG 2-11: Assist landowners in resolving water rights, water delivery, and water supply issues with 
other agencies such as the California Department of Fish and Game, the U.S. Army Corps of Engineers, the 
U.S. Bureau of Reclamation, and the California Department of Water Resources. Policy AG 2-12: Within 
conservation easements and habitat conservation lands, preclude the practice of fallowing fields for the 
purpose of water export.  

Policy AG 2-13: Encourage the reuse of treated wastewater for agricultural purposes.  

Policy AG 2-14: Preserve water resources for agriculture, both in quantity and quality, from competition 
with development, non-agricultural uses, mitigation banks, and/or interests from outside of the County.  

Policy AG 2-15: Promote best management practices in agricultural operations (including animal 
operations) to reduce emissions, conserve energy and water, and utilize alternative energy sources.  

Policy AG 2-16: Promote wildlife-friendly farm practices, such as tailwater ponds, native species/grasslands 
restoration in field margins, hedgerows, ditch management for riparian habitat, and restoration of riparian 
areas in a manner consistent with ongoing agricultural activities, water delivery systems, reduction of 
pesticides, and other appropriate measures.  

 Action AG 2-F: Coordinate with irrigation districts to identify cost-effective and feasible Best Management 
Practices for the application and use of water resources that address the range of agricultural activities in 
Colusa County. Work with entities such as the irrigation districts, Agricultural Commissioner, UC Extension 
Office, the Colusa County Resource Conservation District, and the Natural Resources Conservation Service 
to distribute Best Management Practices information to agricultural operations in the County.  

Action AG 2-G: Collaborate with water suppliers and wastewater treatment plant operators to increase the 
availability of treated or recycled water for agricultural purposes. 

Community Character 

GOAL CC-2: Ensure that New Growth 
Addresses the Needs, Challenges and 
Opportunities Unique to Each Community 

Policy CC 2-6: Require new residential development to connect to municipal water and sewer services. 

Policy CC 2-19: Prohibit lot splits or subdivision of land into new parcels smaller than two acres until 
centralized water and wastewater services are available. 

Policy CC 2-24: The use, expansion and development of private or mutually owned water and wastewater 
systems serving large-scale commercial and industrial land uses or multiple users shall be supported within 
the Sphere of Influence, provided that the systems meet the requirements outlined in Policy PSF 1-26 and 
all applicable State regulations.  

Policy CC 2-25: Encourage urban residential development within the City’s Sphere of Influence to connect 
to municipal sewer and wastewater service and discourage the use, expansion and development of private 
or mutually owned water and wastewater systems serving residential uses within the Sphere of Influence. 

Policy CC 2-42: Require new urban development in Maxwell to connect to the municipal water and 
wastewater systems. 

Policy CC 2-47: Require new residential development in Princeton to connect to the municipal water and 
wastewater systems. 

Policy CC 2-57: Require applicants requesting land subdivisions or parcel splits in the Stonyford Lodge area 
to provide proof of adequate water supply for domestic use and fire protection. Additionally, sewage 
disposal meeting the County’s standards and frontage for each parcel on a road built to County standards 
shall be ensured. 

Policy CC 2-60: Allow the subdivision of land designated Agriculture Transition (AT) and zoned Upland 
Conservation, 10 acre minimum (UC-10) into 10 acre parcels, provided that the project can demonstrate 
sufficient roadway access, water supply, septic capacity, no significant aesthetic impacts, and that no 
significant risk associated with wildland fires or slope stability would occur. 

Policy CC 2-67: Encourage urban residential development within the City’s (Williams) Sphere of Influence 
to connect to municipal water and wastewater service. 

Policy CC 2-69: Discourage the use, expansion and development of private or mutually owned water and 
wastewater systems serving residential uses within the Sphere of Influence (Williams) 
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Table 1. Selected Colusa County General Plan Goals and Policies 

Goal or Objective Policy or Action 

Conservation Element 

Goal CON-1: Conserve and protect Colusa 
County’s ecosystem. 

Policy CON 1-4: Encourage conservation, rather than preservation, through the active management of 
natural resources, including wildlife, water, air, minerals, forests, and land. Conservation and management 
techniques include replacing trees, crops, and other renewable resources at a pace that ensures they are 
not consumed more quickly than they can be replaced; use of non-renewable resources in a manner that 
ensures the resources are not depleted but available to future generations for use; strategic forest thinning 
and fuels management to prevent wildfires; making resource areas accessible to the public while 
protecting resources from being diminished to non-recoverable levels; reducing incompatible 
wildlife/agricultural interface; and increasing public understanding and responsible use of resource 
conservation areas. 

Policy CON 1-7: Conserve and enhance those biological communities that contribute to the County’s rich 
biodiversity including, but not limited to, blue oak woodlands, annual grasslands, mixed chaparral, pine 
woodlands, wetlands, riparian areas, aquatic habitat, and agricultural lands. 

Objective CON-1B: Protect Endangered, 
Threatened and Special-Status Plant and 
Animal Species, their Habitats, and Other 
Sensitive Habitats 

Policy CON 1-13: Sensitive habitats include oak woodlands, wetlands, vernal pools, riparian areas, wildlife 
and fish migration corridors, native plant nursery sites, waters of the U.S., and other habitats designated by 
state and federal agencies and laws. 

Policy CON 1-14: Require any proposed project that may affect special-status species, their habitat, or 
other sensitive habitat to submit a biological resources evaluation as part of the development review 
process. Evaluations shall be carried out under the direction of the Colusa County Department of Planning 
and Building and consistent with applicable state and federal guidelines. Additional focused surveys shall 
be conducted during the appropriate season (e.g., nesting season, flowering season, etc.), if necessary.  

Policy CON 1-15: Require that impacts to wetlands and riparian habitat protected by State or Federal 
regulations be avoided to the greatest extent feasible. If avoidance is not possible, fully mitigate impacts 
consistent with applicable local, State and Federal requirements.  

Policy CON 1-16: Require new development projects to incorporate measures that eliminate or avoid 
direct impacts to lakes, reservoirs, rivers, creeks, streams, wetlands, and other waterways to the greatest 
extent feasible. Measures may include, but are not limited to, appropriate setbacks or the implementation 
of best management practices approved by the Department of Planning and Building.  

Policy CON 1-17: All discretionary public and private projects that identify special-status species or 
sensitive habitats in a biological resources evaluation shall avoid impacts to special-status species and their 
habitat to the maximum extent feasible. Where impacts cannot be avoided, projects shall include the 
implementation of site-specific or project-specific effective mitigation strategies developed by a qualified 
professional in consultation with state or federal resource agencies with jurisdiction (if applicable) 
including, but not limited to, the following strategies: 

a. Preservation of habitat and connectivity of adequate size, quality, and configuration to support the 
special-status species. Connectivity shall be determined based on the specifics of the species' needs.  

b. Project design measures, such as clustering of structures or locating project features to avoid 
known locations of special-status species and/or sensitive habitats.  

c. Provision of supplemental planting and maintenance of grasses, shrubs, and trees of similar quality 
and quantity to provide adequate vegetation cover to enhance water quality, minimize 
sedimentation and soil transport, and provide adequate shelter and food for wildlife.  

d. Protection for habitat and the known locations of special-status species through adequate buffering 
or other means. 

e. Provision of replacement habitat of like quantity and quality on- or off-site for special status 
species.  

f. Enhancement of existing special-status species habitat values through restoration and replanting of 
native plant species.  

g. Provision of temporary or permanent buffers of adequate size (based on the specifics of the special-
status species) to avoid nest abandonment by nesting migratory birds and raptors associated with 
construction and site development activities.  

h. Incorporation of the provisions or demonstration of compliance with applicable recovery plans for 
federally listed species. 

i. Monitoring of construction activities by a qualified biologist to avoid impacts to on-site special 
status species. 

Action CON 1-C: Review development project proposals, infrastructure projects, long range planning 
projects, and other projects that may potentially impact special-status species and sensitive resources to 
determine whether significant adverse impacts will occur. Where adverse impacts are identified, develop 
appropriate mitigation measures, in conformance with General Plan policies and relevant state and federal 
laws, to reduce or avoid impacts to the maximum extent feasible and practical.  

Action CON 1-D: Update the Zoning Ordinance to include standards to address significant impacts to 
special-status species and sensitive habitats consistent with Policies CON 1-13 through 1-18. 

Objective CON-1C: Protect and Enhance Local 
Fisheries and Riparian and Aquatic Habitat 

Policy CON 1-21: Protect riparian habitat along the Sacramento River in order to maintain suitable habitat 
for anadromous fish species, including salmon and steelhead trout, and for native sportfishing species 

Action CON 1-E: Coordinate with the California Department of Fish and Game to identify adversely 
impacted aquatic habitat within the County and to develop riparian management guidelines to be 
implemented by development, recreation, and other projects adjacent to rivers, lakes, reservoirs, and 
streams. 
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Table 1. Selected Colusa County General Plan Goals and Policies 

Goal or Objective Policy or Action 

Objective CON-1D: Protect Surface Water 
Quality in the County's Lakes, Streams, Creeks 
and Rivers 

Policy CON 1-22: Maintain lakes, rivers, streams, creeks, and waterways in a natural state whenever 
possible. These water features may be actively managed and/or improved or modified in order to function 
as natural flood protection and storm water management features during storms and flooding events.  

Policy CON 1-23: Protect and enhance streams, channels, seasonal and permanent marshland, wetlands, 
sloughs, riparian habitat and vernal pools through sound land use planning, community design, and site 
planning.  

Policy CON 1-24: If a proposed project may result in impacts to wetlands or other Waters of the U.S., 
require the project proponent to consult with the appropriate regulatory agency and implement all 
applicable permit requirements as a condition of project approval.  

Policy CON 1-25: Balance the needs of aquatic and riparian ecosystem enhancement efforts with flood 
management objectives.  

Policy CON 1-26: Discourage development within 50 feet from the top of banks for all lakes, perennial 
ponds, rivers, creeks, sloughs, and perennial streams unless County-approved best management practices 
have been incorporated into the project’s design in order to protect water quality and shoreline resources. 
Appropriate uses within the setback areas may include, but are not necessarily limited to: a. Fire and flood 
protection areas b. Maintenance of riparian habitat c. Recreational trails d. Vegetated landscaping e. Boat 
launch facilities Levees g. Docks h. Irrigation pumps  

Policy CON 1-27: Encourage agricultural land owners to improve on-site storm water retention features 
and implement feasible Best Management Practices (BMPs) to reduce site runoff and provide for natural 
removal of water pollutants.  

Policy CON 1-28: Support non-regulatory programs for protection of streams and riparian habitat, 
including education, technical assistance, tax incentives, and voluntary efforts to protect riparian 
resources.  

Action CON 1-F: Continue to require implementation of the County's Grading Ordinance. Review projects 
to ensure that BMPs are implemented during construction and site grading activities as well as in project 
design to reduce pollutant runoff into water bodies. 

Objective CON-1E: Ensure a Sustainable and 
Long-Term Supply of Safe and Reliable Water 
to Support the Needs of County Residents, 
Businesses, and Agricultural Operations 

Policy CON 1-29: Support water development, treatment, and storage projects that are needed to meet 
existing and future local and regional demand.  

Policy CON 1-30: Ensure that regional, state, and federal water projects, including proposed Sites 
Reservoir, protect local water rights and areas of origin.  

Policy CON 1-31: Encourage municipal water purveyors to install water meters and abandon flat-fee water 
use rate structures where feasible.  

Policy CON 1-32: Demonstrate leadership in water conservation by including water-efficient plumbing and 
landscaping at all new County facilities, and by reducing the County’s own water use to the extent possible.  

Policy CON 1-33: Require new development and expansion of existing uses to incorporate best 
management practices for water use and include water conservation measures.  

Policy CON 1-34: Encourage the use of water conservation measures for agriculture and in existing 
residences and businesses.  

Policy CON 1-35: Encourage the use of water conservation measures, including low flow plumbing; 
reclaimed wastewater for non-potable uses; dual plumbing that allows grey water from showers, sinks, 
and washers to be reused for landscape irrigation in new developments; and native and drought-tolerant 
landscaping. 

Action CON 1-G: Adopt a Water Efficient Landscaping Ordinance for residential, park, recreational, and 
commercial uses, based on the state model ordinance as amended to address local concerns. The 
ordinance should address: 1. Water-efficient landscape designs using low water-use plants. 2. Efficient 
irrigation systems. 3. Minimized turf areas. 4. Soil improvements and mulch. 5. Regular maintenance and 
adjustment of irrigation systems. 6. Scheduling irrigation during early or late hours. 7. Water budgeting, 
when necessary. 8. Education of residents, customers and employees regarding the importance of efficient 
water use.  

Action CON 1-H: Continue to implement the policies, actions, and Basin Management Objectives (BMOs) 
contained in the Colusa County Groundwater Management Plan. Action CON 1-I: Continue to cooperate 
with Butte, Glenn, Tehama, Shasta and Sutter Counties through the Northern Sacramento Valley 
Integrated Regional Water Management Group, and continue to foster regional cooperation with other 
counties and water purveyors. 
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Table 1. Selected Colusa County General Plan Goals and Policies 

Goal or Objective Policy or Action 

Housing Element 

Goal HO-2: Provide Adequate Sites and 
Infrastructure to Accommodate the County’s 
Housing Needs 

Policy HO-11: Implement all policies and programs of the Housing Element with adequate consideration 
given to the protection of the County’s agricultural and groundwater resources, and maintaining 
consistency with the County’s Conservation Element of the General Plan. 

 Program HO 2-5 Provision of Public Services  

The County will make every effort to ensure that infrastructure is available in a timely manner to 
accommodate development of its fair share of regional housing needs. Particular effort will be made to 
provide adequate infrastructure to accommodate the R-2, R-3, and R-4 sites in Arbuckle, Maxwell, 
Princeton, and the unincorporated area of Colusa.  

The County will coordinate with the local water and sewer agencies to assist in planning for adequate 
water and sewer service. The County will take the following actions, as needed, to provide service to 
developing areas:  

All Service Providers  

• Each water and sewer provider will be mailed a copy of the Housing Element, upon its adoption, along 
with a letter that includes: 1) the text of Government Code Section 65589.7 requiring water and sewer 
providers to grant priority for service allocations to proposed developments that include housing units 
affordable to lower (including very low and extremely low) income households; 2) a summary of the 
County’s regional housing needs allocation; and 3) specific actions the provider should take to ensure 
adequate service (see below for actions specific to each district/area in the County). 

Rural Areas  

• Review potential treatment technologies that could be developed to provide water and sewer 
service for rural market-rate and affordable housing; develop performance standards for potential 
treatment technologies to assist public and/or private sewer and water providers in determining 
which will be most feasible in their locations within the County. • Allow a wide range of feasible 
alternative system sizes and treatment technologies to provide water and sewer service for rural 
market-rate and affordable housing. 

Program HO 2-6 Adequate Water and Wastewater Service for Subdivisions  

Revise the Zoning Ordinance to ensure parcel map or subdivision map approval is dependent on 
demonstrated ability to provide potable water and meet septic capacity requirements. 

 Policy HO-18: Give priority for water service connections to extremely low, very low, and low income 
housing units in areas receiving water service from the County. Encourage local water and sewer providers 
to give priority to these lower income developments pursuant to Government Code Section 65589.7. 
Provide a copy of the Housing Element Update to local water and sewer providers upon its adoption. 

Land Use Element 

Goal LU-1: Maintain the efficient and 
harmonious use of land in the county, 
promoting a well organized and orderly 
development pattern, avoiding random, 
haphazard growth, protecting public health 
and safety, and accommodating the orderly 
and sustainable growth of employment and 
population. 

Policy LU 1-4: Locate lands designated for future development based on constraints associated with 
natural features, such as soil, slope, and drainage, preservation of the County’s resources, including 
agriculture, open space, and scenic views, and by public service availability, such as sewer and water 
capability; policies and actions related to these requirements are set forth in more detail in the Safety, 
Conservation, and Public Facilities and Services Elements. 

Action LU 1-D: Review development projects, consistent with the requirements of the California 
Environmental Quality Act and other applicable laws, to identify potential impacts associated with 
aesthetics, agriculture, air quality, circulation, community character, natural and cultural resources, 
greenhouse gases, public health and safety, water quality and supply, public services and facilities, and 
utilities and to mitigate of adverse impacts to the maximum extent that is feasible and practical. 

Objective LU-1C: Ensure a Streamlined and 
Equitable Process for Project Permitting and 
Outside Agency Coordination without 
Compromising the Enforcement of Local Land 
Use Regulations 

Policy LU 1-27: Participate in countywide, regional and other multi-agency planning efforts related to 
agriculture, water supply, tourism, open space, air quality, housing, green infrastructure, recreation, 
habitat conservation, energy, emergency preparedness and flood protection to ensure that the needs of 
the County’s residents and businesses are not overlooked. 

Goal LU-3: Ensure that Future Development 
Achieves the County’s Goals of Agricultural 
Conservation, Rural Character, Growth 
Focused Around Existing Communities and 
Uses Sustainable Practices through 
Application of Development Requirements 

Policy LU 3-1: Require proposed urban and rural residential development to be consistent with the 
following:  

Rural Residential  

• The soil is determined to be suitable for septic tank use by the Environmental Health Department  

• Groundwater is determined to be sufficient to support a well by the Environmental Health 
Department  

• The parcel can be made accessible from a public street 

• It can be demonstrated that the development is compatible with surrounding uses and will not have 
a significant, adverse effect on adjoining properties.  

• The area is accessible for fire protection and can meet fire resistance guidelines if located in a high 
hazard area. 

• It can be demonstrated that potable water is available.  

Urban Residential 

• The community utility systems, including water, drainage, and sewer, if available, can accommodate 
the additional demand.  

• The area has access to a major transportation route.  

• The impact of the development on local streets can be mitigated to acceptable levels.  

• Adequate fire protection measures are provided.  

• The site adjoins existing urban (residential, commercial, public facility, etc.) development.  

• The project avoids the repetition of residential facades/designs within subdivisions.  

• The development is compact, is sensitive to natural resources, public safety, efficiently uses water 
and energy, maximizes bicycle and pedestrian opportunities, provides multimodal connections to 
nearby neighborhoods, bike/pedestrian routes and trails, and provides direct, safe routes to 
services, schools, and shopping. 
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Table 1. Selected Colusa County General Plan Goals and Policies 

Goal or Objective Policy or Action 

Objective LU-3B: Ensure that Reasonable 
Development Standards and the County’s 
Rural Character and Quality of Life are Not 
Compromised in Efforts to Attract Commercial 
and Industrial Growth 

Policy LU 3-24: Require proposed industrial development to be consistent with the following:  

• The area can be readily hooked up to public sewer and water facilities where these facilities are 
available, or to private sewer and water facilities where utilities do not yet exist.  

• If the industry uses community utilities, that community systems can accommodate the added 
demand without additional costs to the existing community.  

• If the project is to be served by groundwater wells, that reliable, scientific data be provided in the 
project development application that demonstrates that groundwater will be available under all 
conditions, including drought, that surrounding the wells will not have appreciable adverse effects 
on the quality and quantity of existing domestic and agricultural water supplies, and that private 
sewage disposal systems can comply with Environmental Health Department standards.  

• The project will not significantly contribute to air, water, light, and noise pollution. 

Open Space Element 

Objective OSR 1-B: Balance Open Space 
Preservation with Economic Development 
Needs 

Policy OSR 1-9: Maintain open space for future water and drainage projects. 

Public Services and Facilities Element 

Objective PSF-1A: Provide Safe, Reliable, and 
Environmentally Sound Water Services to 
Existing County Land Uses and Areas of 
Planned Growth 

Policy PSF 1-3: Coordinate with water providers throughout the County to manage water supplies in a 
way that ensures adequate supplies for existing residents, agricultural uses, and businesses, and for 
projected growth, and avoids groundwater overdraft, water quality degradation and other adverse 
environmental impacts. 

Policy PSF 1-5: Facilitate, and to the extent feasible, assist with the development of new and reliable 
sources of water, consistent with County land use plans and regional water needs. 

Policy PSF 1-7: Priority is given to serving existing water uses over new water uses. 

Policy PSF 1-8: Require proof of an adequate (as defined by the County Environmental Health Division) 
potable water supply to serve the entire project prior to approval of any division of land or use permit. 

Policy PSF 1-11: New residential development on parcels two acres in size or smaller shall be required to 
connect to a public water system, with the exception of existing Rural Residential and Rural Service Center 
parcels which may be allowed to have an on-site well if approved by the County Department of 
Environmental Health. 

Safety Element 

Objective SA 1-D: Take Appropriate Steps to 
Reduce the Risks to Life, Property, and Public 
Services Associated with Flooding. 

Policy SA 1-27: Maintain adequate lands that can be used for groundwater recharge and storm water 
management. These lands may include parcels designated Agriculture General (AG), Designated Floodway 
(DF), and Resource Conservation (RC). 

Policy SA 1-35: Encourage and accommodate multi-benefit flood control projects that incorporate 
recreation, resource conservation, preservation of natural riparian habitat, and scenic values of the 
County’s streams, creeks and lakes. Where appropriate and feasible, the County shall also encourage the 
use of flood and/or stormwater retention facilities for use as groundwater recharge facilities. 
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Table 2. Selected Glenn County General Plan Goals and Policies 

Goal or Objective Policy or Action 

Natural Resources 

Agriculture/Soils  

NRG-1 Preservation of agricultural land NRP-3: Recognize the value of ricelands for waterfowl habitat, watershed management, and for 
groundwater recharge in an effort to preserve such lands and to maintain necessary water supplies in 
Glenn County.  

NRP-4: Support efforts underway to explore the potential to utilize ricelands as temporary storage 
reservoirs in the winter months, thus increasing groundwater recharge and supplies of surface water for 
both agriculture and wildlife, and potentially providing an alternative to rice straw burning. 

NRP-19: Support the erosion control programs, resource management programs, and agricultural 
conservation efforts of the Glenn County Resource Conservation District that benefit the county as a 
whole. 

Implementation Strategies, Programs and Priorities 

NRI-3: Encourage rice growers as well as other agricultural crop growers and cooperative to emphasize the 
value of rice land for waterfowl habitat, air quality enhancement, and groundwater recharge through 
promotions and advertisement. 

NRI-4: Monitor and participate in efforts of State and federal agencies and private conservation groups to 
find alternatives to rice straw burning, including winter flooding of fields. 

NRI-16: Establish a County notification process for requests to convert land from agricultural and grazing 
use to wetlands. 

Water Resources  

NRG-2 Protection and management of local 
water resources 

NRP-22: Oppose the exportation of groundwater resources outside the county. 

NRP-23: Support legislation which will provide for a locally controlled Glenn County groundwater 
management district. 

NRP-24: Recognize the following local priorities when dealing with questions of ground and surface 
water use: 

• Highest: 1) Household/Domestic, 2) Agriculture, 3: Industrial/Commercial, 4) Wildlife/Conservation 
Lowest: 5) Exportation 

NRP-25: Protect groundwater recharge areas in the county from overcovering and contamination by 
carefully regulating the type of development which occurs within these areas. 

NRP-26: Discourage onsite sewage disposal systems in areas with high groundwater recharge potential and 
eliminate existing concentrations of septic tanks in such areas through construction of community sewage 
treatment and disposal systems. 

NRP-27: Prohibit uses with the potential to accidentally discharge harmful groundwater pollutants in areas 
of high groundwater recharge, unless appropriate mitigation measures have been incorporated into the 
operation of such uses. 

NRP-28: Identify and monitor potential sources of groundwater pollution, including harmful agricultural 
practices.  

NRP-29: Limit structural coverage and impervious surfaces within areas of high groundwater recharge 
through application of zoning that recognizes the importance of this feature. 

NRP-30: Protect important watershed areas from poor development practices and potential degradation. 

NRP-31: Monitor actions taken at the State and federal level which impact water resources in order to 
evaluate the effects of these actions on the county’s resources.  

NRP-33: Carefully study the potential impact that any future reservoir 
construction may have on groundwater recharge areas in Glenn County. 

NRP-34: Recognize the value of irrigation system infrastructure by discouraging development within 
established irrigation district boundaries which would prematurely reduce the utility of such systems. 

NRP-35: Encourage the development of water conservation programs by water purveyors for both 
agricultural and urban uses.  

NRP-36: Encourage development of educational programs to increase public awareness of water 
conservation opportunities and the potential benefits of implementing conservation measures and 
programs.  

NRP-37: Recognize that efforts to reserve water in Glenn County for wildlife may also bring long-term 
benefits to the effort to retain water resources locally.  

NRP-38: Recognize the impacts of gravel extraction on groundwater quantity and quality and encourage 
extraction methods that preserve and enhance groundwater resources. 

Implementation Strategies, Programs and Priorities 

NRI-18: Establish a local groundwater management program including strategies for advancing State 
legislation supportive of a locally controlled groundwater management district. 

NRI-19: Apply the priorities for water consumption included in this General Plan when reviewing 
discretionary actions. 

NRI-20: Establish an overlay designation to provide appropriate protections for areas of the county where 
groundwater recharge occurs, such as limitations on overcovering of soils with impervious surfaces. To 
provide for appropriate groundwater protection, new zoning proposals that could result in residential lots 
less than one acre should not be approved until a sewer system is available. Consult with the State 
Department of Water Resources, the Glenn County Health Department and the Glenn County Planning 
Department, and incorporate protective measures into the Glenn County Zoning Code. 

NRI-22: Work with State and federal agencies to improve local groundwater pollution detection and 
monitoring. 

NRI-23: Amend County ordinances to include development standards, as contained in this General Plan, 
which protect watershed areas, and coordinate application of the standards with the U.S. Forest Service 
and other agencies. 

NRI-24: Monitor and participate in efforts of the Bureau of Reclamation and Army Corps of Engineers to 
study the impacts of additional reservoir construction and of reservoir siltation. 

NRI-25: Develop and actively seek funding to develop water conservation and educational programs. 

Biological Resources  
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Table 2. Selected Glenn County General Plan Goals and Policies 

Goal or Objective Policy or Action 

NRG-3 Preservation and enhancement of 
the county's biological 
resources in a manner compatible with a 
sound local economy. 

NRP-39: Approach the retention and enhancement of important habitat by preserving areas or systems 
which will benefit a variety of species or resources rather than focusing on individual species, resources 
or properties. 

NRP-41: Preserve natural riparian habitat, especially along Stony Creek and the Sacramento River and 
Butte Creek. 

NRP-42: Eliminate the E-M (Extractive Industrial) Zone from areas containing natural riparian 
vegetation/habitat and replace it with a category affording greater protection to stream courses and 
riparian habitats. 

NRP-46: Promote protection of native biological habitats of local importance such as riparian forests, 
foothill oak woodlands, Stony Gorge and Black Butte Reservoirs. 

NRP-50: Recognize the Sacramento River corridor, the Sacramento National Wildlife Refuge, migratory 
deer herd areas, naturally occurring wetlands, and stream courses such as Butte and Stony Creeks as areas 
of significant biological importance. 

NRP-53: Direct development away from naturally occurring wetlands to the extent such policy is consistent 
with the concept of compact and contiguous development.  

NRP-61: Support efforts to improve water availability and management when the potential exists to 
benefit fish and wildlife in cooperation with Glenn County agricultural water users.  

Implementation Strategies, Programs and Priorities 

NRI-27: Amend the Glenn County Zoning Code to include a Streamside Protection Zone and rezone those 
areas along stream courses currently zoned E-M (Extractive industrial Zone) in accordance with a locally 
prepared riparian zone management plan. 

NRI-32: Meet with the U.S. Fish and Wildlife Service to determine if there is interest in establishing buffer 
areas around the Sacramento National Wildlife Refuge and other areas of biological importance, and how 
the federal government would participate in their formation. 

NRI-34: Identify biologically important areas, such as the Sacramento River Corridor, Sacramento National 
Wildlife Refuge, deer herd ranges, naturally occurring wetlands, and stream courses such as Butte and 
Stony Creeks, and show them as constraints to development in this General Plan (Reference Biological 
Importance Overlay and Restorable Wetlands Overlay). 

Public Safety  

Water Quality  

PSG-6 Protection and enhancement of 
water quality. 

PSP-43: Support ongoing regulatory and compliance efforts at the federal and State level for the protection 
of water quality. 

PSP-45: Zone floodways and stream channels in a manner that promotes protection of water quality. 

PSP-47: Support the preparation of area groundwater studies to the protection of groundwater and to 
ensure that the holding capacity of the area is not exceeded. 

Implementation Strategies, Programs and Priorities 

PSI-42: Sponsor and assist with educational efforts which have as a goal greater public awareness and 
compliance with established water quality standards. 

Community Development  

Land Use/Growth  

CDG-2 Avoidance of land use conflicts in 
agricultural areas. 

P-45: Discourage urban growth in floodplains, aquifer recharge areas, scenic and historic sites, or other 
sensitive areas as specified in this General Plan.  

CDP-17: Encourage agricultural water suppliers to make changes in their service requirements to increase 
the minimum sized parcel to be served in agricultural areas to ten (10) acres, and recommend that new 
parcels created within water supply district boundaries which are less than ten (10) acres in size be 
detached from the district(s), except for the Orland Unit Water Users’ Association, for which the minimum 
size shall be 5.01 acres. 

CDP-18: Within the Orland-Artois Water District, approve no zone changes allowing parcels smaller than 
twenty (20) acres in size, and approve no tentative maps for parcels less than twenty (20) acres in size. 

Implementation Strategies, Programs and Priorities 

CDI-10: Contact agricultural water suppliers and formally request establishment of a ten (10) acre 
minimum parcel size for agricultural water service. 

CDI-11: Apply zoning to properties located within the Orland-Artois Water District that reflects a minimum 
parcel size of twenty (20) acres or larger. 

Public Services and Facilities  

CDG-17 Provision of adequate and 
cost-effective public services. 

CDP-129: Maintain coordination and cooperation between the County and water purveyors, and 
encourage special districts to comply with State law by referring capital projects to the County for review 
and evaluation for consistency with the General Plan. 

Implementation Strategies, Programs and Priorities 

CDI-83: Convene a task force composed of representatives of Glenn County and the cities of Willows and 
Orland to formulate a memorandum of understanding which establishes uniform polities and standards for 
building construction, public utility connections, sewer and water service, and other matters related to 
cost-effective development of unincorporated areas within city urban limit lines.  

CDI-88: Request LAFCO to initiate and undertake studies of existing special districts and cities which 
include inventorying those agencies and determining their maximum service area and service capacities. 

CDI-89: Request LAFCO to adopt standards and procedures for the evaluation of service plans submitted by 
cities and special districts with annexation/reorganization applications. 

CDI-94: Request the Environmental Health Department to review minimum parcel size standards for areas 
without public or community water service for adequacy as new information becomes available e.g. soil 
surveys, new regulations. 
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Table 3. Selected City of Colusa General Plan Goals and Policies 

Goal or Objective Policy or Action 

Land Use Elements 

Comprehensive Planning  

Goal LU-6: To provide a comprehensive, 
logical land use planning process rather 
than an incremental, piecemeal approach. 

Policy LU-6.3: Growth shall be managed to ensure that adequate public facilities and services are planned 
for and provided in a manner that protects the public’s health, safety, and welfare. 

Implementing Actions 

Implementing Action LU-6.3.e: Water Master Plan The City will adopt and implement a Water Master Plan. 
Development projects will be evaluated for consistency with this plan. The plan will provide a framework 
for timed capital improvements and facility expansion projects and will aid the City in identifying and 
establishing funding sources beyond monthly service charges to finance improvements related to water 
quality, supply, recycling, distribution, and water conservation. Municipal water is discussed is discussed in 
detail in the Municipal Facilities and Services Element.  

Implementing Action LU-6.3.f: Wastewater Master Plan The City will adopt and implement a Wastewater 
Master Plan. Development projects will be evaluated for consistency with this plan. The plan will provide 
the framework for timed capital improvements and facility expansion projects and will identify funding 
sources beyond monthly service charges to finance improvements related to expansion and upgrades to 
wastewater capacity, flow, treatment, and reclamation. The City will refer to this plan when constructing 
improvements and upgrades to the Wastewater Treatment Plant as needed to accommodate existing 
customers and any approved development. Wastewater is discussed in detail in the Municipal Facilities 
and Services Element.  

Implementing Action LU-6.3.g: Storm Drainage Master Plan The City will adopt and implement a Storm 
Drainage Master Plan. Development projects will be evaluated for consistency with this plan. The plan will 
identify drainage facilities that will be constructed to eliminate drainage problems in the City and will describe 
the means for financing the improvements. The Storm Drainage Master Plan will address Regional Water 
Quality Control Board water quality standards, including Best Management Practices for storm drainage 
management. Storm drainage is discussed in detail in the Municipal Facilities and Services Element. 

Community Character and Design  

Environmental Sustainability  

Goal CCD-2: To ensure that new 
development respects the natural 
environment. 

Policy CCD-2.2: New development shall respect the contours of drainage ways as important recognizable 
features of the City. 

 Implementing Actions 

Implementing Action CCD-2.2.c: Improvement Standards The City will update and adopt improvement 
standards to be applied to improvements and private works to be dedicated to the public and accepted by 
the City for maintenance or operation, as well as improvements to be installed within existing rightsof-way 
and easements. These standards shall serve to regulate and guide the design and preparation of plans for 
street construction, alleys, drainage, sewer, street lighting water supply facilities, and related public 
improvements. 

 Policy CCD-2.5: The City shall ensure that infrastructure improvements demonstrate sensitivity to any 
natural systems affecting a project site. 

 Policy CCD-2.5: The City shall ensure that infrastructure improvements demonstrate sensitivity to any 
natural systems affecting a project site. 

 Implementation Actions 

Implementing Action CCD-2.5.b: Development Review Impacts of proposed new development will be 
evaluated with each proposal. Mitigation of significant impacts to the natural environment, including 
biological resources, water quality and air quality, will be required as part of the development review 
process. Mitigation measures to minimize impacts on these natural resources will be implemented 
as appropriate. 

Safety Element  

Goal SAF-2: To minimize the potential for loss 
of life and damage to property due to 
flooding. 

Policy SAF-2.2: The City shall minimize the potential for flood damage to buildings and other structures, 
particularly from storm water runoff.  

 Implementing Actions 

Implementing Action SAF-2.2.a: Storm Drainage Master Plan The City will adopt a Storm Drainage Master 
Plan for Colusa. The Master Plan will identify drainage facilities that will be constructed to eliminate or 
mitigate drainage problems in the City, and describe the means for financing the proposed improvements. 
The Storm Drainage Master Plan will be consistent with any Capital Improvements Plan prepared by the 
City and will address Regional Water Quality Control Board water quality standards, including Best 
Management Practices for storm drainage.  

Implementing Action SAF-2.2.b: Development Review The City will require new development to ensure 
that the cumulative rate of peak runoff does not exceed pre-development levels. New development and 
redevelopment of existing sites will provide storm water detention or retention facilities (on- or offsite), if 
necessary, to prevent flooding due to runoff or where existing storm drainage facilities are unable to 
accommodate increased storm water drainage.  

Implementing Action SAF-2.2.c: Ordinance and Regulation Review and Update The City will review and 
revise its Subdivision Ordinance as needed to incorporate specific data and design requirements related to 
storm water drainage that are contained in this General Plan update. 

Parks, Recreation and Resource Conservation  

Water Quality and Water Conservation  

Goal PRC- 9: To manage and protect the 
City’s water resources. 

Policy PRC – 9.1: The City shall require natural drainage flows be maintained in new development projects 
to the greatest extent feasible.  

 Implementing Action 

Implementing Action PRC-9.1.a: Development Review As part of the development review process, the City 
will review individual projects to determine the setback requirements that will adequately buffer natural 
drainage corridors from development. The City will require that new development protect natural drainage 
corridors and other watercourses from the adverse effects of construction activities and urban runoff. 
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Table 3. Selected City of Colusa General Plan Goals and Policies 

Goal or Objective Policy or Action 

 Policy PRC- 9.2: The City shall periodically review the status of the City’s groundwater resources. 

 Implementing Action 

Implementing Action PRC-9.2.a: Water Resources Report The City will prepare a Water Resources bi-annual 
report to the City Council. This report, in part, will include an analysis of groundwater resources. The City 
will use this report to ensure groundwater resources are protected from contamination and overdraft. As 
part of the Water Resources Report, the Public Works Department will analyze the quality of drinking 
water in the City. The City will encourage activities that maintain and improve drinking water quality. 

 Policy PRC – 9.3: The City shall maintain its ability to meet its water supply requirements. Implementing 
Action PRC-9.3.a: Development Review As part of the development review process, the City will evaluate 
the incorporation of water conservation techniques in all new development.  

 Implementing Action 

Implementing Action PRC-9.3.b: Development Impact Fees (see Implementing Action MFS-1.1.b). 

 Policy PRC-9.4: The City shall encourage the use of treated wastewater and other non-potable water 
sources for irrigation and groundwater recharge. 

 Implementing Actions 

Implementation Action PRC-9.4.a: Landscape Ordinance The City will adopt and implement a landscape 
ordinance, which will establish standards for water-conserving landscaping in order to reduce water use in 
developed areas. Requirements will specify the use of reclaimed water, trees, and other vegetation. This 
ordinance will be applied in the design and development of private and public development projects and 
will be consistent with the provisions of the General Plan.  

Implementation Action PRC-9.4.b: Interagency Coordination In cooperation with the Colusa County Water 
District, the City will identify and develop opportunities for reuse of non-potable water, including 
reclaimed water, for non-domestic uses. 

Municipal Facilities  

Water System  

Goal MFS – 7: To maintain and enhance a 
water system that meets the needs of 
existing and future residents of Colusa. 

Policy MFS-7.1: The City shall establish development standards and plans to ensure that the water 
treatment and delivery system is not unduly burdened by new development. 

Implementing Action 

Implementing Action MFS-7.1.c: Water Master Plan The City will prepare and implement a Water Master 
Plan to provide a framework for timed capital improvements and facility expansion projects. The plan will 
aid the City in identifying and establishing funding sources beyond monthly service charges to finance 
improvements related to water quality, supply, recycling, distribution, conservation, and other issue areas 
identified issue areas identified by the City and the plan. The plan will evaluate the depth, size, recharge 
rate, and capacity of the aquifer to accommodate the City’s projected future growth. The plan will also 
make determinations regarding the need to develop additional water sources during the planning period of 
this General Plan. 

 Policy MFS-7.2: To minimize the need for the development of new water sources and facilities and to 
minimize sewer treatment needs, the City shall promote water conservation in City operations and in 
private development. The City shall annually monitor water usage to assess the effectiveness of the water 
conservation program.  

 Implementing Action MFS-7.2.a: Water Master Plan The City will implement a water conservation program, 
to be defined and incorporated in its Urban Water Management Plan, to be prepared with the Water 
System Master Plan. If groundwater levels decline and/or if the "moderate" program does not achieve its 
intended results, the City will implement the "aggressive" or "maximum" water conservation program as 
defined in the Water Management Plan. 

 Policy MFS-7.3: The City shall, to the extent practical, require the use of drought-tolerant plant species and 
water efficient irrigation systems in the landscaping of new public and private open space areas, common 
areas, and parks.  

 Implementing Action MFS-7.3.a: Development Review Through review of development projects, the City 
will condition development, where practical, on water conservation practices. 

Stormwater Drainage System  

Goal MFS – 9: To provide adequate 
stormwater drainage for all existing and 
future development. 

Policy MFS-9.1: The City shall ensure its stormwater drainage system is upgraded in phases to adequately 
accommodate drainage resulting from new development prior to project construction. 

Implementing Action 

Implementing Action MFS-9.1.a: Storm Drainage Master Plan The City will prepare and adopt a Storm 
Drainage Master Plan for Colusa. The Master Plan will identify drainage facilities that will be constructed to 
eliminate existing drainage problems and avoid future drainage problems in the City and describe the 
means for financing the improvements. The Storm Drainage Master Plan will be consistent with any Capital 
Improvement Program prepared by the City and address Regional Water Quality Control Board water 
quality standards, including Best Management Practices for storm drainage. 
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Table 4. Selected City of Williams General Plan Goals and Policies 

Goal or Objective Policy or Action 

Land Use and Character 

Achieving a Quality Community Character  

 Policy 3.27: The land use plan and zoning districts will address for the character of development, which 
accounts for the design/intensity of development, the arrangement of buildings and parking areas, and the 
preservation of open space. 

 Actions 

3.hh. Establish minimum open space standards within each district, which may be used for storm water 
detention, resource protection (e.g. riparian buffers along streams), bufferyards, and/or parks, trails, and 
open space. The amount of private or common open space relates to the character of development. For 
instance, in the Agriculture and Estate Residential districts, there is a high proportion of private open space 
whereas the Suburban Residential and Urban Residential districts have increasing percentages of common 
(public or semipublic) open space. 

3.jj. Incorporate development options within each zoning district. Different lot sizes and percentages of 
open space maintain the district character while allowing market flexibility and adjustment to site 
conditions. In other words, a smaller lot may be used and clustered to set aside adequate open space to 
preserve agricultural resources, such as the orchards, or to fulfill the City’s storm water management 
objectives. A comparable density and character is achieved. 

Service Provision  

 Policy 3.41: The City’s land use pattern shall focus new development and significant redevelopment where 
adequate public services and utility capacity are already in place or projected for improvement, including 
streets, water, wastewater, and drainage infrastructure. 

Environmental Sensitivity, Resource Protection, and Flood Prevention 

 Policy 3.45: Sensitive resources, including floodplains, wetlands, riparian buffer areas along stream 
channels, and valued view sheds, will be protected and preserved. 

 Policy 3.50:. The City will consider the location of natural resources to be used for groundwater recharge 
and stormwater management. 

Public Safety  

Flood Protection  

 Policy 4.9: The design of drainage improvements will be sensitive to community aesthetics, aquatic habitat, 
recreation (trails, playing fields), wetlands, and water quality mitigation.  

Policy 4.10: The City will encourage design strategies to reduce the impact of impervious surfaces on storm 
water quality through the use of water gardens, rain barrels or cisterns, pervious pavement, vegetated 
swales, swale blocks, and green roofs, among others. 

 Actions 

4.d. Maintain a Flood and Drainage Master Plan that addresses the following, at a minimum:  

• Storm water and drainage improvements for all sections of the City that are needed to 
accommodate planned growth;  

• Coordination with irrigation districts, the County and other affected flood control agencies to 
develop uniform standards for irrigation and storm water conveyance infrastructure; and  

• Standard measures used for new development to address localized flooding, such as measures to 
avoid off-site drainage impacts from adjacent agricultural operations.  

4.e. At the time the City reaches a size by which it is required to comply with Section 402(p) of the Federal 
Clean Water Act, prepare a Storm Water Management Plan (SWMP) to fulfill the requirements for 
improving the quality of storm water discharges from Small Municipal Separate Storm Sewer Systems 
(MS4) for Phase II municipalities.  

4.f. Begin identifying Best Management Practices (BMPs), particularly construction site storm water runoff 
control and post-construction storm water management, to reduce the discharge of pollutants to the 
storm water system. These should be integrated as standards into the City’s subdivision regulations.  

4.g. Through improved land development practices and regulations, establish a hierarchy for managing 
storm water with the following priorities: minimize impervious surfaces, attenuate flows by use of open, 
vegetated swales and natural depressions and preserve existing natural stream channels, infiltrate 
runoff 3, provide storm water retention and then detention structures, provide velocity dissipation 
structures or channel design, and construct storm sewers. 

4.m. Investigate the feasibility of the alternatives outlined in the Preliminary Technical Memorandum for 
Flood Hazard Mitigation Study Project Alternatives. The structural alternatives include improving the 
conveyance capacity of Freshwater and Salt Creeks and the supporting network of drainage laterals, 
replacing bridge crossings to remove obstructions, constructing diversion dams to channel flows away 
from the City, constructing flood detention and multi-purpose flood retention reservoirs, constructing 
levees to the west and north of the City with removable floodwall sections, and elevating existing 
structures. The non-structural alternatives include land acquisition, cropland storage, channel restoration, 
upland re-vegetation, and improved maintenance of stream channels. 



 

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

Page 2 of 2 Colusa GSA and Glenn GSA 
Groundwater Sustainability Plan 

Last Revised: 03-24-21 

 

Table 4. Selected City of Williams General Plan Goals and Policies 

Goal or Objective Policy or Action 

Public Facilities  

Water, Wastewater, and Storm Drainage  

 Policy 5.1: The City of Williams will provide utilities concurrently with development. 

 Actions 

5.b. Continue developing the City’s Capital Improvement Program (CIP) to repair and replace aging and 
deteriorated sewer lines, which will improve the flow efficiency, reduce inflow and infiltration into the 
collection and treatment systems, and help to mitigate ground water impacts.  

5.c. Execute plans to install a new water well.  

5.d. Further develop plans for a second water storage tank.  

5.e. Amend the zoning ordinance to include ground water protection measures in site development 
standards. Include open space provisions in the density standards.  

5.f. Amend the subdivision ordinance to include ground water protection measures in future subdivisions.  

5.g. In accordance with AB 1881, the Water Conservation Landscape Act of 2006, develop water efficient 
landscaping standards for new development to include:  

• Requirements for specific species of plantings;  

• Prohibition of invasive species;  

• Submittal requirements for landscaping and irrigation plans (and requirement for both to be 
installed per approved plans);  

• Landscaping and hardscaping to be designed based on “hydrozone” specifications;  

• Provision for recirculating and recycling water systems;  

• Requirements for a soil report with recommendations regarding the most efficient types of planting 
and irrigation for the specific soil types existing on a site;  

• Specific “plant factors” in compliance with state standards for high, medium and low water using 
plantings; and  

• Irrigation to be designed according to hydrozone needs. 

5.k. Incorporate into City standards and specifications means for addressing storm water quality, including 
a first preference for nonstructure best management practices such as bioretention, vegetated swales and 
buffer strips, constructed wetlands, and other environmentally sensitive design and construction practices. 

Open Space and Conservation  

Vegetation  

 Policy 7.24: Preference will be given to native and drought-tolerant plant species to reduce water 
consumption, minimize invasive species, and preserve the appearance of the natural landscape. 

 Actions 

7.zz Consider provisions in the subdivision regulations may require riparian buffers around all naturally 
occurring water bodies and wetlands. The standards shall restrict septic systems within the buffer area and 
include requirements for planting indigenous plants and trees to enhance the buffer’s absorption and 
filtering potential. 7.aaa Include the use of bio-swales and permanent water features for drainage 
management to reduce the volume and rate of stormwater runoff from new developments. 7.bbb Support 
green roofs on new developments as a method of stormwater mitigation, as well as reduction of the urban 
“heat island” effect. For new construction, the use of green roofs shall result in a reduction in the extent of 
stormwater facilities that need to be constructed to meet standards. 7.ccc The City will identify areas that 
may accommodate floodwater for the purposes of groundwater recharge and stormwater management. 
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Table 5. Selected City of Orland General Plan Goals and Policies 

Goal or Objective Policy or Action 

Safety Element 

Subsidence  

 Policy 4.6.C: Applications for projects that extract groundwater, oil, or gas shall include a report evaluating 
the potential for resulting subsidence. Reports shall discuss appropriate mitigation measures to reduce the 
potential for subsidence. 

Open Space, Conservation, and Public Facilities Element 

Water Quality  

Goal 5.6: Conserve, enhance, and manage 
water resources, protect their quality, and 
ensure an adequate long-term supply of 
water for domestic, agricultural, industrial, 
and recreational use. 

Policy 5.6.A: Ensure that new development complies with State and federal regulations and standards in 
order to maintain and improve water quality.  

Program 5.6.A.1: The City shall require applicants for new development projects to adhere to RWQCB 
discharge standards, including identifying specific measures for minimizing project related erosion and 
resulting siltation of surface water features.  

Programs 

Program 5.6.A.2: The City shall require that a grading and erosion control plan be submitted with each 
tentative parcel and tentative subdivision map prior to action by the City. Standard RWQCB best 
management practices (BMPs) shall be incorporated in these plans as a means to control runoff and 
minimize erosion impacts.  

Program 5.6.A.3: The City shall ensure that new development has a minimal impact on natural drainage 
channels and flow capacity. 

 Policy 5.6.B: Reduce the potential for sediment and other pollutants to contaminate surface and ground 
water resources.  

Programs 

Program 5.6.B.1: Where feasible, the City shall maintain the natural condition of waterways and 
floodplains and protect watersheds to ensure adequate ground water recharge and water quality.  

Program 5.6.B.2: The City shall require that new development at a density greater than one unit per acre 
and commercial and industrial areas annexed to the City be connected to the City’s wastewater collection 
system. Existing residential development and individual homes where septic systems have failed also may 
be connected to the system.  

Program 5.6.B.3: The City shall review City standards for drainage structures and, if determined 
appropriate, adopt requirements for grease and sediment traps for roads and parking lots to improve 
water quality of urban runoff. 

 Policy 5.6.C: Explore the use of pervious concrete/pavement to allow the continued filtration of 
groundwater into the soil.  

Policy 5.6.D: Encourage the use of site design techniques for non-residential uses that provide for the 
discharge of on-site stormwater into landscaped basins or swales prior to discharge to the City’s storm 
drainage system.  

Policy 5.6.E: Encourage water conservation as a means of conserving not only water but also minimizing 
energy consumption and costs associated with pumping and delivery systems. 

Water Supply  

Goal 5.7: Protect the quantity and quality 
of community water supplies 

Policy 5.7.A: Ensure that groundwater resources in the vicinity of Orland are protected from 
contamination.  

Programs 

Program 5.7.A.1: The City shall require wells located on land annexed to the City and served by City water 
service to be properly abandoned or all possibility of cross connection with the City water system 
eliminated in accordance with Glenn County Health Department guidelines.  

Program 5.7.A.2: The City shall ensure that all City wells are operated and maintained to meet California 
Department of Health Services standards for public drinking water supplies. 

 Policy 5.7.B: Avoid the wasteful use of water within the planning area. Program 5.7.B.1: The City shall 
promote the use of water-conserving devices and practices in both new construction and major alterations 
and additions to existing buildings. 

Stormwater Drainage System  

Goal 5.9: Provide for the collection, 
transport, and stormwater in a safe 
manner to protect people and property 
from damage arising from storm drainage. 

Policy 5.9.A: Require new development to ensure that the cumulative rate of peak runoff does not exceed 
pre-development levels.  

Programs 

Program 5.9.A.1: New development and redevelopment of existing sites should provide storm water 
detention or retention facilities (on- or offsite), if necessary, to prevent flooding due to runoff or where 
existing storm drainage facilities are unable to accommodate increased storm water drainage.  

Program 5.9.A.2: The City shall review and revise its Zoning and Subdivision Ordinances, as needed, to 
incorporate specific data and design requirements related to stormwater drainage that are contained in 
this general plan.  

Program 5.9.A.3: The City shall complete its Storm Drainage Master Plan. 

 Policy 5.9.B: Minimize the potential for flood damage to buildings and other structures, particularly from 
storm water runoff.  

Programs 

Program 5.9.B.1: The City shall explore the use of pervious concrete and pavement to assist in the return of 
water to the regional aquifer and to assist in the management of storm drainage.  

Program 5.9.B.2: The City shall encourage the use of landscaped bioswales to filter oil and other pollutants 
from stormwater drainage.  

Program 5.9.B.3: The City shall consider the use of filtered storm drainage inlets to screen pollutants from 
drainage waters. 
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Table 6. Selected City of Willows General Plan Goals and Policies 

Goal  Objective, Policy or Implementation 

Land Use Element 

Development  

DPS-1 Goal: Accommodate and plan for 
new growth. 

Objective:  

During the life of this plan, maintain flexibility and responsiveness to the changing conditions and 
opportunities for development. 

 Policy: 

The City should only approve development proposals that are consistent with this plan. 

Community Services, Facilities, and Infrastructure 

DPS-4 Goal: Adequate community services, 
facilities, and infrastructure. 

Objective: 

Maintain existing services, facilities, and infrastructure, and provide for expansion, extension, or upgrades 
to meet the needs of new development without adversely impacting existing levels of service or the 
revenues required to provide them. 

 Policy: 

Before approving a development proposal, the City should determine through the California Environmental 
Quality Act (CEQA) process that a proposed project will not adversely impact existing community services, 
facilities, and infrastructure The City Council should determine that revenues are, or will be, available to 
maintain and/or expand, extend, or upgrade services related to new development. 

High Groundwater  

DPS-13 Goal: Protect water quality. Objective: 

Prevent septic system failure and ground water contamination in high groundwater areas. 

 Policy: 

The City Council should only approve projects in the high ground water areas that will be served by city 
sewers. 

 

 



 

 

 

 

 

 

 

Example of Comment Tracking System 
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Not included with this submittal.  



 

 

 

 

 

 

 

Distribution Lists of GSA-specific Beneficial Users 

 

Note: some information has been redacted for confidentiality purposes and GSA commitments. 
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Not included with this submittal.  



 

 

 

 

 

 

 

Example Meeting Workshop and Flyers 

 

  

Appendix 2D 



Not included with this submittal.  



 

 

 

 

 

 

 

Engagement Matrix 
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Not included with this submittal.  



 

 

 

 

 

 

 

Beneficial User Input and  
Decision Making Development 
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Not included with this submittal.  



 

 

 

 

 

 

 

Monitoring Network Groundwater Elevation 
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  Figure 40. 21N02W01F001-004M Active Observation Well Cluster  
Ground Surface Elevation 160.88 feet msl, NAVD 88
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  Figure 41. 21N02W04G002-005M Active Observation Well Cluster  
Ground Surface Elevation 178.41 feet msl, NAVD 88
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  Figure 42. 21N02W05M001-003M Active Observation Well Cluster  
Ground Surface Elevation 188.93 feet msl, NAVD 88
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  Figure 43. 21N02W33M001-003M Active Observation Well Cluster  
Ground Surface Elevation 149.00 feet msl, NAVD 88

149

139

Appendix 3A Colusa GSA and Glenn GSA
Groundwater Sustainability Plan

Last Revised: 01-04-21



0

10

20

30

40

50

60

70

80

90

100

110

12016

26

36

46

56

66

76

86

96

106

116

126

136

1
9

7
5

1
9

7
7

1
9

7
9

1
9

8
1

1
9

8
3

1
9

8
5

1
9

8
7

1
9

8
9

1
9

9
1

1
9

9
3

1
9

9
5

1
9

9
7

1
9

9
9

2
0

0
1

2
0

0
3

2
0

0
5

2
0

0
7

2
0

0
9

2
0

1
1

2
0

1
3

2
0

1
5

2
0

1
7

2
0

1
9

2
0

2
1

D
e
p

th
 t

o
 G

ro
u

n
d

w
a
te

r 
(f

e
e
t)

G
ro

u
n

d
w

a
te

r 
E

le
v

a
ti

o
n

 (
fe

e
t,

 m
s
l,
 N

A
V

D
 8

8
)

Date

21N02W36A002 (120-140 ft; ??)

  Figure 44. 21N02W36A002M Active Observation Well  
Ground Surface Elevation 135.39 feet msl, NAVD 88

Appendix 3A Colusa GSA and Glenn GSA
Groundwater Sustainability Plan

Last Revised: 01-04-21



0

10

20

30

40

50

60

70

80

90

100

110

12083

93

103

113

123

133

143

153

163

173

183

193

203

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

D
e
p

th
 t

o
 G

ro
u

n
d

w
a
te

r 
(f

e
e
t)

G
ro

u
n

d
w

a
te

r 
E

le
v

a
ti

o
n

 (
fe

e
t,

 m
s
l,
 N

A
V

D
 8

8
)

Date

21N03W01R002 (235-245 ft; Confined)

  Figure 45. 21N03W01R002M Active Observation Well 
Ground Surface Elevation 203.32 feet msl, NAVD 88

Appendix 3A Colusa GSA and Glenn GSA
Groundwater Sustainability Plan

Last Revised: 01-04-21



20

30

40

50

60

70

80

90

100

110

120

130

14065

75

85

95

105

115

125

135

145

155

165

175

185

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

D
e
p

th
 t

o
 G

ro
u

n
d

w
a
te

r 
(f

e
e
t)

G
ro

u
n

d
w

a
te

r 
E

le
v

a
ti

o
n

 (
fe

e
t,

 m
s
l,
 N

A
V

D
 8

8
)

Date

21N03W23D001 (363-373 ft; Confined) 21N03W23D002 (142-152, 160-170 ft; Confined)

21N03W23D003 (42-72 ft; Confined)

  Figure 46. 21N03W23D001-003M Active Observation Well Cluster 
Ground Surface Elevation 204.76 feet msl, NAVD 88

Appendix 3A Colusa GSA and Glenn GSA
Groundwater Sustainability Plan

Last Revised: 01-04-21



0

20

40

60

80

100

120

140

160

180

200

220-55.00

-35.00

-15.00

5.00

25.00

45.00

65.00

85.00

105.00

125.00

145.00

165.00

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

D
e
p

th
 t

o
 G

ro
u

n
d

w
a
te

r 
(f

e
e
t)

G
ro

u
n

d
w

a
te

r 
E

le
v

a
ti

o
n

 (
fe

e
t,

 m
s
l,
 N

A
V

D
 8

8
)

Date

21N03W34Q002 (930-960 ft; Confined) 21N03W34Q003 (620-630, 650-660, 680-690 ft; Confined)

21N03W34Q004 (60-70 ft; Confined)

  Figure 47. 21N03W34Q002-004M Active Observation Well Cluster 
Ground Surface Elevation 166.65 feet msl, NAVD 88

Appendix 3A Colusa GSA and Glenn GSA
Groundwater Sustainability Plan

Last Revised: 01-04-21



90

110

130

150

170

190

210

230

250

270

290

310-60

-40

-20

0

20

40

60

80

100

120

140

160

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

D
e
p

th
 t

o
 G

ro
u

n
d

w
a
te

r 
(f

e
e
t)

G
ro

u
n

d
w

a
te

r 
E

le
v

a
ti

o
n

 (
fe

e
t,

 m
s
l,
 N

A
V

D
 8

8
)

Date

21N04W12A002 (247-257 ft; Confined) 21N04W12A003 (955-975, 1,030-1,050 ft; Confined)

21N04W12A004 (520-530, 590-600, 630-640 ft; Confined)

  Figure 48. 21N04W12A002-004M Active Observation Well Cluster  
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  Figure 50. 22N03W24E001-003M Active Observation Well Cluster  
Ground Surface Elevation 230.51 feet msl, NAVD 88
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C2VSimFG-Colusa Model TM 1 Woodard & Curran, Inc. 
  April 2021 

TECHNICAL MEMORANDUM – C2VSimFG-Colusa Model 
Development and Calibration 

TO: Colusa Groundwater Authority and Glenn Groundwater Authority 

PREPARED BY: Sara Miller/Emily Honn (Woodard & Curran), Katherine Klug (Davids Engineering) 

REVIEWED BY: Reza Namvar (Woodard & Curran), Grant Davids (Davids Engineering) 
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1. INTRODUCTION 

This technical memorandum documents the development and calibration of the C2VSimFG-Colusa model, an 
integrated hydrologic flow model for the Colusa Subbasin (Subbasin) that is used to support development of the 
Subbasin Groundwater Sustainability Plan (GSP). The C2VSimFG-Colusa model was adapted from the Fine Grid 
California Central Valley Groundwater-Surface Water Simulation Model (C2VSimFG). 

Specifically, this technical memorandum focuses on model enhancements and calibrations that were made to 
characterize the historical water budget in the Colusa Subbasin. Other model runs for current and projected water 
budget scenarios were adapted from the historical C2VSimFG-Colusa model inputs described in this technical 
memorandum. Those water budget inputs, assumptions, and results are described in the Colusa Subbasin GSP. 

The C2VSimFG-Colusa model is based on the C2VSimFG Beta2 model released May 2019, with updates and 
enhancements to better represent local conditions in the Colusa Subbasin. C2VSimFG-Colusa runs the entire 
C2VSimFG model; however, data updates and calibration efforts are focused only on the area within and immediately 
surrounding the Colusa Subbasin. The Subbasin plus a five-mile buffer was chosen as the calibration area for 
C2VSimFG-Colusa (Figure 1). 

The following sections describe specific enhancements to the C2VSimFG Beta2 inputs that were made to better reflect 
local water supply and water use characteristics; specific calibrations of model inputs to match available streamflow 
data, groundwater level data, and local water budget results; sensitivity analyses of the C2VSimFG-Colusa model; and 
a summary of the historical water budget results from the refined and calibrated historical model. 

2. REFINEMENTS AND ENHANCEMENTS TO C2VSIMFG BETA2 

The C2VSimFG-Colusa model was refined from C2VSimFG Beta2 through enhancements to specific model inputs, 
assumptions, and parameters related to the surface water and groundwater systems. Davids Engineering and Woodard 
& Curran refined and calibrated the surface and groundwater system water budgets for the portion of the model domain 
within and five miles surrounding the Colusa Subbasin.  

The C2VSimFG-Colusa model inputs have been updated using the best available data and science, including 
information from publicly available data sources, past water and groundwater management planning documents, and 
other local water budgets computed for areas of the Colusa Subbasin. Data and information about specific water 
agencies was used to quantify water supply and water use within the agency’s service area, to the extent permitted by 
the resolution of the C2VSimFG-Colusa model element grid. 

Specific enhancements made to C2VSimFG Beta2 include changes to the simulation period, initial groundwater 
elevation, groundwater pumping, land use, evapotranspiration, soil properties, irrigation operations and efficiency, 
urban demand, surface water diversions, streambed elevation, and aquifer parameters. These changes are described 
in the sections below. Other changes made to calibrate specific root zone, stream, and aquifer characteristics are 
discussed further in Section 3. Unless otherwise noted, other inputs to the C2VSimFG Beta2 model were generally 
used directly in the C2VSimFG-Colusa model. 

2.1 Historical Simulation Period 

C2VSimFG Beta2 operates on a monthly time step and was initialized to simulate the period of October 1973 through 
September 2015, corresponding to water years (WY) 1974-2015. Time series data is provided in the C2VSimFG Beta2 
input files for WY 1921-2015. 



 

 

 

C2VSimFG-Colusa Model TM 5 Woodard & Curran, Inc. 
  April 2021 

The C2VSimFG-Colusa model historical simulation period was updated to begin in October 1985 (WY 1986), simulating 
WY 1986-2015. The revised historical simulation period was selected based on the availability of local data for the 
Colusa Subbasin, and to allow sufficient time for the initial model conditions to stabilize prior to the start of the historical 
water budget analysis period (WY 1990-2015). Selection of the historical water budget period is described in the GSP.  

2.2 Initial Groundwater Elevation 

Initial groundwater elevations in C2VSimFG-Colusa were updated to reflect the new historical simulation start date in 
Fall 1985. Groundwater elevations for Fall 1985 for each model node and each layer were first extracted from 
C2VSimFG-Beta2 and then portions of the Subbasin were updated with elevations developed using the DWR’s WDL 
database. A raster was developed using 202 observations from Fall 1985, supplemented with Fall 1984 and Fall 1986 
readings. The difference between this observed data and simulated Layer 1 groundwater levels was calculated. For 
those areas with differences greater than 25 feet, initial groundwater heads were adjusted to reflect historical data. The 
groundwater level initial conditions for C2VSimFG-Colusa representing October 1985 are shown in Figure 2. 
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Figure 1: C2VSimFG and Location of Colusa Subbasin 
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Figure 2: Initial Groundwater Elevation (Average of Layers 1-4) 
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2.3 Groundwater Pumping 

Groundwater pumping in C2VSimFG-Colusa was refined by (1) specifying or refining groundwater pumping volumes 
in areas where data or other information on pumping was available, and by (2) assigning and refining virtual wells to 
simulate private groundwater pumping by agricultural and rural domestic well users based on demand in the model. 
The data sources and methods used to make these refinements are described below.  

2.3.1 Specified or Refined Pumping 

Groundwater pumping volumes in C2VSimFG-Colusa were specified or refined where possible based on groundwater 
pumping data reported by local water suppliers and based on other local information related to historical groundwater 
pumping. 

Agricultural groundwater pumping previously enabled in C2VSimFG Beta2 for areas within the Sacramento, Delevan, 
and Colusa National Wildlife Refuges was turned off in C2VSimFG-Colusa, based on local information indicating that 
agricultural pumping does not occur within the bounds of these areas.  

Urban groundwater pumping was refined for urban demand areas in the Colusa Subbasin based on pumping data 
reported by specific urban suppliers and public water systems (Table 2-1). Groundwater pumping by public water 
systems was summarized from Small Supplier Conservation Reports available through the California State Water 
Resources Control Board (SWRCB). Reports were available for the Cities of Colusa, Orland, and Williams and the 
Arbuckle and Maxwell Public Utility Districts. Groundwater pumping for use within the City of Willows was summarized 
from Urban Water Supplier Reports, also available through the SWRCB. . Available groundwater pumping data were 
combined with population data to refine the model inputs that define per capita water use. As a result, the groundwater 
pumping calculated by the C2VSimFG-Colusa model was refined to match pumping data in years when these data 
were available. Additional information about these procedures and urban inputs are described further in Section 2.7. 

 

Table 2-1. Groundwater Pumping Data for Urban Suppliers and Public Water Systems 

Supplier Name Data Source 
Reported Years 
(Partial or Complete) 

Arbuckle Public Utility 
District 

SWRCB Small Supplier Conservation Report (ID CA0610001) 2013, 2015, 2016 

City Of Colusa SWRCB Small Supplier Conservation Report (ID CA0610002) 2013, 2015, 2016 

City Of Orland SWRCB Small Supplier Conservation Report (ID CA1110001) 2013, 2015, 2016 

City Of Williams SWRCB Small Supplier Conservation Report (ID CA0610004) 2013, 2015, 2016 

Maxwell Public Utility 
District 

SWRCB Small Supplier Conservation Report (ID CA0610003) 2013, 2015, 2016 

California Water 
Service Company 
Willows 

SWRCB Urban Water Supplier Report (ID CA1110003) 2014-2019 

 

2.3.2 Private Groundwater Pumping 

Private groundwater pumping quantities on an individual well basis are largely unknown, though aggregate estimates 
for private pumping are often included in planning documents (e.g., AWMPs, UWMPs, groundwater management 
plans). Private pumping in C2VSimFG-Colusa was estimated on an element basis by assigning two virtual wells at the 
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centroid of each model element. One well represents private agricultural pumping and one well represents rural 
residential pumping. The estimated pumping at these wells was calculated within C2VSimFG-Colusa as the additional 
volume of water necessary to meet agricultural and urban demand within that element, after distributing any other 
specified groundwater pumping and surface water deliveries. Figure 3 shows the total groundwater pumping in feet in 
each element in WY 2015. 

The well screening interval or well depth was used to assign the model layers from which each simulated well extracts 
water. These assignments were made separately for the agricultural and rural residential wells in each element. Rural 
residential wells used a statistical analysis of typical perforation intervals developed for C2VSimFG. Agricultural wells 
were initially mainly assigned to pump from Layer 1, C2VSimFG’s unconfined layer. Data provided by DWR and 
extracted from well completion reports was processed by Davids Engineering for updating agricultural pumping 
(Characterization of Groundwater Development in Colusa County and Evaluation of Potential Future Groundwater 
Demands TM by Davids Engineering, 2018). These data included information on well depths of irrigation wells drilled 
since 1970. These wells were mapped and assigned to C2VSimFG layers based on the total well depth (Figure 4 and 
Figure 5). Analysis of the north-western and south-western areas of the Subbasin revealed that most agricultural wells 
were pumping mainly from Layers 2 and 3. As a result, pumping in the majority of elements in these areas was edited 
so that 30% of groundwater pumping was from Layer 2 and 70% from Layer 3. 
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Figure 3: Element Pumping in Colusa Subbasin for WY 2015 
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Figure 4: Irrigation Well Depths in Colusa Subbasin 
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Figure 5: Irrigation Well Depths in Colusa Subbasin by Model Layer 
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2.4 Land Use 

Annual land use in the Colusa Subbasin was estimated primarily based on spatially distributed land use information 
from DWR Land Use surveys in 1993, 1998, 2004, and 2009 and Land IQ1 remote sensing-based land use 
identification in 2014.  County Agricultural Commission land use areas were used to interpolate between years with 
available spatial land use information. The DWR LUEXINT Land Use Adjustment Preprocessor interpolation tool was 
implemented to create annual spatial cropping data sets in all years, compiling spatial land use data and creating 
estimates of spatial land use assignments in years when spatial data was unavailable. The spatial land use 
refinements were compared to the land use inputs to C2VSimFG Beta2, and were also reviewed by GSA 
representatives, Boards, and other local agencies to confirm the accuracy of annual patterns in crop acreage. 

Land areas in the Colusa Subbasin were assigned to one of 29 land uses, and summarized under 22 land use 
classes. These land use classes are summarized by water use sector in Table 2-2. The area of each land use class 
was spatially assigned according to the percent area represented in each model element.  Complete land use areas 
for the entire Colusa Subbasin are provided in the GSP. 

Table 2-2. Land Use Classes by Water Use Sector. 

Water Use 
Sector C2VSimFG Land Use Class 

C2VSimFG 
Land Use Code 

Land Uses Included in  
Land Use Class 

Agricultural 
(Nonponded 
and Ponded) 

Alfalfa AL Alfalfa 

Almonds & Pistachios AP Almonds, Pistachios 

Citrus & Subtropical CS Citrus, Olives 

Corn CN Corn 

Cucurbits CU Melons 

Dry Beans DB Beans (Dry) 

Grain GR Grain 

Idle ID Idle 

Other Deciduous OR Misc Deciduous, Prunes 

Other Field FL Misc Field, Sudan, Sunflower 

Other Truck TR Misc Truck     

Pasture PA Pasture 

Rice with non-flooded decomposition RICE_NFL  Rice with non-flooded decomposition 

Rice with no decomposition RICE_NDC  Rice with no decomposition 

Safflower SA Safflower 

Tomato-Processing TP Tomatoes 

Vineyards VI Vineyards 

Walnuts WN Walnuts 

Refuge Seasonal refuges REFUGE_SL Wetlands 

Native and 
Riparian 
Vegetation 

Native  NV Native 

Riparian RV Riparian, Water 

Urban Urban UR Urban, Semiagricultural 

 
 
 
1 Land IQ is a firm that was contracted by DWR to use remote sensing methodologies to identify crops in fields. 
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2.5 Evapotranspiration 

Crop evapotranspiration (ETc), or crop consumptive use, represents the volume of water that is lost to the 
atmosphere through both evaporation from the soil and transpiration from crop surfaces. A portion of the total water 
that crops and vegetation consume originates from precipitation (referred to as evapotranspiration of precipitation, or 
ETpr) while other portions of ETc may originate from applied water (referred to as evapotranspiration of applied water, 
or ETaw). 
 
C2VSimFG-Colusa computes a monthly root zone water budget, utilizing inputs of monthly ETc together with other 
parameters that describe soil and land use characteristics in order to quantify all inflows and outflows through the 
root zone.1 A root zone water budget is a generally accepted and widely used method to accurately and consistently 
track the portions of ETc attributed to precipitation and applied water, respectively, as well as other water that is 
transmitted through the soil and plant surfaces (ASCE, 2016 and ASABE, 2007).  
 
Monthly ETc inputs for each crop and land use class in the Colusa Subbasin were adapted from the C2VSimFG 
Beta2 standard ETc inputs. The C2VSimFG Beta2 inputs were first quality controlled and then adjusted to reflect local 
crop water use characteristics more accurately. Adjustments were determined through comparisons with local ETc 
data and through discussion and consultation with selected local growers.  Three main local ETc data sources were 
compared to the C2VSimFG Beta2 inputs: 

• METRIC Results (METRIC): Actual ET (ETa) estimates were calculated using satellite imagery and the 
Mapping Evapotranspiration at High Resolution using Internalized Calibration (METRIC) (Allen, et al. 2007a) 
remotely-sensed surface energy balance model. METRIC ETa estimates account for actual, observed 
conditions in the Colusa Subbasin that affect crop consumptive use, such as salinity, deficit irrigation, disease, 
fertilization, immature permanent crops, and crop canopy structure, and other factors. Studies by 
Bastiaanssen et al. (2005), Allen et al. (2007b, 2011), Thoreson et al. (2009), and others have found that 
when performed by an expert analyst, seasonal ETa estimates by remotely-sensed surface energy balance 
models are expected to be within five percent of actual ET determined using other reliable methods. METRIC 
ETa results are available for 2017 in the Sacramento Valley. Notably, METRIC results represent ETa in a 
single, wet year (2017), rather than a multi-year average. 

• Cal-SIMETAW Results (DWR): ETc is computed in the California Simulation of Evapotranspiration of Applied 
Water (Cal-SIMETAW) model, and is publicly reported by the California Department of Water Resources 
(DWR) for 132 individual crops, 20 crop categories, and four land-use categories by county for use in the 
California Water Plan. Cal-SIMETAW is a daily, spatial crop water balance model that utilizes weather data, 
soil properties, crop coefficients, rooting depths, seepage, and other parameters to calculate ETc and ETaw. 
Monthly ETc values were available from Cal-SIMETAW for 24 land use types in Glenn and Colusa Counties 
over the period spanning water years 2000-2015. The monthly ETc values were averaged across both 
counties and all years for each land use type, and were summarized to average annual values for comparison. 

• ITRC Results (Cal Poly): The Irrigation Training & Research Center (ITRC) at California Polytechnic State 
University, San Luis Obispo has compiled a database of typical ETc rates for agricultural crop types across 
the various ETo Zones in California. These rates are publicly available online (http://itrc.org/etdata/index.html), 
and are offered for water budget and irrigation scheduling and design purposes. The ITRC provides typical 

 
 
 
1 The root zone is defined as “the upper portion of the soil where water extraction by plant roots occurs.” (ASCE, 
2016) 

http://itrc.org/etdata/index.html
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ETc rates for various irrigation methods, two of which were considered for analyses in the Colusa Subbasin: 
surface irrigation systems and drip/micro irrigation systems. Across these irrigation systems, ITRC also 
summarizes ETc for various relative precipitation conditions, with 1997 representing a “typical” year, 1998 
representing a “wet” year, and 1999 representing a “dry” year. 

 
ETc values in C2VSimFG-Colusa were refined to provide for similar results among all crops represented in the model 
and described in the various ETc data sources above. Sample comparisons of the average annual ETc for major 
crops are shown in Figure 6. 
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Figure 6. Average Annual* ETc Comparison between Cal-SIMETAW, ITRC, METRIC, and C2VSimFG-Colusa for Major Irrigated Crops in the 
Colusa Subbasin (1990-2015 Average Annual Area Greater Than 10,000 acres). 

*Average summary years vary, see text for description of years considered. 
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2.6 Other Irrigation and Crop Inputs 

2.6.1 Irrigation Period 

The irrigation period identifies the months during which irrigation is available to a crop or land use class.  A value of 
one designates a month during which IDC calculates applied water demand for the land use class and simulates 
irrigation events, as needed.  A value of zero designates a non-irrigation month during which IDC does not compute 
applied water and does not simulate irrigation for the land use class.  Different monthly designations can be defined 
for different land use classes, if necessary.   
 
In C2VSimFG-Colusa, the irrigation period was defined through time series inputs corresponding to typical crop 
irrigation seasons in the Colusa Subbasin. The irrigation period was also refined for rice in select months in order to 
better match the timing of planting and application of water in the winter months, according to local agricultural 
practices.  

2.6.2 Reuse and Return Flow 

The return flow fraction determines the proportion of applied water that can leave the land use area as runoff, while 
the reuse fraction determines the proportion of applied water that is captured and reused for irrigation. A value of one 
for each indicates that all applied water can leave as runoff, but that all applied water is captured and reused for 
irrigation. A value of zero for each indicates that no applied water leaves the land use cell, and that no water is 
reused for irrigation.   
 
In C2VSimFG-Colusa, irrigation water return flow fractions were converted to timeseries inputs for all crops, with 
decreasing values that reflect changes in local irrigation practices over time, leading to reductions in runoff (Figure 7).  
Irrigation reuse fractions were unchanged from C2VSimFG Beta2, with values of 0 set for all crops. 
 

 

Figure 7. Return Flow Fractions in C2VSimFG-Colusa. 
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2.6.3 Ponded Crop Inputs 

Ponding depth inputs to the model dictate the amount of water that is applied to ponded crops during irrigation. Monthly 
ponding depths for rice with non-flooded decomposition and rice with no decomposition were refined in C2VSimFG-
Colusa to more accurately match early and late-season water application rates in the Colusa Subbasin in recent years 
(Table 2-3). Other ponding depths were unchanged from the standard C2VSimFG Beta2 inputs. 

 

Table 2-3. Average Monthly Ponding Depths Updated in C2VSimFG-Colusa. 

Month 

Average Ponding Depth by Crop Type  
(ft; 1990-2015 Average) 

Rice with Non-Flooded 
Decomposition 

Rice with No 
Decomposition 

1 0.15 0.00 

2 0.02 0.00 

3 0.00 0.00 

4 0.01 0.02 

5 0.34 0.35 

6 0.38 0.38 

7 0.35 0.35 

8 0.25 0.25 

9 0.01 0.03 

10 0.09 0.00 

11 0.32 0.00 

12 0.26 0.00 

 

2.7 Other Urban Inputs 

Urban inputs to C2VSimFG-Colusa were updated from the standard inputs to C2VSimFG Beta2 to accommodate new, 
locally-defined urban demand areas. These new urban demand areas in the Colusa Subbasin were specified as 
subdivisions of larger urban demand areas in C2VSimFG Beta2, corresponding to specific urban subareas for which 
water supply and water use data were available. The new urban demand areas corresponded to: 

• Arbuckle (Public Utility District service area) 

• City of Colusa 

• City of Orland 

• City of Williams 

• City of Willows (California Water Service Company Willows service area) 

• Unincorporated urban areas in the Colusa Subbasin  

Data sources used to describe these new urban demand areas include SWRCB Small Supplier Conservation Reports 
and Urban Water Supplier Reports, population data and estimates from the California Department of Finance, census 
data, and the Willows 2015 Urban Water Management Plan.  
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Key urban inputs that were identified or refined for these new urban demand areas are population, groundwater 
pumping, per capita water use, urban pervious area fractions, and urban indoor water use fractions. These inputs are 
described below. 

2.7.1 Population 

The population in each urban demand area was quantified based on population data and population estimates 
available from the California Department of Finance or from United States Census Bureau.  Annual population 
estimates were available from the Department of Finance for the Cities of Colusa, Orland, Williams, and Willows, and 
for Colusa and Glenn Counties in 1989-2015.  The population in the Community of Arbuckle was summarized from 
available Census Bureau data in 1990, 2000, and 2010. The population in Arbuckle in other years was estimated 
through linear interpolation. The population of unincorporated areas in each county was calculated as the total 
population in that county (adjusted to the area overlying the Subbasin), minus the population in each city or 
community overlying the Subbasin.  

2.7.2 Groundwater Pumping 

Groundwater pumping data for urban suppliers and public water systems in the Colusa Subbasin were available from 
the SWRCB, as described in Section 2.3.1. 

2.7.3 Per Capita Water Use 

Per capita water use for the new urban demand areas was estimated based on available urban population and total 
urban water use from water supplier data, where available. Average per capita water use and data sources for each 
urban demand area are identified in Table 2-4. 
 
Per capita water use in Willows was calculated in 1995-2015 from California Department of Finance population data 
and water use data. Per capita water use in 1989-1994 was calculated as the 1999-2008 average, taken to 
approximate average conditions observed in the early 1990s. 
 
Per capita water use in Colusa, Orland, Williams, Arbuckle, and unincorporated areas in the Colusa Subbasin was 
calculated from the per capita water use in Willows, adjusted upward to accommodate slight differences in typical 
water use in these areas.  
 
Average per capita water use values range from 231 gallons per capita per day in Willows and Colusa, to 277 gallons 
per capita per day in Orland. 
 

Table 2-4. Urban Per Capita Water Use for New Urban Demand Areas in Colusa Subbasin. 

Urban Demand 
Area 

Average Per Capita Water Use 
(Gallons per Capita Per Day, 

1990-2015) 
Source 

Arbuckle 254 
Adjusted from Willows per capita water use 
(annual adjustment factor 1.1) 

City Of Colusa 231 
Assumed equal to Willows per capita water 
use (annual adjustment factor 1.0) 

City Of Orland 277 
Adjusted from Willows per capita water use 
(annual adjustment factor 1.2) 

City Of Williams 242 
Adjusted from Willows per capita water use 
(annual adjustment factor 1.05) 
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Urban Demand 
Area 

Average Per Capita Water Use 
(Gallons per Capita Per Day, 

1990-2015) 
Source 

Willows  231 
Department of Finance population data; gross 
water use data (1995-2015); estimated as 
199-2008 average (1989-1994)   

Unincorporated 
urban areas in the 
Colusa Subbasin  

254 
Adjusted from Willows per capita water use 
(annual adjustment factor 1.1) 

2.7.4 Urban Pervious Area Fractions 

The urban pervious area fraction input is used by the C2VSimFG-Colusa model to quantify evapotranspiration (ET) 
and runoff from urban areas. It is assumed that only pervious areas are available for ET, and that no ET occurs in 
impervious areas. It is also assumed that all precipitation that falls on impervious areas becomes runoff. The runoff 
and ET of pervious areas is defined in C2VSimFG Beta2 according to typical conditions in urban areas. 
 
The pervious fractions in the C2VSimFG-Colusa urban demand areas were updated to monthly values ranging from 
0.40 to 0.49 in cities and incorporated urban demand areas (indicating less pervious area, and more developed 
area), and to a value of 0.70 in unincorporated urban demand areas (indicating more pervious area, and less 
developed area than cities and incorporated urban areas). These values were estimated to reflect the proportion of 
‘built-up’ and undeveloped areas within the respective urban demand areas, and are similar to the pervious fractions 
specified for other urban areas in C2VSimFG Beta2. 
 

2.7.5 Indoor Use Fractions 

 
C2VSimFG-Colusa parses the total volume of applied water in each urban demand area into the amount of water 
that is used indoors versus outdoors based on user-defined indoor use fractions. A monthly pattern of  indoor use 
fractions was calculated based on the average monthly average ratio of estimated indoor to outdoor water use in 
each city or community in the Colusa Subbasin in 2013, compared to total groundwater pumping that year. The year 
2013 was taken to be representative of a typical year. The indoor use fractions in Table 2-5 were used for all new 
urban demand areas. 
 

Table 2-5. Urban Indoor Water Use Fractions for New Urban Demand Areas in Colusa Subbasin. 

Month 
Fraction of Total Urban 

Water Used Indoors 

January 1.00 

February 0.93 

March 0.57 

April 0.47 

May 0.37 

June 0.30 

July 0.28 

August 0.32 

September 0.36 

October 0.41 

November 0.59 

December 0.69 
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2.8 Diversions 

Diversions are specified in C2VSimFG-Colusa to quantify the volume of water available for deliveries to specific land 
use areas in the Colusa Subbasin. The diversion specifications are also used by the model to quantify the volumes of 
nonrecoverable loss to the atmosphere through evaporation and recoverable loss to the GWS through seepage 
(infiltration of surface water).  
 
Diversions that are used within the Colusa Subbasin are generally quantified based on outside data sources, 
including: delivery records reported by the United States Bureau of Reclamation (USBR), groundwater management 
or water planning documents developed by water agencies, and publicly available records maintained by the 
California State Water Resources Control Board (SWRCB) in the Electronic Water Rights Information Management 
System (eWRIMS). Data sources and updates to specific diversion volumes and specifications are described below. 
 
Diversions of supply used outside the Subbasin are generally assumed to be equal to diversions data specified in 
C2VSimFG Beta2. Deliveries are generally calculated by C2VSimFG-Colusa as the water supply used to meet 
simulated crop water demands, after accounting for seepage and evaporation of the diverted supply. 
 

Table 2-6 identifies new diversions added to C2VSimFG-Colusa, and Table 2-7 identifies diversions originally in 
C2VSimFG Beta2 that were changed in C2VSimFG-Colusa. Details about these added diversions and changes are 
described in the sections below. 

 

Table 2-6. Diversions Added to C2VSimFG-Colusa. 

Diversion ID Description Data Source 
Average Volume in 
Historical Water Budget 
(AF per year, 1990-2015) 

444 
Orland Unit Water Users’ Association 
(OUWUA) (South Canal only) 

USBR delivery reports (1989-
2015); estimated other years 

60,011 

445 Colusa County Water District (WD) 
USBR delivery reports (1989-
2015); estimated other years 

50,967 

446 Orland-Artois WD (OAWD) 
USBR delivery reports (1989-
2015); estimated other years 

42,688 

447 
Glenn-Colusa ID (GCID) (Tehama-
Colusa Canal) 

USBR delivery reports (1989-
2015); estimated zero other 
years (included in Div ID 458) 

31,176 

448 Westside WD 
USBR delivery reports (1989-
2015); estimated other years 

30,038 

449 Kanawha WD 
USBR delivery reports (1989-
2015); estimated other years 

26,032 

450 Glide WD 
USBR delivery reports (1989-
2015); estimated other years 

11,422 

451 La Grande WD 
USBR delivery reports (1989-
2015); estimated other years 

4,307 

452 Davis WD 
USBR delivery reports (1989-
2015); estimated other years 

2,319 

453 4-M WD 
USBR delivery reports (1989-
2015); estimated other years 

1,947 
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Diversion ID Description Data Source 
Average Volume in 
Historical Water Budget 
(AF per year, 1990-2015) 

454 Holthouse WD 
USBR delivery reports (1989-
2015); estimated other years 

1,059 

455 Glenn Valley WD 
USBR delivery reports (1989-
2015); estimated other years 

860 

456 Cortina WD 
USBR delivery reports (1989-
2015); estimated other years 

825 

457 
Myers-Marsh Mutual Water Company 
(MWC) 

USBR delivery reports (1989-
2015); estimated other years 

192 

458 GCID (Main Canal) 
GCIDWIS and eWRIMS data 
when available (1989-2015); 
estimated other years 

678,941 

459 Reclamation District #108 
USBR delivery reports (1989-
2015); estimated other years 

155,615 

460 Princeton-Codora-Glenn ID 
USBR delivery reports (1989-
2015); estimated other years 

60,285 

461 Provident ID 
USBR delivery reports (1989-
2015); estimated other years 

50,790 

462 Sycamore MWC 
USBR delivery reports (1989-
2015); estimated other years 

22,969 

463 Maxwell ID 
USBR delivery reports (1989-
2015); estimated other years 

7,796 

464 Carter MWC 
USBR delivery reports (1989-
2015); estimated other years 

1,320 

465 Misc Sac River Riparian Diversions 
USBR delivery reports (1989-
2015); estimated other years 

5,050 

466 Misc Sac River Riparian Diversions 
USBR delivery reports (1989-
2015); estimated other years 

8,205 

467 Misc Sac River Riparian Diversions 
USBR delivery reports (1989-
2015); estimated other years 

3,585 

468 Andreotti, Arnold and Arthur, et al 
USBR delivery reports (1989-
2015); estimated other years 

2,296 

 

Table 2-7. Diversions in C2VSimFG Beta2 Revised for C2VSimFG-Colusa. 

Diversion ID Description in C2VSimFG Beta2 Revision in C2VSimFG-Colusa 
Diversion ID 
Replacement 

19 
Black Butte Reservoir to South Canal 
for Ag (06_PA) 

No longer used (replaced with 
specified USBR diversions) 

444 

31 
Tehama-Colusa Canal to Kirkwood 
WD for Ag (04_PA2) 

Revised to exclude TCC 
diversions in Colusa Subbasin 
and account only for TCC 
diversions outside Subbasin 

445-457 

32 T-C Canal Deliveries to 07N_PA: 
Glide WD, Holthouse WD (portion 
65%) Kanawha WD, Orland-Artois 
WD 

No longer used (replaced with 
specified USBR diversions) 

445-457 
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Diversion ID Description in C2VSimFG Beta2 Revision in C2VSimFG-Colusa 
Diversion ID 
Replacement 

33 

T-C Canal Deliveries to 07S_PA: 4-M 
WD, Colusa County WD, Cortina WD, 
Davis WD, Dunnigan WD, Glenn 
Valley WD, Holthouse WD (portion 
35%), La Grande WD, Myers-Marsh 
MWC, Westside WD 

No longer used (replaced with 
specified USBR diversions) 

445-457 

34 

T-C Canal Deliveries to 07S_PA: 4-M 
WD, Colusa County WD, Cortina WD, 
Davis WD, Dunnigan WD, Glenn 
Valley WD, Holthouse WD (portion 
35%), La Grande WD, Myers-Marsh 
MWC, Westside WD 

No longer used (replaced with 
specified USBR diversions) 

445-457 

36 
Glenn-Colusa Canal to Glenn-Colusa 
ID (58%) for Ag (08N_SA2) 

No longer used (replaced with 
specified diversions from 
GCIDWIS and eWRIMS data) 

458 

37 
Glenn-Colusa Canal to Glenn-Colusa 
ID (42%) for Ag (08S_SA2) 

No longer used (replaced with 
specified diversions from 
GCIDWIS and eWRIMS data) 

458 

116 

Sacramento River RM 178 to 
Provident ID, Princeton-Cordua-
Glenn ID and miscellaneous diverters 
for Ag (08N_SA1) 

No longer used (replaced with 
specified USBR diversions) 

460-468 

117 

Sacramento River RB diversions 
between Butte City and Wilkins 
Slough to Princeton-Cordora-Glenn 
ID, Green Valley Corporation 
(Formerly Cannell, F.), and Maxwell 
ID (5%) and miscellaneous 
settlement contractors for Ag 
(08N_SA1) 

No longer used (replaced with 
specified USBR diversions) 

460-468 

118 

Sacramento River RB diversions 
between Butte City and Wilkins 
Slough to Maxwell ID (95%), 
Odysseus Farms, Robert Ditch 
Irrigation Company, Colusa Irrigation 
Company, Mehrhof Susan M. 
(Formerly Swinford Tract Irrigation 
Company), and Sycamore Family 
Trust (Formerly Davis, Olive P. et al) 
and miscellaneous settlement 
contractors for Ag (08S_SA1) 

No longer used (replaced with 
specified USBR diversions) 

460-468 

119 
Sacramento River RM 146 
miscellaneous non-CVP diversions 
for Ag (08S_NA1) 

No longer used (replaced with 
specified USBR diversions) 460-468 
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Diversion ID Description in C2VSimFG Beta2 Revision in C2VSimFG-Colusa 
Diversion ID 
Replacement 

122 

Sacramento River RB diversions 
between Butte City and Wilkins 
Slough to miscellaneous non-CVP 
diverters for Ag (08S_NA2) 

Revised to account only for River 
Garden Farms and misc. outside 
Colusa SB 

N/A 

124 

Sacramento River RB diversions 
between Butte City and Wilkins 
Slough to Reclamation District 108 
and miscellaneous diverters for Ag 
(08S_SA3) 

No longer used (replaced with 
specified USBR diversions) 

459 

126 

Sacramento River RB diversions 
between Wilkins Slough and Knights 
Landing to RD 108, River Garden 
Farms and miscellaneous CVP 
diverters for Ag (08S_SA3) 

No longer used (replaced with 
specified USBR diversions) 

459 

 

2.8.1 Diversions by USBR Contractors and Diverters 

New diversions were added to C2VSimFG-Colusa to specify the monthly USBR deliveries to individual CVP contractors 
and diverters within the Colusa Subbasin (Diversion IDs 444-468). While many diversions of CVP supplies were 
specified in C2VSimFG Beta2, the original model largely aggregated the diversion volumes and element groups across 
multiple diverters. The new diversions were specified to instead distinguish the diversion volume and distribution area 
for each of the major diverters. 

Diversions data were initially downloaded from USBR for all diverters that receive water from the Tehama-Colusa Canal 
(TCC), the Sacramento River, and other CVP supplies. Monthly data were quality controlled and reviewed for 
consistency. Diversion locations were generally identified from eWRIMS, and were used to classify diverters as within, 
outside, or partly within the Colusa Subbasin.  

New diversions were specified in C2VSimFG-Colusa for all diverters within or partly within the Subbasin that receive 
water from the TCC and other CVP supplies, and for all diverters within or partly within the Subbasin that divert more 
than 3,000 acre-feet (AF) from the Sacramento River each year. Smaller diverters that divert less than 3,000 AF from 
the Sacramento River each year were grouped in C2VSimFG-Colusa based on their location along the Sacramento 
River. A small number of diverters identified in the USBR data diverted from an unknown location. It was assumed that 
a diversion from the TCC to support “fish facilities” in an unknown location was not within the Subbasin, while thirteen 
smaller diversions from the Sacramento River were assumed to be located within the Subbasin. These smaller 
diversions range from less than 100 AF per year to 2,900 AF per year, on average, with a total average volume of 
approximately 17,000 AF per year. 

For diverters entirely within the Colusa Subbasin, the volume of diversions from USBR was taken directly from USBR 
reports in years when data were available (1989-2015). For diverters partially within the Colusa Subbasin, the volume 
of diversions from USBR was prorated based on the relative area inside the Subbasin. Any diversions originally 
specified in C2VSimFG Beta2 that accounted for these same USBR deliveries were used to quantify the diversion 
volumes in years prior to 1989, either directly or prorated based on area (if the diverter is partly within the Colusa 
Subbasin). In 1989-2015, these original C2VSimFG Beta2 diversions were either set to zero volume (for diverters within 
the Colusa Subbasin), or revised to deliver a reduced volume prorated by area to only those the elements located 
outside the Subbasin. 
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The diversion specifications were updated for all new and revised USBR deliveries, as needed. Diversion locations 
were updated to the stream node closest to the point of diversion identified in eWRIMS, where available. Distribution 
and recharge element groups were revised to match the diverter’s service area, if available, as well as all changes in 
how the diversions are distributed inside and outside the Colusa Subbasin, refined to exclude areas within or outside 
the subbasin, as needed. The recoverable and nonrecoverable loss fraction of each new USBR diversion was updated 
based on local water budget information, where available. 

2.8.2 Other Diversions 

Diversions to Glenn-Colusa Irrigation District (GCID) were updated with diversion data available from GCIDWIS (1989-
2015), and with eWRIMS data to account for winter water use. 

Diversions to Reclamation District 108 (RD108), Princeton-Codora-Glenn Irrigation District (PCGID), and Provident 
Irrigation District (PID) were specified with all available data from the Districts between water year 1989-2015. 
Estimates of winter water used within these Districts were also specified, assuming similarity to the winter water use 
observed in GCID.  

The diversion element groups and recharge element groups were updated for all new diversions, reflecting the service 
area of each District to the extent permitted by the model element resolution. 

3. MODEL CALIBRATION 

3.1 Calibration Goals 

The goals of model calibration are (1) to achieve a reasonable water budget for each component of the hydrologic 
cycle modeled (i.e., land and water use, stream flow, and groundwater) and (2) to maximize the agreement between 
a) simulated and observed groundwater levels at selected well locations and b) simulated and observed streamflow 
hydrographs at selected gaging stations. These objectives are achieved through verification of the model input data 
and adjustment of model parameters. 

3.2 Calibration Approach 

Model calibration begins after data analysis and input data file development are completed. The calibration effort can 
be broken down into subsets that align with packages within the Integrated Water Flow Model (IWFM) platform. IWFM 
is used for development of C2VSim-FG Colusa model. As an integrated groundwater model, the results of each part 
of the simulation are interrelated with the other parts. The model calibration can be considered a systematic process 
that includes the following activities: 

• Calibration of water budgets to other local water budgets through adjustment of root zone parameters 

• Calibration of simulated groundwater levels and stream flows to observed data 

• Comparison of calibration performance with the calibration targets 

• Completion of additional model refinements, as necessary 

C2VSimFG-Colusa was calibrated to achieve agreement with other local water budget results, measured stream flows 
and groundwater elevations, and groundwater elevation contours. The major data sources used to check model results 
include measured groundwater levels and contours and observed streamflow data. Though the model simulation period 
is October 1985 through September 2015 (30 years) or water years 1986 through 2015, the model calibration focused 
on water years 1990 through 2015 (26 years) because land and water use data for the model area is more reliable in 
those years. 
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3.3 Water Budget Calibration 

Numerous water agencies and organizations use and manage water resources in areas overlying the Colusa Subbasin. 
For many of these entities, developing local water budgets is an important means of tracking and reporting water supply 
and water use in their service area. Local water budgets have been developed and are publicly available through 
various water management planning documents, including Agricultural Water Management Plans (AWMPs), Urban 
Water Management Plans (UWMPs), USBR Water Management Plans (WMPs), and Groundwater Management Plans.  

The historical C2VSimFG-Colusa water budget results were evaluated for consistency with other local water budgets 
in the Subbasin by reporting and comparing subarea water budgets from the C2VSimFG-Colusa model with these local 
water budgets. To facilitate these comparisons, the historical C2VSimFG-Colusa model was divided into 38 subareas, 
several of which represent the service areas of specific water agencies and organizations.  

Major flow paths considered in the calibration process included surface water deliveries, groundwater pumping, 
evapotranspiration, and deep percolation. Sample comparisons of these four parameters are shown in Figure 8 through 
Figure 10 for GCID, OAWD, and OUWUA. Other flow paths reported in both the local water budgets and the 
C2VSimFG-Colusa water budget results were also compared, as available. Comparisons were made in subareas and 
years when local water budget results were available to ensure similarity between major inflows to and outflows from 
land surfaces. Other comparisons were also made to confirm the accuracy of diversions, and the seepage and 
evaporation of diversions in the subarea.  

Across the entire Subbasin, a key parameter considered during the calibration process was the crop consumptive use 
fraction (CCUF). CCUF is a ratio of the consumptive use of applied water (also referred to as or evapotranspiration of 
applied water, or ETaw) to the total volume of applied water. High CCUF values close to 1.0 generally indicate higher 
irrigation efficiency, while lower CCUF values generally indicate lower irrigation efficiency. Discussion with local water 
users and review of irrigation methods throughout the Colusa Subbasin over time suggest that irrigation efficiency has 
generally increased over time, leading to increasing CCUF values over the historical water budget period. 

Root zone parameters were refined, as needed, through an iterative process to calibrate the C2VSimFG-Colusa 
subarea water budget results (1) for agreement with local water budget results, and (2) to provide for typical historical 
CCUF values and increasing CCUF values over the historical water budget period, reflecting trends toward higher 
irrigation efficiency in the Colusa Subbasin.  

For most areas, calibrations were made by adjusting the target soil moisture (TSM) for each land use class in 
C2VSimFG-Colusa. The TSM specifies the irrigation target soil moisture as a fraction of field capacity, and is used by 
C2VSimFG-Colusa to compute irrigation depths for each land use in the model domain. When simulating an irrigation 
event, C2VSimFG-Colusa will apply water until the soil reaches the specified percent of field capacity. TSM fractions 
in the C2VSimFG-Colusa were refined through several iterations of adjustment and comparison against local water 
budgets (Figure 8 through Figure 10) and evaluation of local CCUF values. Average CCUF values for crops in the 
Colusa Subbasin range from 0.55 for rice, which is typically irrigated with higher volumes of water relative to demand,  
to values between 0.80 and 0.85 for almonds, pistachios, and grain crops.  

TSM fractions in the calibrated model range from 0.9 to 1.0 (i.e., 90 to 100 percent of field capacity) for rice, to values 
generally between 0.76 and 1.00 (i.e., 76 to 100 percent of field capacity) for other nonponded crops. These values 
approximate soil moisture resulting from common irrigation practices in the Sacramento Valley. 
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Figure 8. Comparison of Major Flow Paths from Local Water Budget and C2VSimFG-Colusa Results 
for the Glenn-Colusa Irrigation District. 
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Figure 9. Comparison of Major Flow Paths from Local Water Budget and C2VSimFG-Colusa Results 
for the Orland-Artois Water District. 
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Figure 10. Comparison of Major Flow Paths from Local Water Budget and C2VSimFG-Colusa 
Results for the Orland Unit Water Users Association. 
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3.4 Streamflow Calibration 

The major streams in the C2VSimFG-Colusa are Stony Creek, Sacramento River, Glenn-Colusa Canal, and Colusa 
Drain. Streamflow calibration is primarily performed by comparing the simulated streamflow at 6 locations with local 
data from 9 stream gages (Table 3-1 and Figure 11). Data for these gages came from the United States Geological 
Survey (USGS) and California Data Exchange Center (CDEC). 

 

Table 3-1: Summary of C2VSimFG-Colusa Streamflow Calibration Gages 

Stream 
Stream 
Node 

Agency Gage Name Period of Record 

Stony Creek 3315 USGS 
USGS 11388500: Stony Creek Near 

Hamilton City 
January 1941 to 
September 1973 

Sacramento 
River 

3341 CDEC 
CDEC ORD: Sacramento River at Ords 

Ferry 
January 1984 to present 

Sacramento 
River 

3370 
USGS 

USGS 11389000: Sacramento River at Butte 
City, CA 

October 1938 to June 
1995 

CDEC CDEC BTC: Sacramento River at Butte City January 1998 to present 

Sacramento 
River 

3502 
USGS 

USGS 11389500: Sacramento River at 
Colusa, CA 

April 1921 to present 

CDEC CDEC COL: Sacramento River at Colusa January 1984 to present 

Sacramento 
River 

3502 
USGS 

USGS 11390500: Sacramento River Below 
Wilkins Slough Near Grimes, CA 

October 1938 to present 

CDEC 
CDEC WLK: Sacramento River Below 

Wilkins Slough 
January 1984 to present 

Colusa Drain 3764 CDEC CDEC CDR: Colusa Drain Near Hwy 20 
November 1997 to 

present 

 

Colusa Drain1, as the major collector of excess irrigation flows or rice field runoff, was analyzed in the central portion 
of the Subbasin bounded by Glenn-Colusa Canal and Sacramento River. Most of the runoff in this region ends up 
flowing into Colusa Drain.  Groundwater elevations in the vicinity of Colusa Drain are closely influenced by volume of 
runoff collected by Colusa Drain. It was necessary to increase shallow groundwater flow into the drain to lower the 
simulated groundwater levels to match the observed groundwater levels. This was achieved by adjusting the streambed 
conductance and elevation of Colusa Drain nodes in order to increase the capacity of flows into Colusa Drain. 
Simulated streamflows of Colusa Drain were compared to measured streamflows at CDEC CDR station in 
Colusa Drain. 

Streamflow calibration included analysis of the streambed hydraulic conductivity and stream gain from or loss to the 
groundwater system. Simulated stream flows were compared with observed records and exceedance charts were also 
used to check the model performance when simulating high and low flows at each gage location. Calibration results for 
select stream gages (except Stony Creek due to lack of observation data) are included in Figure 12 through Figure 16. 

 
 
 
1 Also commonly referred to as the Colusa Basin Drain. 
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Figure 11: Calibration Stream Gage Locations 
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Figure 12: Streamflow Calibration for Sacramento River at Ords Ferry 
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Figure 13: Streamflow Calibration for Sacramento River at Butte City 
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Figure 14: Streamflow Calibration for Sacramento River at Colusa 
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Figure 15: Streamflow Calibration for Sacramento River below Wilkins Slough 
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Figure 16: Streamflow Calibration for Colusa Drain near Highway 20 
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3.5 Groundwater Level Calibration 

Like streamflow calibration, the goal of groundwater level calibration is to achieve reasonable agreement between the 
simulated and observed groundwater levels at the calibration wells. Within Colusa Subbasin and a five-mile buffer 
around the Subbasin, 740 wells were evaluated for developing groundwater observation locations to track calibration 
at both a regional and local scale. These wells came from DWR’s California Statewide Groundwater Elevation 
Monitoring (CASGEM) Program and the groundwater level monitoring network for Colusa Subbasin. The calibration 
wells were filtered based on their period of observation records, availability of construction information (e.g., well depth 
and screen intervals), number of measurements between 1990 and 2015, number of spring measurements (assumed 
to be March, April, or May), spatial location, and active completions (for nested wells). Checks were also made on 
whether wells were included in Colusa Subbasin’s groundwater level monitoring network, Butte Basin Groundwater 
Model’s (BBGM) calibration wells, and C2VSimFG’s calibration wells. An ultimate set of 252 wells were chosen that 
are representative of the long-term conditions of groundwater levels both at a local and regional scale in the area in 
and around the Colusa Subbasin. Calibration well locations are shown in Figure 17. 

Calibration wells were assigned to a model layer based on the well top/bottom perforations or total well depth. 
C2VSimFG-Colusa’s model layering was not altered and is described in C2VSimFG documentation. Of the 252 
calibration wells, 134 were assigned to Layer 1 (unconfined aquifer), 70 to Layer 2, and 48 to Layer 3 which extends 
to the base of fresh water. Layer 4, which is saline water, extends down to the base of continental deposits and typically 
does not contain any wells. 

Simulated groundwater levels were calibrated to observed levels through adjustments to model aquifer parameters 
including hydraulic conductivity, specific storage, and specific yield. The goal of groundwater level calibration is to 
achieve the maximum agreement between simulated and observed groundwater elevations at calibration wells while 
maintaining reasonable values for aquifer parameters. The groundwater level calibration was performed in two stages: 

• The initial calibration effort was focused on the regional scale to verify hydrogeological assumptions made 
during model data development and confirm the accuracy of general groundwater flow directions. During 
this iteration, simulated groundwater elevation trends, flow directions, and groundwater gradients were 
compared to measured data. DWR’s groundwater level contours for Fall 2015 and West Yost’s draft 
contours for Spring 2006 and Spring 2015 were used to evaluate C2VSimFG-Colusa groundwater contours 
from matching time periods. Figure 18 through Figure 20 show the simulated C2VSimFG-Colusa 
groundwater elevation contours (developed using Layer 1 elevations at model nodes) compared to DWR 
contours for Fall 2015 and West Yost contours for Spring 2006 and Spring 2015. Fall 2015 also represents 
the end of simulation groundwater levels. 

• The second stage of calibration of groundwater levels was to compare the simulated and observed 
groundwater levels at each calibration well. This comparison provides information on the overall model 
performance during the simulation period, focusing on the calibration period of water years 1990 through 
2015. To minimize the effects of groundwater pumping on groundwater elevations, only spring groundwater 
levels (assumed to be March, April, or May) were used to calculate calibration statistics. The simulated 
groundwater elevations at the 252 calibration wells were compared with corresponding observed values for 
concurrence in long-term trends as well as spring water levels. 

The results of the groundwater level calibration indicate that the C2VSimFG-Colusa reasonably simulates the long-
term hydrologic responses under various hydrologic conditions in Colusa Subbasin. Calibration statistics are provided 
in Section 6. Figure 21 shows a selection of calibration wells with their resulting groundwater level hydrographs. 
Appendix A shows all calibration groundwater level hydrographs. Appendix B shows all nested well locations with their 
hydrographs plotted on the same plot.  
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Figure 17: Groundwater Calibration Well Locations 
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Figure 18: Spring 2006 Groundwater Elevation Contours Comparison 
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Figure 19: Spring 2015 Groundwater Elevation Contours Comparison 
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Figure 20: Fall 2015 Groundwater Elevation Contours Comparison 
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Figure 21: Selection of Groundwater Calibration Well Hydrographs 
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4. AQUIFER PARAMETERS AND DATA 

C2VSimFG-Colusa uses a parametric grid that has been developed based on C2VSim Fine Grid (C2VSimCG) nodes 
and elements. The parametric grid nodes are spaced approximately 3.5 miles apart. Aquifer parameters are assigned 
to each parametric node and interpolated to the nearby C2VSimFG-Colusa groundwater nodes. Figure 22 shows the 
parametric grid nodes used to calibrate Colusa Subbasin. After regional calibration using the parametric grid, local 
calibration was made by changing aquifer parameters at each C2VSimFG-Colusa model node. 

The initial aquifer parameters were from C2VSimFG Beta2 model. Through analysis of subregion water budgets and 
groundwater level hydrographs at the calibration wells, aquifer parameters were adjusted either model-wide or by node 
in particular areas. The parameters resulting from the calibration process are listed in Table 4-1. 

Table 4-1: Range of Calibrated Aquifer Parameter Values 

Layer 

Horizontal 
Hydraulic 

Conductivity 
(ft/day) 

Specific 
Storage 

(1/ft) 

Specific 
Yield 

(-) 

Aquifer Vertical 
Hydraulic 

Conductivity 
(ft/day) 

1 1 - 218 
1.00E-05 – 
1.00E-04 

0.06 - 
0.11 

0.02 – 0.69 

2 2 - 215 
1.00E-05 – 
1.00E-04 

0.06 - 
0.11 

0.02 – 0.67 

3 2 - 127 
9.00E-6 - 
1.00E-04 

0.06 - 
0.11 

0.02 – 0.48 

4 5 - 49 
1.00E-05 – 
1.00E-04 

0.06 - 
0.11 

0.14 – 1.05 

 

The horizontal hydraulic conductivity in the C2VSimFG-Colusa varies across the horizontal direction and across model 
layers. The fully calibrated values for model layers 1 through 4 range from 1 ft/day to 218 ft/day, and the spatial 
distribution is represented in Figure 23 through Figure 26. 

The aquifer vertical hydraulic conductivity facilitates the separation between the unconfined and confined aquifers 
within the C2VSimFG-Colusa and controls the flow of groundwater between the materials making up the different 
modeled aquifer layers. Analysis of the groundwater levels in each layer for calibration wells (i.e., nested calibration 
wells spanning multiple layers) determined that greater separation between layers was needed in some areas and 
resulted in a range of 0.02 ft/day to 1.05 ft/day across the model layers.  
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Figure 22: Parametric Grid Nodes within Colusa Subbasin and Five-Mile Buffer Area 
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Figure 23: Calibrated Layer 1 Horizontal Hydraulic Conductivity (ft/day) 
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Figure 24: Calibrated Layer 2 Horizontal Hydraulic Conductivity (ft/day) 
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Figure 25: Calibrated Layer 3 Horizontal Hydraulic Conductivity (ft/day) 
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Figure 26: Calibrated Layer 4 Horizontal Hydraulic Conductivity (ft/day) 
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5. CALIBRATION TARGETS AND STATISTICS 

The C2VSim-Colusa simulated groundwater levels were evaluated to meet the American Standard Testing Method 
(ASTM) standards. The “Standard Guide for Calibrating a Groundwater Flow Model Application” (ASTM D5981) states 
that “the acceptable residual should be a small fraction of the head difference between the highest and lowest heads 
across the site.” The residual is defined as the simulated head minus the observed head. An analysis of all observed 
groundwater levels within the model area indicated the presence of 250+ feet of groundwater level changes in Colusa 
basin. Assuming 10 percent as the small fraction, the acceptable residual level would be about 25 feet. Calibration 
goals for the groundwater level residuals were set such that no more than 10 percent of the observed groundwater 
levels would exceed the acceptable residual level of 25 feet. 

• 69% of observed groundwater levels are within +/- 10 feet of its respective simulated values 

• 81% of observed groundwater levels are within +/- 15 feet of its respective simulated values 

• 92% of observed groundwater levels are within +/- 25 feet of its respective simulated values 

The residual histogram for the monitoring wells selected to be part of the calibration dataset for C2VSimFG-Colusa is 
shown in Figure 27. Additionally, a scatter plot of simulated versus observed values is shown in Figure 28. 

 

 

Figure 27: Residual Histogram of C2VSimFG-Colusa 

Note: Observed water levels only for Spring (March-May) WY 1986-2015 
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Figure 28: Scatter Plot of C2VSimFG-Colusa 

Note: Statistics calculated using only observed water levels for Spring (March-May) WY 1986-2015 

 

6. SENSITIVITY ANALYSIS 

Sensitivity analysis is an important step in the model development process. It is defined as “the study of distribution of 
dependent variables (e.g., groundwater elevations in a groundwater model) in response to changes in the distribution 
of independent variables, initial conditions, boundary conditions, and physical parameters” (AWWA, 2001). In general, 
a sensitivity analysis of an integrated groundwater and surface water model is performed for the following purposes: 

• To test the robustness and stability of the model by establishing tolerance within which the model parameters 
can vary without significantly changing the model results; 

• To understand the impact of inaccuracies in input data on model results (e.g., how model results can change 
because of a 10% error in the estimation of agricultural pumping); and 

• To develop an understanding of the relative sensitivity of the components of the hydrologic cycle and data, so 
that an effective data collection and monitoring plan can be developed. 

A sensitivity analysis was performed using the C2VSimFG-Colusa to assess the sensitivity of model results to specific 
model parameters. Adjustments of aquifer parameters, and analyses of the resulting calibration well residuals, was 
performed across all calibration wells for various model runs. Analysis performed on parameters indicated that the 
model was fairly sensitive to horizontal hydraulic conductivity, specific yield, and less sensitive to the other parameters 
(Figure 29).  
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Figure 29: Difference in Calibration Well Residuals due to Changes in Aquifer Parameters 

 

7. HISTORICAL WATER BUDGET RESULTS 

Following all refinements, enhancements, and calibration procedures described in this technical memorandum, the 
C2VSimFG-Colusa model was used to quantify the historical water budget for the Colusa Subbasin. The historical 
water budget provides a foundation for understanding how the Subbasin has behaved historically, as well as insight 
into historical groundwater conditions (e.g. observed water levels) and insight into the sustainability of past groundwater 
management. In accordance with the GSP Regulations, the historical water budget covers a period of at least ten years 
(26-year period from 1990 to 2015). 

A summary of the historical water budget results are presented below for the Subbasin land and surface water system 
(SWS), and for the Subbasin groundwater system (GWS). Additional information and discussion of the historical water 
budget is provided in the GSP, including an evaluation of the availability and reliability of historical surface water 
supplies per the GSP regulations. It is anticipated that the water budgets will be refined and updated over time as part 
of GSP implementation in the basin. 

7.1 Historical Water Budget: Land and Surface Water System 

Average annual inflows and outflows to and from the Colusa Subbasin land and surface water system were estimated 
to be nearly 13.83 million acre-feet (MAF) per year.  Average annual values are shown in Figure 30 and Table 7-1. 

Primary inflows to the land and SWS include surface water inflows (11,747 TAF/yr), precipitation (1,210 TAF/yr), 
groundwater pumping (502 TAF/yr), and stream gains from groundwater (i.e., stream accretions) (366 TAF/yr).  Surface 
water inflows predominantly enter the Colusa Subbasin along the Sacramento River, where the river is wholly contained 
within the subbasin, flowing into the Subbasin south of the town of Princeton and out near of the City of Colusa. 
Additional surface water inflows occur through diversions from outside the Subbasin to land within the Subbasin (1,168 
TAF/yr), and through overland runoff of precipitation from upslope small watersheds to the Subbasin (78 TAF/yr). 
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Primary outflows from the land and SWS include surface water outflows (11,302 TAF/yr), evapotranspiration (1,740 
TAF/yr), deep percolation from land surfaces and small watersheds (441 TAF/yr), and seepage from streams, canals, 
and drains (345 TAF/yr).  Surface water outflows include outflows along the Sacramento River, outflows to Sutter 
Bypass at Colusa Weir, drainage from the Colusa Basin Drain, overland runoff of precipitation and applied water to 
downslope lands, and other outflows to boundary streams. Evapotranspiration is primarily from agricultural lands, but 
also from managed wetlands, canal evaporation, native vegetation, and urban and industrial lands.  

The average annual change in SWS storage is negligible compared to other inflows and outflows due to similar soil 
moisture content in the root zone, on average, across water years. 

Figure 31 and Table 7-2 summarize the applied water computed by the C2VSimFG-Colusa model for the historical 
water budget period, according to the data sources and refinements describe in this technical memorandum. The total 
applied water includes surface water deliveries and groundwater pumping applied to all water use sectors in the Colusa 
Subbasin (agricultural, managed wetlands, and urban and industrial lands). Total surface water deliveries are 
computed based on the refined diversions data described above, averaging just over 1,260 TAF/yr (approximately 72 
percent of the total applied water). Total groundwater pumping averages just over 500 TAF/yr (approximately 28 
percent of the total applied water).  

Figure 32 and Table 7-3 summarize the total groundwater recharge from the surface water system in the Colusa 
Subbasin. More than half of all groundwater recharge comes from deep percolation of applied water and precipitation 
on land surfaces, averaging 439 TAF/yr over the 1990-2015 historical water budget period (56 percent of total 
groundwater recharge). Other major contributors to groundwater recharge are stream seepage, and canal seepage. 
Stream seepage averaged 206 TAF/yr in 1990-2015 (26 percent of total groundwater recharge), while canal seepage 
averaged 139 TAF/yr over the same period (18 percent of total groundwater recharge). Percolation of runoff from small 
watersheds has contributed another 2 TAF/yr (less than one percent of total groundwater recharge). 

Additional details describing the historical land and surface water system water budget are provided in the Colusa 
Subbasin GSP Appendix A. 



 

 

C2VSimFG-Colusa Model TM 53 Woodard & Curran, Inc. 
  April 2021 

 
Figure 30: Historical Water Budget: Land and Surface Water System Summary. 

 
Table 7-1. Historical Water Budget: Land and Surface Water System Summary. 

Land and Surface Water 
System Flow Direction 

Water Budget Component 
Average Volume  

(TAF per year, 1990-2015)1 

Inflows 

Surface Water Inflows        11,747  

Precipitation          1,210  

Groundwater Pumping              502  

Stream Accretions              366  

Total Inflows 13,825  

Outflows 

Surface Water Outflows        11,302  

Evapotranspiration          1,740  

Deep Percolation2              441  

Seepage3              345  

Total Outflows 13,828 

Change in SWS Storage (Inflows – Outflows) -3 
1 Volumes rounded to 1,000 AF. 
2 Deep percolation includes deep percolation of applied water, deep percolation of precipitation, and small watershed 
percolation. 
3 Seepage includes stream, canal, and drain seepage to groundwater. 
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Figure 31. Historical Water Budget: Applied Water in All Water Use Sectors. 

 
 
 

Table 7-2. Historical Water Budget: Average Annual Applied Water in All Water Use Sectors  
(TAF/yr, rounded). 

Year Type 
Number 
of Years 

Surface Water 
Deliveries  

Groundwater 
Pumping  

Total Applied 
Water 

W 7 1,230 435 1,664 

AN 4 1,313 435 1,748 

BN 3 1,414 546 1,960 

D 5 1,419 570 1,990 

C 7 1,088 540 1,628 

Annual Average 
(1990-2015) 

26 1,262 502 1,764 
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Figure 32. Historical Water Budget: Groundwater Recharge from the Land and Surface Water 
System. 

 
Table 7-3. Historical Water Budget: Average Annual Groundwater Recharge from the  

Land and Surface Water System (TAF/yr, rounded). 

Year Type 
Number 
of Years 

Deep Percolation Seepage 

Total 
Groundwater 

Recharge 

Deep Percolation 
from Land 

(From Applied Water 
and Precipitation) 

Small Watershed 
Percolation 

(From 
Precipitation) 

Stream 
Seepage 

Canal 
and 

Drain 
Seepage 

W 7 489 3 239 132 863 

AN 4 497 3 222 142 864 

BN 3 456 2 212 157 827 

D 5 424 1 184 158 767 

C 7 360 1 175 124 661 

Annual 
Average 

(1990-2015) 
26 439 2 206 139 786 
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7.2 Historical Water Budget: Groundwater System 

Average annual inflows and outflows to and from the Colusa Subbasin groundwater system are shown in Figure 33 
and Table 7-4. 

Primary inflows to the GWS include deep percolation from land surfaces and small watersheds (441 TAF/yr), seepage 
from streams, canals, and drains (345 TAF/yr), and subsurface inflows from adjacent subbasins (200 TAF/yr). 

Primary outflows from the GWS include groundwater pumping (502 TAF/yr), stream gains from groundwater (i.e., 
stream accretions) (366 TAF/yr), and subsurface outflows to adjacent subbasins (146 TAF/yr). On average, subsurface 
outflows of groundwater from the Colusa Subbasin exceed subsurface gains of groundwater to the Colusa Subbasin. 

The average annual change in storage is -28 TAF/yr over the 1990-2015 historical water budget period.  This indicates 
that on average more groundwater leaves the Colusa Subbasin than enters, resulting in an average net reduction in 
groundwater stored in the Subbasin. The majority of groundwater inflows and outflows are exchanged directly with the 
land and SWS overlying the Colusa Subbasin GWS. Figure 34 summarizes the annual change in storage and the 
cumulative change in storage in the Colusa Subbasin GWS over the historical water budget period. 

 

 

 
Figure 33. Historical Water Budget: Groundwater System Summary. 
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Table 7-4. Historical Water Budget: Groundwater System Summary. 

Groundwater System  
Flow Direction 

Water Budget Component 
Average Volume  

(TAF per year, 1990-2015)1 

Inflows 

Deep Percolation2 441 

Seepage3 345 

Subsurface Inflows 200 

Total Inflows 986 

Outflows 

Groundwater Pumping 502 

Stream Accretions 366 

Subsurface Outflows 146 

Total Outflows 1,014 

Change in Storage (Inflows – Outflows) -28 
1 Volumes rounded to 1,000 AF. 
2 Deep percolation includes deep percolation of applied water, deep percolation of precipitation, and small watershed 
percolation. 
3 Seepage includes stream, canal, and drain seepage to groundwater. 
 

 
 

Figure 34. Historical Water Budget: Groundwater System Change in Storage. 
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8. SUMMARY AND FUTURE REFINEMENTS 

The C2VSimFG-Colusa model is a well-calibrated regional integrated surface water and groundwater model that can 
be used effectively to analyze surface and groundwater conditions of the Colusa Subbasin. This model could be used 
adequately for evaluation of effectiveness and impacts of groundwater sustainability projects and management actions 
that are being developed as part of Groundwater Sustainability Plan (GSP) of the Colusa Basin. 

C2VSimFG-Colusa model was developed based on DWR’s C2VSimFG model for the entire Central Valley of California 
for a simulation period ending in 2015.  The simulation period and model grid resolution and layers thicknesses of 
C2VSimFG were not changed in development of C2VSimFG-Colusa model.  However, many local features and data 
such as land use and surface water delivery were updated for C2VSimFG-Colusa model.  During development and 
calibration of C2VSimFG-Colusa model, several potential refinements were identified to may be included in future 
refinements to the model.  These refinements may include: 

• Extension of time series data past WY 2015. With the calibrated model, extending time series data (e.g., 
precipitation, land use, stream inflows, evapotranspiration, surface water diversions, urban demand, 
groundwater pumping) allows for use of more recent data and improved accuracy of the model for predicting 
near-term and future conditions in the Colusa groundwater subbasin. 

• Model layering. Model layer thicknesses may be adjusted locally, primarily in the southwest and northwest 
areas of the model, to better represent local geologic conditions and potential faults in these areas.   

• Distribution of groundwater pumping between layers. Model layer thicknesses may be refined such that 
distribution of groundwater pumping between model layers better matches groundwater extraction from 
different depth and layers of the aquifer. 

• Small watersheds. The water coming from the foothills is simulated using small watersheds representing 
small streams and groundwater flowing into the western side of the Colusa Subbasin. These streams, mostly 
ephemeral, may need explicit representation and simulation in the model to better control recharge and flows 
from the foothills as some observed groundwater levels near the foothills show signs of recharge from nearby 
small streams. 

• Interbasin flows. C2VSimFG-Colusa model is well calibrated along the eastern boundary of the basin and 
the five mile zone on the eastern side of this boundary.  Quantification of Sacramento River recharge along 
the eastern boundary of the basin and subsurface groundwater underflow across this boundary into and out 
of Colusa, Butte and Vina basins will be useful in building consensus for management of groundwater by 
these neighboring basins. 

• Model Grid Resolution. The observed groundwater level data show high spatial gradients in the northwestern 
and southwestern areas of the model.  Model grid may be refined in these areas the simulate these local high 
groundwater gradients. 
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Table 3E-1. Historical Land and Surface Water System Water Budget, 1990 to 2015 

Component 

Water Year 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 

Inflows                               

Surface Water Inflows 7,165,843 6,480,396 6,638,674 13,269,887 7,403,760 21,507,109 14,925,862 15,746,226 23,329,324 13,920,996 14,179,083 8,831,837 10,162,491 13,742,120 14,325,951 

Sacramento River Diversions 948,727 906,494 778,191 944,228 909,497 928,149 956,283 1,056,121 869,476 1,026,817 1,087,640 1,187,367 1,273,544 1,227,916 1,339,952 

Stony Creek Diversions 89,430 89,720 94,900 75,480 104,470 80,060 102,250 107,340 67,870 100,940 106,440 109,350 113,110 89,230 108,420 

Sacramento River Inflows 6,127,101 5,479,158 5,751,094 12,047,054 6,388,496 20,129,890 13,753,954 14,504,523 21,939,530 12,771,626 12,960,893 7,523,186 8,735,913 12,366,220 12,739,067 

Other Inflows from Boundary Streams 586 5,024 14,489 203,124 1,296 369,010 113,374 78,242 452,448 21,614 24,110 11,934 39,923 58,754 138,512 

Precipitation 698,765 900,162 1,120,879 1,786,232 903,912 2,276,873 1,491,532 1,355,938 2,393,636 902,086 1,163,312 988,061 1,084,757 1,355,424 1,220,093 

Groundwater Pumping 477,946 476,926 539,945 393,531 557,477 362,526 412,959 514,321 392,869 450,073 461,713 528,115 581,766 440,968 558,363 

Agricultural 443,714 441,621 505,894 361,336 526,586 331,856 378,951 476,909 357,502 410,484 418,967 484,785 539,579 398,241 515,509 

Urban and Industrial 10,509 10,735 10,937 11,089 11,176 10,857 11,110 11,990 10,746 11,298 11,669 11,865 12,472 11,929 12,595 

Managed Wetlands 23,724 24,570 23,114 21,107 19,715 19,813 22,899 25,422 24,620 28,291 31,078 31,465 29,716 30,798 30,259 

Stream Gains from Groundwater 361,161 354,935 347,708 343,103 355,723 359,645 379,803 395,484 361,854 411,989 387,686 371,536 369,766 372,060 380,934 

Total Inflow 8,703,715 8,212,418 8,647,205 15,792,752 9,220,871 24,506,153 17,210,156 18,011,969 26,477,683 15,685,145 16,191,795 10,719,549 12,198,781 15,910,572 16,485,341 

Outflows                               

Evapotranspiration 1,527,370 1,388,793 1,583,422 1,728,551 1,719,160 1,757,267 1,820,537 1,785,625 1,786,811 1,706,457 1,750,242 1,784,406 1,846,841 1,823,814 1,827,447 

Agricultural 1,253,469 1,133,017 1,292,701 1,400,523 1,443,352 1,392,355 1,478,506 1,476,205 1,403,955 1,393,683 1,418,631 1,475,575 1,545,150 1,471,263 1,518,646 

Urban and Industrial 16,796 16,488 17,738 17,449 16,812 19,873 18,514 18,719 21,316 19,827 21,212 19,741 17,686 21,793 17,932 

Managed Wetlands 62,674 61,572 66,424 64,007 65,743 66,237 69,608 72,079 66,671 69,072 72,037 73,192 72,105 71,719 71,716 

Native Vegetation 162,752 149,345 179,713 205,457 162,898 223,475 207,845 178,466 243,316 181,080 196,357 179,776 172,362 214,889 176,787 

Canal Evaporation 31,679 28,372 26,847 41,115 30,355 55,328 46,064 40,157 51,554 42,796 42,006 36,122 39,538 44,151 42,366 

Deep Percolation 350,785 350,448 403,716 501,067 379,765 519,628 457,292 497,153 571,681 408,780 494,897 427,772 517,682 486,386 534,833 

Precipitation 134,061 130,465 170,086 260,064 150,969 278,224 218,722 200,022 310,164 159,467 188,007 145,891 170,567 192,840 179,280 

Applied Surface Water 170,639 170,325 165,857 190,658 160,535 190,348 188,144 210,973 196,951 192,463 237,227 207,134 246,916 224,756 248,871 

Applied Groundwater 46,085 49,658 67,774 50,346 68,260 51,056 50,426 86,158 64,566 56,851 69,663 74,746 100,199 68,791 106,682 

Seepage 278,205 288,475 298,944 365,713 291,164 393,464 345,235 359,579 369,690 330,459 339,951 317,544 354,901 386,403 387,772 

Streams 150,491 163,726 188,655 245,683 163,591 274,236 219,097 221,979 258,661 198,235 200,565 163,569 193,730 236,497 223,251 

Canals and Drains 127,714 124,750 110,289 120,030 127,573 119,228 126,137 137,599 111,029 132,223 139,386 153,975 161,171 149,907 164,522 

Surface Water Outflows 6,593,251 6,192,374 6,360,123 13,179,569 6,832,019 21,825,252 14,593,753 15,376,079 23,732,489 13,263,299 13,607,533 8,183,129 9,490,644 13,204,231 13,758,653 

Precipitation Runoff 10,514 35,646 44,364 96,399 22,224 157,681 74,871 63,816 162,238 21,185 43,209 31,299 42,307 60,220 64,944 

Operational Flows                               

Applied Surface Water Return Flows 84,636 78,432 89,516 96,491 95,355 88,803 87,315 99,220 85,955 77,708 63,117 109,639 115,427 115,703 112,832 

Applied Groundwater Return Flows 15,570 15,201 25,324 17,518 24,286 15,303 16,350 26,167 18,634 16,121 15,465 24,543 29,002 21,496 27,342 

Sacramento River 6,028,803 5,410,632 5,640,834 10,820,783 6,284,591 14,951,836 11,958,688 11,592,836 16,314,482 11,973,231 10,756,896 7,325,174 8,293,239 11,435,929 11,115,273 

Colusa Basin Drain  386,120 581,381 487,448 1,073,186 338,719 1,607,475 782,840 768,777 1,710,498 462,043 616,529 540,685 638,769 760,664 917,570 

Colusa Weir to Sutter Bypass 0 0 30,620 1,064,648 0 4,993,091 1,626,437 2,760,115 5,415,790 642,359 2,039,886 63,710 299,549 767,629 1,461,327 

Other Outflows to Boundary Streams1 67,608 71,081 42,017 10,544 66,844 11,064 47,252 65,147 24,890 70,652 72,431 88,079 72,350 42,590 59,365 

Total Outflow 8,749,612 8,220,091 8,646,205 15,774,900 9,222,107 24,495,611 17,216,816 18,018,436 26,460,672 15,708,995 16,192,624 10,712,851 12,210,068 15,900,835 16,508,705 

Change in Storage (Inflow - Outflow) -45,896 -7,673 1,000 17,853 -1,236 10,542 -6,660 -6,467 17,012 -23,850 -829 6,698 -11,287 9,737 -23,364 
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Table 3E-1. Historical Land and Surface Water System Water Budget, 1990 to 2015, continued 

Component 

Water Year 

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Inflows                       

Surface Water Inflows 11,282,360 21,203,001 8,618,376 8,726,414 7,941,916 9,989,848 14,098,828 8,895,178 9,405,821 6,371,986 7,246,109 

Sacramento River Diversions 1,248,729 1,222,261 1,324,904 1,223,655 1,106,723 1,146,353 1,165,323 1,252,911 1,296,136 850,042 702,073 

Stony Creek Diversions 81,370 91,470 108,640 105,890 85,070 80,810 82,290 89,780 92,690 61,890 80,960 

Sacramento River Inflows 9,829,151 19,666,083 7,182,835 7,386,917 6,749,337 8,705,010 12,773,588 7,550,495 8,010,692 5,459,493 6,459,857 

Other Inflows from Boundary Streams 123,110 223,188 1,997 9,952 786 57,675 77,627 1,991 6,302 562 3,218 

Precipitation 1,483,465 1,642,203 645,613 969,805 783,935 1,322,534 1,465,349 955,291 977,763 637,076 944,535 

Groundwater Pumping 444,103 450,016 570,999 618,395 599,386 541,689 458,941 536,599 571,120 539,253 570,709 

Agricultural 403,994 408,824 527,573 575,392 557,980 501,889 425,013 497,334 530,508 493,760 526,047 

Urban and Industrial 12,536 12,443 13,018 12,667 11,935 10,244 9,359 9,992 10,812 9,145 7,590 

Managed Wetlands 27,573 28,748 30,409 30,335 29,471 29,556 24,568 29,273 29,799 36,349 37,073 

Stream Gains from Groundwater 386,026 383,206 390,025 368,814 338,378 329,322 357,795 358,015 349,361 336,765 352,745 

Total Inflow 13,595,954 23,678,426 10,225,013 10,683,427 9,663,615 12,183,393 16,380,912 10,745,083 11,304,065 7,885,081 9,114,097 

Outflows                       

Evapotranspiration 1,870,571 1,878,738 1,750,765 1,780,707 1,825,272 1,838,050 1,814,196 1,821,305 1,803,856 1,513,007 1,500,657 

Agricultural 1,489,390 1,493,575 1,492,126 1,516,539 1,547,275 1,507,320 1,453,183 1,521,011 1,536,256 1,276,516 1,249,376 

Urban and Industrial 26,912 25,524 20,704 18,998 24,498 28,127 31,556 28,852 24,394 26,655 25,312 

Managed Wetlands 69,637 69,417 71,594 70,516 71,421 65,833 67,160 68,069 68,878 70,190 69,616 

Native Vegetation 241,160 232,476 127,254 140,010 146,082 197,695 211,958 162,235 135,865 112,849 130,948 

Canal Evaporation 43,474 57,747 39,086 34,644 35,997 39,076 50,339 41,139 38,463 26,796 25,406 

Deep Percolation 517,541 508,252 401,504 453,314 343,083 476,647 479,125 362,434 436,345 257,294 333,010 

Precipitation 228,652 228,717 97,824 128,709 101,788 178,340 206,544 125,171 134,224 75,275 121,738 

Applied Surface Water 206,796 200,859 218,858 222,677 169,184 198,939 191,397 166,391 217,662 140,443 156,844 

Applied Groundwater 82,093 78,676 84,821 101,927 72,111 99,368 81,184 70,872 84,460 41,576 54,427 

Seepage 364,172 402,427 326,985 345,389 335,742 378,617 399,343 339,860 374,027 276,350 318,924 

Streams 207,009 253,379 160,723 187,991 190,554 227,109 250,219 184,695 212,971 161,670 212,321 

Canals and Drains 157,163 149,048 166,261 157,398 145,188 151,508 149,124 155,165 161,055 114,680 106,603 

Surface Water Outflows 10,834,750 20,888,786 7,748,339 8,113,030 7,150,369 9,490,116 13,691,869 8,227,428 8,690,801 5,846,430 6,973,708 

Precipitation Runoff 57,353 86,926 14,660 47,435 25,853 58,030 73,104 32,650 37,344 14,289 42,567 

Operational Flows                       

Applied Surface Water Return Flows 122,940 102,929 107,309 99,013 87,828 96,549 114,461 108,089 115,325 72,033 68,864 

Applied Groundwater Return Flows 26,265 21,551 25,164 26,776 22,546 26,676 25,146 22,744 25,248 14,661 15,233 

Sacramento River 9,475,296 16,130,331 7,061,947 7,235,060 6,592,032 8,439,756 11,807,110 7,439,600 7,806,198 5,385,429 6,371,539 

Colusa Basin Drain  851,470 1,148,448 428,152 601,460 332,745 704,199 829,571 557,333 576,354 295,562 440,304 

Colusa Weir to Sutter Bypass 227,880 3,357,104 13,940 29,370 30,870 124,790 810,079 0 78,420 0 0 

Other Outflows to Boundary Streams1 73,548 41,497 97,167 73,916 58,495 40,117 32,400 67,011 51,912 64,456 35,202 

Total Outflow 13,587,035 23,678,202 10,227,592 10,692,440 9,654,467 12,183,430 16,384,534 10,751,028 11,305,029 7,893,081 9,126,299 

Change in Storage (Inflow - Outflow) 8,920 224 -2,580 -9,013 9,149 -37 -3,622 -5,945 -964 -7,999 -12,202 
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Table 3E-2. Historical Groundwater System Water Budget, 1990 to 2015 

Component 

Water Year 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 

Inflows                               

Subsurface Water Inflows 201,406 200,087 199,599 198,729 206,109 199,167 192,310 200,117 188,933 191,711 193,979 194,506 198,449 192,506 199,804 

Deep Percolation 350,785 350,448 403,716 501,067 379,765 519,628 457,292 497,153 571,681 408,780 494,897 427,772 517,682 486,386 534,833 

Precipitation 134,061 130,465 170,086 260,064 150,969 278,224 218,722 200,022 310,164 159,467 188,007 145,891 170,567 192,840 179,280 

Applied Surface Water 170,639 170,325 165,857 190,658 160,535 190,348 188,144 210,973 196,951 192,463 237,227 207,134 246,916 224,756 248,871 

Applied Groundwater 46,085 49,658 67,774 50,346 68,260 51,056 50,426 86,158 64,566 56,851 69,663 74,746 100,199 68,791 106,682 

Seepage 278,205 288,475 298,944 365,713 291,164 393,464 345,235 359,579 369,690 330,459 339,951 317,544 354,901 386,403 387,772 

Streams 150,491 163,726 188,655 245,683 163,591 274,236 219,097 221,979 258,661 198,235 200,565 163,569 193,730 236,497 223,251 

Canals and Drains 127,714 124,750 110,289 120,030 127,573 119,228 126,137 137,599 111,029 132,223 139,386 153,975 161,171 149,907 164,522 

Total Inflow 830,396 839,010 902,259 1,065,509 877,037 1,112,258 994,836 1,056,849 1,130,304 930,950 1,028,828 939,822 1,071,033 1,065,296 1,122,409 

Outflows                               

Subsurface Water Outflows 134,554 132,989 134,397 133,887 126,746 137,942 139,170 143,789 145,751 144,457 151,840 149,682 154,730 156,308 165,200 

Groundwater Pumping 477,946 476,926 539,945 393,531 557,477 362,526 412,959 514,321 392,869 450,073 461,713 528,115 581,766 440,968 558,363 

Agricultural 443,714 441,621 505,894 361,336 526,586 331,856 378,951 476,909 357,502 410,484 418,967 484,785 539,579 398,241 515,509 

Urban and Industrial 10,509 10,735 10,937 11,089 11,176 10,857 11,110 11,990 10,746 11,298 11,669 11,865 12,472 11,929 12,595 

Managed Wetlands 23,724 24,570 23,114 21,107 19,715 19,813 22,899 25,422 24,620 28,291 31,078 31,465 29,716 30,798 30,259 

Stream Gains from Groundwater 361,161 354,935 347,708 343,103 355,723 359,645 379,803 395,484 361,854 411,989 387,686 371,536 369,766 372,060 380,934 

Total Outflow 973,662 964,849 1,022,049 870,521 1,039,945 860,114 931,933 1,053,594 900,474 1,006,520 1,001,240 1,049,333 1,106,262 969,336 1,104,496 

Change in Storage (Inflow - Outflow) -143,265 -125,839 -119,790 194,988 -162,908 252,145 62,903 3,255 229,830 -75,570 27,588 -109,511 -35,229 95,961 17,913 
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Table 3E-2. Historical Groundwater System Water Budget, 1990 to 2015, continued 

Component 

Water Year 

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Inflows                       

Subsurface Water Inflows 194,420 196,864 204,638 205,946 207,844 207,110 201,677 203,767 206,758 206,595 212,601 

Deep Percolation 517,541 508,252 401,504 453,314 343,083 476,647 479,125 362,434 436,345 257,294 333,010 

Precipitation 228,652 228,717 97,824 128,709 101,788 178,340 206,544 125,171 134,224 75,275 121,738 

Applied Surface Water 206,796 200,859 218,858 222,677 169,184 198,939 191,397 166,391 217,662 140,443 156,844 

Applied Groundwater 82,093 78,676 84,821 101,927 72,111 99,368 81,184 70,872 84,460 41,576 54,427 

Seepage 364,172 402,427 326,985 345,389 335,742 378,617 399,343 339,860 374,027 276,350 318,924 

Streams 207,009 253,379 160,723 187,991 190,554 227,109 250,219 184,695 212,971 161,670 212,321 

Canals and Drains 157,163 149,048 166,261 157,398 145,188 151,508 149,124 155,165 161,055 114,680 106,603 

Total Inflow 1,076,133 1,107,542 933,127 1,004,649 886,668 1,062,374 1,080,146 906,061 1,017,130 740,239 864,534 

Outflows                       

Subsurface Water Outflows 159,987 164,844 154,252 158,165 151,491 150,938 150,444 142,515 149,252 138,604 134,908 

Groundwater Pumping 444,103 450,016 570,999 618,395 599,386 541,689 458,941 536,599 571,120 539,253 570,709 

Agricultural 403,994 408,824 527,573 575,392 557,980 501,889 425,013 497,334 530,508 493,760 526,047 

Urban and Industrial 12,536 12,443 13,018 12,667 11,935 10,244 9,359 9,992 10,812 9,145 7,590 

Managed Wetlands 27,573 28,748 30,409 30,335 29,471 29,556 24,568 29,273 29,799 36,349 37,073 

Stream Gains from Groundwater 386,026 383,206 390,025 368,814 338,378 329,322 357,795 358,015 349,361 336,765 352,745 

Total Outflow 990,116 998,065 1,115,276 1,145,374 1,089,255 1,021,949 967,180 1,037,129 1,069,733 1,014,623 1,058,362 

Change in Storage (Inflow - Outflow) 86,017 109,477 -182,149 -140,725 -202,586 40,425 112,966 -131,068 -52,603 -274,384 -193,827 
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State of California

Well Completion Report
Form DWR 188 Complete 3/19/2020

WCR2020-003773

Owner's Well Number Date Work Began  07/08/2019 Date Work Ended  08/07/2019

Local Permit Agency  Colusa County Environmental Health

Secondary Permit Agency Permit Number  WP 1189 Permit Date  07/01/2019

Well Location

 0 Hahn RD Address

 Arbuckle City  95912Zip  ColusaCounty

 39 Latitude  3  14.44

Deg. Min. Sec.

N  -122Longitude  3  39.28

Deg. Min. Sec.

W

 Dec. Lat.  39.0540111 Dec. Long.  -122.0609111

 Vertical Datum  NAVD88 Horizontal Datum  WGS84

 Location Accuracy  5 Ft Location Determination Method  GPS

 018-180-037-000APN

 14 NTownship

 02 WRange

 22Section

 Mount DiabloBaseline Meridian

 84Ground Surface Elevation

 UnknownElevation Accuracy

 SurveyedElevation Determination Method

Geologic Log - USCS/ASTM D2488
Depth from 

Surface
Feet to Feet

 
Soil Class Soil Color Soil Description

0 20 SW Well-graded SAND Dusky yellow 5Y 6/4 Well-graded sand with gravel. About 55% fine sand; about 20% 
coarse sand; about 20% gravel; about 5% fines with low plasticity; 
moist, bulk sample dusky yellow 5Y 6/4; coarseness increases with 
depth

20 40 CL Lean inorganic CLAY with low plasticity Yellowish brown 10YR 
5/4

Lean Clay with Sand. About 75% fines with low to medium plasticity; 
about 25% medium sand; moist, bulk sample moderate yellowish 
brown 10YR 5/4 

40 90 CL Lean inorganic CLAY with low plasticity Yellowish brown 10YR 
5/4

Lean Clay. Fines with medium plasticity; trace fine sand; moderate 
yellowish brown 10YR 5/4, dark gray streaks increase with depth 

90 110 GC Clayey GRAVEL Light olive gray 5Y Clayey Gravel. 60% hard, subangular gravel; about 40% low to non-
plastic clay; moist, bulk sample multi-colored dark gray N3 and light 
olive gray 5Y 6/1; gravel increases and clay decreases with depth

110 160 CH Fat inorganic clay with moderate to 
high plasticity

Moderate yellowish 
brown 10YR 5/4

Fat Clay. Fines with medium to high plasticity; trace fine sand; moist, 
moderate yellowish brown 10 YR 5/4

160 170 GW Well-graded GRAVEL Light olive gray 5Y 6/1 Well-graded gravel with Sand. About 70% hard, subangular, multi-
colored and dark gray N3 gravel; about 15% coarse sand; about 
15% fine sand; dry, bulk sample light olive gray 5Y 6/1 

170 280 CH Fat inorganic clay with moderate to 
high plasticity

Moderate yellowish 
brown 10YR 5/4

Fat Clay. Fines with high plasticity; moist, moderate yellowish brown 
10 YR 5/4

Well Owner (must remain confidential pursuant to Water Code 13752)
 ARUILL FARMS, LLC,   Name 

 Mailing Address  Hahn Road

 

 Arbuckle City  CAState  95912Zip

Planned Use and Activity

 Planned Use

 Activity

 Monitoring

 New Well

Borehole Information

 Drilling Method

 Orientation

 Total Depth of Boring  1200

 Reverse Circulation

 Vertical

 1050 Total Depth of Completed Well

Drilling Fluid  Bentonite

 Feet

 Feet

 Specify  

Water Level and Yield of Completed Well
 Depth to first water

Depth to Static

 Water Level

 Estimated Yield*

 Test Length

*May not be representative of a well's long term yield.

(Feet below surface)

(Feet)

(GPM)

(Hours)

Date Measured  

 Test Type

Total Drawdown  (feet)
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280 300 GW Well-graded GRAVEL Dark gray N3 and 
Medium dark gray N4

Well-Graded Gravel w/Sand.75% hard, subangular, multi-colored 
gray and white gravel; about 15% coarse sand; about 10% medium 
sand; dry, bulk sample multi-colored, dark gray N3, and medium 
dark gray N4

300 380 CH Fat inorganic clay with moderate to 
high plasticity

Light olive gray 5Y 5/2 Fat Clay. Fines with high plasticity; intermittent trace fine sand; moist 
to saturated, light olive gray 5Y 5/2

380 400 CH Fat inorganic clay with moderate to 
high plasticity

Dusky yellow green 
5GY 5/2

Fat Clay w/Sand.  80% fines with high plasticity; about 10% coarse 
sand; about 10% medium sand; moist, bulk sample dusky yellow 
green 5GY 5/2 

400 570 CH Fat inorganic clay with moderate to 
high plasticity

streaks of grayish blue 
green 5BG 5/2 and 
dusky yellow green 

5GY 5/2

Fat Clay. Fines with high plasticity; moist, grayish olive 10Y 4/2; 
trace silt from about 500-520'; trace sand from about 550-580'; 
streaks of grayish blue green 5BG 5/2 and dusky yellow green 5GY 
5/2

570 640 SW Well-graded SAND multi-colored, gray 
and white

Well-Graded Sand w/gravel. 45% subrounded coarse sand; 35% 
medium sand;15% hard, subrounded gravel; about 5% fine sand; 
bulk sample multi-colored, gray and white; coarseness increases 
with depth   

640 780 CH Fat inorganic clay with moderate to 
high plasticity

light olive gray 5Y 6/1, 
color change at 730-
780' to dark greenish 

gray 5GY 4/1

Fat Clay. Fines with high plasticity, light olive gray 5Y 6/1, color 
change at 730-780' to dark greenish gray 5GY 4/1; trace fine sand; 
moist

780 890 SW Well-graded SAND Multi-colored, white, 
gray, and light brown

Well-Graded Sand with Gravel. About 50% medium sand; about 
25% coarse sand; about 15% hard, subrounded gravel, multi-
colored, white and gray; about 10% fine sand; bulk sample multi-
colored, white, gra

890 920 CL Lean inorganic CLAY with low plasticity Light olive gray 5Y 6/1 
and yellowish gray 5Y 

8/1

Lean Clay. Fines with medium plasticity; moist, light olive gray 5Y 
6/1 and yellowish gray 5Y 8/1; trace sand.

920 950 SW Well-graded SAND multi-colored, gray 
and white

Well-Graded Sand w/Gravel. About 35% coarse sand, multi-colored 
gray and white; about 35% medium sand; about 20% hard, 
subangular gravel, multi-colored, gray and white; about 10% fine 
sand; dry 

950 1000 CL Lean inorganic CLAY with low plasticity light blue gray 5Y 6/1 Sandy Lean Clay. About 70% nonplastic fines; about 20% medium 
sand; about 10% coarse sand; moist, bulk sample light blue gray 5Y 
6/1 

1000 1020 SW Well-graded SAND multi-colored, brown, 
white, and gray 

Well-Graded Sand. About 60% hard, medium to coarse sand; about 
40% fine sand; bulk sample multi-colored, brown, white, and gray 

1020 1040 SW Well-graded SAND multi-colored, gray, 
black, and white 

Well-Graded Sand. About 50% medium sand; about 35% fine sand; 
about 15% hard, coarse sand; moist, bulk sample multi-colored, 
gray, black, and white 

1040 1050 CL Lean inorganic CLAY with low plasticity pale olive 10 6/2 Lean Clay with Sand. About 80% fines with low plasticity; about 20% 
medium sand; moist, bulk sample pale olive 10 6/2 

1050 1080 SW Well-graded SAND multi-colored, gray 
and white 

Well-Graded Sand. About 35% medium sand; about 35% fine sand; 
about 10% hard gravel; about 20% hard coarse sand; moist, bulk 
sample multi-colored, gray and white 

1080 1140 SW Well-graded SAND multi-colored, white, 
gray, and light brown 

Well-Graded Sand. About 50% medium sand; about 30% fine sand; 
about 10% hard, subangular gravel; about 10% subangular coarse 
sand; moist, bulk sample multi-colored, white, gray, and light brown 

1140 1200 SW Well-graded SAND multi-colored, light 
gray, and white 

Well-Graded Sand w/Gravel. About 35% medium sand; about 35% 
fine sand; about 15% hard, subangular gravel; about 15% coarse 
sand; bulk sample multi-colored, light gray, and white 
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Other Observations: 

Casings

Casing 
#

Depth from Surface
Feet to Feet Casing Type Material Casings Specificatons

Wall 
Thickness 

(inches)

Outside
Diameter
(inches)

Screen
Type

Slot Size 
if any

(inches)
Description

1 0 1020 Blank PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375

1 1020 1030 Screen PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375 Milled 
Slots

0.02

1 1030 1050 Blank PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375

2 0 860 Blank PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375

2 860 870 Screen PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375 Milled 
Slots

0.02

2 870 920 Blank PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375

2 920 930 Screen PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375 Milled 
Slots

0.02

2 930 950 Blank PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375

3 0 580 Blank PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375

3 580 590 Screen PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375 Milled 
Slots

0.02

3 590 610 Blank PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375

4 0 290 Blank PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375

4 290 300 Screen PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375 Milled 
Slots

0.02

4 300 320 Blank PVC OD: 2.375 in.  | 
Thickness: 0.218 in.

0.218 2.375

Annular Material

Depth from 
Surface

Feet to Feet
Fill Fill Type Details Filter Pack Size Description

0 246 Bentonite Non Hydrated Bentonite

246 329 Filter Pack Other Gravel Pack 8 sand

329 508 Bentonite Non Hydrated Bentonite

508 650 Filter Pack Other Gravel Pack 8 sand

650 781 Bentonite Non Hydrated Bentonite

781 961 Filter Pack Other Gravel Pack 8 sand

961 1007 Bentonite Non Hydrated Bentonite

1007 1080 Filter Pack Other Gravel Pack 8 sand

1080 1200 Other Fill See description. native fill
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Certification Statement
I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief

Name CASCADE DRILLING LP

 Person, Firm or Corporation

PO BOX 1184 Woodinville 90872WA

 Address City  State Zip

Signed  electronic signature received
C-57 Licensed Water Well Contractor

03/19/2020

Date Signed

1058336

C-57 License Number

DWR Use Only
CSG # State Well Number Site Code Local Well Number

N

Latitude Deg/Min/Sec Longitude Deg/Min/Sec

TRS:

APN:

W

Borehole Specifications

Depth from 
Surface

Feet to Feet
Borehole Diameter (inches)

0 1200 14.75

Attachments
25547_elog_view.bmp - Geophysical Log
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